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G e W N

Abstract: The digital economy is booming in China and has become the world’s largest after the
United States’. Since China entered the era of the digital economy;, its digital technology has radiated
into various fields. This study is to examine the impact of China’s digital economy on the provision
efficiency of public health institutions and the mechanism of action between them. Specifically, it
measures the development level of China’s digital economy, and the provision efficiency of public
health institutions from 2009 to 2018. The research also explores the relationship between China’s
digital economy and its provision efficiency, through the Tobit-DEA model. An analysis of the regional
heterogeneity indicated that the performance of China’s digital economy in the eastern region has a
significant positive effect on improving the efficiency of the public health sector. This further confirms
that the digital economy has strengthened China’s ability to deal with public health crises during
the COVID-19 pandemic. A further mediation effect analysis showed that China’s digital economy
optimizes the efficiency of public health provision by improving governmental performance and
regulatory quality. This shows that the development of the digital economy promotes the construction
of digital government, and thus improves the quality of governmental supervision and governmental
performance, which has a significant positive effect on the efficiency of the supply of public health
services. During the COVID-19 pandemic especially, government delivery of public health services
was critical in addressing public health crises. Therefore, based on the results of our empirical
analysis, this study provides policy suggestions for improving the efficiency of public health service
provision in the era of the digital economy.

Keywords: digital economy; digital government; government performance; regulatory quality;
public health provision efficiency

1. Introduction

The digital economy is a new economic development mode, with data as the pro-
duction factor and digital technology as the carrier. There are many signs that something
new has happened to the American economy in the past decade. The digitalization of
information, combined with the internet, represents a generic form of technology that is
generating a vast array of new possible combinations, which we may refer to as the new
economy for short [1]. Digitization is generating great interest around the world. This shift
is horizontal and involves all sectors of economic activity. Abdelkhalek et al. proposed
some of the impacts that digitalization may have on key sectors of the Moroccan economy
and stated that the success of the digital transformation will affect the performance of
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the Moroccan economy in terms of employment, growth, and reductions in inequality [2].
Xu et al. showed that the digital economy was able to keep China’s economy stable during
the COVID-19 pandemic [3].

The development of the digital economy not only contributes to the country’s economic
growth, but also has a significant impact on public health. Digital technology is one of
the accelerators of the global healthcare industry, and it is growing by a quarter every
year. The future of healthcare may be adopting a new development model, characterized
by the digitalization of medical data to help doctors make accurate medical decisions,
and the use of mobile devices to monitor patients online and transmit medical indicators.
Therefore, digital technology will likely affect the quality of public health services and
the performance of national healthcare plans [4]. Jiang et al. used ARDL estimates to
conduct empirical studies for specific countries, which showed that digitization would
increase life expectancy in BRICS countries (excluding Brazil) in the long run [5]. Budd
et al. found that the digital transformation of public health strengthened the global public
health response to COVID-19, based on digital technologies such as the global network of
mobile phones, large online data sets, connected devices, relatively low-cost computing
resources, and algorithmic technologies such as machine learning and natural language
processing. This is mainly reflected in population surveillance, case identification, contact
tracing, and communication with the public based on mobile data [6].

During the COVID-19 pandemic, China’s public health response made an important
contribution to the international response, saving many lives from the virus [7]. Digital
technology played a crucial role in China’s approach to epidemic prevention and control [8].
Zhao's empirical results show that there is a significant positive relationship between the
development of the e-government and the digital economy [9]; it can be seen that, with the
development of the digital economy, the construction of a digital government in China has
significantly improved its public health response capability [10].

To sum up, to date, the abovementioned scholars have mainly focused on the impact
of either digitalization or digital technology on public health but have not thoroughly
studied the mechanism by which the digital economy specifically affects the efficiency
of the provision of public health services. With the development of the digital economy,
digital transformation will completely change the mode of the provision of public health
services, further optimizing their efficiency. Therefore, in this study, we conducted a deep
empirical analysis based on the predicted development of the digital economy and the
efficiency of the provision of public services in 31 provinces in China from 2009 to 2018.
On this basis, we further analyze the mediating effect of the mechanism between the two,
with the aim of exploring the impact of the development of the digital economy on the
service provision efficiency of public health and its mechanisms, so as to provide a basis
for decision making and policy suggestions.

2. Statistical Indicators
2.1. Variable
2.1.1. Indicators of Digital Economic Development Level

At present, the measurement of the digital economy development index is relatively
difficult. The main reason for this is that there is still some controversy over the definition
of the “digital economy” [11]. This stems from the continuous updating and iteration of the
digital industry model, which leads to difficulties in the continuous and systematic tracking
of output [12]. The establishment of an index system for the development level of the
digital economy in this study refers to authoritative Chinese institutions and scholars, such
as Bai Peiwen and Zhang Yun [13], approached via the four dimensions of digital industry,
digital innovation, digital users and digital platform. Digital industry mainly includes the
development degree of the basic industry of digital economy, digital innovation mainly
reflects the level of intelligent technology, digital users mainly measure the digital level
of users and the function of mobile payment of digital economy, and the digital platform
mainly highlights the digital level of a network platform, so it can measure the level of
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development of the digital economy. In view of the availability of data, this study selected
2009-2018 data for measurement, and the specific indicator system summary is shown
in Table 1.

Table 1. Comprehensive evaluation index system of the digital economy development level.

First-Level
Indicators

Second-Level Indicators Third-Level Indicators Unit

Digital economy
development level

Proportion of employment in urban units in

information transmission, computer services and %
software industries X1
Digital industry . Software bus.iness rever}ue. X2 Billion
Proportion of information transmission, computer
services and software industries in the total fixed %
assets of the society X3
Digital HP financial index X4 /
Number of 5G industry authorized patents X5 PCS
Digital innovation Number of industrial internet authorized patents X6 PCS
Number of e-commerce authorized patents X7 PCS
Popularization rate of mobile telephones X8 PCS/one hundred
Digital users Total telecommunications business X9 Billion
Per capita internet broadband access users X10 PCS
Number of domain names X11 Ten thousand PCS
Digital platform Number of internet users X12 Ten thousand person
Number of websites X13 Ten thousand PCS

2.1.2. Indicators of the Efficiency of Public Health Service Provision

Since medical and health services are composed of medical care, health, and epidemic
prevention services, this study referred to the work of Chu D. [14] and considered the
availability of data to select the number of medical and health institutions/hospitals, the
number of primary medical and health institutions, the number of health technicians,
and the number of hospital beds as input indicators, while the number of working days
of hospital beds, the utilization rate of hospital beds, the number of subsidized medical
insurance and cooperative medical care policies, the number of individuals receiving
direct medical assistance, the number of consultations, the number of admissions, the
number of discharges, the average length of stay in hospital, and the emergency fatality
rate (Countdown) were taken as the nine output indicators. The specific index system can
be seen in Table 2.

2.1.3. Exogenous Variables

Previous research by the scholars Xu [15] and Liu [16] indicated that the higher
the population density (DENS) of a region, the more likely it will be that the public
health services are provided by local governments to bring about economies of scale, thus
improving the regional supply efficiency. The higher the education level of residents in
the region (EDU), the stronger the civic consciousness will be, which will further enhance
supervision by the government and promote the efficiency of supply. The intensity of
household registration control (HR) and the urbanization rate (UR) will affect the epidemic
among the population in the region, which will affect the activity of economic development,
and thus affect the efficiency of the public service supply. Therefore, HR, DENS, EDU,
BPSS, and UR were selected as control variables in this study.
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Table 2. Input and output indicators of public health provision efficiency evaluation.

First-Level Indicators

Public health
service provision
efficiency

Second-Level Indicators Second-Level Indicators Unit
Number of medical and health PCS
institutions_Hospitals
Number of primary medical and
Input indicators of public healt}; insti’ZJtions PCS
health service
Number of health technicians PCS/Thousand people
Number of beds in medical and
health institutions PCS/Thousand people
Working days of hospital beds Day
Hospital bed utilization rate %

Number of people who are subsidized
to participate in medical insurance and ~ One hundred million people
cooperative medical care

Output indicators of Number of those receiving direct Ten thousand people
public health services medical assistance peop
Number of consultations One hundred million people
Number of people hospitalized Ten thousand people
Number of people discharged Ten thousand people
Average length of stay in hospital Day
Emergency fatality rate (Countdown) /

2.1.4. Mediation Variables

According to Zhao's [17] research, the development of a digital economy improves the
quality of government supervision (M1), corruption control (M2), government performance
(M3), and the legal system (M4) through the construction of a digital government. Based on
the theory of transaction cost and information asymmetry, the improvement of government
supervision quality and government performance is beneficial to the establishment of an
information transparency mechanism between the government and citizens, improving the
degree of matching of the supply and demand of public health services, and improving
the efficiency of service provision. The improvement of corruption control and the legal
system can reduce the “rent-seeking behavior” of the government and public sector, thus
reducing the cost of the supply of public health services and improving the efficiency of
service provision. Therefore, the mediating variables of this study were selected as M1,
M2, M3, and M4. The specific calculation method was primarily derived from the work of
Zhao [17]; that is, government performance = number of public managers/total population
at the end of the year; supervision quality = gross industrial production/total emissions
of three forms of industrial waste; corruption control = rate of corruption, bribery, and
malfeasance cases/number of public administrators; legal level = number of lawyers per
10,000 people.

2.2. Data Sources

The data analyzed in this study mainly came from the China Urban Statistical Yearbook
(CUSY), the China Statistical Yearbook (CSY), the Digital Economy Industry Special Database
(DEISD), the China Economic Information Center (CEIC), the China Electronic Commerce
Yearbook (CECY), the Statistical Report on Internet Development in China (SRIDC), the Internet
Information Center (IIC), and the China Health Statistical Yearbook (CHSY).

The specific information can be found in Table 3. The data sources for the variables
selected in this study were the National Bureau of Statistics of China or other authoritative
institutions, which could ensure the accuracy and authenticity of the data. In view of the
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lag of data updates and the availability of data, in this study we selected data from 2009 to
2018 as our research data.

Table 3. Variables and Data Sources.

Variable Type Research Subjects Year Data Source
. . CSY, DEISD, CEIC,
Dependent Variable 31 provinces 2009-2018 SRIDC, 1IC
Independent Variables 31 provinces 2009-2018 CUSY, CSY, CHSY
Control variables 31 provinces 2009-2018 CUsy, CsYy
Mediation variable 31 provinces 2009-2018 CuUsYy, Csy
2.3. Method

2.3.1. Entropy Evaluation Method

In the field of economic statistics research, the entropy value method, as part of the
comprehensive evaluation method, is a relatively scientific evaluation method. Author-
itative objectivity is one of the advantages of the entropy method, mainly because the
method was developed based on the information entropy theory. The difference between
this method and subjective weighting is that the entropy method judges the weight of each
indicator according to the degree of dispersion of the data, which avoids the randomness
and imprecision caused by subjective weighting by researchers. The concept of “entropy” in
the entropy method comes from thermodynamic theory. In information theory, information
entropy can be judged by the discrete degree of information, so as to further determine the
weight of each index. If the discrete degree of information data is large, its information
entropy value is considered to be small; that is, the amount of information provided by the
data is larger, so the weight is larger, and vice versa. Due to the objective weighting used
in the entropy value method of the comprehensive evaluation method, the interference of
subjective human factors can be reduced in the calculation of the results. Therefore, in this
study, the comprehensive evaluation method was used in the selection of the calculation
method for the digital economy development level index. The specific calculation steps of
entropy evaluation method can be seen in Appendix B.

2.3.2. Data Envelopment Analysis (DEA)

Regarding the measurement of efficiency, scholars mainly use the non-parametric
method of data envelopment analysis (DEA). The DEA method was first created in the
1980s and is usually used to calculate multi-input and multi-output research objects. Since
the measurement of the provision efficiency of public health services needs to measure the
input and output and compare multiple research subjects, the DEA method was suitable.
In the choice of measurement methods for supply efficiency, most relevant researchers
again use data envelopment analysis (DEA). For example, Gunnar Rongen (1995) [18]
measured the efficiency of fiscal expenditure by Norway’s public services and Husain and
Abdullah (2000) [19] conducted a study of public sector service performance in Malaysia
using this technique.

In terms of research methods, scholars have mainly used the BCC model, under
the data envelopment analysis (DEA) framework, to measure the provision efficiency
of public health services [20]. The BCC model was proposed by Banker, Charnes, and
Cooper (1984) [21]. This method is based on the assumption that the input and output
increase or decrease in the same proportion, which leads to deviations in the results. The
super-efficiency SBM model is also one of the DEA models, and it has stronger explanatory
power for efficiency evaluation results, due to the relaxation of the formal restriction of
the stochastic frontier analysis function [22,23] Therefore, in this study we used the SBM
super-efficiency model to calculate efficiency.
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2.3.3. Economic Model

In order to verify the impact of the digital economy on the efficiency of public health
service provision, in this study we established an econometric model. The value of the
service provision efficiency of public health services was between zero and two, so the
explained variable belonged to the merged data type; that is, the restricted dependent
variable was greater than zero. Therefore, maximum likelihood estimation (MLE) was more
suitable for the estimation [24]. This model is called the “Tobit” model, and the specific
model settings are as follows [25].

BPHS_ef ficiency; = Bo + B1DEi + Z?:z ﬁjCOntrol{t + Ui +ej (1)

In the above Formula (1), i indicates the 31 provinces, and ¢ indicates the year; the ex-
plained variable is the efficiency of the provision of public health services (BPHS_efficiency;;)
and the core explanatory variable is the digital economy development level (DE;). Each
control variable is represented by Control{t,
and the random error term is denoted by ¢;;.

For the model settings of the mediation effect, we referred to the recursive equation of

Wen et al. [26] and built a mediation model (2) on the basis of the benchmark model (1):

whereas the fixed effect is represented by y;

p .
Myir = Bo+ B1DEj; + ijz Controlft + i+ € (2)
The settings of the comprehensive model (3) are as follows:
iy 7 ‘
BPHS_ef ficiency = Bo + B1DEit + BaMyir + Z]’=3 ,B]-COntrolft + Ui+ e 3)

M in estimation model (2) and (3) is the mediating variable, representing the four me-
diating variables, namely, regulatory quality, corruption control, government performance
and legal system level.

3. Results

This section is divided by subheadings and provides a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions
that can be drawn.

3.1. Statistical Measurement Results
3.1.1. Digital Economic Development

Before measuring the development level of the digital economy, it is necessary to
preprocess the data of the three-level indicators. For data with missing values, if the index
is in line with or near to normal distribution, the mean filling method is used to fill in
the missing values; otherwise, the median method is used. Based on the index system
constructed above, the digital economy development level index for 31 provinces in China
from 2009 to 2018 was calculated by the entropy method, denoted as DE. The calculation
results can be seen in Table A2, while the mean development level of the digital economy
in the eastern and central regions can be seen in Table 4 and Figure 1. Among them, China
is divided into three economic belts, namely eastern region, central region and western
region. The specific classification can be seen in Table A1.The geographical map of the
mean development level of the digital economy in the 31 provinces can be seen in Figure 2.

3.1.2. Efficiency of Public Health Service Provision

According to the input-output indicators of public health provision efficiency evalua-
tion, shown in Table 2, this study uses the super-efficiency algorithm of the pyDEA (python
for data envelopment analysis) package in the open-source software Python to measure the
efficiency value. The measurement results can be seen in Table A3, the average values of the
eastern, central and western regions can be seen in Table 5 and Figure 3, and the geographic
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map of the average value of digital economy development in China’s 31 provinces can be
found in Figure 4.

Table 4. Average development level of digital economy in eastern, central and western regions from

2009 to 2018.
Y Mean Value Development Level of Digital Economy
ear
East Area Middle Area West Area Total
2009 0.061 0.0397 0.0365 0.0460
2010 0.0669 0.04 0.0384 0.0489
2011 0.0836 0.0452 0.039 0.0564
2012 0.1186 0.0468 0.0401 0.0697
2013 0.1339 0.0527 0.0447 0.0784
2014 0.1441 0.056 0.0458 0.0833
2015 0.1718 0.068 0.0509 0.0982
2016 0.1999 0.072 0.0528 0.1099
2017 0.2205 0.074 0.0614 0.1211
2018 0.2706 0.0947 0.0721 0.1484
Mean 0.1471 0.0589 0.0482 0.0860
Digital Economy Development Level Index
0.3
0.25
0.2
e East area
0.15 e Middle area
e \Nest area
0.1

: Total
0.05

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Figure 1. Mean value of the development level of digital economy in eastern, middle and western
areas.

Mean

Figure 2. Geographical map of the mean value of digital economic development in the 31 provinces
of China from 2009 to 2018.
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Table 5. Average value of public health service provision efficiency in eastern, central and western
regions from 2009 to 2018.

Public Health Service Provision Efficiency

Year
East Area Middle Area West Area Total
2009 1.1817 1.1503 1.1461 1.1593
2010 1.2037 1.0872 1.1184 1.1364
2011 1.1505 1.1091 1.0960 1.1185
2012 1.0811 0.9951 1.0720 1.0494
2013 1.0880 1.0370 1.1117 1.0789
2014 1.1939 1.0603 1.0823 1.1122
2015 1.1604 1.0963 1.1683 1.1417
2016 1.0773 1.0562 1.1179 1.0838
2017 1.1960 1.0422 1.0815 1.1066
2018 1.1639 1.0855 1.0824 1.1106
Mean 1.1497 1.0719 1.1077 1.1097
Public health provision efficiency

1.2500

1.2000

1.1500 /\

e FJ3st area
1.1000
’/ \rl Middle area

1.0500 West area

1.0000 Total

0.9500

0.9000

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Figure 3. Mean value of the public health provision service efficiency in eastern, middle and

western areas.

3.2. Estimation Results

The results of the descriptive statistics of the variables show that the development of
the digital economy affects the efficiency of public health service provision, as can be seen
in Table 6. The core explanatory variable selected in this study is the development level of
the digital economy, and the explained variable is the public health provision efficiency.
The control variables are household registration control (HR), population density (DENS),
national education level (EDU), general public service expenditure (BPSS) and urbanization
rate (UR).

It can be seen from the correlation test results in Table 7 that the correlation coefficient
between variables is low; the correlation coefficient between national education level (EDU)
and general public service expenditure (BPSS) is the highest, at 0.4463.
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Mean

low

Figure 4. Geographic map of the mean value of public health service provision efficiency in 31
provinces in China from 2009 to 2018.

Table 6. Descriptive statistics of variables.

Variable Mean SD Min Max N
BPHS_efficiency 1.1133 0.2547 0.6522 1.9904 310
DE 0.0860 0.0893 0.0231 0.8133 310
HR 0.1510 0.2657 0.0304 1.6470 310
DENS 2781 1184 515 5821 310
EDU 14,100 9520 128 45,800 310
BPSS 414 467 46 7467 310
UR 0.5514 0.1464 0.1919 1.0562 310
Table 7. Correlation test results.
DE HR DENS EDU BPSS UR
BPHS_efficiency ~ 1.0000
DE 0.1256 1.0000
HR 0.1414 —0.0886 1.0000
DENS —0.0184 —0.1438 —0.2035 1.0000
EDU 0.0557 0.4154 —0.2054 0.0485 1.0000
BPSS —0.0609 0.1542 —0.0844 —0.0419 0.4463 1.0000
UR 0.1310 0.2811 —0.3687 —0.0766 0.3188 0.2415 1.0000

Before model estimation, the variance inflation factor is calculated for the variables
to determine whether there is multi-collinearity. The maximum value of the VIF is 1.56,
the minimum is 1.11, and the mean is 1.30. It is generally believed that the value of the
variance inflation factor does not exceed 10; that is, there is no serious multi-collinearity
problem, so the model can be estimated.

In the empirical analysis of the impact of the development of the digital economy
on the efficiency of public health provision, this study uses the SBM-Tobit model. The
estimation results are shown in Table 8.

3.3. Mediation Analysis Results

This study estimates the impact of the development level of the digital economy on
the efficiency of public health provision in 31 provinces and cities in China from 2009 to
2018. The results show that only the eastern region experienced a significant impact. On
this basis, this study constructs a mediating effect model in the eastern region to empirically
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test the impact of the development of the digital economy on the efficiency of public
health provision and its mechanism. The specific results of the analysis of the mediation
effect are shown in Table 9. The results of the mediation effect analysis show that the
quality of supervision (M1) and government performance (M3) were important channels
through which the digital economy affected the efficiency of public health provision;
that is, digital development in the eastern region improved the quality and performance
of regional government supervision, thereby improving the efficiency of public health
service provision.

Table 8. Tobit model estimation of the impact of the digital economy on public health efficiency.

Total East Middle West
BPHS_efficiency
DE 0.2919 0.4138 ** —1.5218 1.9879
(1.56) (2.23) (~1.28) (1.31)
HR 0.2244 * 1.5275 —0.0220 0.1643
(1.74) (1.51) (—0.02) (1.19)
DENS 0.0000 0.0001 ** 0.0000 —0.0000
(0.39) (2.57) (0.30) (—1.26)
EDU 0.0000 —0.0000 0.0000 0.0000
(0.12) (—0.58) (0.80) (0.13)
BPSS —0.0000 —0.0000 0.0002 0.0002
(—1.32) (—1.25) (0.88) (0.72)
UR 0.3809 ** 0.4654 * —1.0546 ** 0.1041
(2.39) (1.85) (—2.24) (0.26)
_cons 0.8319 *** 0.3331 * 1.4866 *** 0.9589 ***
(6.99) (1.68) (4.14) (3.52)
/
sigma_u 0.1739 *** 0.0940 *** 0.1315 *** 0.1576 ***
(7.16) (2.70) (3.38) (3.85)
sigma_e 0.1713 *** 0.1781 *** 0.1154 *** 0.1929 ***
(23.62) (13.63) (11.87) (14.52)
N 310 110 80 120
t statistics in parentheses; p < 0.1*, p < 0.05**, p < 0.01 ***.
Table 9. Estimated results of mediation analysis.
BPHS BPHS BPHS BPHS
M1 _efficiency M2 _efficiency M3 _efficiency M4 _efficiency
DE —0.1005 ** 0.5055 ** —0.0006 0.4037 ** 0.4655 *** 0.3417 * —4.7409 *** 0.4387 **
(—=5.02) (2.39) (-1.27) (2.19) (4.17) (1.74) (—4.21) (2.31)
HR —0.0500 1.6237 * —0.0000 1.5560 —0.4147 1.6299 —9.6006 1.3737
(—0.37) (1.71) (—0.00) (1.58) (—0.92) (1.57) (-1.22) (1.32)
DENS —0.0000 *** 0.0002 *** 0.0000 0.0002 *** 0.0000 0.0001 ** —0.0008 *** 0.0001 **
(—5.50) (3.01) (0.43) (2.63) (0.83) (2.55) (—3.28) (2.14)
EDU —0.0000 * —0.0000 0.0000 —0.0000 0.0000 *** —0.0000 —0.0001 ** —0.0000
(—1.96) (—0.61) (0.05) (—0.55) (3.86) (—0.89) (—2.45) (—0.61)
BPSS —0.0000 *** —0.0000 0.0000 —0.0000 —0.0000 ** —0.0000 —0.0006 *** —0.0000
(—4.16) (—0.99) (0.82) (—1.23) (—2.12) (—0.88) (—6.94) (—1.39)
UR (0.2395 *** 0.2842 —0.0030 *** 0.3965 0.2658 ** 0.3833 4.3257 *** 0.6038 *
(9.57) (0.91) (—4.92) (1.39) (2.28) (1.49) (3.39) (1.81)
0.9538 —21.8241 0.1568 —0.0098
M (0.82) (—0.47) (1.23) (—0.62)
_cons 0.0486 * 0.2728 0.0041 *** 0.4018 * 1.1747 *** 0.1772 5.5867 *** 0.3234
(1.84) (1.37) (6.76) (1.66) (12.94) (0.74) (3.35) (1.61)
sigma_u 0.0252 *** 0.0820 ** 0.0004 *** 0.0885 ** 0.0000 0.0978 *** 2.7349 *** 0.0941 ***
(3.74) (2.45) (4.12) (2.44) (0.00) (2.82) (4.42) (2.73)
sigma_e 0.0118 *** 0.1794 *** 0.0003 *** 0.1787 *** 0.1397 *** 0.1762 *** 0.5766 *** 0.1777 ***
(13.69) (13.61) (13.94) (13.48) (14.83) (13.67) (13.98) (13.65)
Sobel Test 0.31443492 *** 0.08811794 * —0.07113303
N 110 110 110 110 110 110 110 110

t statistics in parentheses; p <0.1*,p <005 **, p <0 01 ***,
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4. Discussion
4.1. Analysis of How Digital Economy Improves China’s Public Health Provision Efficiency

As can be seen from Table 2, the development level of China’s digital economy in-
creased year by year from 2009 to 2018, both nationally and regionally. According to the
results of the heterogeneous analysis, the mean value of the digital economic development
level index in the eastern region is 0.1471, while that for the central region is 0.0589, and
the western region’s is 0.0482. The central and western regions’ values are lower than the
national average of 0.08603. The development of China’s digital economy is characterized
by regional imbalance. As can be seen from the measurement results in Table 2, the pro-
vision efficiency of China’s public health service was fluctuating in this period. Overall,
the provision efficiency of China’s public services can be characterized by complexity and
regional characteristics. Therefore, to improve regional provision efficiency, one should
not consider one single element alone. For example, one might increase the input scale of
service provision, but also take comprehensive factors, such as regional and government
political preference, into consideration.

An analysis of regional heterogeneity found that digital economy development in
eastern China in the period had a positive effect on the efficiency of public health provi-
sion, while it had no significant effect in central and western China. This shows that the
development of the digital economy was a priority in eastern China and had a significant
impact on the provision efficiency of the public health service. This also fully demonstrates
the capacity of eastern coastal cities to respond to the COVID-19 pandemic.

The core elements of digital economy include digital innovation, digital industry,
digital users and digital platforms. Automation and artificial intelligence (Al) are enjoying
renewed interest across multiple industrial sectors due to the impact of COVID-19 in 2019.
Digital health technologies provide an important technical foundation for health manage-
ment by providing a quantitative basis for drug trials, medical research, public health
programs, pandemic responses, and the overall measurement of an individual’s health.
During the pandemic, the US Food and Drug Administration (FDA) issued a number of
interim policies to support digital health innovations, such as expanded guidance on digital
therapy for mental illness and medical devices for remote patient monitoring [27]. More-
over, governments are increasingly using cloud computing to lower costs, increase access,
improve quality and innovate in healthcare. With a population approaching 4.5 billion,
Asia’s healthcare challenges massively limit economic growth and policy making. Us-
ing cloud computing in healthcare may help improve the quality of healthcare delivery
and reduce the economic burden, enabling governments to effectively address healthcare
challenges in a short time frame [28]. The global manufacturing base has been strongly
impacted by labor shortages related to the spread of COVID-19 and is working to increase
productivity by adopting digital manufacturing technologies that leverage artificial intel-
ligence and the Internet of Things (IoT), which promise improved connectivity between
provision chains. This trend can increase and unblock the flow of social capital, a potential
resource in the provision chain that influences the provision chain performance of the
healthcare industry [29]. Therefore, the digital economy may play an important role in
promoting the efficiency of the provision of public health services. However, the digitaliza-
tion of the medical industry involves problems, including data accuracy and the real-time
security and privacy of digital users, which are all challenges that the digital medicine of
the future will face [30]. The empirical analysis of regional data, as discussed earlier, can
provide a means to solve those problems.

4.2. Mediation Analysis of How China’s Digital Economy Optimizes the Provision Efficiency of
Public Health Services

Following the mediation test of the empirical dataset collected from the 31 provinces
in China in the previous section, we can now consider the mechanism of China’s digital
economy in order to understand how to improve China’s public health service provision
efficiency. The quality of government supervision, corruption control, government perfor-
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mance and legal system level were adopted as the mediation variables in this study. In
the analytical results of the mechanism test, it was found that the variables of government
supervision quality and government performance have mediation effects, while the other
two mediation variables have no significant effects. Through the mediation analysis, we
found that the digital economy in eastern China increased the provision efficiency of public
services by improving the supervision quality and performance of local governments.
Combined with our analysis of existing policy reports [31], we found that most provinces
and cities in the eastern region held a frontier consciousness of actively building a dig-
ital government in the period in question. According to the 2019 Digital Government
Assessment report, China’s provincial governments, including in the Beijing, Shanghai,
Zhejiang, Guangdong, Fujian, Sichuan and Guizhou provinces, are in the first stages of
developing a digital government [32]. Eastern provinces account for 70% of all provinces
in the first tier. Therefore, the eastern region not only has the innate advantage of strong
digital foundations, but it also has the edge in terms of its big data governance concept.
This further illustrated why only the eastern region exhibited a significant mediating effect
on government supervision quality and government performance.

Franca et al. (2010) [33] found in an empirical study that information asymmetry
affects the efficiency of non-profit organizations. Based on the theory of information
asymmetry, it can be seen that the development of the digital economy drives the digital
governance of local governments, and the improvement of government supervision quality
can reduce the degree of information asymmetry between the government and citizens [34],
thus improving the efficiency of supply. Based on the transaction cost theory [35], the
improvement of government performance can help to reduce the cost of public health
service supply, thus improving the efficiency of supply.

To sum up, the construction of a digital government plays a crucial role in the opti-
mization of the efficiency of the provision of public services. It is necessary to strengthen
the digital governing capability of local governments in order to optimize the efficiency of
the provision of public health services in these areas.

4.3. Policy Recommendations for China’s Efficient Provision of Public Health in the Digital Eva

According to the empirical results of this study, the digital effect brought about by
the development of China’s digital economy is not only felt in the fields of the economy,
employment, and people’s livelihood, but it also has a positive impact on the efficiency
of the provision of public health services. Our mediation analysis demonstrated that
the construction of digital governance has a significant mediating effect on the provision
efficiency of public health services in these local governments. With the help of the efficient
management of digital governance, the quality and performance of government supervision
can further improve the efficiency of public health service provision. The efficient provision
of public health services can help to control epidemics and improve the ability to tackle
public health crises. Especially during the COVID-19 pandemic, digital governance plays
an important role. According to the China Smart City Service Platform Development
Report (2021) [36], the 31 local governments of the provincial-level administrative regions
in China have increased the rate at which they are setting up epidemic prevention and
controlled project sites by more than 60%. At the lower level, local governments have
also constructed websites, providing a wide range of information retrieval services, such
as online hospitals, infection path query functions, public opinion guidance, medical
information query resolutions, health code explanations, regional risk level guidance, and
so on [37].

Therefore, the policy implications of this study are as follows. First, it is necessary
to strengthen the construction of institutional environment and narrow the development
gap of the digital economy between regions. Based on the theory of the institutional
environment, we know that institutions can effectively restrain the negative effects caused
by the unbalanced development of the digital economy. Therefore, the government should
strengthen the construction of the institutional environment for the supply of digital
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economy and public health services, reduce the influence of the “polarization effect” of
digital industry agglomeration caused by the unbalanced development of the digital
economy, and thus improve the efficiency of service provision. Second, it is necessary to
promote the development of the digital economy in an all-round way to ensure the level of
supply of public health services. The digital economy represents a new engine of economic
growth for China. Through the development of the digital industry, the digital economy can
effectively realize an upgrade in the traditional industry structure and help to address the
“middle-income trap”, to achieve high-quality economic growth, to raise the scale of public
finance expenditure, and improve the level of the supply of public health services and
their efficiency. Third, it is important to promote the construction of a digital government
across the board, especially in the central and western regions. The construction of a digital
government is helpful to improve the quality of government supervision and government
performance, and thus improve the efficiency of the provision of public services. In the era
of the digital economy, the construction of government digital service platforms relying
on artificial intelligence, blockchains, cloud computing, and other digital technologies can
achieve the accurate matching of supply and demand of public services and ultimately
achieve high efficiency in the provision of public health services.

Therefore, in the era of the digital economy, digital technologies, such as artificial
intelligence, blockchains, and 5G, are rapidly changing the governance models of modern
governments and the way of life of their people [38]. By building a digital governance
system, governments can improve their quality and performance, and, thus, comprehen-
sively optimize the efficiency of the provision of public health. At the same time, special
attention should be paid to the problems of uneven regional development. It is necessary
to strengthen the development of the digital economy in developing regions in order to
fully optimize the efficiency of the provision of public health in China.

5. Conclusions

The main conclusions of this study are as follows. Firstly, according to the empirical
analysis results, the high level of development of digital economy has a positive and signifi-
cant impact on the efficiency of public health. Secondly, the result of the mediation analysis
showed that the quality and performance of government regulations had a mediating effect.
This means that China’s digital economy optimized the efficiency of the provision of public
health by improving the quality and performance of government regulations. Therefore, it
can be expected that public health will undergo a comprehensive digital transformation.
In the context of the COVID-19 pandemic especially, the development of China’s digital
economy can help to optimize its public health service provision efficiency and thereby
reinforce its capacity for responding to public health crises.

However, this study has the following shortcomings. First, the measurement of the
development level of the digital economy is still controversial, and the selection and
timing of indicators in the indicator system in this paper also have certain limitations.
It is our hope that more authoritative and time-updated data will be obtained in the
future. Second, due to the availability of data, in this study we mainly analyzed the impact
of the digital economy on the efficiency of the provision of public health services from
the perspective of digital governance. Other mediating variables, such as public finance
and the institutional environment, have not been discussed. It is our hope that future
studies can analyze the mechanism of action between these variables in more detail. Third,
the endogenous nature of the study must be noted. In this study, there were inevitably
endogenous problems relating to the impact of the digital economy on the efficiency of
the provision of public health services, which would affect the accuracy of the estimation
results. We hope that future researchers can find reasonable instrumental variables in order
to solve these problems.
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Appendix A

Table A1. Division of the three regional economic belts.

Three Regional Economic Belts

East Area

Beijing, Shanghai, Guangdong, Tianjin, Shandong, Liaoning, Jiangsu, Hebei, Zhejiang, Fujian and Hainan

Middle area

West area

Anhui, Jiangxi, Shanxi, Jilin, Heilongjiang, Henan, Hubei and Hunan

Guangxi, Neimenggu, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang

Table A2. China’s digital economy development level for the 31 provinces from 2009 to 2018.

Economic Belts 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Beijing 0.0946 0.1051 0.1343 0.1913 0.2063 0.2153 0.2704 0.3263 0.3431 0.3744
Tianjin 0.0386 0.0391 0.0456 0.0535 0.0545 0.0597 0.0665 0.0725 0.0819 0.1022
Hebei 0.0459 0.0483 0.0545 0.0594 0.0704 0.0694 0.0747 0.0786 0.0728 0.0951
Shanghai 0.0567 0.0628 0.0897 0.1228 0.1316 0.1493 0.1903 0.2274 0.2458 0.2961
Jiangsu 0.0655 0.0767 0.0998 0.1609 0.1902 0.2092 0.2491 0.2926 0.3057 0.3792
East area Zhejiang 0.0598 0.0682 0.0924 0.1528 0.1331 0.1489 0.1902 0.2230 0.2388 0.3281
Fujian 0.0433 0.0479 0.0616 0.0787 0.0831 0.0944 0.1191 0.1643 0.2245 0.2371
Liaoning 0.0397 0.0441 0.0536 0.0795 0.0913 0.0979 0.1054 0.0959 0.0940 0.0956
Shandong 0.0515 0.0587 0.0702 0.1020 0.1721 0.1635 0.1681 0.1757 0.1610 0.1985
Guangdong  0.1437 0.1534 0.1811 0.2700 0.3048 0.3401 0.4147 0.4996 0.6036 0.8133
Hainan 0.0314 0.0321 0.0364 0.0340 0.0355 0.0376 0.0409 0.0425 0.0539 0.0568
Mean 0.0610 0.0669 0.0836 0.1186 0.1339 0.1441 0.1718 0.1999 0.2205 0.2706
Shanxi 0.0518 0.0446 0.0516 0.0480 0.0491 0.0486 0.0526 0.0508 0.0515 0.0710
Anhui 0.0358 0.0377 0.0441 0.0468 0.0542 0.0590 0.0734 0.0831 0.0873 0.1262
Jiangxi 0.0320 0.0345 0.0354 0.0358 0.0388 0.0405 0.0491 0.0488 0.0517 0.0750
) Henan 0.0420 0.0444 0.0498 0.0549 0.0651 0.0682 0.0794 0.0839 0.0812 0.1185
Middle Hubei 0.0373 0.0405 0.0488 0.0538 0.0643 0.0697 0.0916 0.0959 0.0996 0.1248
area Hunan 0.0366 0.0414 0.0438 0.0467 0.0479 0.0518 0.0588 0.0860 0.0862 0.1070
Jilin 0.0402 0.0386 0.0438 0.0438 0.0456 0.0484 0.0491 0.0508 0.0572 0.0599
Heilongjiang ~ 0.0417 0.0379 0.0439 0.0449 0.0568 0.0619 0.0901 0.0765 0.0776 0.0750
Mean 0.0397 0.0400 0.0452 0.0468 0.0527 0.0560 0.0680 0.0720 0.0740 0.0947
Neimenggu  0.0392 0.0410 0.0423 0.0413 0.0446 0.0419 0.0433 0.0404 0.0427 0.0539
Guangxi 0.0372 0.0381 0.0421 0.0404 0.0440 0.0464 0.0513 0.0507 0.0521 0.0690
Chongging  0.0313 0.0338 0.0397 0.0451 0.0482 0.0523 0.0606 0.0682 0.0806 0.0919
Sichuan 0.0397 0.0450 0.0508 0.0681 0.0874 0.0912 0.1047 0.1181 0.1290 0.1623
Guizhou 0.0392 0.0398 0.0389 0.0349 0.0379 0.0391 0.0413 0.0460 0.0518 0.0670
Yunnan 0.0327 0.0325 0.0350 0.0336 0.0383 0.0380 0.0513 0.0475 0.0481 0.0632
West area Shanxi 0.0465 0.0510 0.0540 0.0590 0.0657 0.0699 0.0808 0.0852 0.0892 0.1092
Gansu 0.0336 0.0318 0.0328 0.0315 0.0338 0.0331 0.0359 0.0369 0.0434 0.0559
Qinghai 0.0341 0.0367 0.0345 0.0341 0.0403 0.0392 0.0425 0.0400 0.0435 0.0449
Xizang 0.0367 0.0396 0.0260 0.0258 0.0246 0.0251 0.0231 0.0234 0.0699 0.0387
Ningxia 0.0335 0.0361 0.0317 0.0304 0.0315 0.0336 0.0324 0.0341 0.0442 0.0579
Xinjiang 0.0337 0.0353 0.0401 0.0374 0.0405 0.0402 0.0434 0.0434 0.0423 0.0518
Mean 0.0365 0.0384 0.0390 0.0401 0.0447 0.0458 0.0509 0.0528 0.0614 0.0721
Total Mean 0.0460 0.0489 0.0564 0.0697 0.0784 0.0833 0.0982 0.1099 0.1211 0.1484
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Table A3. The efficiency of the provision of public health services in China’s 31 provinces from 2009

to 2018.
Economic Belts 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Beijing 0.7074 1.4326 0.8035 0.9248 0.8760 0.8323 0.8751 0.8569 0.8521 0.8905
Tianjin 1.6306 1.5317 1.5405 1.5519 1.2310 1.2943 1.2602 1.2020 1.9692 1.1405

Hebei 1.5147 0.8261 1.3560 0.9603 0.9538 1.2005 1.0120 0.9800 0.9406 0.9971

Shanghai  1.6180 1.9904 1.3201 1.1567 1.3058 1.8703 1.6508 1.0588 1.5461 1.9578

Jiangsu  1.2359 1.1101 1.1247 1.0462 1.2094 1.4705 1.2853 1.3109 1.4207 1.4416

Zhejiang  1.1224 1.0586 1.2038 1.0881 1.1159 1.1580 1.2997 1.0305 0.9642 1.0608

Eastarea g 00 1.1988 1.0073 0.9734 1.0091 0.9606 0.9819 1.0372 1.0607 1.0396 1.1672
Liaoning  0.7001 0.6810 0.7277 0.7249 0.7934 0.8856 0.9337 0.8929 0.8970 0.8893

Shandong  0.9971 0.9808 1.0019 0.9001 0.8860 09137 09142 0.9752 0.9663 1.0161
Guangdong 1.0482 1.2143 1.1852 1.4089 1.4071 1.4144 1.4604 1.4382 1.4886 1.1035

Hainan 1.2252 1.4078 1.4184 1.1207 1.2294 1.1115 1.0361 1.0446 1.0712 1.1388
Mean 1.1817 1.2037 1.1505 1.0811 1.0880 1.1939 1.1604 1.0773 1.1960 1.1639
Shanxi 1.0110 0.6522 0.7784 0.7749 0.8497 0.8898 0.9621 0.9446 0.9936 1.0266

Anhui 1.3346 1.4253 1.3267 1.0889 1.5275 1.2291 1.5366 1.5433 1.5198 1.3938
Jiangxi 1.0677 1.1152 1.0929 0.9917 1.0613 1.1711 1.1748 1.1396 1.0047 1.0781
Henan 1.0871 1.1385 1.2149 1.2834 1.1358 1.0820 1.0708 1.0606 1.0510 1.2702

Middle Hubei 1.1856 1.0110 1.1733 0.9111 0.9527 0.9920 0.9144 0.8958 0.8933 0.9581

area Hunan 1.2899 1.1225 0.9424 0.9502 1.0996 1.1840 1.1382 1.0533 1.0051 1.0600

Jilin 0.8768 0.8733 0.8736 0.9771 0.7765 0.9254 0.9153 0.8418 0.8874 0.8764

Heilongjiang 1.3495 1.3594 1.4709 0.9835 0.8930 1.0090 1.0583 0.9702 0.9824 1.0206

Mean 1.1503 1.0872 1.1091 0.9951 1.0370 1.0603 1.0963 1.0562 1.0422 1.0855

Neimenggu 0.9004 0.8504 0.8056 0.7923 0.8695 0.8512 0.8783 0.8793 0.8629 0.8735

Guangxi  1.2038 1.3397 1.3557 1.0445 1.1745 1.1024 1.0865 0.9886 0.9803 1.1352

Chongging  1.4713 1.3539 1.3743 0.8857 1.0827 1.6362 1.7580 1.6899 1.4408 1.0438

Sichuan  1.3497 1.1996 1.0348 0.8477 1.9606 1.2540 1.3706 1.4771 1.4213 1.3880

Guizhou  1.2390 1.2436 1.2000 0.9167 1.0850 1.0003 1.9383 0.7851 0.7499 0.7998

Yunnan 1.1200 1.1087 1.1198 1.0467 0.9929 1.0574 0.9887 1.5691 1.0407 1.1830

West Shanxi 0.8448 0.7621 0.7929 0.7947 0.7722 0.7452 0.7457 0.7278 0.7341 0.7798

area Gansu 1.0554 0.9033 0.9026 1.8066 0.9141 0.8903 0.9802 0.9757 1.2608 1.3613

Qinghai  1.0151 1.0215 0.9805 0.8732 0.9789 0.8996 0.8768 1.0047 0.9714 0.9149

Xizang 1.2023 1.3531 1.3157 1.3341 1.4336 1.3051 1.2421 1.2631 1.2296 1.1662

Ningxia  1.2960 1.2879 1.2996 1.4469 1.2168 1.3793 1.2829 1.2778 1.4954 1.4290

Xinjiang ~ 1.0551 0.9974 0.9702 1.0748 0.8599 0.8661 0.8716 0.7770 0.7911 0.9139

Mean 1.1461 1.1184 1.0960 1.0720 1.1117 1.0823 1.1683 1.1179 1.0815 1.0824

Total Mean 0.0460 0.0489 0.0564 0.0697 0.0784 0.0833 0.0982 0.1099 0.1211 0.1484
Appendix B

The steps involved in the calculation of the entropy evaluation method were as follows.
First, standardize the initial data; see Formula (A1) for the positive indicators and
Formula (A2) for the negative indicators.

Xj; = (x,-]- - Q) /s; (A1)

xl’] = (; - xij) /S] (A2)

x;t is the initial value of item j of sample i, x;;’ is the standardized value, x is the average
value of item j, and §; is the standard deviation of item j. Since logarithms are used in the
calculation process of the entropy method, standardized data cannot be used. In this study
we solved this problem by carrying out the forward translation of the standardized data.

Zl-]- is the value after translation, and A is the magnitude of translation, which was 0.01
in this study. Then, we calculate the weight by means of the formula presented in (A4).

pij = Zij/ 2?:1 Zij(i=1,2,-- ,m;j=12,--,m) (A4)
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where 7 is 31, namely, the number of sample provinces and M is 13, i.e., the number of
indicators of digital economic development level evaluation system. Then, we calculate the
entropy value, according to the following formula.

(¢f) ¢ = =k Yy pijIn(py) (A5)
k=1/In(n),e; >0 (A6)

The calculation of the difference values is achieved using the following formula.
(8) :8j=1-¢; (A7)

(w) twj=g/Y (=12 ,m) (A8)

Finally, we calculate the 31 province’s digital economic development level index
values, remembering to DE.

(F): B =Y 0 wipj (A9)
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