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Internet, Technological Innovation and High-
Quality Economic Development

Abstract Using the panel data of 29 provinces in China from 2015 to 2018,
this paper analyzes the impact of the internet, technological innovation, and
their interaction on high-quality economic development. As the results show,
the internet and technological innovation promote economic growth efficiency,
economic growth stability, industrial structure optimization, and sustainable
development level, where technological innovation promotes more significantly
but hinders the economic welfare level to some extent; the interaction between
the internet and technological innovation has a significant positive correlation
with high-quality economic development and strengthens the promotion of
technological innovation on high-quality economic development; human capital
plays a significant role in promoting all aspects of high-quality economic
development, while fiscal expenditure has no significant impact on high-
quality economic development. Therefore, the internet should be leveraged to
drive technological innovation capacity, and better play the guiding role of the

government.

Keywords internet, technological innovation, high-quality economic development,
interaction

1 Introduction

China’s economy has been transitioning from a stage of high-quality
development to a stage of high-quality development, represented by the growth
in the efficiency, structure, stability, innovation and effectiveness of economic
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growth. It is among the primary goals of social development in the current stage
to advance “Internet Plus” across the board, implement the innovation-driven
development strategy, and improve the quality of economic development. The
new development philosophy requires technological innovation to lead at a
higher level and in a wider range, promote efficiency reform, industrial upgrading
and address pollution, and maximize the important role of the internet (Li, 2019).
However, technological innovation is not always positive. Duplicate R&D
investment caused by convergence technologies, loss of industrial efficiency due
to excessive industrial concentration, and possible damage to the environment
occur occasionally. According to research, reducing uncertainties in technological
innovation, shortening innovation time lag, and promoting the application of
research outcomes are all inseparable from the development of the internet
(Han et al., 2019). Nowadays, having been widely applied to many social and
economic aspects, the internet plays an increasingly important role, becoming a
key motivation for achieving high-quality economic development. Nevertheless,
less comprehensive and in-depth “Internet Plus” and limited technological
innovation capacity are bedeviling China’s high-quality economic development.
How to better promote the development and application of the internet, further
improve technological innovation, and boost high-quality economic development
has become a top priority. What is the effect of the internet and technological
innovation on high-quality economic development? Can the internet boost
high-quality economic development by effectively promoting technological
innovation? This paper attempts to answer these questions.

Upon a review, existing research on the internet, technological innovation
and economic development is mainly divided into three types. The first is the
research on the impact of the internet on economic development. Scholars have
analyzed the mechanism and manifestation of the internet affecting economic
development from information sharing, social capital and residents’ consumption
(Zhang et al., 2018a), and explored the impact of the internet on economic
development through the internet’s spread speed, spillover effect, network
effect, etc. The second is the research on the impact of technological innovation
on economic development. At the business level, technological innovation can
significantly improve business performance, but may cause low technology
flows and repeated R&D investments; at the industrial level, technological
innovation can promote industrial diversification and upgrading, but may cause
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the loss of production efficiency; at the macro level, technological innovation
can advance green development and balanced development between urban
and rural areas (Quan, 2018). The third is the research on the impact of the
internet on technological innovation. The internet improves technological R&D
efficiency, showing significant staged heterogeneity, and can better promote
industrial development through a cross-effect with technological innovation (Tang
et al., 2020). Extant literature has studied the impact of both the internet and
technological innovation on economic development and the impact of the internet
on technological innovation, but the mechanism between them has not yet been
studied. Using the provincial panel data from 2015 to 2018, this paper not only
empirically analyzes the impact of the internet and technological innovation on
high-quality economic development, but also further investigates the cross-role
of the internet and technological innovation, providing an empirical basis for the
impact of the internet and technological innovation on high-quality economic
development.

2 Research Design

2.1 Research Hypotheses

2.1.1 Impact of the Internet on High-Quality Economic Development

The impact of the internet on the economy is mainly reflected in the deep
integration of the internet and its innovations with various fields and industries
of the economy and society, which advances technological progress and brings
about economic growth effects. The internet, a new element in the economic
growth model, influences other input factors through effective information
dissemination, acquisition and operation patterns, thereby improving social
productivity (Yin et al., 2018). The integration of the internet with the traditional
economy can secure the digitalization and intelligence of industries, distribute
production materials more accurately to different departments, promote the free
flow of production factors, and enhance the efficiency of economic development.
The internet stimulates enterprises to operate the business and cooperate across
industries, innovate business models, develop community platforms (such as
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C2B formats) between suppliers and purchasers, create value with consumers,
and bring more economic benefits (Luo & Li, 2015). Therefore, this paper puts
forward

H,. The internet can promote high-quality economic development.

2.1.2 Impact of Technological Innovation on High-Quality Economic
Development

On a micro level, technological innovation helps enterprises pursue scientific,
accurate, and intelligent management, improve operational efficiency, and
effectively cope with the risk of market economy fluctuations; the improvement
of the technological level drives the development of advanced production
factors, improves product processing technology, and enhances product quality
(He, 2019). On a meso level, technological innovation brings technological
progress for a better flow of factors and reallocation of resources to enhance
productivity and economic growth efficiency; it also gives birth to emerging
industries and drives the optimization and upgrading of industrial structure. On a
macro level, technological innovation has overturned the past allocation pattern
of social resources for a more efficient allocation of resources; the continuous
application of innovations accelerates social efficiency, increases social income,
and improves people’s social welfare and quality of life (Zhang et al., 2019).
Therefore, this paper puts forward

H,. Technological innovation can promote high-quality economic development.

2.1.3 Impact of the Interaction between the Internet and Technological
Innovation on High-Quality Economic Development

As the internet brings the concept of open technological innovation, innovators
are shifting their focus on providing personalized high-quality products or
services. On the one hand, high-quality and differentiated products and services
drive consumption and promote industrial optimization and upgrading; on the
other hand, through the internet, two-way communication on technological
innovation gives full play to the advantage of collective technological innovation
(Yin et al., 2018). The internet and the digital economy fueled by technological
innovation greatly promote the real economy by accelerating the knowledge
transmission between the real economy and the digital economy as well as

the process of introducing new knowledge and technologies, improving the
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knowledge reserve and technical level of the labor force, and innovating business
models to develop new, hard-to-imitate profit models (Chen & Tao, 2019). Under
the interaction between the internet and technological innovation, industries
can seek comparative advantages, thereby promoting economic development.
Therefore, this paper puts forward

H;. The interaction between the internet and technological innovation can
promote high-quality economic development.

2.2 Definitions and Measures of Variables

2.2.1 Core explanatory Variables: Internet and Technological Innovation

According to the study of Zhang et al. (2018b), the internet is measured with
internet penetration and in the robustness test, it is measured with mobile
phone penetration. According to the study of Yan and Xu (2019), technological
innovation is measured with the number of patent grants and in the robustness

test, and it is measured with the number of patent applications.
2.2.2  Explained Variables: High-Quality Economic Development

Given that high-quality economic development encompasses all aspects of
economic activity, it is measured by a comprehensive evaluation system.
According to Yuan et al. (2020), a comprehensive evaluation system for high-
quality economic development is constructed from the economic growth
efficiency, economic growth stability, industrial structure optimization, economic
welfare level, and sustainable development level, including five primary
indicators and 17 secondary indicators (see Table 1). Primary indicators are
obtained by linearly weighting the dimensionless processed original data of
secondary indicators.

Table 1 Evaluation Indicator System for High-Quality Economic Development

. Lo . . Indicator
Primary indicator Secondary indicator Calculation formula .
attribute

Economic growth
efficiency

GDP/number of employees in the

Labor productivity whole society

(To be continued )
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(Continued)

Primary indicator

Secondary indicator

Calculation formula

Indicator
attribute

Economic growth
stability

Industrial structure
optimization

Economic welfare
level

Sustainability
development level

Capital productivity

Total factor productivity

Volatility of economic growth

Registered urban
unemployment

Inflation

Proportion of tertiary added
value in GDP

Proportion of tertiary
investment

Employment ratio of tertiary
industry

Income ratio of urban to rural
residents

Engel coefficient

Per capita education
expenditure

Per capita GDP

Energy consumption per
GDP

Wastewater discharge per
GDP

Waste gas discharge per
GDP

Solid waste discharge per
GDP

GDP/fixed asset investment in the
whole society

Measured by the DEA-Malmquist
model

GDP growth of the current year/GDP
growth of the previous year—1

Number of urban residents registering
unemployment/number of employees

in urban areas

Consumer price index

Tertiary added value/GDP

Tertiary investment/total fixed asset
investment in the whole society

Number of employees in tertiary industry/
number of employees in the whole
society

Per capita net income of rural residents/
disposable income of urban residents

Food expenditure/total expenditure

Education expenditure/population

GDP/population

Energy consumption/GDP

Wastewater discharge/GDP

Industrial waste gas discharge/GDP

Industrial solid waste output/GDP
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2.2.3  Control Variables

The level of human capital is measured by the average length of schooling using
the calculation formula HC = (6S, + 95, + 1285 + 158, + 16S;s + 20S;) / H, where
S1, S, ... §¢ represent the numbers of people receiving education from primary
schools of six years, junior high schools of nine years, senior high schools of
12 years, junior colleges of 15 years, undergraduate schools of 16 years, and
graduate schools of 20 years, respectively, and H denotes the total number of
people aged six and above. The fiscal expenditure is measured by the proportion
of provincial fiscal expenditure to regional GDP.

2.3 Selection of Samples and Sources of Data

In this paper, the panel data of 29 provinces from 2015 to 2018 are selected as
samples. In terms of years, secondary indicators of internet penetration, social
fixed asset investment, and sustainable development level are incomplete in 2019
and beyond and in terms of provinces (municipalities, autonomous regions),
Xinjiang and Tibet are not included in the statistical scope for a lot of missing
data. Data sources include the China Statistical Yearbook, the China Statistical
Yearbook on Science and Technology, the ChinaNetCenter Report on Internet
Development in China, provincial statistical bureaus, and China Internet Network

Information Center, etc.

2.4 Research Models

Referring to the empirical research ideas of Fabio et al. (2018) and Chen & Tao
(2019), this paper constructs the benchmark regression model as follows:

QUA,= oyt o, INT, + 0, INOV;, + 0 HC, + 0, GEB, + ;. M

The interaction term of the internet and technological innovation is introduced
into the model (1) to further examine the impact of the internet, technological
innovation, and their interaction term on high-quality economic development, as
below:

QUA;= o+ &, INT, + 0, INOV, + a; INT, *INOV, + 0, HC, + 0, GEB, + 1., (2)

where QUA,, is the high-quality economic development situation of province i
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in year t; INT, and INOV, represent the internet and technological innovation
of province i in year ¢, respectively; INT, x INOV,, is the interaction term of
the internet and technological innovation; HC; and GEB,, denote the level of
human capital and fiscal expenditure of province 7 in year ¢, respectively; u; is a
compound error term.

3 Empirical Analysis

3.1 Descriptive Statistical Analysis

Table 2 reports the descriptive statistics of major variables. The standard
deviations of economic growth efficiency, economic welfare level, and sustainable
development level are 31.596, 30.003, and 69.384, respectively, indicating that
in some regions, environmental protection and energy conservation have not
promoted the benign interaction and coordinated development of ecology and
economy. Internet penetration and mobile phone penetration are averaged at
53.956 and 102.764, respectively, indicating that the construction of information
infrastructure has yielded good results. The numbers of patent applications and
patent applications are averaged at 61,889.870 and 116,153.500, respectively,
while the maximum and minimum of patent grants are 478,082.000 and
1,217.000, respectively, indicating that technological innovation capabilities vary
greatly in different provinces. The statistical results of other variables are within a

reasonable range, so they will not be repeated here.

3.2 Regression Analysis

3.2.1 Benchmark Regression

Before regression analysis, in order to reduce the impact of heteroscedasticity, all
variables are treated with natural logarithms. According to the variance inflation
factor test, the mean value of VIF is 3.55, far below 10, indicating that there is
no serious multicollinearity among variables and according to the Hausman test,
economic growth efficiency, industrial structure optimization, and economic
welfare level chose a fixed effect model, while economic growth stability and
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sustainable development level chose a random effect model. Table 3 reports
benchmark regression results. In terms of economic growth efficiency, both
internet penetration and the number of patent grants are positively correlated
with it, where the number of patent grants passed the significance test at the
level of 1%. In terms of economic growth stability, both internet penetration and
the number of patent grants are positively correlated with it, but neither of them
passed the significance test. In terms of industrial structure optimization, both
internet penetration and the number of patent grants are positively correlated with
it, where the number of patent grants passed the significance test at the level of
1%. In terms of sustainable development level, both internet penetration and the
number of patent grants are positively correlated with it, where the number of
patent grants passed the significance test at the level of 1%. Regression results
suggest that both the internet and technological innovation promote economic
growth efficiency, economic growth stability, industrial structure optimization,
and sustainable development level, where technological innovation promotes
more significantly but hinders the economic welfare level to some extent. By
control variables, the human capital level is positively correlated with all aspects
of high-quality economic development, indicating that it significantly promotes
high-quality economic development, while fiscal expenditure is negatively
correlated with all aspects of high-quality economic development, indicating that
it may blindly promote local economic development and when the cost exceeds
the benefit, it will hinder economic development. Hence, H, and H, are verified.

Table 2 Descriptive Statistics of Major Variables

) . Standard . .
Variable Sample size Mean value o Minimum Maximum
deviation
Economic growth
. 116 100.000 31.596 65.295 222.144
efficiency
Economic growth 116 72.970 9.505 61.485 113.155
stability
Industrial structure 116 100.000 19.626 77358 169.537
optimization
Economic welfare
116 113.750 30.003 60.879 204.512

level

(To be continued )
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(Continued)
. . Standard . .
Variable Sample size Mean value L Minimum Maximum
deviation
Sustainable 116 100.004 69.384 12.757 462.175
development level
Internet penetration 116 53.956 10.016 37.400 78.000
Mobile phone 116 102.764 22.976 66.370 186.110
penetration
Number of patent 116 61,889.870 81234210  1217.000  478,082.000
grants
Number of patent 116 116,153.500 145580200  2,590.000  793,819.000
applications
Fiscal expenditure 116 25.243 9.954 12.369 62.686
Human capital level 116 8.346 1.117 6.057 12.030
Table 3 Benchmark Regression
Economic Economic Industrial . Sustainable
. Economic
Variable growth growth structure development
. - . welfare level
efficiency stability optimization level
. 0.042 0.056 0.171 —0.407%%* 0.444
Internet penetration
(0.164) (0.071) (0.106) (0.147) (0.281)
Number of patent 0124 0.001 0.072%%* —0.171%%* 0.286%%*%*
grants (0.037) (0.014) (0.024) (0.033) (0.053)
Human capital 0.286%%* 0.039 0.139 ** 0.287%#%: 0.417 *
level (0.089) (0.042) (0.057) (0.080) (0.178)
. . -0.065 -0.019 -0.037 —0.327 ** -0.069
Fiscal expenditure
(0.142) (0.051) (0.092) (0.128) (0.195)
G 2.724%%% 4.033%%* 2.988%** 8.516%** -0.961
ons
(0.721) (0.317) (0.466) (0.648) (1.282)
Hausman test 0.000 0.224 0.004 0.000 0.077

Note: *** ** and * are significant at the levels of 1%, 5% and 10%, respectively; the data in brackets are

standard deviations, same as below.
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3.2.2 Interaction between the Internet and Technological Innovation

The interaction term of the internet and technological innovation is introduced to
further examine their impact on high-quality economic development, as shown in
Table 4. According to the Hausman test, economic growth efficiency, industrial
structure optimization, and economic welfare level chose a fixed effect model,
while economic growth stability and sustainable development level chose a
random effect model. The regression results show that the interaction term of
internet penetration and the number of patent grants have a significant positive
correlation with economic growth efficiency and economic growth stability,
while internet penetration and the number of patent grants remain positively
correlated with economic growth efficiency and economic growth stability.
The interaction term of internet penetration and the number of patent grants
is positively correlated with industrial structure optimization and sustainable
development level but its coefficient is not significant, while both the impact
factors of internet penetration and the number of patent grants are greater than
those in benchmark regression, indicating that the interaction between internet
penetration and the number of patent grants strengthens the promotion of the
internet and technological innovation to industrial structure optimization and
sustainable development level. After the interaction term of internet penetration
and the number of patent grants is introduced, the coefficients of them and their
interaction term are negative, indicating a negative correlation with economic
welfare level, as such, no promotion to economic welfare level. Hence, H,, H,
and H, are verified.

Table 4 Impact of Interaction between the Internet and Technological Innovation on High-

Quality Economic Development

Economic Economic Industrial . Sustainable
. Economic
Variable growth growth structure development
. . . welfare level
efficiency stability optimization level
. 0.118 0.069 0. 194* —0. 451%%* 0.548
Internet penetration
(0. 165) (0. 069) (0. 109) (0. 151) (0. 355)
Number of patent 0. 134%%** 0.003 0. 075%** —0. 177%%* 0. 226%**
grants (0. 036) (0.013) (0. 024) (0.033) (0.078)

(To be continued )
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(Continued)
Economic Economic Industrial . Sustainable
. Economic
Variable growth growth structure development
. . S welfare level
efficiency stability optimization level
Internet penetration x
0. 257*** 0. 157%** 0. 080 -0.149 0.133
Number of patent
(0. 129) (0. 052) (0. 085) (0.118) (0.278)
grants
Control variable Controlled Controlled Controlled Controlled Controlled
C 2. 147%** 3. 856%** 2. 809*** 8. 851*** -1.113
ons
(0. 765) (0.312) (0.504) (0. 698) (1. 644)
Hausman test 0.000 0.492 0. 021 0.000 0.019

3.3 Robustness Test

In order to verify the robustness of empirical results, the measures of core
explanatory variables internet and technological innovation are replaced by mobile
phone penetration and the number of patent applications for regression again. The
results are shown in Table 5. Regression results show that the impact coefficients
of mobile phone penetration on economic growth efficiency, economic growth
stability, industrial structure optimization, and sustainable development level are
0.499, 0.186, 0.338 and 0.160, respectively, indicating positive correlations. The
impact coefficients of the number of patent applications on economic growth
efficiency, economic growth stability, industrial structure optimization, and
sustainable development level are 0.039, 0.034, 0.025 and 0.316, respectively,
indicating positive correlations. After the interaction term of mobile phone
penetration and the number of patent applications are introduced, it remains
positively correlated and passed the significance test at the level of 1%, 5% and
10%, respectively. Regression results reveal that the research conclusions are
robust.
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Table 5 Robustness Test

Economic growth Economic growth Industrial structure Economic welfare Sustainable

Variable efficiency stability optimization level development level
1 2 3 4 5 6 7 8 9 10
Mobile
N 0.499%** 0411%%* 0186  0.047  0.338%** (0.265%** 0.337*** 0260*** 0.160  0.136
Wit
P . 0.078)  (0.094) (0.118) (0.079) (0.074) (0.036) (0.041) (0.036) (0.228)  (0.260)
penetration
Number
0.039*  0.029* 0.034 0.022 0.025*%  0.017* —0.021%* —0.030 ** 0.316*** 0.258%**
of patent

s (0.015)  (0.016) (0.027) (0.014) (0.014) (0.007) (0.006) (0.009) (0.044) (0.049)
applications

Mobile
phone 0.108* 0.145%%%* 0.089%* 0.095% 0.424 **

penetration x

Number
of patent (0.065) (0.055) 0.037) (0.034) (0.188)
applications
Control
Controlled  Controlled Controlled Controlled ~ Controlled Controlled ~ Controlled Controlled  Controlled ~ Controlled
variable
C —1.037*  —0.509 2.548 ** 2.900*** 0443  0.877* 1.949%*% 2.413%%* S5042%%* 272
ons

(0413) (0518) (1.013) (0438) (0391) (0.188) (0401) (0302) (1209) (1.353)

4 Conclusions and Recommendations

Using the provincial panel data from 2015 to 2018, this paper examines the
impact of the internet, technological innovation, and their interaction term on
high-quality economic development. The following conclusions are drawn. The
internet and technological innovation promote economic growth efficiency,
economic growth stability, industrial structure optimization, and sustainable
development level, where technological innovation promotes more significantly
but hinders the economic welfare level to some extent; the interaction between
the internet and technological innovation has a significant positive correlation
with high-quality economic development and strengthens the promotion of
technological innovation on high-quality economic development; human capital
plays a significant role in promoting all aspects of high-quality economic
development, while fiscal expenditure has no significant impact on high-quality
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economic development and a poor promotion effect.

Accordingly, recommendations are put forward below.

It is necessary to pursue an internet-driven approach. Although China’s
internet has achieved phased development, there are still some underdeveloped
regions that need to strengthen internet infrastructure construction and improve
the internet development level according to their own economic development
realities. Internet technology should be leveraged to strengthen regional
technological exchange and cooperation, further develop the digital economy, and
promote traditional and emerging industries to be better integrated. Businesses
should be guided to advance the “Internet Plus” strategy, absorb more innovative
elements and information resources with big data, cloud computing and other
information technologies, and enhance their competitiveness.

The technological innovation capacity should be improved. At present, there is
a big gap in technological innovation capacity among different regions in China,
leading to unbalanced high-quality economic development. The government
should create a sound institutional environment for technological innovation,
stabilize the technology market, encourage enterprises—universities—research
institutes cooperation, and stimulate businesses to enhance their independent
R&D capabilities. As a key factor driving technological innovation, human
capital can be improved by bettering the education system, increasing investment
in basic education and higher education, and enhancing talent recruitment and
development.

The guiding role of the government should be better played. The heterogeneity
of economic development in different regions must be valued to correctly
evaluate the reality of regional development and make development plans based
on the economic development level, public demands, and development goals. The
guiding role needs to be well grasped for the avoidance of resource waste or low
resource allocation efficiency caused by excess guidance, which hampers high-
quality economic development. It is also important to focus on issues that may
drive down economic welfare, such as widening poverty gaps, and to improve
social security and relief measures.
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