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As Industry 4.0 is seen as the core industrial stage for achieving sustainable development, more and more scholars are exploring the practical effects of Industry 4.0. This paper evaluates the impact of digital transformation on business sustainability, explores whether digital transformation breaks down perceptions, and examines the mechanisms by which it works. First, we measured the digital transformation of each firm using textual analysis. and found that the coefficient of digital transformation is 0.006 on corporate sustainability at the 1% significant level. Secondly, we found that digital transformation eases knowledge flow barriers and makes knowledge more accessible to firms. Firms with higher digital transformation attract more skilled people, which can create talent barriers. Digital transformation can exacerbate firms’ industry monopolies, while increasing the proportion of boardroom women and the inclusion of older members sends positive signals to outsiders. Finally, we find that low costs, high labor productivity, high innovation and low cost of sales are important channels for digital transformation. In addition, digital transformation increases the management costs of firms.
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1 INTRODUCTION
The concept of Industry 4.0 was firstly introduced in 2011 (Ustundag and Cevikcan, 2017). Industry 4.0 is considered as a new industrial scenario that combines various high technologies through internet of things (IoT) technologies, culminating in an integrated platform that can serve both businesses and consumers, in order to achieve sustainable development (Frank et al., 2019). This new industrial scenario is disrupting traditional corporate business models as well as industry structures (Dregger et al., 2016). However, the transformation process of companies turning into the Industry 4.0 Connected Smart Enterprise from the industrial stage can not succeed easily, and digital transformation is considered a intergrade (Dalenogare et al., 2018). As a new industrial reform, digital transformation is seen as an important stage in achieving corporate sustainability (Kamble et al., 2018; Feroz et al., 2021). According to the Global Environmental Performance Report published by Yale University in 2020 (Chen, 2022), China ranked 120th in terms of environmental performance in the world (out of 180 countries) with a score of 37.3. As one main emitter of pollution, China attaches great importance to the environmental management ability of Chinese enterprises. Therefore, it would be highly valuable to further explore the relationship between digital transformation and corporate sustainability.
The existing literature on digital transformation and sustainability mainly focuses on the literature analysis methods (Feroz et al., 2021), macro-level sustainability (Bieser and Hilty, 2018), industry-level sustainability (Hrustek, 2020) but rarely pays attention to the firm-level sustainability. For example, taking Chinese listed manufacturing firms in 2010–2020 as the objects, Guo and Xu (2021) found that digital transformation is positively related to process-based business performance and non-linearly related to profit-oriented financial performance. Wen et al. (2022) found that digitalization could help companies to innovate and achieve sustainable growth based on data from Chinese listed manufacturing companies. This paper fills a gap in the existing literature by exploring the relationship between digital transformation and corporate sustainability through quantitative analysis. Furthermore, the application of digital technologies such as big data, robotics, the IoT, blockchain, and smart technologies can lead to disruptive changes in competitive momentum, industry structures, innovation approaches, and board structures (Porter and Heppelmann, 2014; Appio et al., 2021). For example, Guo et al. (2022) explored that digital transformation can alleviate industry monopolies based on market competitiveness and firm scale. A missing part in estimating how digitalization can disrupt perceptions is studying innovation approaches and board structures. Digital transformation may affect different stages of the innovation process in a complex and causally ambiguous way (Barrett et al., 2015), providing greater scalability for corporate innovation (Iansiti and Lakhani, 2020). In addition, digital transformation could lead to disruptive changes in the board (Wolfe, 2020), making promotion and vetting mechanisms more transparent and more inclusive to different ages (Noor et al., 2016). Existing literature rarely examines the impact of digital transformation on innovation stages and board structures, so it is of meaning to explore how digital transformation changes innovation approaches and board structures.
Based on data from listed Chinese manufacturing companies in 2010–2019, a double-effects fixed model is used to explore whether digital transformation contributes to the sustainable development. Second, as an unknown corporate strategy, digital transformation varies across different types of firms, and we classify firms into several types in terms of innovation and corporate governance, such as the speed of knowledge flow, technical staff, competitiveness, the proportion of female directors and the average age of board members. Thirdly, considering that digital transformation is disrupting traditional business models, the potential pathways through which digital transformation affects the sustainability were explored in terms of changes in production and distribution patterns, innovation capabilities and firm labor productivity, respectively. Through this study, the following questions are to be answered: 1) Does digital transformation contribute to corporate sustainability? 2) If so, which types of companies are more sensitive to digital transformation? 3) And through which pathways does digital transformation affect corporate sustainability?
The main contributions of this study are as follows: 1) Unlike existing studies that separately discuss the impact of digital transformation on firm performance, innovation or organizational structure. This paper comprehensively measures corporate sustainability from the perspectives of environmental management, environmental control, human resources disclosure, product and consumer disclosure and community involvement. It fills the gap in existing research on the impact of digital transformation on corporate environmental governance. 2) It was found that the attitudes of different types of enterprises towards digital transformation strategies are inconsistent. Namely, digital transformation can alleviate knowledge and skill barriers between firms and mitigate the gap between monopolistic and non-monopolistic firms. In addition, digital transformation is more friendly to women and older directors in the board. This provides strong evidence for the adoption of digital transformation by firms under Industry 4.0 and reduces concerns about the uncertainty of digital transformation in developing countries such as China. 3) As mentioned earlier, digital transformation is disrupting traditional business models. Due to the availability and validity of data, it is difficult to keep track of changes in the production and sales patterns. Therefore, both models were measured in terms of cost of production and cost of sales, based on the fact that changes in production and sales models are ultimately reflected in costs (Hobbs, 2020). Moreover, the potential pathways of the impact of digital transformation on corporate sustainability were explored, offering new perspectives in order for business managers to achieve both corporate environmental and economic performance under the Industry 4.0 process.
The rest of the paper is organized as follows. Section 2 provides the theoretical analysis, Section 3 provides the research methodology and data, while Section 4 provides the results and discussion. Section 5 presents the conclusions and policy implications.
2 THEORETICAL ANALYSIS
2.1 Sustainability and digital transformation measurement
The concept of sustainable development originates from the sustainable forest management (Grober, 2007), which aims to manage forests for the purpose of sustainable yield. Over the years, the concept of sustainable development has evolved to focus more on ecological, economic, political, and cultural objectives (James, 2014). The existing literature focuses on measuring sustainable development at the macro level, such as at the national level (Vachon and Mao, 2008), the provincial level (Yang and Ding, 2018), and the municipal level (Lam and Yap., 2019). Studies on corporate sustainability mainly use ESG ratings as a proxy variable (Jia and Li, 2020) or divide corporate sustainability activities into sub-themes (Gray et al., 1995; Katmon et al., 2019). For example, Branco and Rodrigues (2008) categorized corporate sustainability activities into 23 items and divided them into several categories such as environmental, human resources, products, customers, and community involvement. Considering that ESG ratings in China are new and imperfectly developed, this paper refers to the sustainability evaluation system proposed by Zaid et al. (2020), combined with corporate disclosure in China, categorizes it into categories including environmental management, environmental regulation, environmental governance, human resources, consumer and community involvement.
Digital transformation is a complex process and one variable is difficult to proxy for it (Matt et al., 2015). Some scholars have analyzed only single technology, for example, robotics, the Internet of Things (IoT), blockchain, and big data (Ballestar et al., 2021; Chin et al., 2021). For example, Chin et al. (2021) explored the impact of blockchain on innovation. Other scholars decomposed digitalization into multiple technologies (Ballestar et al., 2021) or used the proportion of R&D investment and innovation output as a proxy variable for digital transformation (Jafari-Sadeghi et al., 2021). This paper uses textual analysis to measure digital transformation for firms disclose more information in the form of text.
2.2 Digital transformation and corporate sustainability
Digital transformation is seen as a key way to achieve sustainable development (Andriushchenko et al., 2020). Digital technology achieves sustainable development by reducing costs, improving management efficiency and improving labor productivity. Existing research on digital transformation has focused on employment, labor (Ballestar et al., 2021), productivity (Guo et al., 2022), and innovation (Abdalla and Nakagawa, 2021), while has rarely explored corporate sustainability. In a recent study, Jiao and Sun (2021) used urban data and found that the digital economy can improve economic development and employment to achieve sustainable urban development. Zuo et al. (2021) found that digital transformation had a significant increase in the sustainable efficiency of technology investment in the banking sector. It is worth noting that all these studies focus on the macro level, so it is meaningful to explore the impact of digital transformation on sustainability at the firm level to fill the gaps in existing literature.
2.3 Digital transformation disrupts perceptions
Digital transformation is disrupting perceptions (Rasiwala and Kohli, 2021). Digital transformation may disrupt existing organisational rules and structures (Philip and Gavrilova Aguilar., 2022), changing traditional competitive patterns and business models (Nadkarni and Prügl, 2021; Vaska et al., 2021; Chen and Hao, 2022). Some studies have found that digital transformation can strengthen the market position of monopolies (Soto Setzke et al., 2021) and weaken the differences brought about by firm scale (Hu, 2022). This paper focuses more on innovation structures and changes in the organizational structure of firms, such as knowledge flows, technical staff, and board structures. Based on organizational capability theory, strategic organizational activities require external environmental resources and the ability to deal with the external environment. Digital transformation can accelerate the flow of information, knowledge (Hao and Zhang, 2021). On one hand, senior digital technologies can convert data into digital resources in symbolic formats for communication; on the other hand, digital technologies can reduce the cost of storing knowledge (Gomber et al., 2018; Chen, 2022). Technical staff are one of the key factors influencing innovation in firms, which is rarely considered in existing researches on digital transformation. The digital construction of a company brings more than just efficiency, it also requires a high level of technical skills among employees (Trenerry et al., 2021). Does this give rise to a talent monopoly in companies? It is worth thinking about.
Board diversity is one of the most important factors influencing corporate sustainability (Zaid et al., 2020), and in the same way, digital transformation is changing the organisational structure and board diversity of firms (Gfrerer et al., 2021). On one hand, emerging technologies promote a culture of gender equality, and digital technologies can increase ‘information centralisation’ and public access to information (Antonio and Tuffley, 2014). On the other hand, digital technologies can exacerbate gender dichotomies (Dragiewicz et al., 2018) and widen perceptions between men and women, such as health issues and risk awareness (Kohlrausch and Weber, 2021). Age diversity is also an important part of board diversity. Some studies suggest that younger directors are more sensitive to emerging technologies and can respond positively to changes in the external environment (Hsu et al., 2019). However, it is worth noting that digital transformation entails unpredictable risks (Verhoef et al., 2021), which can be mitigated by older directors’ relatively rich managerial experience and resource relationships net (Chen, 2011). Gender and age equality are essential links, and it is worth thinking about how digital transformation, as an important means of achieving sustainable development, can affect gender and age equality. Although available data does not allow us to capture the age and gender of a company’s employees, changes in board structure can influence overall corporate decision-making results and send different signals to the society (Certo, 2003; Mallin and Michelon, 2011). By looking at the impact of digital transformation on board gender and age members, this paper explores whether it promotes gender and age equalisation, which is relevant for achieving gender equality and addressing aging issues.
3 DATA AND MODEL SETTING
3.1 Data
This paper uses Chinese A-share listed manufacturing companies from 2009 to 2019 as a sample, using corporate financial data from the China Securities Market and Accounting Research Database (CSMAR) and the WinGo Text Analytics Database (wingodata.com). The sample study year of this paper starts from 2009, as key data are disclosed from 2009 onwards. Considering that ST&ST* firms are often in a state of poor operating income, these extreme values can affect the regression results. Therefore, we present these enterprises. In addition, to make up for some missing data, we supplemented them with the wind database and manually reviewed annual reports. We ended up with 16,159 firm-year observations.
3.1.1 Dependent variables
We refer to existing studies on corporate sustainability, some of which use ESG indexes to measure corporate sustainability (Drempetic et al., 2020; Jia and Li, 2020), while others construct sustainability evaluation systems through disclosure information of companies (Madaleno and Vieira, 2020; Zaid et al., 2020). As the ESG index of Chinese listed manufacturing companies is seriously missing, this paper adopts the approach of Zaid et al. (2020) and constructs a new corporate sustainability evaluation system by combining the information disclosed by Chinese listed companies (Appendix Table A1). In this study, we use a dichotomous approach to score corporate sustainability. Then, according to Zaid et al. (2020), the sustainability index for each firm is calculated as follows:
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Where [image: image] is corporate i’s sustainability score in year t 26 is the maximum number of items for every firm. And [image: image] = 1 if the item is disclosed in t year, otherwise [image: image] = 1.
3.1.2 Independent variables
As it is difficult to measure the digital transformation of enterprises through quantitative analysis, this paper uses textual analysis to measure the digital transformation (Guo et al., 2022; Zhai et al., 2022). Unlike Zhai et al. (2022), who examined only five keywords related to digital transformation (digitalization, artificial intelligence, big data, Internet of Things, cloud computing). This paper constructs nine keywords to describe the digital transformation, namely, big data, informatization, intelligence, robotics, Internet of Things, blockchain, automation, digitalization, cloud computing. We count the number of occurrences of these nine keywords and then, the logarithm of the number of keywords +1 to measure the digital transformation (Zhai et al., 2022).
3.1.3 Mediation variables
We analyze the mechanism of the corporate sustainability in terms of three aspects: costs, labor productivity, and innovation. In this paper, the ratio of production cost to total assets (CoA) is used to measure the change of firm selling expense (Khalifaturofi’ah, 2018). We measure labor productivity in terms of a firm’s value added per unit of labor (VAL) (Tang, 2017). This data is taken from the CSMAR database on the topic of enterprise EVA (economic value added), which is equal to operating profit - income tax expense + [interest expense (non-financial institutions) + asset impairment losses + R&D expenses] * (1 - corporate income tax rate) + increase in deferred income tax liabilities - increase in deferred income tax assets. And use the logarithm of the R&D investment (RD) to measure a firm innovation (Santacreu and Zhu, 2018).
3.1.4 Control variables
With reference to previous empirical studies on firms (Liu et al., 2020), the following control variables are introduced in this paper. These variables include ratio of net fixed assets to total assets (Fix), return on assets (ROA), logarithm of total employees (Size), logarithm of firm age (Age) and ratio of total liabilities to total assets (Lev).
3.2 Model setting
To test the impact of digital transformation on the corporate sustainability, the baseline model is constructed as follows:
[image: image]
Where [image: image] is a variable for corporate i’s sustainability in year t. The variable of interest is [image: image] is the logarithm of the number of keywords +1 to measure the digital transformation. [image: image] and [image: image] are vectors of firm and year dummy variables that account for firm and year fixed effects to remove the interference of un-observables in the regression results. The [image: image] is the error term.
4 EMPIRICAL RESULTS AND ANALYSIS
4.1 Frequency distribution and descriptive statistics
Table 1 is the distribution of the mean values by keyword over the years. It can show that the digital conversion is gradually deepening, and it is worth noting that the frequency of each keyword has increased substantially since 2012. One possible explanation is that since 2012 the Chinese government has issued a smart city pilot policy, referring to the use of various information technologies to improve resource use efficiency (Fan et al., 2021).
TABLE 1 | The distribution of the mean values by keyword.
[image: Table 1]Table 2 provides descriptive statistical analyses for all variables, which present the mean, standard deviation, and minimum and maximum values for the variables. In the sample data, the mean, minimum and maximum values for corporate sustainability are 0.312, 0, and 1.154, indicating a large variation between corporate sustainability. The mean, minimum and maximum values for digital conversion are 1.959, 0, and 6.864, indicating that most firms are at a low digital stage. The mean, minimum and maximum values for the other variables show that there is a large variation between firms. In addition, we used the variance inflation factor (VIF) to test multicollinearity between the variables. The test results show that the VIF values for all variables are less than 10, with an average VIF value of 1.22, indicating that the impact of multicollinearity is negligible on the interpretation of the regression results.
TABLE 2 | Descriptive statistics.
[image: Table 2]4.2 Analysis of regression results
Table 3, column 1) and 2) provide the regression results between digital transformation and corporate sustainability without controlling individual effects and with controlling individual effects, respectively. Digital transformation has effects on firms, which may reinforce advantages or moderate unbalances based on their firm characteristics. We set up several dummy variables to test whether digital transformation mitigates knowledge flow barriers, technician outflow, industry monopolies, boardroom female disadvantage, and boardroom advanced age. Column 3) is a dummy variable for knowledge flow barriers, namely, KFB = 1 if the number of patent citations is greater than the median, otherwise, KFB = 0. The greater the number of patent citations, the lower the barriers to knowledge flow between firms. Column 4) is a dummy variable for technician flow. TM = 1 means that technicians are flowing in, TM = 0 means that technicians are flowing out. Column 5) is a dummy variable for industry competitiveness. We calculated the industry-level Herfindahl-Hirschman index (HHI) by operating income. HHI = 1, if this is greater than the median, which indicates that the firm is in a monopoly position. Structural changes in the board can affect strategic decisions throughout the firm (Sidhu et al., 2021). Column 6) is a dummy variable for the proportion of boardroom women. SEX = 1 when the proportion of boardroom women is greater than the median, otherwise, SEX = 0, where the proportion of boardroom women is [0, 66.67]. Column 7) and 8) represent dummy variables for the boardroom mean age. Mage = 1 if the mean age is greater than the median, otherwise, Mage = 0.
TABLE 3 | Regression results.
[image: Table 3]The impact of digital transformation on corporate sustainability is consistent whether individual effects are controlled or not. Taking the results in column 2) as an example, the coefficient of digital transformation is 0.006 on corporate sustainability at the 1% significant level. This complements the findings of Sheina et al. (2019) who found that smart city building can significantly improve urban sustainability. We have extended the study to the firm level to enrich the theoretical foundation.
The results in column 3) show that the coefficient of the cross-term between digital transformation and KFB is 0.006 at the 1% significant level, which means that one standard error (1.379) increase in DT improves CS of firms with high patent citations by 0.827% ([image: image]) than that of firms with low citations. Namely, digital transformation can enhance knowledge exchange between firms and thus alleviate the knowledge flow barriers (Thompson, 2006). One possible explanation is that digital transformation can help firms to have access easier and timely to external innovation information (Moi and Cabiddu, 2021), or strengthen the links between organizations to collaborative innovation (Castagna et al., 2020). This is similar to the findings of Abdalla and Nakagawa (2021), who found that digital transformation can enhance innovation collaboration between firms and alleviate knowledge flow barriers.
The results in column 4) show that the coefficient of the cross-term between digital transformation and TM is 0.002 at the 10% significant level, which means that one standard error increase in DT improves CS of firms with talent inflow by 0.276% than that of firms with talent outflow. In other words, digital transformation may create a talent flow barrier, and the higher the digital transformation of a company, the more it attracts talent inflows. One possible explanation is that technical talent needs a better working environment (Perry, 2001), and the changes brought about by digital transformation meet this requirement (Okrepilov et al., 2019). This is contrary to the findings of Ballestar et al. (2021), who found that digital transformation had a significant negative impact on employment. In contrast, this paper finds that digital transformation can attract an influx of skilled talent, bridging the gap in existing research.
The results in column 5) show that the coefficient of the cross-term between digital transformation and HHI is 0.002 at the 10% significant level, namely, one standard error increase in DT improves CS of firms with high HHI by 0.276% than that of firms with low HHI. This means that firms with high HHI I have a unique market advantage, and that digital transformation further strengthens this monopoly. This is consistent with the findings of Guo et al. (2022), who found that digital transformation exacerbates the monopoly position of firms.
The results in column 6) show that the coefficient of the cross-term between digital transformation and SEX is 0.006 at the 1% significant level, namely, one standard error increase in DT improves CS of firms with more boardroom female by 0.827% than that of firms with low boardroom female. This implies that firms with high digital transformation can attract more professional women to their boards. On the one hand, digital transformation requires flexible thinking (Verhoef et al., 2021) and female directors can moderate communication within, between organizations and between organizations and individuals (Pucheta-Martínez et al., 2019). On the other hand, digital transformation can make promotion and performance appraisal mechanisms more transparent and standardized, potentially reducing women’s disadvantages (Chen et al., 2021). This may send positive signals to society, encouraging more women to join (Terjesen et al., 2016) and thus improve the corporate image (Reguera-Alvarado et al., 2017). This is in line with the findings of Chen and Hao (2022), who found that digital transformation can significantly boost women’s career development. This refutes role congruity theory of prejudice toward female leaders (Eagly and Karau, 2002), where women are less likely to be leaders and less likely to succeed in leadership positions. Instead, this paper argues that digital transformation can mitigate workplace gender discrimination and that an increase in boardroom women will promote corporate sustainability.
The results in columns 7) and 8) show that the coefficient of the digital transformation is 0.010 for firms with high boardroom age and 0.005 for firms with high boardroom age at the 1% and 5% significant level, namely, the digital transformation can accommodate more older board members. This refutes the management signaling hypothesis (Arioglu, 2021), where younger directors, driven by reputational concerns, want to demonstrate their value to the market and are thus more active and adventurous. One possible explanation is that older directors use their connections to have easier access to key resources (e.g., IT or raw materials) that help firms to digitize quickly (Miller and Triana, 2009). Or it could be that younger directors increase board risk (Berger et al., 2014), while older directors are more mature and stable (Ali et al., 2014), which could hedge some of the risks that may be involved in the digital transformation of a firm. This finding is very significant in that the changing boardroom age under digital transformation may send a positive signal to society to attract more skilled older employees to join and thus alleviate the employment difficulties associated with ageing.
4.3 Analysis of mechanisms
Digital technologies have a transformative or disruptive impact on companies (Boulton, 2020). Integrating different processes and resources to improve quality and efficiency through IoT, cloud services, big data and analytics (Frank et al., 2019). Based on the characteristics of digital transformation, we explain the mechanisms of its effects through the perspectives of cost (Zeng and Lei, 2021), labor productivity (Ballestar et al., 2021), and R&D investment (Guo et al., 2022). Namely, lower costs, higher labor productivity, and more innovative outputs can contribute to corporate sustainable growth. Matt et al. (2015) and Kraus et al. (2021) mention that digital transformation may affect firms’ sales patterns and management expense, however, the existing literature has not verified this, so we test these two paths of action. We use the ratio of management expense to total assets (MoA) measures the change in a firm’s management expense (Setyawati, 2017), such as technology transfer fees, software, hardware, and training cost. The ratio of selling expenses in total assets (SoA) measures the change in a firm’s selling expenses (Jiraporn and Chintrakarn, 2013) in Table 4.
TABLE 4 | Analysis of mechanisms.
[image: Table 4]The regression results in columns 1), 2) and 3) find that digital transformation can reduce production costs and increase labor productivity and innovation output. This is consistent with the findings of Zeng and Lei (2021), Wen et al. (2022). Digital transformation can reduce unnecessary costs in corporate management and optimize internal resource mobilization. Secondly, digital transformation implies that firms use more and more intelligent technologies to improve work efficiency. Finally, digital transformation can help companies to access external R&D information more easily and attract technical talent.
The regression results in columns 4) and 5) find that digital transformation can increase overheads and reduce selling expenses. This validates Setyawati (2017) conjecture that high management costs may hinder the digital transformation of firms and Mattila et al. (2021) opinion that digital transformation would change the sales model to reduce the costs under the traditional sales model. Firstly, digital transformation is seen as the process of transforming a firm from its previous industrial phase to a connected and intelligent industry 4.0 firm, which can be affected by high software costs, hardware costs, and maintenance costs. Secondly, digital transformation involves the creation of special channels among companies, suppliers, and consumers, such as the Internet of Things and blockchain, which can significantly reduce the selling cost, all of which can contribute to corporate sustainability (Wen et al., 2022).
4.4 Selection bias and endogeneity issues
In general, a firm’s choice of geographical location is not random and many factors can influence the choice of firm location, which leads to the problem of selection bias (Cader and Leatherman, 2011). In this paper, we choose the Heckman two-stage model (Heckman and Vytlacil, 1998) to address the endogeneity issues. Second, there is little literature exploring the endogeneity of digital transformation and to mitigate potential endogeneity, we use an instrumental variables approach. We use the number of Internet users in each province to indicate the technological environment in which a firm exists. This data from the statistical yearbooks of each province. Finally, considering the possibility of reverse causality, we used the benchmark natural experiment quasi natural experiment of Broadband China, Broadband China was promulgated in 2014 to promote the digitalization of enterprises and cities through Internet infrastructure development. The Broadband China strategy was promulgated for pilot cities in 2014, 2015 and 2016 respectively, and we use this strategy as a natural experimental group (Zhao et al., 2022) in Table 5.
TABLE 5 | Selection bias and endogeneity issues.
[image: Table 5]Zhang et al. (2020) mentioned that PSM(Propensity Score Matching) and DID (Differences-in-Differences) methods handle the reverse causal relationship. Zhang et al. (2020) showed that the PSM approach (propensity score matching) can match treatment and control groups by pre-policy city characteristics, handling the reverse causal relationship. We matched two sub-groups using nearest neighbor matching using pre-policy corporate characteristics. This was eventually reduced from 16,159 firm-year observations in the original sample to 5,678 firm-year observations. Appendix Table A2 shows a significant reduction in the standard deviation between the treatment and control groups after matching. This implies that selection bias was eliminated through the PSM. According to Appendix Figure A1, after matching, the PSM probability densities of the experimental and control groups were close, and the matching effect in this paper was good.
Columns 1) and 2) are the regression results of the Heckman two-stage model. The Lambda coefficient in column 2) is statistically significant, which indicates the presence of selection bias. The regression results for DT in column 2) are consistent with the previous regression results. The LM statistics used to test whether the selected IV and endogenous variables are correlated in the lower stratum of column 3) are all significant at the 1% level, indicating that the under-identification hypothesis is rejected. In addition, the weak identification test indicates that the weak instrumentality problem can be eliminated. The above statistics indicate that our choice of instrumental variables is valid. The regression results show that digital transformation can contribute to corporate sustainability. This means that the above regression results remain valid after the endogeneity problem has been overcome. In addition, in the Appendix Table A1, A2, we provide the results of the PSM approach test. addressing reverse causality, we found that broadband China can contribute to corporate sustainable development using the PSM-DID approach in column (4). This is consistent with our results.
4.5 Robustness checks
To test the robustness of the results, we used the logarithm of the internet broadband access port (BAP) as a proxy variable for digital transformation (Lee et al., 2022). The results in Table 6 show consistency with the previous results. Therefore, it can be confirmed that our test results are robust.
TABLE 6 | Robustness checks.
[image: Table 6]5 CONCLUSION AND POLICY IMPLICATIONS
This paper explores the relationship between digital transformation and corporate sustainability based on listed Chinese manufacturing companies in 2010–2019. The corporate sustainability were measured from the perspectives of environmental management, environmental control, human resources disclosure, product and consumer disclosure, and community involvement. Moreover, the firm digital transformation was measured by using textual analysis. Firstly, it was found that digital transformation contributes to corporate sustainability. Secondly, based on the fact that digital transformation is disrupting traditional organizational structures and business models, it was found that digital transformation can mitigate the disadvantages of knowledge flow barriers, technician staff exodus, industry monopolies, female board disadvantages and advanced board directors’ aging issues, providing new impetus for corporate sustainability. Finally, the mechanisms of digital transformation were explored in terms of production cost, labor productivity, innovation, and cost of management and sales. It was found that low production costs, high labor productivity, high innovation and low cost of sales are important channels between digital transformation and corporate sustainability.
This paper provides an empirical basis and unique theoretical insights to promote Industry 4.0 construction and corporate sustainable development in emerging developing countries. Based on the findings, the following recommendations are proposed. For governments policy makers: Governments shall increase the construction of digital technology infrastructure such as the Internet, blockchain and big data to accelerate the Industry 4.0 process. Secondly, the government shall recognize that different types of companies have different attitudes towards digital transformation strategies, and take an institutional perspective to break down regional market barriers, as well as the barriers of mobility of knowledge and technology talents, achieving the sustainable development. A healthy knowledge protection system should be established to ensure a smooth flow of knowledge. Encourage corporate R&D collaboration to counteract the negative effects of talent shortages and provide some policy support for companies that are disadvantaged in the market to follow the principle of equality in a market economy. For business managers: Firstly, business managers should recognize the benefits of digital transformation for sustainable development and actively adopt a digital transformation strategy, for example, set up a digital office to effectively guide the digital transformation of the company. Secondly, they should understand that digital transformation is disrupting traditional views, blurring traditional business boundaries and facilitating the flow of knowledge, skilled people, female employees, senior staff and other elements. Finally, despite the increased costs of software, equipment, etc., digital transformation has a positive impact on production costs, sales costs and innovation. Business managers should establish a sound system of resource utilization, production chains and supply chains to realize the maximum effect of digital transformation.
There are also a few limitations to this paper. Firstly, due to the limitations of the study data, we were unable to capture the dynamics and long-term effects of digital transformation. Secondly, we have only explored the changes to traditional business models as a result of digital transformation, but ignored firm and regional heterogeneity, for example, small, medium and large enterprises, state-owned and non-state-owned enterprises, polluting and non-polluting enterprises, coastal and non-coastal enterprises, etc. Thirdly, corporate management characteristics are also important factors influencing digital transformation strategies. For example, overseas background of the board, educational background of the board, and foreign directors on the board. Therefore, we will keep exploring the relationship between digital transformation and corporate sustainability in depth in our future research.
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