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Coronavirus disease 2019 (COVID-19) has brought about a significant and far-reaching impact on the world's business environment, corporations, and individuals. In the face of the general shortage of funds caused by the pandemic, assuming corporate social responsibility (CSR) is a problem for every enterprise manager. In the recent years, as corporate social responsibility (CSR) has become a hot topic globally, many enterprises have chosen to incorporate social responsibility into their development strategies. The food industry is a basic industry related to people's livelihood, especially in the pandemic. Its social responsibility efficiency deserves our attention. This article takes 17 sample enterprises whose CSR performance between 2012 and 2020 in China and reports are above the industry level as examples. Constructing the super-efficiency data envelopment analysis (DEA)-Malmquist-Tobit model explores the social responsibility efficiency of these enterprises. It analyzes the pandemic's impact on CSR efficiency. The results show that COVID-19 has promoted the social responsibility efficiency of the sample enterprises in the food industry. Besides, the level of technical efficiency and technological progress in the food industry is relatively high. Still, most enterprises are below the industry's average level. Before the outbreak of the pandemic, the size of enterprises is the key factor affecting the efficiency of CSR. After then, the listing years of enterprises then become the key factor.
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INTRODUCTION

The spread of coronavirus disease 2019 (COVID-19) has caused a serious economic and social crisis. Kimhi et al. (1) believe that the economic recession and increased economic uncertainty caused by the epidemic led to corporate bankruptcy or layoffs, which also increased the possibility of most individuals and families to face economic difficulties and economic pressure, causing social panic. For enterprises, on one hand, the sudden financial squeeze will drive companies to strategically pursue short-term returns, reduce or even give up corporate social responsibility investment, i.e., this crisis brings new challenges to all the enterprises in corporate social responsibility (CSR). On the other hand, the economic poverty and unemployment of the pandemic have put greater pressure on people, which caused anxiety, depression, and other psychological troubles. Thus, it is more urgent for enterprises to assume social responsibility, stop adding to the panic on the other side. In a way, it also puts pressure on enterprises to assume social responsibility (2).

For a long time, the food industry has been a basic industry related to the national economy and livelihood. Its healthy and stable development plays an important role in ensuring and improving people's living standards. At the same time, food enterprises are the main microsocial organizational carrier to effectively participate in public social governance and promote the modernization of national governance capacity. However, food safety is still an urgent social problem in China. In the face of most mixed food safety information, Chinese consumers often have negative emotions such as anxiety about food choices (3). This also means that current CSR situation in China's food industry is not optimistic. From the outbreak of “melamine” incident of the Sanlu Group in 2008 to the “expired meat” incident of Fuxi Shanghai branch in 2014 to the “Sudan red” duck egg incident in 2020 and the “Yi Di Xiang” food, toxic additive incident in 2021, food safety incidents emerge one after another. Therefore, these situations have aroused widespread public concern and thinking: whether food enterprises pay attention to social responsibility while developing themselves at present? Particularly, in front of the novel coronavirus pneumonia outbreak and other public health emergencies, what role do food enterprises play? And what kind of impact does COVID-19 have on the efficiency of food enterprises' social responsibility?

In June 2020, “Guidelines for the implementation of corporate social responsibility in the food industry” promulgated the social responsibility standards of the food industry. Although strengthening legislation can keep the moral bottom line of food enterprises, which is the main and effective measure to deal with the general lack of social responsibility of food enterprises in China, how to evaluate CSR while strengthening governance? Michael Porter, the father of the competitive strategy, once proposed that CSR is the cost and the source of opportunity, innovation, and competitiveness. CSR investment is a manifestation of corporate social responsibility and a strategic choice for enterprises to improve economic and social benefits. Conversely, the improvement of CSR level reflects the investment of CSR. It can be used to evaluate whether the investment of CSR reaches the expected effect, i.e., the investment efficiency of CSR. Then, studying the efficiency of CSR will help enterprises to make reasonable decisions on social responsibility, improve their ability to perform social responsibility, and even be willing to actively perform social responsibility because of the high efficiency of social responsibility investment. Therefore, this article selects 17 sample enterprises in the Chinese food industry from 2011 to 2020 as research samples and uses the super-efficiency data envelopment analysis (DEA)-Malmquist-Tobit model to study the investment efficiency and influencing factors of social responsibility of China's food industry listed companies; meanwhile, it explores the social responsibility performance of food production enterprises in the context of COVID-19.

The contribution of this article lies in the following three areas:

First, at present, most of the study on CSR mainly focuses on the influencing factors of CSR (4), behavior characteristics (5, 6), and behavior consequences (7, 8). But, few studies focus on a certain type of enterprise and pay attention to the impact of enterprise characteristics on CSR performance to evaluate its CSR efficiency. In addition, the food industry is listed as one of the key industries in the CSR report of the Chinese Academy of Sciences. Still, there is little research on the social responsibility performance of food enterprises. Therefore, this article focuses on food enterprises, combined with the current situation of China's food industry and the background of COVID-19, analyzes and performs the performance evaluation of CSR in China's food industry to fully reflect the efficiency of CSR in China's food enterprises, and improves the situation of China's food industry. So, it can enrich the areas of study and provide a new academic perspective.

Second, COVID-19 is a health event in the recent years. At present, study on the impact of COVID-19 mainly focuses on mental health (9) and economic and social levels (10). However, few studies have focused on the impact of COVID-19 on enterprises, especially their social responsibilities effectively. In fact, the emergence of COVID-19 has brought challenges to the performance of CSR in most industries, which has affected the input of CSR. But, because COVID-19 has been a health event in the recent years, few studies have focused on the impact of this new situation on food enterprises. Therefore, this article takes COVID-19 as the research background. First, based on the static analysis of the super-efficiency DEA model, we study the overall efficiency and ranking of the sample enterprises to get the overall CSR efficiency of the sample enterprises affected by the pandemic. Second, based on the dynamic analysis of the Malmquist productivity index method, this article studies the interannual total factor productivity change trend and its decomposition of sample enterprises. Finally, based on the Tobit regression analysis, this article studies the influencing factors of CSR efficiency in food enterprises to analyze the issue of CSR in the food industry more comprehensively and deeply. Therefore, this article will enrich the existing research on the CSR of food manufacturing enterprises. In addition, the background of COVID-19 also makes this study more epochal and practical.

Third, in the study of CSR efficiency, scholars mainly use two simple weight aggregation methods: first, scholars give equal weight to all the CSR categories (such as community relations, environmental performance, and human rights) (11) and assign the same weight by assuming that all the indicators have the same importance. However, this assumption is invalid in most cases (12); the second is to collect information about stakeholder preferences to assign weights to specific CSP categories (13). However, these aggregation methods have the following problems: because the composition, views, and preferences of stakeholders are dynamic, they do not have generally recognized weights in different situations (11, 12, 14); the total score lacks simple explanation; the weight does not represent the trade-off between CSP indicators; and when using different data sources, weights and total scores may lose their applicability and comparability (15). Therefore, this article creatively constructs the super-efficiency DEA-Malmquist model to evaluate the food industry's performance of social responsibility behavior. There are three main reasons for choosing those methods. First, the super-efficiency DEA is a nonparametric estimation method, which can measure the ratio of input and output without assuming the functional relationship between explanatory variables and explained variables, which can avoid the uncertainty of the relationship between CSR and business performance in the current academic research. The efficiency of food manufacturing enterprises in fulfilling corporate social responsibility can be measured from the ratio of input and output; second, the Malmquist index method can compare the input and output over time, measure the attention of Chinese food manufacturing enterprises to social responsibility, and the improvement of the efficiency of related resource allocation in the recent 10 years; finally, the Tobit model can analyze the key variables affecting the efficiency of corporate social responsibility based on the efficiency value and provide a practical reference for enterprises to improve corporate social responsibility.

Based on the above analysis, the remainder of this article is structured as follows: the second part is the study design, which is divided into three subsections of data sources, variable design and research methods, the third part is the empirical study, which is divided into the static analysis based on the CCR-based super-efficiency DEA model (CCR is a kind of data envelope model, which was created by A. Charnes & W. W. Cooper & E. Rhodes.), dynamic analysis based on the Malmquist productivity index method and analysis of factors influencing CSR efficiency based on the Tobit model, and finally, the section is a recommendation to the government, food industry, and enterprises based on the conclusion.



RESEARCH DESIGN


Data Source

In this article, 17 companies with the top CSR ratings in the food industry in China's national CSR reports from 2011 to 2020 were selected for this study. The basic information and related data are obtained from the official annual reports of the enterprises and the China Stock Market and Accounting Research (CSMAR) Database. The proximity interpolation method processed missing values to ensure data completeness and accuracy. In this article, Excel 2016 is used to organize the data initially and MaxDEA version 8.21 and Stata version 15.0 are used to do relevant empirical study on the sample data.



Variable Design

Based on the idea of “input-output,” this article regards the enterprise as an economic organization with the responsibility of stakeholders for inputs and outputs. It takes the maximization of enterprise value as the financial objective of the enterprise. On this basis, relevant indicators are selected as follows, which are shown in Table 1.


Table 1. Input-output index system of corporate social responsibility (CSR) in food industry.

[image: Table 1]

In terms of input indicators, drawing on the study results of related scholars and considering the availability of indicators and the basic requirements of super-efficiency DEA, the following five variables were selected to reflect the degree of social responsibility fulfillment of listed companies as explanatory variables: earnings per share (X1), income per employee (X2), cash flow ratio (X3), cash received from sales ratio (X4), and tax contribution ratio (X5).

In terms of output indicators, for most firms, the most original motivation for fulfilling social responsibility lies in the legal obligations and expected benefits of CSR (16). In the long run, the active fulfillment of CSR can improve corporate performance. In the short run, fulfilling responsibility to different stakeholders has different effects on business performance. Therefore, this article selects the return on net assets and Tobin's Q as the output indicators of CSR. The return on net assets, which directly reflects the profitability level of listed companies, can measure the financial industry's ability to use its resources to obtain profits. Compared with the accounting rate of return, Tobin's Q is considered to have the following advantages. It reflects its expected future profits, contains an automatic adjustment for risk, and is less sensitive to inflation (17–19). Due to the wide support of western theoretical models and empirical evidence, Tobin's Q has also gradually become one of the main measures of firm value in empirical studies.



Descriptive Statistics

Earnings per share, per capita income of employees, cash flow ratio, cash received from sales ratio, and tax contribution rate are taken as input variables and the return on net assets and Tobin's Q are taken as output variables. The descriptive statistical results of each variable are shown in Table 2.


Table 2. Results of descriptive statistics of variables.
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Research Methodology
 
CCR-Based Super-Efficiency Data Envelopment Analysis Model

Data envelopment analysis is a relative efficiency evaluation method proposed by American operations researcher Charnes et al. (20) and other scholars. Its basic principle is to use a linear programming model to evaluate the relative effectiveness among decision units with multiple inputs and outputs. It is one of the most commonly used nonparametric frontier efficiency analysis methods. This article analyzes the inputs and outputs of CSR from the perspective of constant returns to scale.

When using traditional DEA to evaluate the efficiency of decision units, multiple decision units may be in the production frontier simultaneously, resulting in multiple decision units being relatively efficient and, thus, unable to determine which is better or worse. To remedy this shortcoming, Andersen and Petersen (21) established an input-oriented super-efficiency DEA model, which enables the comparison of efficiency among relatively efficient decision units, overcoming the shortcoming that the traditional DEA model cannot make further evaluation and comparison of multiple decision units and enabling the comparison and ranking of efficient decision units. The specific principle is shown in Figure 1. When calculating the efficiency value of point B, it is excluded from the reference set of the decision unit. The effective production frontier is changed from ABCD to ACD and the efficiency value of point B becomes OB1/OB > 1. While point E, the original DEA invalid, still has ABCD as its production frontier, the evaluation value is still OE1/OE <1 in line with the traditional DEA model.


[image: Figure 1]
FIGURE 1. Input-oriented super-efficiency data envelopment analysis (DEA).


Its linear programming equation can be expressed as follows. Assuming that there are n decision units and s outputs are obtained using m input variables, the linear programming equation is:

[image: image]

Where X and Y denote input and output matrices, λ is a constant, [image: image] denote slack variables, and θ denotes the efficiency value. When θ > 1, it means the decision unit is technically effective. When θ < 1, it is in an ineffective state.



Malmquist Index

To more accurately evaluate the temporal trend of the decision unit and explore the causes, further analysis can be done using the Malmquist productivity index. Total factor productivity (TFP) is derived by comparing the technological distance functions of the two periods: the geometric mean of TFP for the two periods is calculated and the total efficiency can be decomposed into the technical change (TECHCH) and the technical efficiency change (EFFCH). Technical efficiency change can be further decomposed into pure efficiency change (PECH) and scale efficiency change (SECH). Technical efficiency change (EFFCH) reflects whether the industrial structure can meet the overall requirements and increase the economic and social benefits. It indicates the change in the efficiency of enterprises on CSR of food enterprises. If the index is >1, it indicates an increase in efficiency of resource allocation relative to the previous period and if the index is <1, the efficiency decreases. If the index is equal to 1, it indicates no change in efficiency. The technical change (TECHCH) is used to measure the efficiency of CSR inputs on the output of science and technology innovation. If the index is >1, it indicates that CSR commitment has contributed to technological innovation. If the index is <1, the technology is regressing. Pure efficiency change (PECH) is a measure of the role of firms in science and technology innovation (STI) output due to management, technology, and financial inputs, under the condition that the scale of the firm's inputs to stakeholders remains constant. If the index is >1, it indicates that corporate social responsibility drives the improvement of STI output. If it is <1, it indicates that CSR causes the decrease of STI output. If it is equal to 1, then CSR undertakes no effect on STI. Scale efficiency change (SECH) is used to measure the scale of CSR undertaking due to the factor of enterprise scale affecting the efficiency of enterprise STI. The relationship among them is as follows:

[image: image]

The decomposition of the input-based Malmquist TFP index from period s to period t is follows:

[image: image]

In formula (3), mi represents the total factor productivity (TFP), [image: image] and [image: image] denote the input-oriented distance functions in periods s and t, qsand qtdenote the output in the corresponding periods s and t, and xs and xt denote the input in the corresponding period.

Organizing the above equation yields:

[image: image]

The first half of the formula [image: image] represents the change in technical efficiency from period s to period t; the second half of the formula represents the change in technical progress in the corresponding period. The relative technical efficiency change (EFFCH) index reflects the change in relative efficiency under the conditions of free factor disposition and constant returns to scale. When the change in technical efficiency is larger than 1, it indicates an increase in relative technical efficiency. The value is independent of the selection of the reference period. The change in technical progress (TECHCH) reflects the movement of the production frontier surface between the two periods. It represents technological innovation and the high or low of this value is related to selecting the reference period. When the change in technological progress is larger than 1, it means that the production frontier is moving up. The change in technical efficiency can be further decomposed into the change in pure technical efficiency and scale efficiency. The change in technical efficiency equals the multiplication of pure technical efficiency and scale efficiency.



Tobit Model

Tobit model, which is created by Tobin in 1958, also known as the sample selection model, belongs to a regression model in which the dependent variable is restricted. Its concept was first proposed by James Tobin, a Nobel Prize winner in Economics. Then, a large number of economists have continuously optimized it. With the continuous improvement and maturity of the method, especially in the study of restricted data, the Tobit model based on the principle of maximum likelihood estimation has been widely used in various fields of study because it can avoid large bias in the values taken by the explanatory variables due to the satisfaction of certain constraints. The super-efficiency DEA and Malmquist index can objectively reflect the social responsibility efficiency of sample enterprises. Still, it cannot explore the key influencing factors of CSR efficiency. In addition, in this article, it is reasonable and feasible to use the Tobit model because CSR efficiency takes values above 0, which is consistent with the restricted situation of the accepted variables in the Tobit regression.

Therefore, Tobit regression is selected to carry out further study on them. In this section, the Tobit regression model with the random and fixed effects is used to explore the main factors affecting CSR efficiency in the food industry and the comparison of the influencing factors before and after the occurrence of the pandemic to provide some theoretical basis for the enterprises' improvement of CSR efficiency. CSR efficiency measured by the super-efficiency DEA model in the previous section is used as the explanatory variable. The panel data of food enterprises from 2011 to 2020 are selected as the sample.





EMPIRICAL STUDY


Static Analysis Based on the Super-Efficiency Data Envelopment Analysis Model

Based on the super-efficiency DEA model, this article uses MaxDEA version 8.21 to measure the social responsibility input and output data of the 17 sample enterprises in the food industry from 2011 to 2020 to obtain their efficiency value and ranking. The results are shown in Table 3.


Table 3. The super-efficiency data envelopment analysis (DEA) efficiency values of the 17 sample enterprises from 2011 to 2020.

[image: Table 3]

In Table 3, from the overall results, average CSR efficiency value of the sample enterprises from 2011 to 2020 is 1.534 and the overall level of CSR efficiency value is high.

From the perspective of individual enterprises, the results of ranking the social responsibility efficiency value of the sample enterprises are: Vivian Shares > Delisi > Sanyuan > Tongwei > Shuanghui Development > Chengde Lolo > New Hope > Royal Group > Erie Shares > Guizhou Maotai > Sanquan Food > Yanghe Shares > Wuliangye > Bright Dairy > Qingdao Beer > Yanjing Beer. The average CSR efficiency value of Vivian Shares in the past 10 years is 3.256 and that of Yanjing Beer is 0.538, with a difference of 2.718 units. It shows a significant gap among enterprises with good CSR performance in the food industry.

Other enterprises reached an efficient state from 2011 to 2020, except Wuliangye, Bright Dairy, and Tsingtao Beer. This issue indicates that the enterprises with good CSR performance in the food industry still have inefficient CSR inputs, so the efficiency of CSR in the food industry needs to be improved.

To further analyze CSR efficiency of the food industry under COVID-19, this article compares the efficiency of 17 sample enterprises in 2019 and 2020, as shown in Table 4. In 2020, the social responsibility efficiency values of 10 enterprises, namely, Chengde Lolo, New Hope, Sanyuan, Guizhou Maotai, Bright Dairy, Erie Shares, Sanquan Food, Delisi, and Vivian Shares, all showed a significant downward trend. Among them, the efficiency value of Vivian Shares decreased the most, by 84.77%. Delisi took second place, down 79.32%, and they fell from no. 1 to no. 4 and no. 2 to no. 7, respectively. At the same time, CSR efficiency value of Wuliangye, Royal Group, Tongwei, Tsingtao Beer, Yanjing Beer, Shuanghui Development, and Yanghe Shares showed an upward trend. Among them, Royal Group and Tongwei increased significantly by 205.77 and 141.51%. Their ranking rises from no. 5 to no. 1 and no. 8 to no. 2. Overall, the average CSR efficiency of 17 sample enterprises in 2020 increased by 13.44% compared with 2019. Thus, it can be seen that the pandemic has generally promoted the assumption of CSR. There are individual differences in the impact on the food industry, which hit the enterprises with better CSR performance before the pandemic.


Table 4. Comparison of CSR efficiency values of 17 sample enterprises in 2019 and 2020.

[image: Table 4]



Dynamic Analysis Based on the Malmquist Productivity Index Method

Based on the static analysis of the CSR efficiency of the sample enterprises, this article further measured the Malmquist index of the sample enterprises from 2011 to 2020 to dynamically analyze their CSR efficiency. The MaxDEA version 8.21 was used to calculate the technical efficiency change (EFFCH), technical change (TECHCH), pure efficiency change (PECH), scale efficiency change (SECH), and total factor productivity (TFP) change of the 17 sample enterprises in the food industry from 2011 to 2020.

The total factor productivity and its decomposition of the sample firms are shown in Table 3. From Table 5, it can be seen that, from the overall situation, the average total factor productivity from 2011 to 2020 is 1.957 and the annual total factor productivity is larger than 1. The overall CSR efficiency is on the rise year by year. Among them, the total factor productivity in 2016 was the lowest, at 1.130, and the total factor productivity in 2020 is the highest, at 4.581. It shows a large gap among years in the total factor productivity of the sample enterprises' social responsibility. The comprehensive efficiency of the sample enterprises' social responsibility in the food industry under the pandemic has reached the maximum in the past 10 years. The trends of technical efficiency change (EFFCH), technical change (TECHCH), and total factor productivity (TFP) change of each enterprise from 2011 to 2020 are represented by line graphs, as shown in Figure 2.


Table 5. Annual total factor productivity (TFP) index and its decomposition of social responsibility efficiency of 17 sample enterprises in the food industry from 2011 to 2020.

[image: Table 5]


[image: Figure 2]
FIGURE 2. The annual change trend of total factor productivity (TFP), technical efficiency change (EFFCH), and technological progress change (TECHCH) of 17 sample enterprises in the food industry from 2011 to 2020.


Pure efficiency change and SECH have different degrees of influence on technical efficiency in different years. In terms of EFFCH from Table 5 and Figure 2, it can be seen that the technical efficiency of enterprises fluctuated greatly in the past 10 years. Among them, only the technical efficiency in 2016 was <1, indicating that its use of technical factors is less efficient, which shows that the application of technical factors in sample enterprises reaches a high level. In a word, the average technical efficiency is rising. Still, the average scale efficiency pulls down the level of technical efficiency growth.

From the perspective of TECHCH, the technological progress in 2012 and 2015 was <1 and that in other years was more than 1. In the rising state, the average technological progress efficiency is 1.278, indicating that all the enterprises have performed well in applying new technologies and developing new products in CSR.

On the whole, technological progress is the main factor affecting the change in total factor productivity of CSR and the food industry has the characteristic of constantly paying attention to technology and carrying out reforms in production technology. The trend of technological progress change is generally more consistent with the change of total factor productivity. As shown in Figure 2, the growth of technological progress in 2020 is larger. Therefore, in the context of the pandemic, enterprises should pay more attention to technological progress, introduce new technologies, improve their innovation capabilities, and actively respond to the challenges of global and systemic risks.

To analyze the total factor productivity index of social responsibility efficiency and its decomposition of sample companies under the pandemic, this article collated the comprehensive efficiency index of social responsibility and its decomposition index of each enterprise sample company in 2020, as shown in Table 6. Table 6 shows six enterprises with a TFP index of <1, namely, New Hope, Royal Group, Sanyuan, Bright Dairy, Shuanghui Development, and COFCO Sugar. The total factor productivity of these six enterprises showed a downward trend in 2020. Combined with the static performance in 2020, it is found that the operation effect of most enterprises is not ideal, except Huang Group, once again indicating that the pandemic had a serious impact on the operations of companies in the food industry.


Table 6. TFP index and its decomposition of social responsibility efficiency of sample companies in the 17 sample enterprises in the food industry in 2020.

[image: Table 6]

The development within the enterprises in the food industry is uneven in terms of technical efficiency and technical progress. To further analyze the composition of total factor productivity change, technical efficiency change is used as the horizontal coordinate, technical progress is used as the vertical coordinate, and the average value of technical efficiency change, as well as the average value of technical progress change, is used as the threshold value, to divide the sample companies into four quadrants to evaluate the total factor productivity change status in 2020 (see Figure 3). As can be seen from figure, most companies are located in the third and fourth quadrants. None of the companies is distributed in the first quadrant, i.e., no company's technical efficiency and technical progress are both above the industry average. What is more, it shows that the level of technical efficiency and the technical progress in the food industry is high. Still, most of the enterprises are located below the industry average.


[image: Figure 3]
FIGURE 3. Composition of changes in comprehensive efficiency of the 17 sample enterprises in 2020.


From the analysis of technical efficiency and technical progress, Chengde Lolo, Guizhou Maotai, Tsingtao Beer, Erie Shares, and Sanquan Food all achieved positive total factor productivity growth even though their TECHCH and EFFCH are lower than the sample mean. The common reason is that the acceleration of technical progress is obvious, compensating for declining technical efficiency.



Analysis of Factors Influencing Corporate Social Responsibility Efficiency in the Food Industry Based on the Tobit Model
 
Variable Selection

The super-efficiency DEA and Malmquist index objectively reflect the social responsibility efficiency of the sample companies and the Tobit regression is selected to further explore the key influencing factors of CSR efficiency.

Based on the literature research and the analysis of influencing factors, this article selects five explanatory variables: enterprise size, corporate governance level, shareholding concentration, profitability, and listing years, from the internal governance structure and the nature of their capabilities. The specific indicators and descriptions are shown in Table 7. Among them, the measure of corporate governance level refers to the studies of Rechner and Dalton (22) and Jiraporn et al. (23), companies which meet the criteria that the chief executive officer (CEO) and Chairman of the Board are not concurrent and that there are four or more committees on the board are considered to have a high level of governance.


Table 7. Factors influencing CSR efficiency.

[image: Table 7]

In this article, we believe that the size of an enterprise reflects its ability to assume social responsibility and the complexity of its internal operation process, which are closely related to its social responsibility efficiency. The degree of attention to social responsibility may vary. The level of corporate governance reflects whether the enterprise's shareholders, directors, and executives have their respective roles and responsibilities and its impact on the efficiency of social responsibility cannot be ignored. The concentration of shareholding directly reflects the shareholding structure of the enterprise and the shareholding of the major shareholders, which represents the stability of the enterprise's internal control and has a close relationship with the internal governance of the enterprise. The level of profitability reflects whether the enterprise's business activities have a solid economic foundation, which affects the ability and efficiency of the enterprise to fulfill its social responsibility in terms of corporate strategy and business policy. The listing years reflect the enterprise's overall strength and operational experience.



Descriptive Statistics and Correlation Analysis

Corporate social responsibility efficiency was used as the explanatory variable and each influencing factor was used as the explanatory variable. The results of descriptive statistics of each variable are shown in Table 8.


Table 8. Results of descriptive statistics of the Tobit model variables.

[image: Table 8]

To test for multicollinearity among the explanatory variables, correlation analysis was performed on each explanatory variable included in the Tobit model and the results are shown in Table 9. The correlation of each explanatory variable was not overly significant, but there were still cases where the correlation coefficient was >0.5. Therefore, it was necessary to further test whether there was multicollinearity among the variables. The variance inflation factor (VIF) was obtained by testing the covariance of each explanatory variable and the VIF values were found to be <10, indicating that there was no serious multicollinearity among the explanatory variables.


Table 9. Results of correlation analysis and multicollinearity test.

[image: Table 9]



Hausman Test and Model Building

The original hypothesis of the Hausman test is that the coefficients of a random-effects model do not differ from those of a fixed-effects model. If the original hypothesis is accepted, it indicates that a random-effects model should be chosen, otherwise a fixed-effects model should be chosen. We used Stata version 15.0 to test the model setting of the panel data by establishing a random-effects model among the variables and conducting the Hausman test. The test results are shown in Table 10.


Table 10. Results of the Hausman test.

[image: Table 10]

As shown in Table 10, according to the results of the Hausman test, the p-value is 0.221, indicating that the test results did not reject the original hypothesis, so the panel data of CSR efficiency influencing factors should be modeled by the Tobit regression with random effects.

Using a random-effects model of the Tobit regression, combined with the above established index system of influencing factors, the relationship model between CSR efficiency and various influencing factors of enterprises in the food industry is established as shown in the following equation:

[image: image]

where CSRit denotes CSR efficiency of firm i in year t, β0 denotes the regression constant, β denotes the regression coefficient, and ε denotes the random error.



Tobit Regression Results and Analysis

Based on the Tobit model established above, we use Stata version 15.0 to load the data of the food industry enterprises' social responsibility efficiency and various influencing factor variables from 2011 to 2020 and conducts the Tobit regression to obtain the regression coefficient and other parameters of each variable. The results are shown in Table 11.


Table 11. The Tobit regression results of factors influencing CSR efficiency.

[image: Table 11]

As shown in Table 11, in the Tobit regression model established above, profitability passes the test at the 1% significance level and enterprise size passes the test at the 5% significance level. Listing years pass the test at the 10% significance level, indicating that the above three variables are the key factors affecting CSR in the food industry. The corporate governance and shareholding concentration level did not pass the significance test, indicating that their effects on CSR efficiency are insignificant under this model.

The expansion of enterprise size will reduce CSR efficiency to a certain extent and the impact is more significant. In terms of enterprise size, the coefficient of the natural logarithm of total assets at the end of the year on CSR efficiency is −0.353. This evidence indicates that although the expansion of enterprise size will provide enterprises with greater ability to fulfill their social responsibility, it also tends to cause problems such as the complexity of internal operations or too many links, resulting in higher costs and lower CSR efficiency.

At the level of corporate governance, the independence of the general manager and chairman and the integrity of corporate committees positively impact CSR efficiency. This issue indicates that the effective monitoring, checks and balances, and decision-making role of the company's board of directors can help to improve social responsibility performance and efficiency. Still, its effect is not significant and is not a key influencing factor of CSR efficiency.

Corporate shareholding concentration, on the other hand, harms CSR efficiency, reflecting that in internal control, major shareholders ignore the efficiency of social responsibility input to a certain extent or there may be errors or deficiencies in relevant decisions, which is not conducive to the implementation of corporate social responsibility and the improvement of efficiency. However, the effect of this variable is also insignificant and does not have a critical impact on CSR efficiency.

Regarding profitability, the coefficient of return on assets on CSR efficiency is −0.059, a negative effect and highly significant. Generally speaking, the rise in profitability will help companies to improve their ability to fulfill their social responsibility. Still, there are cases that after making profits, companies will be more inclined to invest their profits in the expansion of their scale or other strategic purposes and continuously invest for the improvement of their competitiveness, while neglecting the implementation of socially responsible behaviors, thus causing a decline in CSR efficiency.

In terms of listing years, the influence coefficient of listing years on CSR efficiency is 0.611, which has a positive effect and a slightly significant influence. This result proves that when companies have been listed for a longer period, they are more rational in their capital investment, have more experience and stronger sustainability, and attach importance to CSR, thus promoting the improvement of CSR efficiency.



Tobit Regression Results and Analysis Under the Influence of the Pandemic

Considering that COVID-19 pandemic in 2020 has greatly impacted various industries, we will explore the changes and differences in the factors influencing the social responsibility efficiency of food industry companies before and after the pandemic outbreak. Also, based on the Tobit model established above, using the abovementioned social responsibility efficiency of food companies in 2019 and 2020 and the variable data of various influencing factors, respectively, represent the situation before and after the outbreak and perform the Tobit regression. The results are shown in Table 12.


Table 12. The Tobit regression results of factors influencing CSR efficiency under the influence of pandemic.

[image: Table 12]

From Table 12, we can see that in 2019 before the pandemic outbreak, enterprise size and shareholding concentration negatively impacted CSR efficiency, while the level of corporate governance, profitability, and listing years has a positive impact, among which only enterprise size is the key influencing factor. In 2020 after the pandemic, corporate governance, profitability, and listing years, which were originally positive, all became negative effects. The enterprises' size and shareholding concentration change from negative to positive effects. Among them, the significance of enterprise size disappears and the listing years become the key influencing factor of CSR efficiency.

The above comparison illustrates that the arrival of COVID-19 has had a great impact on the food industry. Enterprises with larger scale and more stable internal controls are more likely to reduce their operations and continue fulfilling their corporate social responsibilities under the pandemic's impact. However, enterprises with higher levels of governance or higher profitability harm CSR efficiency, which may be because enterprises uniformly focus their resources on reducing the pandemic's impact and ignore the improvement of CSR efficiency. The cost of adjusting the internal structure and profit model is relatively high, which will hurt the efficiency of social responsibility. In addition, the number of years on the market became a key negative factor affecting CSR efficiency after the pandemic outbreak, probably because the impact of COVID-19 required enterprises to make timely adjustments to their existing models. Enterprises with longer listing years have accumulated more investment.





CONCLUSION

Based on the background of COVID-19 and taking 17 enterprises in the food industry whose social responsibility performance is above the industry level from 2011 to 2020 as an example. After using the super-efficiency DEA-Malmquist-Tobit model to analyze the CSR efficiency of 17 food enterprises in China from 2011 to 2020, this article gets some conclusion, which are as follows:

First, according to the static analysis of the super-efficiency DEA model, the average value of CSR efficiency of 17 samples in the food industry from 2011 to 2020 is 1.534 and the overall level of CSR efficiency is high. On the whole, COVID-19 has promoted the social responsibility of the sample enterprises in the food industry, with individual differences in the impact on the food industry, among which enterprises with good CSR performance before the pandemic are more affected. There is an obvious gap in social responsibility efficiency among these enterprises. At the same time, among Chinese food enterprises with good social responsibility performance, some enterprises have inefficient social responsibility efficiency investments. Therefore, Chinese food enterprises' social responsibility investment efficiency needs to be improved.

In addition, according to the dynamic analysis of the Malmquist productivity index method, the average total factor productivity of 17 sample enterprises from 2011 to 2020 was 1.957 and the annual total factor productivity was >1. The overall CSR efficiency was on the rise year by year. From the perspective of technical efficiency change and the technical efficiency level of enterprises has been rising in the past 10 years, but the fluctuation trend is relatively large. The average scale efficiency has pulled down the growth level of technical efficiency. From the perspective of technological progress change, the changing trend of technological progress is generally consistent with total factor productivity. Therefore, technological progress is the main factor affecting the change of total factor productivity of corporate social responsibility. From the perspective of total factor productivity, the overall CSR efficiency of 17 sample enterprises in the food industry from 2011 to 2020 was jointly affected by changes in technical efficiency and technological progress. From the overall level, total factor productivity was more affected by changes in technological progress. Under the background of COVID-19, the level of technological efficiency and technological progress in the food industry is relatively high. Still, most enterprises are below the average level of the industry. The development of technical efficiency and technological progress within the food industry is unbalanced.

Finally, according to the Tobit regression analysis, enterprise size, profitability, and listing years belong to the key factors affecting social responsibility efficiency of food industry enterprises, among which, listing years have a positive effect on CSR efficiency. In contrast, enterprise size and profitability do not positively correlate with CSR efficiency. In addition, the level of corporate governance and shareholding concentration does not significantly affect CSR efficiency under this study and are not among the key influencing factors. The occurrence of COVID-19 pandemic, on the other hand, caused a great impact on the influencing factors of CSR in the food industry. Before the pandemic, enterprise size was the key influencing factor on CSR efficiency with a significant negative influence; after the outbreak, listing years became the key influencing factor with a negative relationship with CSR efficiency. The rest of the variables were not key influencing factors.

According to the above study conclusions, this article puts forward the following suggestions:

According to the principle of CSR, the laws related to the food industry should focus on safeguarding the interests of consumers to prevent damage to the interests of consumers due to legal loopholes. In terms of the government, the government should improve the laws and regulations on the social responsibility of China's food industry enterprises and give play to legal supervision and management. In addition, the government must hold public welfare lectures on social responsibility, publicize the knowledge of corporate social responsibility to consumers, change consumers' shopping concept, encourage consumers to pay attention to the performance of CSR, and the quality of food to guide the change of the atmosphere of the whole food industry.

In terms of the food industry, one of the reasons for the poor performance of social responsibility of Chinese food enterprises is the lack of unified social responsibility standards. Therefore, the Chinese food industry must setup corresponding social responsibility implementation standards according to their characteristics and gradually improve the statistical and quantitative systems of social responsibility indicators of food enterprises. Besides, it is necessary to reward enterprises with good performance in CSR within the industry, which will help to develop corporate social responsibility culture to improve the current situation of social responsibility of Chinese food enterprises.

For the efficiency of social responsibility investment, food enterprises should pay attention to various stakeholders' interests to achieve long-term and stable development, especially the interests of consumers, suppliers, and creditors. For total factor productivity, in the process of undertaking social responsibility, food enterprises should strengthen technological investment, introduce innovative talents, and increase the intellectual reserve of enterprises, which can improve the level of technological innovation and help enterprises to create unique high value-added products, find new profit growth points in the highly competitive market environment, to improve profitability and overall social responsibility efficiency.



STUDY LIMITATIONS AND OUTLOOK

The study of CSR performance evaluation is a very applied field and this article also specific the research objects to food enterprises to emphasize this point. But, although this article combines theory and practice and builds a model that can be applied to the evaluation of the social responsibility performance of Chinese food enterprises, there are still some shortcomings in the depth of the study and the system of the study.

First, due to the study on CSR in China is still in the stage of growth and development, there are still many gaps in the social responsibility of enterprise, including food enterprises, so that the selected social responsibility input-output evaluation index in this article does not contain all the content of CSR. Therefore, in the further study, we will further explore and improve, make the study more representative.

Second, due to the limitations of objective conditions such as time and resources, the social responsibility performance evaluation model constructed in this article has not been empirically studied in specific food enterprises, so on the basis of the feasibility, its accuracy needs to be further tested by examples.

Third, enterprises of different nature have differences in the performance of social responsibilities. This article does not include this influencing factor into the construction category of CSR performance evaluation model in the food industry, which will affect the judgment of CSR behavior performance to a certain extent.

For the first limitation, this article believes that through the further exploration and research in the field of CSR and its performance evaluation in the future, we can obtain more and more representative indicators. For the second limitation, this article gives the following research idea: first, select a few food enterprises, which are representative and have research meaning and the specific information of the company is analyzed according to the established social responsibility performance evaluation model, so as to make the study more practical, rise from particularity to universality, and give study suggestions of universal significance. For the third limitation, this article will continue to carry out in-depth and rich study on the basis of the existing research and continue to build a scientific and reasonable food enterprise social responsibility performance evaluation model, to provide great significance for food enterprises and stakeholders from all the walks of life.
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Average  1.957 1.388 1.108 1532 1.278

Source: Data Processing.
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