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Abstract 
With the development of information technology, the digital transformation of regional 
industry promotes the economic and social transformation and the evolution of regional 
innovation system. At present, there is a lack of empirical research on the impact of 
digitalization on innovation efficiency, especially at the regional level. Therefore, sample 
data of 30 provinces and cities in China from 2013 to 2018 are selected. Firstly, the 
digitalization level evaluation system is established from three aspects: preparing 
environment, industry development and comprehensive development. Then, the impact 
of regional digitalization level on regional innovation efficiency is empirically studied. 
The results show that there are significant differences in digital development among 
different regions, and promoting regional digital construction is conducive to improving 
innovation efficiency. However, some regions also need to pay attention to the problem 
of under-investment and over-investment of resources in digital investment. 
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1. Introduction 

With the rapid development of digital technologies such as mobile Internet, artificial 
intelligence, big data and cloud computing, the digital economy has become a driving force for 
the transformation of old and new drivers of growth. Digitization symbolizes the real 
realization of a new generation of information technology. It can realize the transformation of 
the overall business model by promoting the reconstruction of industrial chain and improving 
the relationship between enterprises and consumers. In order to improve the innovation 
efficiency and capacity of the region, China has continuously increased its investment in 
digitalization. However, there are still some problems in China's regional innovation activities, 
such as serious waste of innovation resources, low level of innovation output and insufficient 
innovation vitality, which seriously restrict the improvement of regional innovation efficiency. 
How to accelerate the integration of digital construction and industrial development is a 
problem that needs to be considered at present, especially how to promote the improvement 
of regional innovation efficiency through the development of regional digitalization level. 
The application of digitalization is constantly changing the way people work, such as 
participating in economic development or social activities. For enterprises, it is the main body 
of digital construction. In terms of technology development, digital technology stimulates the 
innovation potential of enterprises by optimizing the combination of innovation elements and 
improving the innovation process [1]. Because the innovation subjects realize information 
exchange and resource sharing, the innovation collaboration cost is reduced to a certain extent. 
This decentralized knowledge can flow through different organizations to generate a constant 
stream of new ideas for innovation. People improve digital innovation through digital platform, 
which has a positive impact on the breadth and depth of knowledge among innovation 
subjects[2]. The innovation boundary between enterprises and consumers is gradually blurred, 
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and consumers participate in the innovation of enterprises' products and services to an 
increasingly high degree [3]. This feature of user participation is more conducive to the 
technological progress of enterprises than relying solely on market relations. In terms of 
technology commercialization, digitalization creates powerful digital functions, which have a 
transformative impact on the organization of economic activities by supporting radical 
business model innovation[4]. People use digital technology to create new products, which not 
only changes the products and services of enterprises, but also potentially brings new business 
models. The digital operation process improves the internal management efficiency of 
enterprises, and also reduces the operating cost of enterprises to some extent. By improving 
the level of digitalization, the input structure can be optimized to create more commercial 
value[5]. 
For each region, through the development of information technology, regional service level and 
innovation efficiency can be improved [6]. And this positive effect is more pronounced in areas 
with high levels of financial development, human capital, and transport infrastructure. Another 
view is that there is a significant inverted U-shaped relationship between informatization and 
regional innovation efficiency. The input of big data has improved the technology transmission 
capacity of some cities, and the acceptance speed is faster. The economic performance of data 
empowerment has presented a "digital divide effect" in the region [7]. Because there is still a 
big gap between digitization and informatization, it is necessary to further improve the 
research field of the influence of digitization level on innovation efficiency. 
Therefore, this paper aims to clarify the differences of technology development efficiency and 
commercialization efficiency in different regions, as well as the impact of digitalization level on 
regional innovation performance. This will reveal in more detail how new technologies 
promote innovation and how they interact with each other. The second part describes relevant 
theories and methods. The third part is the evaluation result of regional innovation efficiency 
and digitization level, and the result of grouping hypothesis. The last part discusses the main 
influence of grouping hypothesis on theory and practice and the corresponding suggestions. 

2. Method 

2.1. Research Method 
This paper uses data envelopment analysis (DEA) to measure regional innovation efficiency. 
Since this method does not need to establish a hypothesis function, it is a multi-objective 
decision-making method with multi-index input and multi-output, so it has been widely used 
in efficiency evaluation [8]. This method can well deal with the relationship between various 
inputs and outputs, improve the useful information in the sense of management, and avoid the 
waste of resources. In addition, because the input factors of innovation activities are 
controllable, regional innovation activities have obvious scale effect. Therefore, this paper 
adopts DEA model of return to scale for evaluation, namely DEA-BCC model. 

2.2. Data Sources 
Two-stage DEA model consists of innovation input, technological intermediates and economic 
output. This paper measured R&D expenditure, personnel investment and digitization level 
investment. Intermediates are measured by technical outputs and scientific publications. 
Technical achievements include regional invention patent application, utility patent application 
and design patent application. As R&D knowledge output increases, innovation papers increase, 
suggesting that scientific papers are also a major indicator of intermediate variables. Outputs 
are measured by technology market turnover, new product sales revenue, high-tech export 
share and per capita GDP. Among them, the turnover of technology market reflects the ability 
of technology to be transformed into economic benefits in the market and reflects the economic 
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output capacity of innovation. Since patent marketization does not occupy the innovation 
activities of the whole region, per capita GDP is also taken as one of the measurement indexes 
in this study to reflect the impact of technological innovation on regional production 
capacity[9]. 
The data we used are all original data from China Statistical Yearbook of Science and 
Technology 2014-2019, China Statistical Yearbook 2014-2019 and China Statistical Yearbook 
of Electronic Information Industry 2013-2018. Due to the serious lack of relevant data of Tibet, 
Hong Kong, Macao and Taiwan, we removed the data and finally selected the data of 30 
provinces and cities in China for analysis. Because the production and commercialization of 
technical knowledge takes time, this study sets the time lag between inputs and intermediates, 
and between intermediates and outputs as two years. Then, the data of two time points (2013-
2015-2017 and 2014-2016-2018) were constructed. To evaluate efficiency, we constructed a 
data matrix of 60 decision units, including data at 2 time points in 30 provinces and cities, and 
then conducted a two-stage DEA analysis. The research framework of this paper is shown in 
Figure 1. First, we use the two-stage DEA model to obtain regional innovation efficiency, and 
then use the results of innovation efficiency to verify regional differences in digitalization level. 
 

 
Figure 1. Research framework 

3. Results 

3.1. Regional Innovation Efficiency Evaluation 
We use DEAP2.1 software to calculate innovation efficiency. Firstly, the input-output panel data 
of the two stages are substituted into the DEA model respectively. Secondly, multi-stage 
algorithm is used to calculate the innovation efficiency of each region. Finally, the 
comprehensive efficiency, pure technical efficiency and scale efficiency of the output stage and 
commercialization stage of scientific and technological achievements are obtained, and the 
results are shown in Table 1. The average efficiency was 0.77 at the stage of technology 
development and 0.85 at the stage of commercialization. 
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Table 1. Efficiency of technology development and commercialization by region 
Region Technology development stage (1) Region Technology development stage (1) 
Beijing 1.00 1.00 1.00 
Tianjin 0.85 0.99 0.92 
Hebei 0.45 0.98 0.72 
Shanxi 0.45 0.72 0.59 

Inner Mongolia 0.26 1.00 0.63 
Liaoning 0.65 0.84 0.75 

Jilin 0.98 0.92 0.95 
Heilongjiang 0.98 0.30 0.64 

Shanghai 0.86 1.00 0.93 
Jiangsu 0.99 0.72 0.86 

Zhejiang 1.00 0.93 0.97 
Anhui 0.96 0.77 0.86 
Fujian 0.69 0.76 0.72 
Jiangxi 0.69 1.00 0.84 

Shandong 0.68 0.97 0.82 
Henan 0.56 1.00 0.78 
Hubei 0.72 0.97 0.85 
Hunan 0.71 1.00 0.85 

Guangdong 0.71 1.00 0.86 
Guangxi 0.89 0.97 0.93 
Hainan 0.79 0.83 0.81 

Chongqing 1.00 0.97 0.99 
Sichuan 0.86 0.50 0.68 
Guizhou 0.93 0.82 0.87 
Yunnan 0.79 0.62 0.70 
Shaanxi 1.00 0.76 0.88 
Gansu 1.00 0.65 0.83 

Qinghai 0.35 1.00 0.68 
Ningxia 0.54 1.00 0.77 
Xinjiang 0.73 0.59 0.66 

Mean of DMUs 0.77 0.85 0.81 

3.2. Regional Digitization Level 
At present, the academic circles have no digitalization level evaluation system of unified 
standard, therefore, refer to the previous research[10], this article on a comprehensive, 
scientific and data availability, in principle, from the preparing environment, industry 
development and comprehensive development of three dimensions, set up three level 
indicators, eight secondary indicators, evaluation system as shown in table 2.  
 

Table 2. Regional digitalization level evaluation index system 
First-level indicator Second-level indicator 

Preparing environment 

Fixed broadband penetration 
Popularization Rate of Mobile Telephones 

Mobile Internet penetration 
Enterprise digitization level 

Industry development 
Scale of electronic information manufacturing 

Information transfer computer services and software industry scale 

Comprehensive development 
Share of digital business transactions 

Digital platformization 
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According to the evaluation index system in Table 2, this paper uses factor analysis to calculate 
the informatization level score of each region. First, we standardize the data and save the 
normalized data as variables. Secondly, we use KMO and Bartlett tests to judge the applicability 
of factor analysis, which can be used for factor analysis. Then, SPSS software was used to extract 
factors from the data. The cumulative contribution rate of the first two factors reaches 73.459%, 
which is enough to reflect the information of 8 indicators. Finally, according to the component 
score coefficient matrix of the two factors, we get the numerical composite score and ranking 
of each region. The results are shown in Table 3. 
 

Table 3. Regional digitalization level evaluation index system 
Region 2013 2014 2015 2016 2017 2018 
Beijing 2 1 2 2 2 2 
Tianjin 7 8 9 10 12 12 
Hebei 16 15 17 15 15 15 
Shanxi 21 20 19 21 23 25 

Inner Mongolia 19 19 20 20 19 21 
Liaoning 9 10 10 11 11 13 

Jilin 22 21 23 24 22 22 
Heilongjiang 25 24 27 27 26 27 

Shanghai 3 3 3 4 4 4 
Jiangsu 4 4 4 3 3 3 

Zhejiang 5 5 5 5 5 5 
Anhui 20 18 15 17 16 16 
Fujian 6 6 6 7 7 7 
Jiangxi 26 27 24 29 27 26 

Shandong 10 9 8 6 6 6 
Henan 24 25 26 26 21 20 
Hubei 13 13 13 13 14 14 
Hunan 23 23 21 19 20 19 

Guangdong 1 2 1 1 1 1 
Guangxi 27 28 30 30 30 30 
Hainan 8 7 7 8 8 10 

Chongqing 17 16 18 14 13 11 
Sichuan 12 12 11 9 9 8 
Guizhou 30 30 29 23 25 24 
Yunnan 28 26 25 22 24 28 
Shaanxi 11 11 12 12 10 9 
Gansu 29 29 28 25 28 23 

Qinghai 15 17 14 16 17 17 
Ningxia 14 14 16 18 18 18 
Xinjiang 18 22 22 28 29 29 

 

As can be seen from Table 3, there is no significant change in the ranking of digitalization level 
of each region over time, indicating that the digitalization level of each region is steadily 
improving. Guangdong, Jiangsu, Beijing, Shanghai and Zhejiang occupy the top five seats and 
maintain their absolute leading position. It shows that these regions have given full play to the 
enabling role of digital economy and achieved a breakthrough in the integration of digital 
economy and real economy by accelerating the development of digital industrialization and 
industrial digitalization. 

3.3. Development Comparative Analysis Results 
In order to verify the difference between digitalization level and regional innovation efficiency, 
kolmogorov-Smirnov was first used to test the data normality. Sig.=0.006<0.05, indicating that 
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digital data in this area does not obey normal distribution. In addition, the computational 
efficiency of DEA method of nonparametric linear programming does not obey specific 
statistical distribution. Therefore, mann-Whitney U test was used to verify differences. We took 
the average score of digitalization level of each region as the grouping standard, the region 
above the average was the high digitalization level group, and the region below the average was 
the low digitalization level group. The test results are shown in Table 4, indicating that there 
are differences in regional innovation efficiency at the digitalization level. 
 

Table 4. Experiment of engineering technology measurement 
Stage Group N Mean ranks Mann-Whitney U Z statistic 

Technology development stage 
Low 10 41.45 

140.500 -2.207(P=0.027) 
High 50 28.31 

Technology commercialization 
stage 

Low 10 30.16 
233.000 -0.369(P=0.712) 

High 50 32.20 
 

As can be seen from Table 4, in the technological development stage, the improvement of 
digitalization level promotes the development of regional technological innovation. However, 
in the context of China's innovation, the improvement of digitalization level may not affect the 
commercialization of technological achievements in some regions, which may be caused by the 
fact that the improvement of regional digitalization level requires capital investment, and the 
benefits of digitalization may not be obvious at a certain stage. Another reason may be that the 
excessive application of digital technology may bring about "information overload" and restrict 
the commercialization of technological achievements. 

4. Discussion 

4.1. Conclusions 
Based on the theory of regional innovation efficiency, we used the two-stage DEA model to 
measure the regional innovation efficiency of each region. On this basis, it concludes that 
digitalization level has a positive impact on regional technological innovation efficiency. 
Another conclusion of this study is that the improvement of digitalization level does not have a 
significant positive impact on the commercialization of technology in some regions due to the 
need for a large amount of capital and other reasons. We propose that, considering the problem 
of insufficient or excessive investment of digital resources in the process of digital construction, 
the region needs diversified investment strategies to ensure the rationality and effectiveness of 
digital construction. 

4.2. Practical Significance 
In order to further improve regional innovation efficiency, we give some specific suggestions 
based on the problem orientation. 
(1) The region needs to pay attention to the overall planning of digital construction. While 
promoting the deep integration of digitalization and innovation, the coordination and matching 
of the two should be considered. 
(2) For regions with low level of digitalization, digital technology can be fully utilized to 
improve the innovation environment and stimulate new drivers of innovation. Since the 
development of digital technology is conducive to improving the role of digital basic carriers 
such as fixed broadband, the influence of digital development on regional innovation 
development can be expanded by changing or optimizing the original organization and 
management mode of innovation development through digital transformation. 
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(3) While vigorously promoting digital construction, related regions need to pay attention to 
the problem of excessive resource input. When formulating relevant policies, people should 
also consider the overall interests and prevent over-investment of digital resources in some 
regions. Regional innovation chain and industrial chain can be integrated through digital 
economy to promote the stable development of regional economy. 
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