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The carbon market is the most important policy tool for achieving carbon peak and carbon neutralization. Enterprises are significant players in the carbon market, and this study aimed to identify if their willingness to participate is connected to the carbon market’s stability and, at the same time, whether it is also relevant for policy design and implementation. Using the technology acceptance model (TAM) and 226 questionnaire data from equipment manufacturing enterprises in Henan Province, China, this study contributes to the empirical analysis of the impact mechanism of information acquisition on the enterprises’ willingness to participate in the carbon market, with a particular focus on evaluating the three main transmission paths: the mediating role of perceived ease of use, the mediating role of perceived usefulness, and the chain mediating role of perceived ease of use and perceived usefulness; moreover, the results of the robustness tests also confirmed the soundness and validity of the research model. The study underlined that when appropriately designing the incentive mechanism for enterprises to participate in the carbon market, it may effectively enhance their willingness to participate in the carbon market by improving their perception of the ease of use and usefulness of the carbon market.
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1 INTRODUCTION
China, as the world’s largest carbon emitter, undertook international emission reduction responsibilities and attempted to realize carbon peaking and carbon neutralization by establishing a unified national carbon market. In 2021, the carbon emission of China was 12 billion tons, and at the same time, the national carbon market was officially launched (Sun et al., 2022). The carbon market not only increased the use cost of high polluting energy but also provided economic incentives for enterprises to reduce carbon emissions. By 31 December 2021, the cumulative trading volume of the carbon emission quota in the national carbon market was 179 million tons.
Henan was the most populous province in China, and its GDP attained 5.89 trillion Yuan in 2021, approximately 11.07% of the country’s total (Qin et al., 2022). The equipment manufacturing sector was one of the five important industries in Henan Province. There were 3,819 enterprises in this sector, nearly 19.28% of the total number of industrial enterprises in Henan Province. The energy consumption of this sector reached 2.92 million Tec, about 2.22% of the total energy consumption of the province. Simultaneously, the carbon emission was 13.07 million tons, around 2.08% of the province’s carbon emission. How to reduce carbon emissions and energy consumption is still an urgent challenge for the equipment manufacturing industry in Henan Province.
From the traditional economic point of view, carbon emissions not only had externalities but also embodied the attributes of global public goods (Dixon, 2002). The introduction of the carbon trading market aims to internalize the externalities of carbon emissions through market-based means, which gives carbon emission rights the attributes of a commodity (Alexeeva and Anger, 2016). Furthermore, the trading of carbon emission rights means the transfer of property rights between economic agents by the use of carbon emission rights for a fee, or the trading of carbon emission rights, to optimize the allocation of resources and reduce carbon emission levels.
The government expected to use the carbon market as a policy tool to accelerate the low-carbon transformation of the equipment manufacturing industry while promoting the upgrading of industrial structures and low-carbon technological innovation. In the operation process of the carbon market, information was the key issue affecting the rational and effective allocation of resources, so the enterprises might use various approaches to obtain information for the purpose of making scientific decisions and, in addition, deciding whether to participate in the carbon market. In the meantime, the rational decisions of enterprises further made the carbon market operate stably and reliably.
In this context, the most important contributions of this study lay in three aspects. First, the technology acceptance model (TAM) considering information acquisition and enterprises’ cognition was introduced; this model took into account the influence of external environmental factors on individual behavior, rather than only exploring the mechanisms that influenced individual behavior from a cognitive perspective, which expanded the viewpoint of research on enterprises’ willingness to participate in the carbon market. Second, whilst the literature on the China emission trading scheme was steadily increasing, the issue of the pathways and mechanisms that influenced the willingness of enterprises to participate in the carbon market had not been addressed so far. As an important participant in the carbon market, a discussion on enterprises’ willingness to participate could help provide empirical support for the development of China’s carbon trading market from a microperspective. Finally, we found the mediating paths and effects of perceived ease of use and perceived usefulness through a mediating effects test. Therefore, policy ways to improve enterprises’ willingness to participate in the carbon market could be proposed.
This article is organized as follows: Section 2 depicted a review of the literature. In Section 3, the research hypothesis and theoretical framework were described, which posed assumptions from the relationship among the information acquisition, enterprises’ participation willingness, and the mediating role of enterprises’ cognition, respectively, and an improved technology acceptance model was subsequently constructed. This was followed by the research design, which illustrated different parts such as sample selection and data collection, variable measure, reliability and validity test, and common method deviation test. Section 5 included four aspects: first, the variation expansion factor (VIF) test was performed on all explanatory variables to avoid multi-collinearity, and then, the hierarchical linear regression analysis was used to test the hypothesis. Third, the mediating paths and effects of perceived ease of use and perceived usefulness were analyzed through a mediating effects test. Robust testing was carried out in the final part. Section 6 discussed the findings and put forward the policy suggestions. Finally, we reflect on how our findings might help to advance research on the carbon peak and carbon neutralization.
2 LITERATURE REVIEW
To actively respond to global climate change and further strengthen carbon emission reduction efforts, the construction of China’s carbon market began in 2011 when China’s National Development and Reform Commission issued the “Notice on Piloting Carbon Emissions Trading,” and seven provinces and cities, including Beijing, Shanghai, and Guangdong province, were approved to carry out piloting work on carbon emission trading; these provinces and cities worked out local laws and regulations, established an MRV (monitoring, reporting, and verification) system, designed allowance allocation and trading rules, etc. In December 2017, China’s National Development and Reform Commission issued the “National Carbon Emissions Trading Market Construction Plan,” which marked the construction of a unified national carbon market. Some scholars had analyzed the impact of China’s carbon market in different regions and scenarios. The development status of domestic and international carbon markets was compared and found that the main problems of China’s carbon markets were the lack of incentive mechanism, market fragmentation, defect of fairness, and a series of systemic problems (Zhao et al., 2017). The computable general equilibrium (CGE) model was used to analyze the economic impacts of China’s carbon market (Wang and Wang, 2016; Huang H. et al., 2019). Other researchers explored the impact of permit distribution on the fairness of regional development (Jiang et al., 2014; Zhang et al., 2014; Hu et al., 2017; Li et al., 2018; Tan et al., 2019).
Originally, with the focus on the study of individual behavior, scholars have constructed a number of relevant theoretical models (Ajzen and Fishbein, 1977; Ajzen, 1991; Davis and Viswanath, 1996). The most typical ones were the theory of Reasoned Action (TRA), the theory of planned behavior (TPB), and the technology acceptance model (TAM). TRA was proposed to explain the determinants of human behavior, and this theory assumed that an individual’s attitude toward a behavior and the subjective norms to which he or she was subjected could determine that individual’s willingness to act. Zhao et al. (2018) studied the factors that influence enterprises’ willingness to pay for carbon emissions in China through TRA and found the perception of the high pressure of energy costs would significantly decrease the enterprises’ willingness to participate in the carbon market. Based on TRA, a questionnaire survey was conducted on selected power plants in China, and the study found that fossil fuel combustion, production technology, output adjustment, and environmental management aspects might have an impact on enterprises’ willingness to participate in the carbon market (Chen et al., 2018). Furthermore, structural, regulatory, contextual, and cultural barriers hampered the process of translating enterprises’ willingness to participate in the carbon market into behavior (Yong, 2012).
The TRA ignored the influence of behavioral controllability on an individual’s willingness to act. Therefore, the TRA was extended by introducing perceived behavioral control and proposing TPB in order to improve the explanation and prediction of behavior. For enterprises in China’s carbon trading pilot regions, these companies were more concerned about the volatility of carbon trading prices, and dramatic price fluctuations could reduce their willingness to participate in the carbon trading market (Fan et al., 2019). The completeness of carbon market policies and the transparency of carbon trading information were also important factors influencing enterprises’ willingness to participate in the carbon market (Hu et al., 2017). Some companies paid close attention to the size of the carbon trading market and believed that participating in an inefficient or weakly efficient carbon trading market would increase the risk to their business (Zhao et al., 2017).
TRA and TPB only explored the mechanisms that influence individual behavior from a cognitive perspective, ignoring the influence of external environmental factors on individual behavior. The TAM was developed to explain a psychological mechanism of information communication technology (ICT) adoption based on the TRA (Davis, 1989). The theory suggests that an individual’s external environment and cognitive characteristics jointly influenced his or her willingness to use a system and his or her behavior, and that the external environment influenced the individual’s willingness to use it through his or her cognitive characteristics (Venkatesh, 2008). The cognitive characteristics of individuals and the external environment in which they lived not only influence their decision-making abilities but also motivated them to optimize their own resource allocation according to their needs, thus having a significant impact on their willingness to use and their behavior (Choshaly, 2019; Mi et al., 2019; Zhu et al., 2020; Mo et al., 2021). Unlike the two theories mentioned earlier, the TAM introduced external environmental factors (Chimborazo et al., 2021). Enterprise’s participation behavior in the carbon market was rooted in social activity and influenced not only by the level of awareness of the carbon market, for example, perceived difficulty and benefits of participation, but also by the external environment in which the enterprise operates, for example, access to carbon market-related information. The TAM introduces external environmental factors and reveals the process of individual willingness to use and behavior in response to external environmental influences, offering more significant advantages than the TRA and TPB. Therefore, the TAM had been chosen as the conceptual model for this study. Furthermore, data quality is also a critical success factor for user acceptance of research information (Azeroual et al., 2020).
Information acquisition (IA) referred to the act of acquiring information for a certain goal (Meng and Zhong, 2012), and was determined by personal factors and salient elements in the target environment (Xie et al., 2012). The more exposure an individual had to something and the higher the level of exposure, the more information was available about it and the more willing he or she was to act accordingly (Li et al., 2020). Some scholars had found that information acquisition played an important influence on an individual’s decision-making behavior and it also significantly and positively affects the firms’ willingness to participate in the market or technology innovation (Guan and Chen, 2017; Ha et al., 2017; Guan et al., 2018; Guan et al., 2019).
Existing research had served as useful sources of inspiration. However, the following three deficiencies remain. First, research studies mostly focus on assessing the impact of China’s carbon market on industry or region from an economic or environmental standpoint, only a few studies had looked at the changes in behavior and the influencing factors of enterprises’ participation in the carbon market from an individual perspective. Enterprises were important actors in the carbon market, and changes in their behavior necessarily impact the carbon market’s stability. Second, most previous research methodologies relied on macro-analytical approaches such as CGE models or econometric models, with minimal use of micro-applications like TAM. Furthermore, few studies had looked at the influence of information acquisition on enterprises’ participation in the carbon market, resulting in a lack of a multi-level and multi-dimensional assessment of China’s carbon market. Thirdly, most research examined the role of China’s carbon market using macroeconomic data, while just a few studies employed questionnaire surveys to do so. To close the gap, this study attempted to build a TAM model based on a questionnaire survey, using enterprises as the research target to investigate their willingness to participate in the carbon market and the action path of information acquisition.
3 THEORETICAL FRAMEWORK AND HYPOTHESIS DEVELOPMENT
According to the information asymmetry theory, differences in the participants’ capacity to get critical information prompted them to take different risks while receiving distinct market benefits, resulting in a variety of behavioral proclivities (Sun et al., 2019). As a result, enterprises were able to discover the demand trend for carbon quotas, the feedback of complaint information, and the changing trend in carbon market policy, reducing the uncertainty in the process of enterprises participating in the carbon market and increasing their willingness to participate in the carbon market, according to information acquisition. Through the carbon market information transmission network, enterprises could obtain relevant information, identify opportunities and integrate resources, allowing them to seize carbon market opportunities and promote “demand discovery” and “opportunity creation” in order to gain a competitive advantage in the carbon market (Zhu et al., 2017; Zhao et al., 2017). Information acquisition might help the government obtain enterprise involvement in the carbon market and the potential to reduce carbon emissions. Additionally, they suitably adapted the reward and punishment methods to optimize predicted welfare while increasing the enterprise’s willingness and encouraging the enterprise’s active participation in the carbon market (Zhou et al., 2019). On the basis of the presented discussion earlier, we proposed hypothesis H1:
H1: information acquisition will improve the willingness of enterprises to participate in the carbon market.
Perceptions were not only judgments based on subjective cognitions by individuals, but also expectations based on objective foundations (Shang et al., 2016). TAM revealed the mechanism by which external environmental factors influence the intention and behavior of system use through the cognitions of an individual. Some scholars classified the cognitions of an individual into perceived usefulness and perceived ease of use (Wagner, 2015). Perceived usefulness reflected the benefits that individuals probably obtained through the system (Shah et al., 2013), which were determined by a combination of external environmental factors and perceived ease of use. Perceived ease of use is the perceived difficulty of participating in the carbon market (Gregoriou et al., 2014), which is determined by external environmental variables such as information acquisition.
In the context of the research scenario, perceived usefulness and perceived ease of use were redefined as follows. In the carbon market, perceived usefulness was an enterprise’s perception of the benefits of participating in the carbon market, such as improved resource efficiency, reduced carbon emissions, and economic benefits. Perceived ease of use was how easy it was for enterprises to participate in the carbon market, such as lower costs of participation, ease of access to information about the carbon market, and ease of diffusion of low-carbon production processes.
According to the embeddedness theory, the quality of information was an important factor in facilitating transaction generation (Yves and Pascal, 2014). If the information acquisition of the carbon market could allow enterprises to perceive the benefits of participating in the carbon market, then this would lead to the intention and behavior to participate. Depending on the social exchange theory (Chang et al., 2018), good information acquisition could deepen enterprises’ understanding of the carbon market and make them feel that by participating in the carbon market they could achieve the goal of reducing their carbon emissions, thereby promoting their willingness and behavior to participate in the carbon market. At the same time, the information acquisition related to the carbon market could effectively improve the communication efficiency and the speed of information flow between participants and reduce the transaction cost caused by information asymmetry, thus ensuring that the enterprise’s interests were not harmed (Fan and Todorova, 2017). In other words, information acquisition could effectively enhance an enterprise’s perception of the economic and emission reduction benefits from the carbon market, and hence their perceived usefulness. Therefore, the following hypothesis was proposed.
H2: information acquisition has a positive impact on perceived usefulness.
Due to the nature of profit maximization (Tam et al., 2020) and the limited rationality of enterprise decision-makers (Albashrawi and Motiwalla, 2017), when enterprises believed that they could not obtain benefits from participating in the carbon market, or even the detriment of their development, they would develop defensive attitudes and behaviors (Dwivedi et al., 2019), reducing their willingness to participate in the carbon market for the conflicts of interest. On the contrary, the willingness to participate in the carbon market would be further enhanced if enterprises believed that participation in the carbon market could improve resource efficiency, reduce carbon emissions, and achieve higher benefits. First, according to enterprises’ experience, the higher the willingness to participate, the more enterprises believed that by participating in the carbon market, they could force them to improve their low-carbon production processes, optimize their energy consumption structure, and increase their resource efficiency. Second, on the one hand, the higher the willingness of high carbon emission enterprises to participate if the cost of purchasing additional carbon allowances was lower than the penalty they face when they exceed emissions. On the other hand, if the low-carbon emission enterprises made more profit from selling additional carbon allowances than from putting all of them into production, the higher their willingness to participate. Finally, the higher the willingness to participate if enterprises could reduce carbon emissions effectively improved the ecological environment of their region through participation in the carbon market. Therefore, the following hypothesis was proposed.
H3: perceived usefulness positively affects the willingness of enterprises to participate.
Hypotheses H1, H2, and H3 in the previous section hypothesized that information acquisition positively influenced perceived usefulness and willingness to participate in the carbon market, respectively, and that perceived usefulness had a positive effect on willingness to participate in the carbon market. We believe that perceived usefulness might play a mediating role between information acquisition and willingness to participate. According to social cognitive theory, there is a system of interaction between behavioral intentions, external environmental factors, and individual cognition. External environmental factors might affect the individuals’ cognition, which in turn might affect their behavioral intentions (Xu et al., 2020). Therefore, based on the framework of “external environmental factors-subject cognition-behavior intentions,” we could further explain the progressive impact of information acquisition on the perceived usefulness and even behavior intentions of enterprises. Information was one of them, and it had a significant impact on how enterprises made decisions. Through the collection, integration, and analysis of information in the carbon market, we might increase the perceived usefulness of carbon market participation. Additionally, when the enterprise perceives that participating in the carbon market could obtain its positive utility, the enterprise would integrate the necessary resources to enter the carbon market. This further reinforced the enterprises’ inclination to the willingness to participate in the carbon market since it was consistent with the limited rationality of the decision-makers and the tendency of the enterprises to maximize their profits. Consequently, the following hypothesis was put out.
H4: perceived usefulness plays a mediating role between information acquisition and willingness to participate.
Perceived ease of use was used to measure the effort and time invested in upgrading the production process, updating equipment, training employees, and other preparations related to participation in the carbon market (Schwarz et al., 2014). Perceptions of ease of use depended on the information needed to make decisions. By having more comprehensive information to take effective actions, enterprises might reduce the difficulty of participation in the carbon market and enhance the perception of ease of use in the carbon market. First, the acquisition of participation information allowed enterprises to accurately understand the requirements for them to participate in the carbon market and take appropriate measures (e.g., process modification, monitoring equipment installation, and improving the cognitive level of employees) to actively reduce the difficulty of accessing the carbon market. Second, obtaining complaints and feedback information would enable government departments to accurately perceive the needs of enterprises in the carbon market, and make corresponding policy adjustments reducing the exclusion of enterprises from perceptions. Based on this, this study put forward the following hypothesis.
H5: information acquisition has a positive impact on perceived ease of use.
TAM identified that an individual’s willingness to use the system depended on perceived ease of use, which is another important factor (Alazab et al., 2021). If the difficulties faced by enterprises in participating in the carbon market were significant, the incentive for enterprises to continue to participate in the carbon market would diminish, resulting in enterprises resisting the carbon market and reducing their willingness to participate. If it was less difficult for enterprises to participate in the carbon market, they could iterate and upgrade their production processes and raise the awareness levels of their employees without incurring too high a time and financial cost. Their enthusiasm and willingness to participate in the carbon market would also increase. On the basis of the previous discussion, the following hypothesis was shown.
H6: perceived ease of use positively affects the willingness of enterprises to participate.
Hypotheses H1, H5, and H6 in the previous section hypothesized that information acquisition positively influenced perceived ease of use and willingness to participate in the carbon market, respectively, and that perceived ease of use had a positive effect on willingness to participate in the carbon market. We believe that perceived ease of use might play a mediating role between information acquisition and willingness to participate. Enterprises realized they could achieve relevance through multi-dimensional and diversified information when they built and improved the resource base of carbon market information through information collection and, eventually, formed the knowledge search space expansion. Furthermore, brook down the deficiencies caused by the “information cocoon” (Xie and Xia, 2020). They also discovered and assisted in exploring low-carbon production standards, acquired knowledge about low-carbon production, updated low-carbon production facilities, and optimized production processes and key node processes. As a result, the willingness of enterprises to participate in the carbon market was increased. The information comprised the market’s current stock of carbon allowances and each participant’s involvement. When analysts gathered, collated, and evaluated data from both within and outside of the firms to provide a more thorough, real-time understanding of current production processes, the information from previous participation represented the number of carbon emissions of the enterprises. Moreover, the more information analysts have access to, the more accurate the conclusions they will draw (Wang and Qi, 2022). The main production nodes that impacted an enterprise’s carbon emissions might be identified after utilizing machine learning and simulation models to anticipate future trends in carbon emission and identify appropriate emission reduction pathways. Additionally, by lowering the time and capital expenditures associated with changing production lines to be low-carbon, the difficulties of participating in the carbon market would also be lowered, increasing the desire of the enterprises to do so. This suggested that learning more about the carbon market would help enterprises comprehend low-carbon operations, which would improve their perception of how simple it would be for them to utilize the market and lead to a greater desire to participate. So the following hypothesis was put out.
H7: perceived ease of use plays a mediating role between information acquisition and enterprise participation intention.
TAM depicted that the willingness of enterprises to participate would be affected by the perceived ease of use and perceived usefulness, and perceived ease of use had a positive impact on the perceived usefulness of enterprises (Krishnaraju et al., 2016). Moreover, the relationship between perceived usefulness and perceived ease of use has been confirmed in many kinds of literature (Abraham et al., 2013; Barnett et al., 2015; Andersen, 2016; Mou et al., 2017; Sharma, 2019; Mendoza-Tello et al., 2019). In the process of enterprises participating in the carbon market, if the cost of rectification, installation of relevant equipment, and improving employee’s cognitive levels were low, it could reduce the difficulty of enterprises participating in the carbon market, so as to optimize the resource utilization efficiency of enterprises, reduce the carbon dioxide emission of enterprises, increase the benefits of enterprises, and improve the usefulness of participating in the carbon market. Therefore, this study put forward the following hypothesis.
H8: perceived ease of use has a positive impact on perceived usefulness.
This study made the case that a variety of information sources that enterprises acquired could help them improve their perceptions of the carbon market and would also affect their willingness to participate and behavioral decisions in the carbon market through enterprises’ perceptions based on the relationships hypothesized by H1, H4, H7, and H8, respectively (perceived ease of use and perceived usefulness). Based on the information related to the carbon market, enterprises might organize their employees to learn relevant knowledge, forming low-carbon production awareness. The reinforcement of the awareness of each member of the organization helped the organization as a whole to respond to the market (Allison and Lucy, 2015). On the other hand, it could encourage enterprises to optimize key production processes and develop low-carbon production lines. In other words, information acquisition improved employee awareness and encouraged the upgrading of production processes to reduce carbon emissions, which decreased the difficulty of participation and enhanced their perceived ease of use while also increasing the perception that participating in the carbon market would be beneficial and increasing the perceived usefulness of the enterprise. In fact, the value of information acquisition must be realized by enhancing the awareness of enterprises on the carbon market. Everyone who participated in the carbon market might see that the costs are reasonable given the advantages, not only enterprises (Liu and Zhou, 2018). It means the perceived ease of use and perceived usefulness need to match each other, so as to improve the willingness of enterprises to participate in the carbon market. The aforementioned discussion suggested that the information resources gained by enterprises would increase their knowledge of the carbon market and the value of their involvement in the market, increasing their willingness to engage. So, in this study, hypothesis H9 was put out.
H9: perceived usefulness and perceived ease of use play chain mediating roles in the relationship between information acquisition and enterprise participation intention.
Based on the literature review and hypothesis formulation, the theoretical framework model of this study is constructed, as shown in Figure 1.
[image: Figure 1]FIGURE 1 | Figure of the theoretical framework model.
4 RESEARCH DESIGN
4.1 Data collection
This study took the equipment manufacturing industry in Henan Province as the research object and used the questionnaire method to collect data. The questionnaire was collected in two stages to ensure that the questionnaire has high content validity and to avoid errors caused by unclear concepts and difficult to understand items. The first stage was before formal investigation, the research group formed an initial questionnaire based on the existing literature and expert suggestions, combined with the actual situation of the equipment manufacturing industry and the research purpose, and then selected 20 enterprises for the pre-test. Based on the pre-test results and expert suggestions, the questionnaire was modified, adjusted, and improved to form the final questionnaire.
In the second stage, the research group randomly sampled the equipment manufacturing industry through a field survey and an online questionnaire. According to Hoogland and Boomsma, the minimum sample size should be at least 10 times the number of observed items (Hoogland and Boomsma, 1998). Moreover, the maximum likelihood estimator (MLE) would become over-sensitive if the sample size was too large, so the sample size was finally determined to be 20 times the number of observed items, that is, 240 random samples. In order to ensure the authenticity and validity of the questionnaire data, on the one hand, the sample companies were brought together for face-to-face interviews. On the other hand, the persons in charge of the sample companies were contacted by e-mail or telephone to fill in the questionnaires, and the IP addresses were checked to confirm whether any companies had repeatedly filled in the questionnaires. In addition, the respondents to this survey were the department heads or managers of the enterprises who were directly responsible for the deployment of “carbon peaks and carbon neutrality.” These people had both a deeper understanding of their own operations and resource endowment and other information, as well as a higher level of carbon market awareness, effectively ensuring the credibility and validity of the questionnaire data. After excluding the unqualified questionnaires, 226 valid questionnaires were finally obtained, and the effective questionnaire rate was 94.17%.
The sample characteristics of enterprises were shown in Table 1. The results showed that most of the enterprises in this survey were private enterprises, accounting for 63.72%, at the same time, most of the enterprises surveyed were small and medium-sized enterprises, and the number of enterprises with a total number of employees of 1000 or fewer accounted for 69.92% of the total number of enterprises. Enterprises with an annual operating income of more than 20 million Yuan accounted for 95.13% of the total and the enterprise year was relatively short, enterprises with a company age of 25 years or less accounted for 76.54% of the total. Moreover, 94.69% of the enterprises surveyed said they understood the carbon market to some extent, 57.07% knew about the carbon market, and only 4.42% knew about the carbon market very well. Most surveyed enterprises believed they would face challenges in participating in the carbon market, accounting for 70.80% of the total sample. Only 4.87% made it clear that they would not participate in the carbon market if there were no mandatory requirements. But, most enterprises said they would participate in the carbon market if conditions permit. At the same time, during the interview, the research group found that enterprises felt it was difficult to participate in the carbon market, mainly because of the difficulty of obtaining information and the high cost. The overall distribution of samples was reasonable.
TABLE 1 | Description of sample characteristics.
[image: Table 1]4.2 Variable measure
The questionnaire included 12 items aiming to assess IA (three items), PU (three items), PEOU (three items), and W (three items). Each item was measured using a seven-point Likert scale, 1 = strongly disagree; 2 = moderately disagree; 3 = somewhat disagree; 4 = neutral; 5 = somewhat agree; 6 = moderately agree, and 7 = strongly agree. The items used in this study were based on the relevant research of the technology acceptance model (TAM) and modified in combination with the research purpose of this study, to ensure that these items have good validity and reliability. The analyzed variables and the source from which items were adopted are listed in Table 2. The observation items of each latent variable and the reliability and validity indexes of latent variables are shown in Table 3.
TABLE 2 | Questionnaire item source.
[image: Table 2]TABLE 3 | Reliability and validity indexes of latent variables.
[image: Table 3]Referring to the research of Xie and Wang (2020) and Xie et al. (2021), this study took the number of employees, annual operating income, and enterprise age as the control variables and reassigned them. The number of employees was divided into five categories from “under 20” to “more than 2000,” and the assignment range was 1–5. The annual operating income was divided into four categories: “under 300 ten thousand Yuan” to “more than 40,000 ten thousand Yuan,” and the assignment range was 1–4. The year of the enterprise was divided into five categories from “1–5 years” to “more than 51 years,” and the assignment range was 1–5. Table 4 presented the descriptive statistics and correlation coefficients of each latent variable.
TABLE 4 | Descriptive statistics of variables and Pearson correlation coefficient.
[image: Table 4]The results exhibited that the square root of the average variance extracted values (AVE) of each variable was greater than the correlation coefficient with other variables, which indicated that there was a good discrimination effect between variables. In addition, there was a significant positive correlation between information acquisition, perceived ease of use, perceived usefulness, and willingness to participate, which proved that the regression analysis model could be constructed. In Table 4, V1 represented the total number of employees, V2 represented the annual operating income, V3 represented the year of the enterprise, V4 represented the perceived usefulness, V5 represented the perceived ease of use, V6 represented the information acquisition, and V7 represented the willingness to participate.
4.3 Data analysis
First, descriptive data were obtained using SPSS 25.0 and Pearson correlation coefficients were calculated in order to determine the correlation between the variables. Next, the data were tested for reliability, and the model was tested for fitness using maximum likelihood (ML) estimation in the AMOS 24.0. Finally, a two-step process was then used to examine the mediating effect. Step one, according to Baron and Kenny’s research results (Baron and Kenny, 1986), the preliminary test of all the hypotheses in this study was carried out using hierarchical regression. Compared with the structural equation model method, the hierarchical regression analysis method could input independent variables into the regression equation in a predetermined order (Resmi and Kamalanabhan, 2010). Furthermore, it could also intuitively show the changes in F-statistics and R-square statistics of the whole model caused by the addition of specific variables, in order to judge whether adding the variable can improve the model (Peter and Jong, 1999). Step two, a bootstrap chain mediation test using SPSS macro PROCESS for bias correction to examine the mediating role of the two dimensions of perceived ease of use and perceived usefulness, the bootstrap sample size is 5000. The bootstrap test with deviation correction has a more accurate confidence interval and higher test efficiency (Fritz and MacKinnon, 2007).
4.4 Reliability and validity test
SPSS 25.0 was used to test the reliability of the questionnaire data (see Table 3). The overall Cronbach’s ɑ coefficient for the questionnaire data was 0.965, which indicated that the total scale had good internal consistency. The Cronbach’s ɑ coefficient of each latent variable was between 0.915 and 0.972, these values were greater than the critical value of 0.7 (Yang and Wu, 2011). The results of the validation factor analysis showed that the factor loadings for each observed question item ranged from 0.650 to 0.836, all of which were greater than 0.5 (Mcquitty, 2004), which meant a high level of confidence in the question items of the study model. The composite reliability (C.R.) was between 0.769 and 0.853, the values being greater than the critical value of 0.7 (Yang and Wu, 2011), and keeping up with Cronbach’s ɑ coefficient. Furthermore, the AVE for each latent variable ranged from 0.727 to 0.813, all greater than 0.7 (Mcdonald and Ho, 2002), which indicated that the questionnaire scale had good combined reliability and convergent validity.
4.5 Model matching index test
A goodness-of-fit analysis of the model of enterprises’ willingness to participate in the carbon market was carried out, and the model path diagram is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Model path diagram.
The χ2/df in the absolute fitness index was 2.562, which was less than the critical value of 3, the ‘df’ indicated the degree of freedom (Bentler and Yuan, 1999). RMSEA indicated the root mean square error of approximation, it was 0.073 and less than the critical value of 0.08 (Yang and Wu, 2011). IFI indicated the incremental fit index, it was 0.978, TLI indicated the Tucker–Lewis index, it was 0.969, CFI indicated the comparative fit index, it was 0.978, and these values were all greater than the critical value of 0.9 (Mcdonald and Ho, 2002). PGFI indicated the parsimony goodness-of-fit index, it was 0.565. PNFI indicated the parsimony normed fit index, which was 0.701. Both values were greater than the critical value of 0.5 (Chang et al., 2014). Moreover, the confirmatory factor analyses such as the single factor model, two factors model, three factors model, and four factors model were conducted and the test results are shown in Table 5.
TABLE 5 | Model fit indexes of different factor structures.
[image: Table 5]The single-factor model was one in which all question items are grouped into one latent variable and a model with only one latent variable was constructed, then the fit index of the model was solved. The two factors model classified the items related to information acquisition, perceived ease of use, and perceived usefulness as one latent variable, and the items related to willingness to participate were also grouped into one latent variable, and then the model was constructed, which contained both latent variables and the fit index of the model was solved. The three factors model was constructed by grouping question items related to information acquisition into one latent variable, the items related to perceived ease of use and perceived usefulness into one latent variable, and items related to willingness to participate into one latent variable, the model contained these three latent variables and then the fit index of the model was solved. The four-factor model used in this study was constructed by grouping items related to information acquisition into a latent variable, items related to perceived ease of use into a latent variable, items related to perceived usefulness into a latent variable, and items related to willingness to participate into a latent variable, and derived its fit index.
The four-factor model had higher adaptability than other models (χ2/df = 2.562, RMSEA = 0.073, IFI = 0.978, TLI = 0.969, CFI = 0.978, PGFI = 0.565, and PNFI = 0.701); moreover, all indicators were greater than the critical value which indicated that the dosage table used in this study had good discriminate validity. Finally, the AVE values of all latent variables were between 0.529 and 0.660, which was within the acceptable range, indicating that the model had good aggregation validity.
4.6 Common method deviation test
First, this study used Harman single factor analysis to test the common method deviation. The test results depicted that the cumulative variance interpretation rate of the first non-rotating component was 26.360%, which was lower than the 50% of critical value, indicating that there was little possibility of serious common method deviation. Second, this study further judged whether there was a serious common method deviation by comparing the fitting degree of the single factor model and the four factors model (the model used in this study). The results exhibited that the fitting degree of the four factors model was better than the single factor model, indicating that there was no serious common method deviation in this study.
5 RESULTS
5.1 Correlation test
To avoid serious multi-collinearity, this study performed a variation expansion factor (VIF) test on all explanatory variables of the model before regression analysis. The VIF values of information acquisition, perceived usefulness, and perceived ease of use were 2.411, 2.566, and 2.862, respectively, all of which were in the range of 1.0–3.0. This indicated that there was little possibility of multi-collinearity. At the same time, as shown in Table 4, the correlation coefficients between all explanatory variables (V4-V6) ranged from 0.604 to 0.681 and less than 0.7, which further verified that there was no significant multi-collinearity in this study. In addition, the annual operating income (r = 0.12, p < 0.05), perceived usefulness (r = 0.692, p < 0.01), perceived ease of use (r = 0.714, p < 0.01), and information acquisition (r = 0.81, p < 0.01) of enterprises are significantly positively correlated with the willingness of enterprises to participate, where r is the Pearson correlation coefficient between each variable and willingness to participate, p is the level of significance.
5.2 Hierarchical regression analysis
Hierarchical linear regression analysis was used to test the hypothesis. The results were displayed in Table 6 and the standard errors were in brackets. The results of model 2 (M2) showed that information acquisition had a significant positive impact on the enterprises’ willingness to participate (β = 0.803, p < 0.01) in the carbon market, and hypothesis H1 was verified.
TABLE 6 | Results of hierarchical linear regression.
[image: Table 6]The results of model 6 (M6) depicted that information acquisition had a significant positive impact on perceived usefulness (β = 0.711, p < 0.01), and hypothesis H2 was verified. The results of model 4 (M4) showed that perceived usefulness had a significant positive impact on enterprises’ willingness to participate (β = 0.252, p < 0.01), and hypothesis H3 was verified. According to the mediation effect test method of Baron and Kenny (Baron and Kenny, 1986), when comparing the results of M2 and M4, we found that if we add the perceived usefulness as a mediating variable, the regression coefficient of information acquisition on enterprise participation intention would decrease from β = 0.803 (p < 0.01) to β = 0.624 (p < 0.01), this indicated that perceived usefulness played mediating role in the relationship between information acquisition and enterprise participation intention, and the hypothesis H4 was verified.
The results of model 8 (M8) showed that information acquisition had a significant positive impact on perceived ease of use (β = 0.733, p < 0.01), and hypothesis H5 was verified. The results of model 3 (M3) exhibited that perceived ease of use had a significant positive impact on the willingness of enterprises to participate (β = 264, p < 0.01), and hypothesis H6 was verified. Comparing the results of M3 and M2, we found that if we add the perceived ease of use as a mediating variable, the regression coefficient of information acquisition on enterprise participation intention would decrease from β = 0.803 (p < 0.01) to β = 0.61 (p < 0.01). It pictured that perceived ease of use played a mediating role between information acquisition and enterprise participation intention, and hypothesis H7 is verified.
The results of model 7 (M7) showed that perceived ease of use had a significant positive impact on perceived usefulness (β = 0.618, p < 0.01), and hypothesis H8 was verified. Comparing the results of model 3 (M3) and model 5 (M5), we found that if we add the perceived usefulness as a mediating variable to the regression model composed of information acquisition, perceived ease of use, and enterprise participation intention, the regression coefficient of information acquisition on enterprise participation intention would decrease from β = 0.61 (p < 0.01) to β = 0.569 (p < 0.01). According to the test results of H4, H7, and H8, perceived ease of use and perceived usefulness played a chain mediating role between information acquisition and enterprise participation intention. Hypothesis H9 was verified.
5.3 Mediating effect test
In this study, we conducted repeated sampling based on the Bootstrap method of bias correction (Marinho and Araújo, 2021), and further analyzed the mediating paths and effects of perceived ease of use and perceived usefulness through a mediating effects test. The results are shown in Table 7.
TABLE 7 | Test results of bootstrap mediation effect.
[image: Table 7]The first action path was “IA→PEOU→W,” both the indirect effect [β = 0.183, 95% error correction confidence interval was (0.096, 0.290)] and direct effect [β = 0.578, 95% error correction confidence interval was (0.474, 0.682)] of information acquisition on willingness to participate did not contain 0, this meant that perceived ease of use played a partially mediating role between information acquisition and willingness to participate.
The second action path was “IA→PU→W,” both the indirect effect [β = 0.591, 95% error correction confidence interval was (0.074, 0.262)] and direct effect [β = 0.591, 95% error correction confidence interval was (0.491, 0.691)] of information acquisition on willingness to participate do not contain 0, this indicated that perceived usefulness played a partial mediating role between information acquisition and willingness to participate.
The third action path was “IA→PEOU→PU,” both the indirect effect [β = 0.270, 95% error correction confidence interval was (0.152, 0.387)] and direct effect [β = 0.475, 95% error correction confidence interval was (0.349, 0.621)] of information acquisition on perceived usefulness does not contain 0, this manifested that perceived ease of use played a partial mediating role between information acquisition and perceived usefulness.
The fourth action path was “IA→PEOU→PU→ W,” both the indirect effect [β = 0.068, 95% error correction confidence interval (0.003, 0.154)] and direct effect [β = 0.539, 95% error correction confidence interval (0.431, 0.647)] of information acquisition on willingness to participate does not contain 0, this indicated that perceived ease of use and perceived usefulness also played the partial chain mediating roles between information acquisition and willingness to participate.
5.4 Robust test
The robustness of the mediating effects model was tested in the study, the chain incomplete mediating model which was constructed in this study, the non-chain mediating model, chain complete mediating model, and non-chain complete mediating model were constructed. The paths tested in the chain imperfect mediating model were IA→PEOU→PU→W, IA→PEOU→W, IA→PU→W, and IA→W. The paths tested in the non-chain mediating model were IA→PEOU→W, IA→PU→ willingness to participate, and IA→W. The paths tested in the chain complete mediating model were IA→PEOU→PU→W, IA→PEOU→W, and IA→PU→W. The paths tested in the non-chain complete mediating model were IA→PEOU→W and IA→PU→W.
Then, the great likelihood estimation method was used to calculate and compare the goodness-of-fit of the aforementioned models, the results are shown in Table 8. The chain incomplete mediating model had the smallest RMSEA value (RMSEA = 0.073), the smallest SRMR value (SRMR = 0.043), and the largest CFI value (CFI = 0.978), the largest TLI value (TLI = 0.969), and the variance difference was significant (p < 0.01). This indicated that the chain incomplete mediating model had the best goodness-of-fit and the results were robust and reliable.
TABLE 8 | Results of the robust test.
[image: Table 8]6 DISCUSSION
The equipment manufacturing industry was a significant growth pole in Henan Province’s high-quality economic development, but its features of high energy consumption, huge carbon emissions, and large pollution limited its expansion. If the industry is guided to actively participate in the carbon market in order to force enterprises to undergo energy structure transformation, it would not only speed up the low-carbon transformation of the equipment manufacturing industry but would also help promote the upgrading of industrial structure and low-carbon technological innovation in all fields of Henan Province, thus assisting the province in reaching its carbon peak.
The study contributed to tackling how enterprises could overcome the limitations of managers’ interpretations, production factors, and low-carbon perceptions when they participated in the carbon market. The literature on the relationship between enterprises and carbon markets emphasized the influence of managers’ perceptions on the mechanisms by which enterprises’ willingness and behavior to participate in the carbon market. Little was known about the influence of external environmental factors on enterprises’ behavior (Li et al., 2012; Fan et al., 2016; Mu et al., 2017; Ren and Lo, 2017) and how information acquisition affects enterprises’ willingness to participate in the carbon market (Yu et al., 2018). As the behavior of enterprises’ participation in the carbon market was rooted in social activities, we proposed that the information acquisition played an important role in improving the willingness of enterprises to participate in the carbon market. Information acquisition has a positive impact on perceived usefulness. At the same time, perceived usefulness and perceived ease of use all positively affected the willingness of enterprises to participate, furthermore, information acquisition had a positive impact on perceived ease of use, while perceived ease of use has a positive impact on perceived usefulness. We demonstrated these roles with a systematic empirical analysis of equipment manufacturing enterprises in Henan Province, China. Essentially, we found the dual impact mechanisms of information acquisition on enterprises’ willingness to participate in the carbon market, such as “IA→PEOU→W” and “IA→PU→W”, using the TAM. Moreover, the chain mediating effect of perceived ease of use and perceived usefulness of enterprises between information acquisition and participation intention was also empirically revealed in this study, which enriched the research on the antecedent variables of carbon market participation intention from the perspectives of the external environment and enterprise cognition, as well as the theoretical framework. These findings might serve as a good reference for enterprises when determining their carbon trading strategies.
However, there were several restrictions on this study. First, because there were so many different types of enterprises involved in the carbon market, the impact and significance of information acquisition, perceived ease of use, and perceived usefulness on willingness to participate might differ depending on the enterprise life cycle. Since the stage of the enterprise was not specified in this study, these points could be further examined in the future from the perspective of the enterprise life cycle. Second, heterogeneity existed among enterprises in various sectors and areas. Actually, from various geographical or industry viewpoints, the empirical links between information acquisition, perceived ease of use, perceived usefulness, and willingness to participate might be compared and analyzed. Finally, the processes of other external factors, such as participation risk (Chen et al., 2019) and government trust (Huang Y. H. et al., 2019), on enterprises’ willingness to participate in the carbon market were also not taken into account in this work. As a result, several external environmental factors could be introduced in further research and their effect pathways could be thoroughly investigated.
7 CONCLUSION
This study demonstrated that information acquisition could significantly improve the willingness of enterprises to participate in the carbon market through a questionnaire survey and empirical analysis of equipment manufacturing enterprises in Henan Province. It also discovered the intermediary mechanism of perceived ease of use and perceived usefulness in the process of information acquisition to improve the willingness of enterprises to participate. Not only did perceived ease of use or perceived usefulness play a mediating role in the process of information acquisition to increase enterprises’ willingness to participate in the carbon market, but also perceived ease of use and perceived usefulness combined to produce a chain mediating effect, in which the path is as follows: IA→PEOU→PU→W. Moreover, the results of the robustness tests also confirmed the soundness and validity of the research model.
The research findings have the following policy implications. First, it is important to create and improve the information sharing platform for the carbon market. Because information acquisition has a significant impact on the willingness of enterprises to participate in the carbon market, government departments can increase the willingness of enterprises to participate in the carbon market by lowering the cost and difficulty of acquiring information related to the carbon market and increasing the availability of information. Second, the carbon market’s complaint and feedback systems should be reinforced, offline trading and registration centers are created, and two-way communication between enterprises and the market is preserved. Third, a framework for policy incentives needs to be developed. Enterprises who enter the carbon market first will be given tax breaks and other financial aid, moreover, the amount of carbon quota trading and decrease in carbon emissions for each performance period are made public. Finally, as the main participants in the carbon market, enterprises must upgrade critical production processes and high carbon emission equipment with low-carbon technology and install carbon emission monitoring equipment, in order to successfully decrease the technical challenges associated with participation in the carbon market. Enterprises should simultaneously increase staff awareness of low-carbon issues and their expertise in low-carbon production.
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