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Abstract

:

This study uses the spatial autoregressive model for panel data to empirically test the spatial peer effect of enterprises’ digital transformation by using a sample of Chinese listed companies during 2012–2021. We find that there is a significant spatial peer effect in the digital transformation of Chinese companies, and the level of digital transformation of a company increase with the level of digital transformation of its spatial peer companies. Moreover, heterogeneity analysis shows that the spatial peer effect of digital transformation can be effectively played only under a higher digital environment, higher marketization environment, and state-owned equity nature of companies. The findings suggest that it should focus on building a benchmark company for digital transformation, vigorously enhance the digital and marketization environment in the region and provide more policy support for the digital transformation of non-state-owned enterprises.
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1. Introduction


With the development and broad application of modern digital technologies such as cloud computing, big data analytics, blockchain, and artificial intelligence, the digital economy has become a significant force driving the economic development of countries around the world [1,2]. According to the White Paper on Global Digital Economy released by the China Academy of Information and Communications Technology, the global digital economy will reach 32.6 trillion dollars in 2020, accounting for 43.7 percent of GDP. The digital economy of the United States reached 13.6 trillion dollars, ranking first in the world. China’s digital economy is the world’s second-largest at 5.4 trillion, but its 9.6 percent growth rate is the world’s largest. Given the importance of the digital economy, countries all over the world regard the development of their digital economy and the promotion of digital transformation of enterprises as essential goals of their economic policies.



It is foreseeable that the digital economy will become a required field of competition among countries worldwide and will have a far-reaching impact on the development of companies. Recent literature shows that digital transformation has dramatically improved the performance of companies [3,4,5]. The specific paths include reducing information asymmetry costs [6,7], promoting corporate innovation [8,9], and improving the efficiency of management decision-making [4]. In addition, digital transformation promotes corporate risk-taking by improving firms’ operating flexibility and financing availability [7] but reduces stock price crash risk significantly [2]. In the wave of the booming digital economy, as the main body of the micro market economy, companies must actively adapt to the significant changes brought by the digital economy and create new commercial advantages through digital transformation. Therefore, promoting companies to carry out digital transformation actively is an essential topic in current academic research.



A company is not an isolated market subject; it always connects with other companies in the operation process, producing a peer effect among companies. Peer effect refers to the phenomenon that other companies will influence a company’s business decisions in the same group, leading to similar decision characteristics [10,11]. However, we can define company groups by different characteristics. For example, companies belonging to the same industry can be regarded as a group according to the three-digit SIC industry groups [11,12]. This paper mainly focuses on the spatial peer effect of enterprises, that is, whether a company’s digital transformation will be affected by the digital transformation of other companies. In terms of technical details, we obtain the longitude and latitude data of each company’s office address to construct the spatial weight matrix reflecting the spatial distance of all companies. We use the spatial autoregressive model for panel data [13] to test the spatial peer effect of enterprises’ digital transformation.



This paper aims to empirically test the spatial peer effect of enterprises’ digital transformation and contributes to the literature in several ways. First, this study proves the spatial peer effect of enterprises’ digital transformation. Previous studies mainly analyzed the economic consequences of enterprises’ digital transformation but paid little attention to the influencing factors of companies’ digital transformation, and did not extend peer effect, a common phenomenon in the research field of companies’ behavior decision making, to the study of digital transformation. This study will enrich the literature on enterprises’ digital transformation influencing factors. Second, most previous studies on peer effect defined peer group companies as companies in the same industry [11,12], and there was almost no literature to define peer group companies from the perspective of spatial agglomeration. However, the closer the spatial distance of companies, the stronger the degree of mutual influence will be, and the spatial peer effect will be more easily generated. Therefore, the research perspective of this paper has a strong novelty. Third, the spatial autoregressive model for panel data is an essential method of spatial econometrics, which is widely used in the field of the macroeconomy, but seldom used in the microeconomic field of company behavior [14,15,16]. In this study, the spatial weight matrix is constructed by obtaining the registered address of listed companies. The spatial autoregressive model is applied to the microeconomy field to expand the model’s application scope innovatively.



There are four main findings. First, the digital transformation of Chinese companies shows prominent characteristics of the spatial peer effect. Based on the learning effect and competition effect among companies, the digital transformation level of a company will improve along with the digital transformation level of its neighboring companies. Second, the spatial peer effect of enterprises’ digital transformation mainly occurs in the environment of high digital transformation. The generation of the learning effect and competition effect requires a specific environment. The environment of high digital transformation is more conducive to companies’ mutual learning and competition, and it is easier to exert spatial peer effect. Third, the spatial peer effect of enterprises’ digital transformation mainly occurs in the high marketization environment. The higher the marketization level, the more efficiently the competitive advantages obtained by the digital transformation can be realized into business performance advantages through the market mechanism, thus prompting companies to strengthen learning from each other and produce significant spatial peer effect. Finally, the spatial peer effect of enterprises’ digital transformation mainly occurs among state-owned enterprises. The reason is that digital transformation requires extensive internal resource input from companies. Compared with non-state-owned enterprises, state-owned enterprises often get more resources and policy support from the government, and management is more willing to highlight their work performance through digital transformation.



The remainder of this paper is organized as follows. Section 2 makes a theoretical analysis of the mechanism of spatial peer effect of enterprises’ digital transformation and puts forward research hypotheses for empirical testing. Section 3 puts forward the spatial autoregression model to test the research hypothesis. It introduces the text analysis method to obtain the measurement of enterprises’ digital transformation and, according to the registered address of companies, to obtain the micro-level spatial weight matrix of listed companies and explain the way to access research data. Section 4 reports the estimation results of the spatial autoregressive model using full sample data to verify the spatial peer effect of enterprises’ digital transformation. According to the internal and external factors such as the digital environment, marketization environment, and companies’ equity nature, we analyze the difference in spatial peer effect of enterprises’ digital transformation under different conditions. This section also tests the robustness of the research results from the aspects of sample period, variable measurement, and model estimation methods. Finally, Section 5 concludes the paper with a concise discussion of policy implications.




2. Theoretical Analysis and Testable Hypotheses


In the era of the digital economy, only by complying with the development trend of the digital economy and realizing their digital transformation can companies remain invincible in the market competition. Digital transformation has become the number one strategic choice for many companies. Digital transformation means not only the application of digital technology but also the overall optimization of business processes through the application of digital technology and the establishment of an organizational thinking mode adapted to digital technology [17]. The application of companies’ digital technology includes the application of underlying technology and the application of technology practice. The application of underlying technology refers to the basic digital technology on which enterprises’ digital transformation depends, mainly including artificial intelligence, blockchain, cloud computing, big data, etc. Companies can realize the digital upgrade of hardware infrastructure by embedding these underlying technologies into production and operation activities, essential technical support, and basic organizational structure. The application of technology practice is the deep integration of the underlying technology with the core market business, internal and external value chain, and management mode transformation, focusing on specific digital business scenarios, such as mobile payment, digital finance, and industrial Internet [18]. With the advancement of digital transformation, the value chain of companies will be reshaped, create excess returns for companies far beyond their competitors, and set an example for surrounding companies to benefit from digital transformation, forming the spatial peer effect of digital transformation.



Spatial distance determines whether the enterprises’ digital transformation can produce a spatial peer effect. Although we regard the company as a whole research object, all business decisions are made and executed by the employees, and the individual behavior tendency of the employees determines the behavior characteristics of the company. When a company implements digital transformation, it will increase the investment in hardware and software, and its organizational structure will also change. Employees have a direct and profound experience of this. As social people, employees are bound to have various intersections with individuals from different companies in work and life so that employees will communicate with each other about the digital transformation happening in the company. Individual employees always have a limited radius of action. According to probability, two people close to each other are always more likely to have a work/life interaction than two people far away. Therefore, based on the distance difference between individuals, the degree of mutual influence between employees will also decrease with the increased distance. As the basic theory of spatial econometrics suggests, although things are generally related, things closer in space are more closely related than things farther away [19]. Furthermore, when we increase the research perspective from the employee to the company level, the generation logic of company behavior is based on the individual behavior of employees. The mutual influence degree of enterprises’ digital transformation will also decrease with the increased distance between enterprises. Specifically, the distance-based spatial peer effect of enterprises’ digital transformation is mainly reflected in the learning and competition effect.



First, there is a learning effect between firms. There is no fixed model for digital transformation. Most companies introduce digital technology based on their business and strategic development needs in a spontaneous state [6]. Different companies’ business types and strategic planning are not the same, and the underlying technology application and technology practice application in the early stage of digital transformation is also different. At this time, due to the high information acquisition cost leading to information asymmetry and other problems, companies are often faced with more significant uncertainty in the decision-making process of digital transformation [20,21]. By observing and learning about the digital transformation decisions of neighboring companies, companies can significantly reduce their decision-making cost and uncertainty risk [4]. For example, some medical companies may take the lead in applying artificial intelligence to intelligent imaging diagnosis and treatment. Some financial companies may take the lead in applying big data mining technology to financial data analysis and product development. Leading companies will set an example for digital transformation, and neighboring companies will also imitate the digital transformation strategies of leading companies and improve their digital transformation level [22].



Whether the learning effect is rational can be divided into two types: effective learning and blind learning [23]. Effective learning means that companies make digital transformation decisions consistent with those of peer companies through rational analysis of internal and external primary conditions after observing the improvement of production efficiency brought by the digital transformation of spatial peer companies [24,25]. Blind learning refers to a company that, after observing the digital transformation of its peer company, carries on the digital project irrationally due to herd mentality and imitates the digital transformation decision of its peer company. Whether effective or blind learning, the generation of learning effect inevitably depends on the spatial distance between peer companies. Only when the peer company’s spatial distance is close will communication and exchange between the company’s employees be possible, and the learning effect can be realized. However, when the spatial distance of peer companies is far away, the probability and convenience of communication between employees are significantly reduced, and the demonstration role of leading companies in digital transformation is challenging. The learning effect is difficult to occur.



Second, there is a competitive effect between firms. In essence, the spatial peer effect of enterprises’ digital transformation reflects the convergence of companies’ production factor input mix, the logic behind it lies in the competition relationship between companies in the product market. In the fierce market competition environment, to maintain the market share and improve the market share of products, companies often pay close attention to the strategic trends of competitors and maintain their industrial status by imitating the economic decisions of competitors [26]. By implementing digital transformation, leading companies can effectively reduce the degree of internal and external information asymmetry [6,7], optimize the decision-making process, and improve the input and output of innovation [27,28]. It finally improves competitiveness in the product market by taking the lead in digital transformation. At this time, for companies that have not carried out digital transformation, if they turn a blind eye to the progress of the digital transformation of their peers, they will only lose out in the market competition. The management with a higher sense of crisis will inevitably increase the investment in the enterprises’ digital transformation based on the needs of product market competition. Moreover, under the background of the current era of the booming digital economy, the wide application of digital technology has been deeply rooted in people’s hearts. Due to limited financial and human resources restrictions, some companies may fail to take the lead in digital transformation. When they see peer companies already have some progress on digital transformation, they will develop a sense of urgency. As a result, companies that fail to carry out digital transformation due to internal resources must start the digital transformation process. Based on the learning effect and competition effect, the digital transformation of enterprises will show the characteristics of the spatial peer effect. The following hypothesis is proposed.



Hypothesis 1 (H1).

Enterprises’ digital transformation has spatial peer effect. The level of digital transformation of a company increases with the level of digital transformation of its spatial peer companies.





The spatial peer effect of enterprises’ digital transformation is affected by their external environment. When a company observes that its peers are implementing digital transformation, whether it is based on the learning effect or competition effect, the company’s coping strategy depends to a large extent on the intensity of the digital atmosphere in the external environment. China has a vast geographical area, and there is a massive gap in the level of digital development in different regions. For example, Beijing, Shanghai, Zhejiang, and Guangdong provinces are home to many digital technology companies. The local governments also promote the development of the digital economy as a priority development strategy in this region [2,7]. However, the economic development level of China’s central and western provinces is relatively low. The local governments’ policies aim to promote regional economic development and undertake backward production capacity transferred from the eastern coastal areas [29,30]. Digital transformation is difficult to enter the sight of companies and governments of China’s central and western provinces.



In a higher digital atmosphere, the company’s management has a deeper understanding of the importance of digital technology applications. The employees will also discuss the application of digital technology in life and work communication more often. The company’s response to peer companies’ digital transformation will become more sensitive, and the spatial peer effect of digital transformation will be easier to play. On the contrary, in the weak digital atmosphere, the management does not understand the possible benefits of digital transformation, and the employees lack due recognition of digital technology. Even if the peer companies implement the digital transformation process, the surrounding companies will not produce the learning effect and competition effect, which will not produce the spatial peer effect of digital transformation. The following hypothesis is proposed.



Hypothesis 2 (H2).

Enterprises’ digital transformation has spatial peer effect only in a higher digital environment.





Another important external environment for Chinese companies is the level of marketization in their regions. Since the reform and opening, China has adopted a socialist market economy and given full play to the fundamental role of the market mechanism in resource allocation. However, the market reform process in different regions is inconsistent, resulting in differences in marketization levels among regions [31,32]. China’s market-oriented reform process can be evaluated from five dimensions: the relationship between the government and the market, the development of a non-state-owned economy, the development of product markets, the development of factor markets, the development of market intermediary organizations, and the legal environment [33]. The spatial peer effect of enterprises’ digital transformation in different marketization environments will differ. The fundamental reason companies are willing to invest financial and human resources in digital transformation lies in the expectation that the application of digital technology can bring about changes in production technology and operation mode and improve the market competitiveness of companies. However, whether the expected effect of enterprises’ digital transformation can be realized depends not only on the company’s input intensity but also on the timely and effective market feedback provided by the external market.



When companies are in a high level of marketization environment, leading companies can get positive feedback from the market by taking the lead in digital transformation, including comprehensive responses from the government, upstream and downstream supply chains, and consumers [34,35]. As the surrounding companies witness the leading companies gaining benefits from digital transformation, they will be more eager to catch up with their competitors and maintain their market position by learning and imitating the digital process of the leading companies. Therefore, producing the spatial peer effect of enterprises’ digital transformation is easier. On the contrary, when the marketization level of companies is low, leading companies invest many costs for digital transformation. However, it is not easy to obtain positive market feedback. It cannot set a role model for the surrounding peer companies, which will not produce the spatial peer effect of digital transformation. The effective operation of the market mechanism is an important external factor for the spatial peer effect of enterprises’ digital transformation. Therefore, the market feedback obtained by leading companies taking the lead in digital transformation is different under different marketization environment conditions. Only in a higher marketization environment can the company’s digital transformation generate a spatial peer effect through the exertion of the learning and competitive effects. The following hypothesis is proposed.



Hypothesis 3 (H3).

Enterprises’ digital transformation has spatial peer effect only in a higher marketization environment.





An essential feature of the ownership structure of Chinese companies is the existence of many state-owned enterprises. There are significant differences between state-owned and non-state-owned enterprises regarding resource constraints, decision-making logic, and other aspects that impact spatial peer effect in the enterprises’ digital transformation. Digital transformation requires the introduction of blockchain, artificial intelligence, big data, and other digital technologies, with a large amount of hardware and software input as the support and requires companies to have relatively sufficient financial and human resources. Comparatively speaking, the budget constraint of state-owned enterprises is much lower than that of non-state-owned enterprises. When non-state-owned enterprises make digital transformation decisions, they often face the problems of insufficient capital, difficulty obtaining bank loans, and high loan interest rates. It will hinder the digitalization process of non-state-owned enterprises. However, it is easier for state-owned enterprises to obtain low-interest rate loans from banks, and it is also easier for them to obtain government financial subsidies and preferential tax policies. Therefore, state-owned enterprises can obtain more resources for their digital transformation decisions [7,32,36].



From the perspective of decision logic, whether state-owned or non-state-owned enterprises, the motivation for digital transformation is more from the internal needs of companies in the face of market competition. However, compared with non-state-owned enterprises, the digital transformation of state-owned enterprises has more external impetus from the government. Based on the critical position of the digital economy in developing the national economy, governments at all levels in China are vigorously promoting the digital development level of their regions. In addition to formulating strategic planning for guidance, state-owned enterprises are also the focus of local governments. The State-Owned Assets Supervision and Administration Commission (SASAC hereafter) is a crucial department of governments and the equity holders of state-owned enterprises at all levels. The strategic economic decisions of local governments can be transmitted to state-owned enterprises at all levels through the equity control chain of SASAC. It can urge state-owned enterprises to actively implement the government’s strategic decisions [37]. At the same time, the supervision of the Communist Party to the management of companies [38,39] and the governance of the Party committee of companies [40] also play a positive role in the response of state-owned enterprises to the government’s digital economy development strategy. In areas with a high proportion of state-owned enterprises, the large state-owned enterprises could crowd out smaller enterprises and private sector developments. In this condition, the higher marketization environment is challenging to promote the generation of the spatial peer effect of digital transformation. However, state-owned enterprises with sufficient digital transformation resource supply and pressure from the government will still be highly motivated to start the digital transformation. Therefore, based on the sufficient resource guarantee and external impetus of state-owned enterprises, this paper puts forward the following hypothesis.



Hypothesis 4 (H4).

Enterprises’ digital transformation has spatial peer effect only under the condition of state-owned shareholding nature.






3. Variable Definitions, Model Design, and Data


3.1. Variable Definitions


Companies do not publish direct measurement indicators of digital transformation. The existing literature on measuring enterprises’ digital transformation usually includes the following three indirect methods: Dummy variables are constructed according to whether the company has carried out digital transformation [4]; Five-point Likert scale or semi-structured interviews are used to evaluate the digitalization level of companies [21,41]; Through the text analysis method, the digital-related text information is extracted from the company annual report to construct the digital transformation index [5,7,18,42]. Comparatively speaking, text analysis is the most used measurement method of digital transformation in the literature, and we also use this method to construct the measurement index of digital transformation. The specific steps are as follows:



First, download the annual reports of Shanghai and Shenzhen A-share listed companies from 2010 to 2021 and convert them into TXT files.



Second, build a dictionary reflecting the characteristics of enterprises’ digital transformation. The structure of the digital transformation vocabulary map includes the keywords of the application of underlying technology and the application of technology practice. For example, the former include artificial intelligence, machine learning, deep learning, face recognition, cloud computing, blockchain, and other underlying technology keywords that companies rely on for digital transformation. In contrast, the latter include keywords that digital technologies such as mobile payment, industrial Internet of Things, digital finance, smart healthcare, and other digital technologies are applied in company business practice [5,18].



Third, the management discussion and analysis (MD&A) is intercepted from the annual report of listed companies. The number of digital transformation feature words occurrences in this module is counted and summed up. The reason why MD&A is chosen as the text analysis object instead of the full text of the company’s annual report is that MD&A is the discussion and analysis of the management on the past business conditions and future business plans, which can better reflect the strategic implementation and guidance of the enterprise’s digital transformation.



Fourth, the frequency of digital transformation feature words obtained by the analysis was divided by the total length of the MD&A text and then multiplied by 10,000 to obtain Digital as the explained variable. The larger the value of this indicator, the higher the enterprise’s digital transformation level.



The explanatory variable is the spatial lag term of enterprises’ digital transformation W·Digital, where W is the spatial weight matrix. The steps to obtain the spatial weight matrix are as follows:




	
Obtain the detailed longitude and latitude coordinate data of the registered address of listed companies. It should be noted that the registered address of a listed company is often its primary office location, where the company’s most core employees and management are gathered. Companies will establish new branches and subsidiaries elsewhere as their business grows. However, their management is often dispatched by the parent company, and the corporate culture also follows the parent company, so their digital transformation will also be affected by the parent company. Since we need to use the address information of listed companies to measure the spatial distance between different companies, it is obviously more reasonable to use the registered address of the parent company than the addresses of other branches.



	
According to the listed companies’ longitude and latitude coordinate data, we calculate the straight ground distance between the two pairs and use the inverse of the distance as their spatial distance weight.



	
All companies’ spatial distance weight data are arranged into a symmetric matrix.








For example, assuming that there are n listed companies in the sample, the space straight-line distance between listed company i and listed company j calculated by longitude and latitude coordinate data is    r  ij    . The space weight coefficient of i and j is    w  i j   = 1 /  r  ij    , and the space weight matrix can be defined as follows:


  W =        w  11      ⋯     w  1 n        ⋮   ⋱   ⋮       w  n 1      ⋯     w  n n          



(1)







The diagonal elements in Table 1 are    w  11   = ⋯ =  w  n n   = 0  . After the row standardization of the above matrix, the matrix obtained is the spatial weight matrix—the closer the spatial distance between companies, the greater the weight, and vice versa. Therefore, the spatial weight matrix can reflect the influence of spatial peer companies on digital transformation. The closer the spatial distance is, the stronger the mutual influence is, while the farther the spatial distance is, the weaker the mutual influence is. We get the spatial lag term W·Digital of the enterprises’ digital transformation by multiplying the spatial weight matrix W by the explained variable Digital. The key explanatory variable W·Digital reflects the overall digital transformation level of all the spatial peers of a company weighted by the spatial distance weight.



To control the influence of other factors on the enterprises’ digital transformation, we added the control variables as follows: Ln_Asset and Lev, which control the essential financial characteristics of companies; Roa and Growth, which reflect the growth ability of companies; Independence and Duality, which reflect the corporate governance structure; and Ln_Age reflects the companies’ establishment years. All variables are defined as shown in Table 1.




3.2. Model Design


We construct the following spatial autoregressive model for panel data to verify the spatial peer effect of enterprises’ digital transformation.


  D i g i t a l = λ W ⋅ D i g i t a l +  β 1  L n _ A s s e t +  β 2  L e v +  β 3  R o a +  β 4  G r o w t h +  β 5  I n d e p e n d e n t +  β 6  D u a l i t y  +  β 7  L n _ A g e +  β 8  ∑ Y e a r +  β 9  ∑ I n d u s t r y + γ + μ  



(2)







In Equation (2),  γ  is the characteristic that the individual does not change with time, and the generation process of the disturbance term  μ  is   μ = ρ W ⋅ μ + ε  ,   ε ~ N   0 ,  σ 2   I n     . We use the fixed-effects regression estimator to estimate the spatial panel data model to obtain consistent estimation results. Based on the research purpose, this paper mainly focuses on the parameter estimation results of λ. If the coefficient of λ is significantly positive, it indicates that there are spatial peer effects in the enterprises’ digital transformation, and the leading companies taking the lead in digital transformation can drive the surrounding peer companies to carry out digital transformation also. If the coefficient of λ is significantly negative, it indicates a reverse spatial peer effect in the enterprises’ digital transformation, and the leading companies taking the lead in digital transformation will hinder the digital transformation of surrounding peer companies. If the coefficient of λ fails to pass the significance test, it indicates that there is no spatial peer effect in the enterprises’ digital transformation, and the digital transformation of leading companies will not affect the surrounding peer companies.




3.3. Data


We used the data of A-share listed companies in Shanghai and Shenzhen. The data of Digital were obtained using Python to analyze the text of the MD&A section of annual reports from listed companies. The data of other variables were obtained from the China Stock Market and Accounting Research (CSMAR) database. According to the previous research, we deleted the sample of finance companies and winsorized the continuous variables at the 1% level in both distribution tails. As for the sample period selection, the spatial autoregressive models for panel data required a strongly balanced panel, and all variables of each research sample were required to have observational data in all sample periods. China’s capital market is in its infancy, and the number of early listed companies is negligible. The sample period span of different lengths will significantly impact the sample size. We used the period from 2012 to 2021 as the sample period and obtained 14,020 research samples as the largest sample size.





4. Results and Discussions


4.1. Summary Statistics


Table 2 presents the summary statistics of the main variables. The average value of Digital is 3.62, indicating that in the annual reports of Chinese listed companies, there are 3.62 keywords of digital transformation in every 10,000 words of MD&A. However, the median Digital is only 0.42, indicating that the digital transformation of China’s listed companies is generally low, and more than half of them are below the overall average. The summary statistics results of other variables are also consistent with the reality of Chinese companies, and the individual differences among companies are significant.




4.2. Baseline Estimation Results Using the Full Sample


Table 3 reports the baseline estimation results using the full sample data from 2012 to 2021. According to Table 3, the key explanatory variable W·Digital coefficients are all positive at the significance level of 1% in Columns (1) to (3). W·Digital reflects a companion of digital transformation all the space peer companies after spatial weight matrix weighted. The significantly positive coefficient shows that based on the digital transformation of enterprises in space showing the learning effect and competition effect, a company’s level of digital transformation increases with the level of its spatial peer companies. Digital transformation of enterprises has a significant spatial peer effect. Hypothesis H1 proposed in this paper is valid.



For control variables, the coefficients of Ln_Asset, Roa, and Growth are all significantly positive in Columns (2) and (3), indicating that the larger the asset scale, the stronger the profit level and the higher the growth level of a company, the more willing it is to carry out digital transformation and the more financial resources it will invest in the process of digital transformation. However, the coefficient of Lev is significantly negative in Column (2), indicating that a higher asset-liability ratio means that the company’s capital is reduced, and the resources available for digital transformation are reduced accordingly. The coefficient of Ln_Age is significantly negative in Column (2), indicating that the more extended established companies are, the less willing they will be to carry out digital transformation due to inertia of thinking and solidifying business model.




4.3. Additional Analysis


4.3.1. Grouping Estimation Analysis Based on Digital Transformation Level


The spatial peer effect of enterprises’ digital transformation depends on the mutual communication between employees in their work and life as the micro-mechanism. When the digital environment of companies is different, the spatial peer effect will also be affected. Different regions in China have different levels of digital transformation. According to the registered addresses of listed companies, we statistically obtained the average digital transformation level of listed companies in each province. We used it as a measurable indicator of digital transformation at the provincial level. The regions with higher digital transformation levels than the median are considered high digital environments. In contrast, the regions with lower digital transformation levels are considered low digital environments. Table 4 reports the model estimation results based on different subsamples of digital environments.



The coefficients of W·Digital in Columns (1) to (3) are all significantly positive at the 1% level. When a company is in a relatively high digital environment, employees’ daily work and life are immersed in a solid digital atmosphere so that the company has a clearer understanding of the advantages of digital transformation. When companies witness the surrounding peer companies actively carrying out digital transformation, their awareness of the risks of digital transformation will also increase. Then, more human and financial resources will be invested in digital transformation so that digital transformation shows a pronounced spatial peer effect. However, the coefficients of W·Digital in Columns (4) to (6) do not pass the significance test. When in a low digital environment, the company lacks recognition of digitalization itself. Even if the surrounding companies are carrying out digital transformation, they will not decide on digital transformation, and the spatial peer effect of digital transformation will not occur. Hypothesis H2 proposed in this paper is valid.



It should be noted that the coefficients of W·Digital in Table 4 are much smaller than those in Table 3, and they are not in the same order of magnitude. The main reason is that the variable W·Digital reflects the digital transformation level of all other companies spatially related to one company after being weighted by the spatial distance weight. In Table 3, all samples are used for model estimation, but Table 4 uses sub-samples for model estimation. W·Digital has more digital transformation information of its peer companies reflected in Table 3 than in Table 4, so it will also show a larger coefficient in the estimation results. The sample size and geographical location of the samples included in different models are different, and the digital transformation information content of partner companies included in W·Digital is also very different. Therefore, it is not appropriate to compare the size of the W·Digital coefficients under different samples. Based on the research purpose of this paper to verify that there is a spatial peer effect in enterprises’ digital transformation, we pay more attention to the sign of the W·Digital coefficient and its significance level.




4.3.2. Grouping Estimation Analysis Based on Marketization Level


China’s market-oriented reform is still in progress, and the level of marketization varies significantly in different regions. In different market environments, the timeliness and effectiveness of digital transformation for enterprises to obtain market feedback are entirely different. We use China’s provincial-level marketization index [33] to classify provinces. The regions with higher marketization indexes than the median are considered a high marketization environment. In contrast, the regions with lower marketization indexes are considered a low digital environment. Table 5 reports the model estimation results based on different market environment sub-samples.



The coefficients of the W·Digital in Columns (1) to (3) are all significantly positive at the 1% level. It shows that when companies are in a high marketization environment, leading companies can obtain timely and effective market feedback and reap more commercial benefits by taking the lead in digital transformation. This is an example for neighboring companies to guide them to digital transformation. However, the coefficients of the W·Digital in Columns (4) to (6) are not through the test of significance, which shows that when the company was in a low marketization environment, the digital transformation of leading companies failed to get the market feedback. The surrounding companies will not follow the digital work of leading companies, and it is challenging to play the spatial peer effect of digital transformation. Hypothesis H3 proposed in this paper is valid.




4.3.3. Grouping Estimation Analysis Based on Ownership


China has many listed companies controlled by the state. Companies with different ownership natures face different resource constraints in the digital transformation process, and their willingness to digital transformation is also different. According to the ownership differences of the controlling shareholders of listed companies, we divide the whole sample into two subsamples: state-owned and non-state-owned enterprises. Table 6 reports the model estimation results based on different subsamples of equity nature. The coefficients of W·Digital in Columns (1) to (3) are all significantly positive at the 1% level, indicating that digital transformation has a significant spatial peer effect among state-owned enterprises. Although the coefficient of W·Digital in Column (5) is significantly positive at the 1% level, this Column model does not control for industry and year effect. In Column (6), where all control variables are added and industry and year effects are controlled, the coefficient of W·Digital does not pass the significance test. There are no spatial peer effects in digital transformation among non-state-owned enterprises. It is imperative to control the model’s industry and year effects to obtain unbiased estimation results. Hypothesis H4 is verified.





4.4. Robustness Checks


4.4.1. Robustness Test by Varying the Sample Duration


Since the spatial autoregressive models must use strongly balanced panel data for model estimation, a total of 14,020 observations from 1402 companies during 2012–2021 were used as the research sample to obtain the maximum sample size. We further changed the sample period span, and the number of cross-sections and the total number of samples obtained each year also changed significantly to test the robustness of the research conclusion under different sample conditions. When we use 2011–2021 as the sample period, a total of 13,079 observations of 1189 companies are obtained, and the model estimation results are shown in Columns (1) to (3) in Table 7. When we use 2013–2021 as the sample period, a total of 13,779 observations of 1531 companies are obtained. The model estimation results are in Columns (4) to (6) in Table 7. Due to the data requirements of the strong balance panel, the variation of the sample period span will have a significant impact on the number of companies entering the study sample each year. The W·Digital coefficients of Columns (1) to (6) in Table 7 are all significantly positive at the 1% level, indicating that although the change of the sample span makes the sample of companies observed each year considerably change, it does not affect the robustness of the research conclusion of this paper. Namely, the spatial peer effect exists in the Digital transformation of enterprises.




4.4.2. Robustness Test by Using Change Model


We further use the change model shown in Equation (3) as a robustness test. All variables in Model (2) are transformed into first-order difference variables to test whether there is a spatial peer effect in the annual increment of digital transformation of Chinese listed companies.


  Δ D i g i t a l = λ W ⋅ Δ D i g i t a l +  β 1  Δ L n _ A s s e t +  β 2  Δ L e v +  β 3  Δ R o a +  β 4  Δ G r o w t h +  β 5  Δ I n d e p e n d e n t  +  β 6  Δ D u a l i t y +  β 7  Δ L n _ A g e +  β 8  ∑ Y e a r +  β 9  ∑ I n d u s t r y + γ + μ  



(3)







The W·ΔDigital coefficients of Columns (1) to (3) in Table 8 are all significantly positive at the 1% level, indicating that spatial peer effect also exists in the incremental digital transformation level of Chinese listed companies. The incremental level of digital transformation of a company will increase with the improvement of spatial peer companies, which further verifies the robustness of the research conclusions.




4.4.3. Robustness Test by Using a Random-Effects Estimator


In the previous model, the fixed effects estimation results are consistent regardless of whether the individual effect  γ  is correlated with explanatory variables, so the estimation results in Table 3, Table 4, Table 5, Table 6, Table 7 and Table 8 are unbiased. However, when the individual effect  γ  is uncorrelated with explanatory variables, using the random effect will lead to less variance estimation results than the fixed effect, so we further use the random effect for robustness testing. As shown in Table 9, the coefficients of all W·Digital in columns (1) to (3) are significantly positive at the 1% level, indicating that the spatial peer effect of digital transformation of Chinese listed companies will not change due to the difference in estimation methods.




4.4.4. Robustness Test by Using First-Order Lag Terms of Control Variables


Model Equation (2) may have endogeneity problems. For example, a company’s financial performance will affect its digital transformation process, but the digital transformation will also affect its financial performance. In addition, other control variables may also have similar problems. To further alleviate the possible endogeneity concerns of the research conclusions, we used the first-order lag terms of the control variables for re-regression. The reason is that last year’s financial performance will affect this year’s digital transformation, but this year’s digital transformation will not affect last year’s financial performance. The same principle applies to other control variables. Table 10 reports the estimation results in which Columns (1) to (2) are estimated with fixed effects, and Columns (3) to (4) are estimated with random effects. According to Table 10, the key explanatory variable W·Digital coefficients are still positive at the significance level of 1% in Columns (1) to (4). The conclusions of this paper are still robust.






5. Conclusions


At present, the digital economy is booming, and the wide application of digital technology has become an important driving force for social and economic progress. Although more and more companies have taken the step of digital transformation, many still have doubts about the prospect of digital technology applications. They are hesitant to proceed with the digital transformation process. The governments and academia are very concerned about how to promote enterprises’ digital transformation. This paper attempts to theoretically and empirically analyze the spatial interaction effect of enterprises’ digital transformation from the micro perspective of company spatial interaction, that is, how a company’s digital transformation is affected by its spatial peers. It is helpful to analyze the spatial distance between companies to explore the micro-influence factors of enterprises’ digital transformation. The critical theoretical significance of this paper includes incorporating the spatial peer effect among companies into the influencing factors of enterprises’ digital transformation and incorporating the spatial autoregressive model, which is widely used in macroeconomic research, into the research of listed companies at the micro level. The research perspective and research method of this paper are highly innovative.



Our research shows that the generation mechanism of the spatial peer effect of enterprises’ digital transformation lies in that leading companies take the lead in digital transformation, which can set an example for the surrounding peer companies and trigger mutual learning and competition between companies. It can encourage the surrounding peer companies to make digital strategic decisions and devote more resources to digital transformation. We use a sample of Chinese A-share listed companies in Shanghai and Shenzhen to construct a spatial weight matrix by calculating the spatial distance between companies through the latitude and longitude information of their registered addresses and then use the spatial autoregressive model to empirically test the spatial peer effect of enterprises’ digital transformation. The research results show a significant spatial peer effect in the digital transformation of Chinese companies, and the level of digital transformation of a company increases with the level of digital transformation of its spatial peer companies. Moreover, heterogeneity analysis shows that the spatial peer effect of digital transformation can be effectively played only under a higher digital environment, higher marketization environment, and state-owned equity nature of companies.



Our results have several implications. First, focus on building a benchmark company for digital transformation. Based on the critical role of digital transformation in developing enterprises and the national economy, governments of various countries should pay attention to leading digital companies as role models when formulating incentive policies for digital transformation. Encourage digital transformation benchmarking companies to summarize their experience and vigorously publicize the business model changes brought by digital transformation to the production and operation of companies. So that more space peer companies can realize the importance of digital transformation through the learning effect and competition effect and make the spatial peer effect of digital transformation can be exerted in an enormous spatial scope. Second, vigorously enhance the environment for digitalization and marketization in the region. As the main body of micro-activities, all companies’ decisions will be affected by the environment in which they are located. All regions should vigorously improve the overall level of digitalization, including the popularization and application of digital infrastructures such as digital networks, 5G communication technology, and industrial robots in the local area, to create a thriving atmosphere for the development of the digital economy. At the same time, local governments at all levels should also strengthen the construction of legal systems, play the fundamental role of market mechanisms in resource allocation, and enable leading digital companies to obtain market feedback promptly and effectively. Third, companies should choose the external environment conducive to their digital transformation. Digitization is the primary trend of current world economic development. Based on the spatial peer effect of digital transformation, companies should actively establish offices in areas with a high digital environment so that employees can be exposed to more digital living and working environments. Fourth, non-state-owned enterprises should actively seek policy support for digital transformation. Due to financial constraints, there is no spatial peer effect of digital transformation among non-state-owned enterprises. To cope with the difficulties of digital transformation, non-state-owned enterprises should actively use the bond market, banks, and other financing channels to ease the financial tension. Companies should also establish effective internal control and equity governance mechanisms to make business decisions conducive to long-term development.







Author Contributions


Conceptualization, X.P. and G.X.; methodology, X.P.; validation, X.P. and N.Z.; formal analysis, X.P. and G.X.; resources, X.P.; data curation, G.X. and X.P.; writing—original draft preparation, X.P. and N.Z.; writing—review and editing, X.P. and N.Z.; supervision, X.P.; project administration, X.P.; funding acquisition, X.P. All authors have read and agreed to the published version of the manuscript.




Funding


Project Supported by National Social Science Foundation of China: 21FJYB034.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Strange, R.; Chen, L.; Fleury, M.T.L. Digital Transformation and International Strategies. J. Int. Manag. 2022, 100968. [Google Scholar] [CrossRef]

	



Wu, K.; Fu, Y.; Kong, D. Does the Digital Transformation of Enterprises Affect Stock Price Crash Risk? Financ. Res. Lett. 2022, 48, 102888. [Google Scholar] [CrossRef]

	



Li, L. Digital Transformation and Sustainable Performance: The Moderating Role of Market Turbulence. Ind. Mark. Manag. 2022, 104, 28–37. [Google Scholar] [CrossRef]

	



Peng, Y.; Tao, C. Can Digital Transformation Promote Enterprise Performance?—From the Perspective of Public Policy and Innovation. J. Innov. Knowl. 2022, 7, 100198. [Google Scholar] [CrossRef]

	



Zhai, H.; Yang, M.; Chan, K.C. Does Digital Transformation Enhance a Firm’s Performance? Evidence from China. Technol. Soc. 2022, 68, 101841. [Google Scholar] [CrossRef]

	



Li, H.; Yang, C. Digital Transformation of Manufacturing Enterprises. Procedia Comput. Sci. 2021, 187, 24–29. [Google Scholar] [CrossRef]

	



Tian, G.; Li, B.; Cheng, Y. Does Digital Transformation Matter for Corporate Risk-Taking? Financ. Res. Lett. 2022, 49, 103107. [Google Scholar] [CrossRef]

	



Dubey, R.; Gunasekaran, A.; Childe, S.J.; Blome, C.; Papadopoulos, T. Big Data and Predictive Analytics and Manufacturing Performance: Integrating Institutional Theory, Resource-Based View and Big Data Culture. Br. J. Manag. 2019, 30, 341–361. [Google Scholar] [CrossRef]

	



Gaglio, C.; Kraemer-Mbula, E.; Lorenz, E. The Effects of Digital Transformation on Innovation and Productivity: Firm-Level Evidence of South African Manufacturing Micro and Small Enterprises. Technol. Forecast. Soc. Chang. 2022, 182, 121785. [Google Scholar] [CrossRef]

	



Manski, C.F. Identification of Endogenous Social Effects: The Reflection Problem. Rev. Econ. Stud. 1993, 60, 531. [Google Scholar] [CrossRef]

	



Tan, X.; Yan, Y.; Dong, Y. Peer Effect in Green Credit Induced Green Innovation: An Empirical Study from China’s Green Credit Guidelines. Resour. Policy 2022, 76, 102619. [Google Scholar] [CrossRef]

	



Leary, M.T.; Roberts, M.R. Do Peer Firms Affect Corporate Financial Policy? J. Financ. 2014, 69, 139–178. [Google Scholar] [CrossRef]

	



Kapoor, M.; Kelejian, H.H.; Prucha, I.R. Panel Data Models with Spatially Correlated Error Components. J. Econom. 2007, 140, 97–130. [Google Scholar] [CrossRef]

	



Frenken, K.; Hardeman, S.; Hoekman, J. Spatial Scientometrics: Towards a Cumulative Research Program. J. Informetr. 2009, 3, 222–232. [Google Scholar] [CrossRef]

	



Copiello, S. Peer and Neighborhood Effects: Citation Analysis Using a Spatial Autoregressive Model and Pseudo-Spatial Data. J. Informetr. 2019, 13, 238–254. [Google Scholar] [CrossRef]

	



Xie, Q.; Xu, X.; Liu, X. Is There an EKC between Economic Growth and Smog Pollution in China? New Evidence from Semiparametric Spatial Autoregressive Models. J. Clean. Prod. 2019, 220, 873–883. [Google Scholar] [CrossRef]

	



Vial, G. Understanding Digital Transformation: A Review and a Research Agenda. J. Strateg. Inf. Syst. 2019, 28, 118–144. [Google Scholar] [CrossRef]

	



Wu, F.; Hu, H.; Lin, H.; Ren, X. Enterprise Digital Transformation and Capital Market Performance: Empirical Evidence from Stock Liquidity. Manag. World 2021, 37, 130–144. [Google Scholar]

	



Tobler, W.R. A Computer Movie Simulating Urban Growth in the Detroit Region. Econ. Geogr. 1970, 46, 234–240. [Google Scholar] [CrossRef]

	



Papert, M.; Pflaum, A. Development of an Ecosystem Model for the Realization of Internet of Things (IoT) Services in Supply Chain Management. Electron. Mark. 2017, 27, 175–189. [Google Scholar] [CrossRef]

	



Ghosh, S.; Hughes, M.; Hodgkinson, I.; Hughes, P. Digital Transformation of Industrial Businesses: A Dynamic Capability Approach. Technovation 2021, 113, 102414. [Google Scholar] [CrossRef]

	



Lieberman, M.B.; Asaba, S. Why Do Firms Imitate Each Other? Acad. Manag. Rev. 2006, 31, 366–385. [Google Scholar] [CrossRef]

	



Zhang, J.; Yu, X.; Zhou, Y. The Peer Effects of Firm Financialization and the Operating Risk of the Real Economy. Financ. Trade Econ. 2021, 42, 67–80. [Google Scholar]

	



Manski, C.F. Economic Analysis of Social Interactions. J. Econ. Perspect. 2000, 14, 115–136. [Google Scholar] [CrossRef]

	



Moretti, E. Social Learning and Peer Effects in Consumption: Evidence from Movie Sales. Rev. Econ. Stud. 2011, 78, 356–393. [Google Scholar] [CrossRef]

	



Goedhuysa, M.; Veugelers, R. Innovation Strategies, Process and Product Innovations and Growth: Firm-Level Evidence from Brazil. Struct. Chang. Econ. Dyn. 2012, 23, 516–529. [Google Scholar] [CrossRef]

	



Machokoto, M.; Gyimah, D.; Ntim, C.G. Do Peer Firms Influence Innovation? Br. Account. Rev. 2021, 53, 100988. [Google Scholar] [CrossRef]

	



Xiao, R.; Ma, C.A.; Song, G.R.; Chang, H.Y. Does Peer Influence Improve Firms’ Innovative Investment? Evidence from China. Energy Rep. 2022, 8, 1143–1150. [Google Scholar] [CrossRef]

	



Li, Z.; Wang, J. The Dynamic Impact of Digital Economy on Carbon Emission Reduction: Evidence City-Level Empirical Data in China. J. Clean. Prod. 2022, 351, 131570. [Google Scholar] [CrossRef]

	



Liu, J.; Yu, Q.; Chen, Y.; Liu, J. Resources, Conservation & Recycling The Impact of Digital Technology Development on Carbon Emissions: A Spatial Effect Analysis for China. Resour. Conserv. Recycl. 2022, 185, 106445. [Google Scholar]

	



Bai, C.E.; Ma, H.; Pan, W. Spatial Spillover and Regional Economic Growth in China. China Econ. Rev. 2012, 23, 982–990. [Google Scholar] [CrossRef]

	



Pan, X.; Tang, H. Are Both Managerial Morality and Talent Important to Firm Performance ? Evidence from Chinese Public Firms. Int. Rev. Financ. Anal. 2021, 73, 101602. [Google Scholar] [CrossRef]

	



Wang, X.; Fan, G.; Hu, L. Marketization Index of China’s Provinces: NERI Report 2018; Social Sciences Academic Press: Beijing, China, 2019. [Google Scholar]

	



He, A.; Xue, Q.; Zhao, R.; Wang, D. Renewable Energy Technological Innovation, Market Forces, and Carbon Emission Efficiency. Sci. Total Environ. 2021, 796, 148908. [Google Scholar] [CrossRef] [PubMed]

	



Gupta, P.; He, D.; Ma, Y.; Yur-Austin, J. Do Investors Listen? Exploring the Effect of Investor Relationship Management on Firm-Specific Stock Return Variation. Res. Int. Bus. Financ. 2022, 60, 101598. [Google Scholar] [CrossRef]

	



Boeing, P. The Allocation and Effectiveness of China’s R&D Subsidies—Evidence from Listed Firms. Res. Policy 2016, 45, 1774–1789. [Google Scholar]

	



Jin, X.; Xu, L.; Xin, Y.; Adhikari, A. Political Governance in China’s State-Owned Enterprises. China J. Account. Res. 2022, 15, 100236. [Google Scholar] [CrossRef]

	



Liang, S.; Li, Z.; Chen, D.; Chen, S. Political Ranks, Incentives and Firm Performance. China J. Account. Stud. 2015, 3, 87–108. [Google Scholar] [CrossRef]

	



Liu, F.; Zhang, L. Executive Turnover in China’s State-Owned Enterprises: Government-Oriented or Market-Oriented? China J. Account. Res. 2018, 11, 129–149. [Google Scholar] [CrossRef]

	



Shen, J.H.; Zhang, J.; Lee, C.C.; Li, W. Toward an Internal Governance Structure of China’s Large SOEs. J. Asian Econ. 2020, 70, 101236. [Google Scholar] [CrossRef]

	



Singh, S.; Sharma, M.; Dhir, S. Modeling the Effects of Digital Transformation in Indian Manufacturing Industry. Technol. Soc. 2021, 67, 101763. [Google Scholar] [CrossRef]

	



Rha, J.S.; Lee, H.H. Research Trends in Digital Transformation in the Service Sector: A Review Based on Network Text Analysis. Serv. Bus. 2022, 16, 77–98. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Variable definition.






Table 1. Variable definition.





	Variable
	Definition





	Digital
	Frequency of digitally transformed words per 10,000 words of MD&A



	Ln_Asset
	Natural log of the total assets



	Lev
	The ratio of debt to the total assets



	Roa
	The ratio of pre-tax income to the total assets



	Growth
	The growth rate of the operating revenue



	Independent
	The proportion of independent directors on the board



	Duality
	The dummy variable takes a value of 1 if one person holds the chairman and CEO, and 0 otherwise



	Ln_Age
	Natural log of establishment age
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Table 2. Summary statistics.






Table 2. Summary statistics.





	Variable
	Mean
	S.D.
	Median
	Min
	Max





	Digital
	3.62
	7.75
	0.42
	0.00
	44.26



	Ln_Asset
	22.49
	1.28
	22.34
	19.83
	26.17



	Lev
	43.38
	19.91
	42.97
	5.03
	89.39



	Roa
	4.53
	6.14
	4.11
	−26.05
	23.97



	Growth
	0.15
	0.35
	0.10
	−0.54
	2.16



	Independent
	37.46
	5.34
	33.33
	33.33
	57.14



	Duality
	0.24
	0.43
	0.00
	0.00
	1.00



	Ln_Age
	2.92
	0.34
	3.00
	1.61
	3.50
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Table 3. Baseline estimation results using the full sample.






Table 3. Baseline estimation results using the full sample.





	

	
(1)

	
(2)

	
(3)




	
Digital

	
Digital

	
Digital






	
W·Digital

	
7.249 ***

	
13.578 ***

	
7.117 ***




	
(9.61)

	
(17.36)

	
(9.49)




	
Ln_Asset

	

	
1.114 ***

	
0.867 ***




	

	
(9.97)

	
(7.49)




	
Lev

	

	
−0.014 ***

	
−0.005




	

	
(−2.81)

	
(−1.00)




	
Roa

	

	
0.021 **

	
0.028 ***




	

	
(2.36)

	
(3.22)




	
Growth

	

	
0.631 ***

	
0.400 ***




	

	
(5.22)

	
(3.38)




	
Independent

	

	
−0.019

	
−0.012




	

	
(−1.59)

	
(−0.99)




	
Duality

	

	
−0.043

	
−0.046




	

	
(−0.31)

	
(−0.34)




	
Ln_Age

	

	
−1.112 ***

	
−0.377




	

	
(−3.57)

	
(−0.55)




	
Year effect

	
YES

	
NO

	
YES




	
Industry effect

	
YES

	
NO

	
YES




	
Firm effect

	
FE

	
FE

	
FE




	
Observations

	
14,020

	
14,020

	
14,020




	
Pseudo R2

	
0.217

	
0.015

	
0.123




	
Wald

	
1325.38 ***

	
508.22 ***

	
1444.36 ***








We use the fixed-effects regression estimator to estimate the spatial panel data model. See Table 1 for variable definitions. The T statistic is enclosed in brackets. “***” and “**” denote significance at the 1% and 5% levels, respectively. The dataset is the strongly balanced panel data of Chinese listed companies and covers the period from 2012 to 2021.
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Table 4. Grouping estimation results based on different digital environments.






Table 4. Grouping estimation results based on different digital environments.





	

	
High Digital Environment

	
Low Digital Environment




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
Digital

	
Digital

	
Digital

	
Digital

	
Digital

	
Digital






	
W·Digital

	
0.448 ***

	
0.877 ***

	
0.437 ***

	
−0.018

	
0.023

	
−0.017




	
(8.03)

	
(27.74)

	
(7.85)

	
(−0.08)

	
(0.10)

	
(−0.08)




	
Ln_Asset

	

	
1.337 ***

	
1.082 ***

	

	
0.244

	
0.027




	

	
(9.98)

	
(7.68)

	

	
(1.63)

	
(0.17)




	
Lev

	

	
−0.016 ***

	
−0.008

	

	
−0.004

	
0.003




	

	
(−2.77)

	
(−1.40)

	

	
(−0.65)

	
(0.45)




	
Roa

	

	
0.025 **

	
0.030 ***

	

	
−0.002

	
0.006




	

	
(2.30)

	
(2.81)

	

	
(−0.14)

	
(0.49)




	
Growth

	

	
0.709 ***

	
0.474 ***

	

	
0.268 *

	
0.189




	

	
(4.76)

	
(3.23)

	

	
(1.84)

	
(1.31)




	
Independent

	

	
−0.030 **

	
−0.019

	

	
0.011

	
0.009




	

	
(−2.05)

	
(−1.28)

	

	
(0.78)

	
(0.63)




	
Duality

	

	
0.020

	
0.029

	

	
−0.286

	
−0.324 *




	

	
(0.12)

	
(0.18)

	

	
(−1.53)

	
(−1.77)




	
Ln_Age

	

	
−1.596 ***

	
−0.287

	

	
0.702 *

	
−1.406




	

	
(−4.22)

	
(−0.35)

	

	
(1.78)

	
(−1.36)




	
Year effect

	
YES

	
NO

	
YES

	
YES

	
NO

	
YES




	
Industry effect

	
YES

	
NO

	
YES

	
YES

	
NO

	
YES




	
Firm effect

	
FE

	
FE

	
FE

	
FE

	
FE

	
FE




	
Observations

	
10,930

	
10,930

	
10,930

	
2950

	
2950

	
2950




	
Pseudo R2

	
0.196

	
0.006

	
0.064

	
0.214

	
0.000

	
0.178




	
Wald

	
1134.00 ***

	
976.61 ***

	
1250.35 ***

	
211.33 ***

	
25.74 ***

	
216.30 ***








We use the fixed-effects regression estimator to estimate the spatial panel data model. See Table 1 for variable definitions. The T statistic is enclosed in brackets. “***”, “**”, and “*” denote significance at the 1%, 5%, and 10% levels, respectively. Columns (1) to (3) use the subsample of a high digital transition environment, and Columns (4) to (6) use the subsample of a low digital transition environment and covers the period from 2012 to 2021.
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Table 5. Grouping estimation results based on marketization level.






Table 5. Grouping estimation results based on marketization level.





	

	
High Marketization Environment

	
Low Marketization Environment




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
Digital

	
Digital

	
Digital

	
Digital

	
Digital

	
Digital






	
W·Digital

	
0.478 ***

	
0.884 ***

	
0.468 ***

	
−0.021

	
0.007

	
−3.450 ***




	
(8.83)

	
(29.36)

	
(8.62)

	
(−0.09)

	
(0.03)

	
(−6.62)




	
Ln_Asset

	

	
1.265 ***

	
1.012 ***

	

	
0.446 **

	
0.318




	

	
(9.91)

	
(7.52)

	

	
(2.33)

	
(1.59)




	
Lev

	

	
−0.015 ***

	
−0.006

	

	
−0.007

	
−0.004




	

	
(−2.79)

	
(−1.05)

	

	
(−0.76)

	
(−0.40)




	
Roa

	

	
0.018 *

	
0.025 **

	

	
0.039 **

	
0.043 **




	

	
(1.76)

	
(2.54)

	

	
(2.24)

	
(2.54)




	
Growth

	

	
0.671 ***

	
0.444 ***

	

	
0.241

	
0.112




	

	
(4.79)

	
(3.21)

	

	
(1.26)

	
(0.59)




	
Independent

	

	
−0.024 *

	
−0.016

	

	
−0.004

	
−0.002




	

	
(−1.68)

	
(−1.15)

	

	
(−0.23)

	
(−0.13)




	
Duality

	

	
−0.096

	
−0.106

	

	
0.269

	
0.422




	

	
(−0.61)

	
(−0.69)

	

	
(1.01)

	
(1.61)




	
Ln_Age

	

	
−1.499 ***

	
−0.558

	

	
0.229

	
0.072




	

	
(−4.20)

	
(−0.72)

	

	
(0.44)

	
(0.05)




	
Year effect

	
YES

	
NO

	
YES

	
YES

	
NO

	
YES




	
Industry effect

	
YES

	
NO

	
YES

	
YES

	
NO

	
YES




	
Firm effect

	
FE

	
FE

	
FE

	
FE

	
FE

	
FE




	
Observations

	
11,680

	
11,680

	
11,680

	
2250

	
2250

	
2250




	
Pseudo R2

	
0.182

	
0.007

	
0.062

	
0.333

	
0.001

	
0.292




	
Wald

	
1171.74 ***

	
1061.88 ***

	
1281.42 ***

	
174.11 ***

	
24.05 ***

	
235.18 ***








We use the fixed-effects regression estimator to estimate the spatial panel data model. See Table 1 for variable definitions. The T statistic is enclosed in brackets. “***”, “**”, and “*” denote significance at the 1%, 5%, and 10% levels, respectively. Columns (1) to (3) use the subsample of a high marketization environment, and Columns (4) to (6) use the subsample of a low marketization environment and covers the period from 2012 to 2021.
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Table 6. Grouping estimation results based on ownership.






Table 6. Grouping estimation results based on ownership.





	

	
State-Owned Enterprises

	
Non-State-Owned Enterprises




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
Digital

	
Digital

	
Digital

	
Digital

	
Digital

	
Digital






	
W·Digital

	
0.179 **

	
0.524 ***

	
0.177 **

	
0.211

	
12.120 ***

	
0.208




	
(2.49)

	
(8.65)

	
(2.46)

	
(0.92)

	
(11.84)

	
(0.91)




	
Ln_Asset

	

	
0.442 ***

	
0.322 **

	

	
1.715 ***

	
1.162 ***




	

	
(2.95)

	
(2.02)

	

	
(9.31)

	
(6.02)




	
Lev

	

	
−0.016 **

	
−0.009

	

	
−0.018 **

	
−0.004




	

	
(−2.49)

	
(−1.34)

	

	
(−2.28)

	
(−0.49)




	
Roa

	

	
−0.001

	
0.019

	

	
0.042 ***

	
0.043 ***




	

	
(−0.08)

	
(1.25)

	

	
(2.92)

	
(3.16)




	
Growth

	

	
0.242 *

	
0.167

	

	
1.052 ***

	
0.478 **




	

	
(1.65)

	
(1.14)

	

	
(5.29)

	
(2.47)




	
Independent

	

	
−0.013

	
−0.010

	

	
−0.021

	
−0.017




	

	
(−0.95)

	
(−0.74)

	

	
(−0.96)

	
(−0.81)




	
Duality

	

	
0.053

	
0.060

	

	
−0.249

	
−0.245




	

	
(0.27)

	
(0.31)

	

	
(−1.12)

	
(−1.15)




	
Ln_Age

	

	
−0.545

	
−2.151 *

	

	
−1.667 ***

	
−1.690




	

	
(−1.30)

	
(−1.81)

	

	
(−3.06)

	
(−1.41)




	
Year effect

	
YES

	
NO

	
YES

	
YES

	
NO

	
YES




	
Industry effect

	
YES

	
NO

	
YES

	
YES

	
NO

	
YES




	
Firm effect

	
FE

	
FE

	
FE

	
FE

	
FE

	
FE




	
Observations

	
5121

	
5121

	
5121

	
7479

	
7479

	
7479




	
Pseudo R2

	
0.069

	
0.006

	
0.058

	
0.209

	
0.016

	
0.165




	
Wald

	
294.99 ***

	
93.61 ***

	
310.47 ***

	
876.80 ***

	
338.78 ***

	
963.89 ***








We use the fixed-effects regression estimator to estimate the spatial panel data model. See Table 1 for variable definitions. The T statistic is enclosed in brackets. “***”, “**”, and “*” denote significance at the 1%, 5%, and 10% levels, respectively. Columns (1) to (3) use the subsample of state-owned enterprises, and Columns (4) to (6) use the subsample of non-state-owned enterprises and covers the period from 2012 to 2021.
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Table 7. Estimation results by using different sample periods.
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Sample Period from 2011 to 2021

	
Sample Period from 2013 to 2021




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
Digital

	
Digital

	
Digital

	
Digital

	
Digital

	
Digital






	
W·Digital

	
0.444 ***

	
0.816 ***

	
0.431 ***

	
7.055 ***

	
12.195 ***

	
6.931 ***




	
(8.95)

	
(24.52)

	
(8.67)

	
(9.36)

	
(15.89)

	
(9.26)




	
Ln_Asset

	

	
0.959 ***

	
0.905 ***

	

	
1.178 ***

	
0.861 ***




	

	
(8.70)

	
(7.82)

	

	
(9.98)

	
(7.07)




	
Lev

	

	
−0.013 ***

	
−0.008

	

	
−0.017 ***

	
−0.007




	

	
(−2.67)

	
(−1.57)

	

	
(−3.39)

	
(−1.48)




	
Roa

	

	
0.021 **

	
0.029 ***

	

	
0.032 ***

	
0.041 ***




	

	
(2.19)

	
(3.06)

	

	
(3.58)

	
(4.74)




	
Growth

	

	
0.466 ***

	
0.334 ***

	

	
0.617 ***

	
0.388 ***




	

	
(3.69)

	
(2.67)

	

	
(5.17)

	
(3.29)




	
Independent

	

	
−0.029 **

	
−0.022 *

	

	
−0.016

	
−0.008




	

	
(−2.41)

	
(−1.87)

	

	
(−1.31)

	
(−0.63)




	
Duality

	

	
−0.003

	
0.023

	

	
−0.143

	
−0.168




	

	
(−0.02)

	
(0.16)

	

	
(−1.01)

	
(−1.21)




	
Ln_Age

	

	
0.021

	
1.525 **

	

	
−3.036 ***

	
−2.425 ***




	

	
(0.07)

	
(2.47)

	

	
(−8.75)

	
(−2.95)




	
Year effect

	
YES

	
NO

	
YES

	
YES

	
NO

	
YES




	
Industry effect

	
YES

	
NO

	
YES

	
YES

	
NO

	
YES




	
Firm effect

	
FE

	
FE

	
FE

	
FE

	
FE

	
FE




	
Observations

	
13,079

	
13,079

	
13,079

	
13,779

	
13,779

	
13,779




	
Pseudo R2

	
0.222

	
0.123

	
0.072

	
0.191

	
0.016

	
0.120




	
Wald

	
1181.09 ***

	
833.84 ***

	
1304.68 ***

	
1083.80 ***

	
496.38 ***

	
1226.29 ***








We use the fixed-effects regression estimator to estimate the spatial panel data model. See Table 1 for variable definitions. The T statistic is enclosed in brackets. “***”, “**”, and “*” denote significance at the 1%, 5%, and 10% levels, respectively. Columns (1) to (3) cover the period from 2011 to 2021, and Columns (4) to (6) cover the period from 2013 to 2021.
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Table 8. Estimation results by using change model.
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(1)

	
(2)

	
(3)




	
ΔDigital

	
ΔDigital

	
ΔDigital






	
W·Δdigital

	
0.377 ***

	
0.779 ***

	
0.366 ***




	
(6.59)

	
(19.64)

	
(6.39)




	
ΔLn_Asset

	

	
1.275 ***

	
1.110 ***




	

	
(5.10)

	
(4.46)




	
Δlev

	

	
−0.004

	
0.002




	

	
(−0.57)

	
(0.29)




	
Δroa

	

	
0.039 ***

	
0.040 ***




	

	
(4.64)

	
(4.76)




	
Δgrowth

	

	
−0.111

	
−0.237 **




	

	
(−1.19)

	
(−2.56)




	
Δindependent

	

	
−0.009

	
−0.006




	

	
(−0.74)

	
(−0.49)




	
Δduality

	

	
−0.008

	
−0.052




	

	
(−0.06)

	
(−0.35)




	
ΔLn_Age

	

	
13.894 ***

	
10.783 **




	

	
(4.83)

	
(2.38)




	
Year effect

	
YES

	
NO

	
YES




	
Industry effect

	
YES

	
NO

	
YES




	
Firm effect

	
FE

	
FE

	
FE




	
Observations

	
11,890

	
11,890

	
11,890




	
Pseudo R2

	
0.044

	
0.003

	
0.048




	
Wald

	
792.74 ***

	
499.45 ***

	
851.43 ***








We use the fixed-effects regression estimator to estimate the spatial panel data model. Variables are obtained by taking the first-order difference according to the variables in Table 1. The T statistic is enclosed in brackets. “***” and “**” denote significance at the 1% and 5% levels, respectively. The dataset is the strongly balanced panel data of Chinese listed companies and covers the period from 2012 to 2021.
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Table 9. Estimation results by using generalized least-squares random-effects estimator.
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(1)

	
(2)

	
(3)




	
Digital

	
Digital

	
Digital






	
W·Digital

	
8.129 ***

	
14.239 ***

	
8.005 ***




	
(11.34)

	
(19.14)

	
(11.21)




	
Ln_Asset

	

	
0.635 ***

	
0.366 ***




	

	
(6.99)

	
(4.13)




	
Lev

	

	
−0.020 ***

	
−0.004




	

	
(−4.35)

	
(−0.95)




	
Roa

	

	
0.013

	
0.025 ***




	

	
(1.48)

	
(2.89)




	
Growth

	

	
0.774 ***

	
0.548 ***




	

	
(6.45)

	
(4.65)




	
Independent

	

	
−0.010

	
0.004




	

	
(−0.83)

	
(0.33)




	
Duality

	

	
0.117

	
0.131




	

	
(0.86)

	
(1.01)




	
Ln_Age

	

	
−0.309

	
−0.816 **




	

	
(−1.19)

	
(−2.09)




	
Year effect

	
YES

	
NO

	
YES




	
Industry effect

	
YES

	
NO

	
YES




	
Firm effect

	
FE

	
FE

	
FE




	
Observations

	
14020

	
14020

	
14020




	
Pseudo R2

	
0.334

	
0.012

	
0.334




	
Wald

	
2059.13 ***

	
517.77 ***

	
2142.27 ***








We use the generalized least-squares random-effects estimator to estimate the spatial panel data model. See Table 1 for variable definitions. The T statistic is enclosed in brackets. “***” and “**” denote significance at the 1% and 5% levels, respectively. The dataset is the strongly balanced panel data of Chinese listed companies and covers the period from 2012 to 2021.













[image: Table] 





Table 10. Estimation results by using first-order lag terms of control variables.
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(1)

	
(2)

	
(3)

	
(4)




	
Digital

	
Digital

	
Digital

	
Digital






	
W·Digital

	
11.829 ***

	
6.720 ***

	
12.645 ***

	
7.613 ***




	
(14.44)

	
(8.69)

	
(16.33)

	
(10.37)




	
L.Ln_Asset

	
0.275 **

	
0.125

	
0.023

	
−0.067




	
(2.27)

	
(0.99)

	
(0.24)

	
(−0.71)




	
L.Lev

	
−0.009 *

	
−0.004

	
−0.014 ***

	
−0.005




	
(−1.67)

	
(−0.84)

	
(−2.92)

	
(−0.96)




	
L.Roa

	
0.021 **

	
0.027 ***

	
0.015

	
0.024 **




	
(2.13)

	
(2.83)

	
(1.55)

	
(2.49)




	
L.Growth

	
0.823 ***

	
0.757 ***

	
0.944 ***

	
0.843 ***




	
(6.44)

	
(6.04)

	
(7.45)

	
(6.76)




	
L.Independent

	
−0.007

	
−0.002

	
0.003

	
0.013




	
(−0.51)

	
(−0.13)

	
(0.21)

	
(1.12)




	
L.Duality

	
0.207

	
0.199

	
0.331 **

	
0.317 **




	
(1.36)

	
(1.35)

	
(2.27)

	
(2.26)




	
L.Ln_Age

	
−1.543 ***

	
−1.383 *

	
−1.037 ***

	
−1.266 ***




	
(−4.42)

	
(−1.85)

	
(−3.66)

	
(−3.10)




	
Year effect

	
NO

	
YES

	
NO

	
YES




	
Industry effect

	
NO

	
YES

	
NO

	
YES




	
Firm effect

	
FE

	
FE

	
FE

	
FE




	
Observations

	
12,618

	
12,618

	
12,618

	
12,618




	
Pseudo R2

	
0.017

	
0.201

	
0.041

	
0.342




	
Wald

	
328.49 ***

	
1081.53 ***

	
408.19 ***

	
1789.52 ***








We use the fixed-effects regression estimator in Columns (1) to (2) and use the generalized least-squares random-effects estimator in Columns (3) to (4). See Table 1 for variable definitions. The T statistic is enclosed in brackets. “***”, “**”, and “*” denote significance at the 1%, 5%, and 10% levels, respectively. The dataset is the strongly balanced panel data of Chinese listed companies and covers the period from 2013 to 2021.
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