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Reducing carbon emissions is crucial for combating climate change, and low-carbon consumption is vital for carbon reduction. While intelligence technologies may reshape consumption, how they affect low-carbon consumption behavior and the underlying mechanisms are underexplored. Using the Attitude-Context-Behavior (ACB) theory, this study investigated whether intelligence technologies can promote low-carbon consumption, focusing on attitudinal factors’ mediating effect. With 399 Ant Forest users, models were constructed and regression analyses were carried out. The results showed that: (1) Attitudinal factors positively influence consumers’ low-carbon consumption behavior; (2) Contextual factors, including intelligence technologies, media campaigns, policy regulations, interpersonal influence, and spiritual incentives all positively affect low-carbon consumption behavior; (3) These contextual factors enhance low-carbon consumption behavior via attitudinal factors. To promote low-carbon consumption among Chinese residents, accelerating intelligence technology development, maintaining awareness campaigns, and enhancing self-efficacy are essential for a low-carbon societal shift.
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1 INTRODUCTION
Excessive greenhouse gas emissions have caused severe harm to human society through climate warming. Countries worldwide have reached a consensus to reduce carbon emissions and address the climate crisis. China accounts for over one-third of global carbon emissions, making it the world’s largest carbon emitter. To tackle this, China has proposed the strategic goals of “achieving carbon peaking by 2030 and carbon neutrality by 2060.” Realizing these goals requires joint efforts from businesses and consumers, particularly widespread adoption of sustainable green lifestyles. However, a key challenge lies in encouraging behaviors that generate greater environmental benefits (Stern, 2000). In recent years, the Chinese government has prioritized ecological conservation, implementing environmental policies and carbon reduction measures that have significantly advanced digital ecological civilization and enhanced smart governance capabilities. In February 2024, China released the Overall Plan for Digital China Development, explicitly targeting “substantial progress in digital ecological civilization by 2025,” which sets higher requirements for applying next-generation digital technologies in ecological governance and guides the nation’s digital sustainability efforts.
Promoting green consumption transformation is also an effective pathway to mitigate global warming. The Green Consumption Promotion Plan outlines that by 2025, green consumption concepts will be deeply rooted, wasteful practices will be curtailed, market shares of green products will rise significantly, and green consumption systems will take shape. The widespread adoption of low-carbon consumption behaviors is critical to achieving China’s carbon peaking and neutrality goals and slowing global climate change.
Empirical studies in China reveal that environmental cognition positively influences socially conscious consumption but negatively affects individually conscious consumption, suggesting that enhancing environmental awareness can effectively promote low-carbon behaviors (Chen et al., 2014; Tian et al., 2024b). Research on the cultural and behavioral dimensions of low-carbon consumption indicates that social consumption culture negatively moderates self-preferences, behavioral intentions, and individual actions (Guan, 2014). Emotional fluctuations significantly impact low-carbon consumption behaviors (Wang, 2018). Most Chinese citizens hold positive attitudes toward green consumption, with women and residents in developed regions showing greater concern (Huang et al., 2022). Key drivers include environmental education, air pollution control, and online shopping. Urban residents’ low-carbon behaviors are shaped by personal, familial, and societal factors (Ding et al., 2018; Liu et al., 2019; Mi et al., 2018).
Existing research predominantly examines low-carbon consumption from policy or corporate perspectives, with limited attention to the role of intelligence in shaping consumer behavior-a gap increasingly salient amid rapid advancements in intelligence technologies.
In recent years, China’s digital technologies have leapfrogged development, leveraging unique advantages to drive green product innovation, guide low-carbon choices, and foster sustainable markets. Consumer trends are shifting toward green and intelligent consumption. Digital platforms, with their robust data analytics and scenario-based applications, enable personalized services, carbon footprint tracking, and incentives for low-carbon actions like e-commerce and shared mobility, accelerating the transition to sustainable consumption models. As a flagship feature of Alipay (China’s leading mobile payment app), Ant Forest embeds environmental stewardship into daily transactions. This feature encourages users to adopt low-carbon habits by rewarding virtual “energy points” for eco-friendly behaviors, which can be redeemed to plant trees in arid regions. By engaging the public in collective environmental actions, Ant Forest bridges individual contributions to broader ecological goals (Li and Peng, 2019).
This study examines the role of intelligence technologies in facilitating low-carbon consumption behaviors, evaluates the applicability of the Attitude-Context-Behavior (ACB) theory in this context, and investigates the impact of Ant Forest on promoting sustainable practices among Chinese residents. The research framework is structured as follows: Firstly, we synthesize existing literature to establish a robust theoretical foundation and formulate hypotheses. Secondly, we develop a conceptual model of low-carbon consumption behavior grounded in the ACB theory. Thirdly, we outline empirical methods comprehensively, encompassing data sources, processing techniques, statistical analyses, and model outcomes. Lastly, we interpret the findings and provide actionable recommendations.
The theoretical contribution of this study resides in the application of the Attitude-Context-Behavior (ACB) theory to dissect the mechanisms by which intelligence technologies propel low-carbon behaviors. Moreover, it validates a novel conceptual model through the utilization of survey data collected from Chinese consumers. The results disclose that contextual factors, encompassing intelligence technologies, media campaigns, policy regulations, interpersonal influence, and spiritual incentives, have a positive impact on enhancing low-carbon consumption behaviors via the mediating effect of attitudes. These findings not only provide theoretical underpinning for China’s ecological modernization but also offer practical guidelines for the attainment of its dual-carbon goals.
2 LITERATURE REVIEW
With the advancement of information technology and the digital economy, the impact of intelligence technologies on consumption has become increasingly significant. As a smart technology application, Ant Forest employs gamified interactions and social sharing to notably influence low-carbon consumption behaviors and incentivize users to adopt environmentally friendly practices. By synthesizing domestic and international research, this section reviews three key themes.
2.1 Research on the impact of digital technologies on consumption
Digital technologies stimulate consumption potential and inject new vitality into expanding consumer markets. Digitization and sustainability are widely recognized as two transformative forces shaping economies and societies, with digitization offering opportunities for sustainable consumption patterns (Gossen and Lell, 2023; Tian et al., 2025). The digital economy facilitates clean energy consumption, thereby promoting high-quality economic development (Ren and Zhang, 2023). It also improves energy consumption structures by driving green technological innovation (Zeng et al., 2023). The adoption of digital twin technologies has been shown to reduce residential energy consumption and carbon emissions, as validated in tropical urban communities (Mohamad Zaidi et al., 2024). Enhancing rural digitalization and farmers’ digital literacy upgrades rural consumption patterns (Zhang and Ma, 2022). Implementing digital technologies in food supply chains enables sustainable production and consumption (Sharma et al., 2023). Recommendation systems powered by digital tools effectively nudge consumers toward green fashion choices (Cossatin et al., 2024). Digital content consumption significantly impacts environmental sustainability, accounting for approximately 40% of per capita carbon budgets (Istrate et al., 2024). Furthermore, algorithms and digital technologies optimize green energy consumption pathways (Yuan et al., 2023) and address climate challenges (George et al., 2021). Innovations such as social media platforms, autonomous devices, mobile apps, wearables, blockchain, and cryptocurrencies expand consumer choices (Buhalis et al., 2019), with extensive empirical evidence highlighting consumers’ growing reliance on technology in daily life (Priporas et al., 2017).
2.2 Research on Ant Forest’s influence on low-carbon consumption behaviors
Ant Forest, a gamified “internet plus voluntary tree-planting” application with over 500 million users, represents a successful model contributing to China’s ecological restoration. It translates users’ environmental awareness and low-carbon actions—such as walking, cycling, and reducing plastic/paper use—into tangible environmental benefits, offering a global reference for ecosystem recovery through digital engagement (Wang N. et al., 2022). While technology is often viewed as a double-edged sword in sustainability discourse, it increasingly serves as a catalyst for positive change (Al-Emran, 2023; Tian et al., 2024a). Among such innovations, Ant Forest stands out as a scalable tool for promoting sustainable behaviors (Obuobi et al., 2024), demonstrating significant potential to mitigate environmental harm (Ashfaq et al., 2022). The app strengthens users’ low-carbon purchasing and habitual consumption patterns, with its online-offline integration fostering replicable eco-friendly habits (Xiong et al., 2024).
By leveraging information technology, Ant Forest enables mass participation in green actions, with millions of trees planted through user engagement. AI technologies transcend spatial-temporal barriers in environmental protection, and Ant Forest’s “green energy” mechanism motivates public participation in energy-saving initiatives (Cao and Liu, 2023). Digital-driven environmental campaigns cultivate online green users (OGUs), positioning digital tools as pivotal for climate action (Chen et al., 2020). Users’ perceptions of Ant Forest’s hedonic, social, altruistic, and biospheric values positively shape their attitudes toward the platform (Zhang et al., 2022). The concept of a low-carbon digital economy, driven by green innovation and renewable energy consumption, further reduces carbon dioxide emissions (Alam et al., 2023). Although the integration of gamification and environmentalism presents new opportunities, the direct effectiveness of gamification in promoting sustainable behaviors among Chinese youth remains to be examined, and it still has limitations in driving green actions (Huang et al., 2023).
2.3 Research on the continuous usage behavior of Ant Forest users
Ant Forest is a new generation of persuasive system that incorporates functions such as social media and gamification, which promotes public participation in this green welfare initiative. Perceived persuasiveness and the intention to continue using it can lead to ultimate behavior change (Yang et al., 2018). Ant Forest offers various gamification features (such as points, leaderboards, badges, tasks, and teamwork) to encourage users to participate in environmental protection and public welfare activities. These gamification mechanisms, combined with the dissemination through social media, enable the co-creation of user brand value (Huang et al., 2024). The development of the Internet has led to a new form of integration between gamification and environmental protection, and the influence of gamification participation motivation on consumers’ green consumption behavior is becoming increasingly significant (Sun and Xing, 2022). The Ant Forest game platform can actively promote users to adopt pro-environmental behaviors, as it explores users’ needs from their own perspectives and gives full play to the role of game incentives in users’ environmental behaviors (Xiong et al., 2022). Intrinsic motivations (enjoyment, social interaction, satisfaction, altruism) and extrinsic motivations (external rewards, competition) influence Alipay users’ participation in the Ant Forest project (Wang S. et al., 2022). The increase in the usage of environmental protection applications has become a powerful tool for promoting offline environmental protection activities and a green lifestyle. Users’ satisfaction is an important psychological motivation that encourages continuous usage behavior in Ant Forest (Mi et al., 2021). Under the moderating effect of environmental knowledge, users’ values have an important impact on their attitudes towards Ant Forest and their intention to continue using it (Ashfaq et al., 2021).
The extant literature has explored digital technologies and Ant Forest, yielding numerous research outcomes. Nevertheless, the academic community has yet to engage in in-depth deliberations regarding whether intelligence technologies can promote low-carbon consumption behaviors. Moreover, there is relatively scant research on the influencing factors of low-carbon consumption from the perspective of the Attitude-Context-Behavior (ACB) theory. Drawing on the survey data of 399 Chinese Ant Forest users, this paper applies the ACB theory to investigate the influencing factors of residents’ low-carbon consumption and endeavors to address the question of whether intelligence technologies and intelligent applications can enhance low-carbon consumption behaviors.
3 THEORETICAL FOUNDATION AND RESEARCH HYPOTHESES
The Attitude-Context-Behavior (ACB) theory is a classic theory in social psychology, aiming to explain the formation and change of individual behaviors (Guagnano et al., 1995). This theory posits that an individual’s behavior is the result of the interaction between attitude and contextual factors. According to this model, the realization of consumer behavior is simultaneously influenced by both individual internal attitudes and external contextual factors, and different combinations of attitude and contextual factors determine different forms of behavior. Generally speaking, when the influence of contextual factors is neutral, attitude can almost independently influence the decision-making of low-carbon consumption behaviors; when contextual factors are relatively positive or negative, they can significantly promote or hinder the implementation of low-carbon consumption behaviors. Therefore, the gap between low-carbon consumption attitude and behavior can be explained by the negative effects of contextual factors, as shown in Figure 1. Based on the Attitude-Context-Behavior theory, this paper constructs a theoretical framework for the influencing factors of consumers’ low-carbon consumption behaviors from three aspects: attitude, context, and behavior.
[image: Figure 1]FIGURE 1 | The theoretical model of the attitude-context-behavior theory.
3.1 The direct influence of contextual factors on residents’ low-carbon consumption behaviors
Contextual factors generally refer to a set of factors associated with the physical or social environment, which are independent of individual consumers and product attributes, such as media campaigns, policy regulations, interpersonal influence (persuasion, demonstration, etc.), and spiritual incentives that support low-carbon consumption behaviors. On this basis, most Chinese scholars have explored the influence of contextual factors on low-carbon consumption behaviors mainly focusing on aspects such as public norms, policies and regulations, behavioral constraints, and reward and punishment mechanisms. Subsequently, some scholars have also found that contextual factors such as social policies can affect residents’ environmentally friendly behaviors. When social policies are favorable, residents will adopt more environmentally friendly behaviors (Meyer, 2015). Therefore, this paper chooses five variables, namely, intelligence technologies, media campaigns, policy regulations, interpersonal influence, and spiritual incentives, with the aim of reflecting the impact of contextual factors. Intelligence technologies reflect the influence at the technical level. Through digital empowerment and energy conservation and consumption reduction, they bring convenience to residents. Media campaigns reflect the influence at the information and communication level. Through publicity and guidance, they improve residents’ awareness and understanding of low-carbon consumption behaviors. Policy regulations reflect the influence at the institutional and economic levels. Through normative guidance and economic regulatory means, they encourage residents to engage in low-carbon consumption behaviors. Interpersonal influence reflects the influence at the social and psychological levels. Through group norms and the effect of demonstration and imitation, it prompts residents to adjust their behaviors. Spiritual incentives reflect the influence at the social and cultural levels. By emphasizing the significance of low-carbon consumption behaviors for the environment and society, they help residents form environmental protection values and internalize them in their hearts and externalize them in their actions. The Attitude-Context-Behavior theory points out that when contextual factors are extremely favorable or unfavorable, they may greatly promote or prevent the occurrence of environmental behaviors, and at this time, the influence of environmental attitudes on environmental behaviors will approach zero (that is, there is an inverted U-shaped functional curve between environmental attitudes and environmental behaviors). Therefore, grounded in the foregoing analysis, it is posited that intelligence technologies, media campaigns, policy regulations, interpersonal influence, and spiritual incentives exert a positive influence on residents’ low-carbon consumption behaviors. Consequently, the following hypotheses are put forward:
Hypothesis 1. Intelligence technologies have a positive impact on consumers’ low-carbon consumption behaviors
Hypothesis 2. Media campaigns have a positive impact on consumers’ low-carbon consumption behaviors
Hypothesis 3. Policy regulations have a positive impact on consumers’ low-carbon consumption behaviors
Hypothesis 4. Interpersonal influence has a positive impact on consumers’ low-carbon consumption behaviors
Hypothesis 5. Spiritual incentives have a positive impact on consumers’ low-carbon consumption behaviors
3.2 The indirect influence of contextual factors on residents’ low-carbon consumption behaviors
The Attitude - Context - Behavior theory posits that attitude and context interact with each other and jointly exert an effect on behavior. In a supportive context, a positive attitude is more prone to trigger corresponding behavior; conversely, in an unsupportive context, the impact of attitude on behavior may be attenuated. Therefore, this paper holds the view that contextual factors have a positive impact on attitudinal factors. Moreover, through this positive influence on attitudinal factors, they exert an indirect impact on residents’ low-carbon consumption behaviors. The following hypotheses are proposed:
Hypothesis 6. Intelligence technologies have a positive impact on attitude
Hypothesis 7. Media campaigns have a positive impact on attitude
Hypothesis 8. Policy regulations have a positive impact on attitude
Hypothesis 9. Interpersonal influence has a positive impact on attitude
Hypothesis 10. Spiritual incentives have a positive impact on attitude
3.3 The direct influence of attitudinal factors on residents’ low-carbon consumption behaviors
Attitude is a stable psychological tendency that an individual holds towards a specific object (person, concept, emotion, or event, etc.). This psychological tendency contains the individual’s subjective evaluation and the resulting behavioral tendency. The Attitude-Context-Behavior theory holds that when the influence of contextual factors is neutral, attitude can almost independently influence the decision-making of low-carbon consumption behaviors. Based on the above analysis, this paper believes that attitude has a positive impact on low-carbon consumption behaviors and proposes the following hypothesis:
Hypothesis 11. Attitude has a positive impact on consumers’ low-carbon consumption behaviors
According to the previous hypotheses, it can be known that the influence of contextual factors on residents’ low-carbon consumption behaviors mainly occurs through two channels: one is the direct channel, that is, contextual factors directly act on individuals, prompting them to adopt low-carbon consumption behaviors; the other is the indirect channel, that is, contextual factors influence individuals’ internal attitudes and then affect their low-carbon consumption behaviors. In the path of the indirect effect, individuals’ internal attitudes play a bridging role, connecting the relationship between contextual factors and low-carbon consumption behaviors. As a mediating variable, attitudinal factors moderate the influence of contextual factors on low-carbon consumption behaviors. In other words, contextual factors do not influence low-carbon consumption behaviors in isolation, but rather indirectly promote the occurrence of low-carbon consumption behaviors by influencing internal attitudinal factors. Therefore, this paper proposes the following hypotheses:
Hypothesis 12. Attitude plays a mediating role between intelligence technologies and consumers’ low-carbon consumption behaviors
Hypothesis 13. Attitude plays a mediating role between media campaigns and consumers’ low-carbon consumption behaviors
Hypothesis 14. Attitude plays a mediating role between policy regulations and consumers’ low-carbon consumption behaviors
Hypothesis 15. Attitude plays a mediating role between interpersonal influence and consumers’ low-carbon consumption behaviors
Hypothesis 16. Attitude plays a mediating role between spiritual incentives and consumers’ low-carbon consumption behaviors
According to the proposed research hypotheses, the theoretical model of this paper is shown in Figure 2.
[image: Figure 2]FIGURE 2 | The model of influencing factors of low-carbon consumption behaviors.
4 RESEARCH METHODS AND RESULTS ANALYSIS
4.1 Questionnaire design and survey
Drawing on relevant literature, conducting pre - surveys, and employing other research methods, this study determines the measurement items for each variable and designs the corresponding questionnaire. The questionnaire used in this study can be generally categorized into four main parts. The first part pertains to the demographic characteristics of the participants. The second part consists of the scale for attitudinal factors. The third part is the scale for contextual factors, which mainly encompasses five dimensions: intelligence technologies, media campaigns, policy regulations, interpersonal influence, and spiritual incentives. The fourth part is the scale for low-carbon consumption behaviors. Each scale adopts a five - point Likert scale, and the final scale design is presented in Table 1.
TABLE 1 | Scale and questionnaire design.
[image: Table 1]Firstly, relevant journal articles and online resources are consulted to collect questionnaires and scales related to this study. On the basis of organizing these materials, the measurement indicators for each variable are determined by referring to existing mature scales, and a preliminary questionnaire is designed accordingly. The target respondents are set as users who have used or are currently using Ant Forest. In order to verify the correctness of the questionnaire in terms of wording, language expression, and logical structure, and to ensure the smooth implementation of the subsequent formal survey, this paper conducts a small-scale pre-survey of the initial questionnaire online and collects feedback through interviews, recording the improvement suggestions put forward by the participants for the questionnaire. Finally, according to the feedback results of the pre-survey, the initial questionnaire is adjusted and improved as necessary to ensure the quality and applicability of the questionnaire, and then a large-scale formal survey is carried out.
The survey of this study spans a period of 3 months. Relying on online community platforms related to Ant Forest, such as the relevant topic sections of Ant Forest on Baidu Tieba and the super topics of Ant Forest on Sina Weibo, the questionnaires are distributed. In terms of personnel arrangement, a survey team consisting of 5 people is established. Among them, 2 people are responsible for posting the questionnaire links on various platforms and promptly answering netizens’ questions; 1 person is responsible for the preliminary sorting and classification of the recovered questionnaires; and the other 2 people are specifically responsible for the quality control of the questionnaires, identifying invalid questionnaires through the set lie-detection questions. During the 3-month survey process, in the first month, the main task is to distribute questionnaire information frequently on various platforms to attract more users to participate in filling it out; in the second month, the exposure of the questionnaire is continued, and at the same time, a preliminary screening of the existing questionnaires is carried out; in the third month, the focus is on recovering the remaining questionnaires and conducting a final validity review of all the recovered questionnaires.
Given the time-consuming nature of recruiting and surveying Ant Forest users, a total of 430 questionnaires were distributed in this survey. After the team members carefully screened the lie-detection questions and excluded some invalid questionnaires, a total of 399 valid questionnaires were finally obtained, with an effective rate of 92.8%.
Among the valid samples, in terms of gender, males account for 47.4% and females account for 52.6%; in terms of age, the group aged 20–39 is the main body, accounting for 43.9%, because individuals in this group are generally more exposed to and engaged with intelligence technologies. They are often early adopters of new digital services and are more likely to be influenced by technological advancements in their consumption patterns; in terms of educational background, undergraduate and junior college education levels are the main ones, accounting for 50.9% and 34.8% respectively, Education is an important factor that can shape an individual’s awareness and understanding of environmental issues as well as their ability to access and utilize intelligence technologies. Higher levels of education are often associated with greater environmental awareness and a better understanding of the benefits of low-carbon consumption; in terms of residence, urban and rural areas account for 55.1% and 44.9% respectively, the distinction between urban and rural areas is important because there are significant differences in the availability and adoption of intelligence technologies, as well as in consumption cultures and environmental awareness. The monthly income level is mainly concentrated in the range of 4000–6000 yuan, accounting for 33.6%, income is a crucial factor in consumption behavior as it determines an individual’s purchasing power and ability to afford certain products and services related to low-carbon consumption.
4.2 Reliability analysis
In this study, SPSS 27 was utilized to perform a reliability test on the scales of attitudinal factors, intelligence technologies, media campaigns, policy regulations, interpersonal influence, spiritual incentives, and low-carbon consumption behaviors. The test results are presented in Table 2.
TABLE 2 | Reliability analysis results.
[image: Table 2]As can be seen from Table 2, the CITC value of each measurement item exceeds 0.6, and the Cronbach’s α coefficient does not increase after deleting the item, indicating that the items of these scales all meet the research requirements. At the same time, the overall Cronbach’s α coefficient of each variable is greater than 0.7 and all higher than 0.8, suggesting that these 7 scales all have relatively good reliability.
4.3 Validity analysis
4.3.1 Convergent validity
The standardized factor loadings of the items corresponding to the 7 variables of attitude, intelligence technologies, media campaigns, policy regulations, interpersonal influence, spiritual incentives, and low-carbon consumption behaviors are all greater than 0.7, indicating that the structural validity of the questionnaire is good; the average variance extracted (AVE) of the variables is greater than 0.5 and the CR value is greater than 0.7, indicating good convergent validity. The results of convergent validity are shown in Table 3.
TABLE 3 | Convergent validity results.
[image: Table 3]4.3.2 Discriminant validity
According to the results in Table 4, the standardized correlation coefficients between each pair of variables are all smaller than the square root values of the corresponding Average Variance Extracted (AVE) of the variables, indicating good discriminant validity.
TABLE 4 | Discriminant validity results.
[image: Table 4]4.4 Correlation analysis
Before conducting the structural equation model analysis, this paper first carried out a correlation analysis between low-carbon consumption behaviors and the variables of their influencing factors. The correlation analysis can not only help us preliminarily identify whether there is a certain trend of connection between the independent variables and the dependent variables, but also provide a basis for further in-depth exploration of the exact relationships among the variables. Through the correlation analysis, we can determine whether there is a correlation between variables. When there is no correlation between variables, conducting subsequent causal relationship analysis is redundant; while when there is a correlation between variables, the structural equation model can be used to further analyze the effects among them. This paper uses the Pearson correlation coefficient to measure the correlation between variables, and the results of the correlation analysis are shown in Table 5.
TABLE 5 | Correlation analysis results.
[image: Table 5]According to the results of the correlation analysis, looking at the correlation coefficient between the attitudinal factor (TD) and low-carbon consumption behavior (XW), the correlation coefficient is 0.438, and it is significant at the 0.01 level (two-tailed), indicating that there is a certain degree of positive correlation between the two. From the perspective of the correlation coefficients between the contextual factors and low-carbon consumption behavior (XW), the correlation coefficients between intelligence technologies (ZN), media campaigns (MT), policy regulations (ZC), interpersonal influence (RJ), spiritual incentives (JS) and low-carbon consumption behavior (XW) are all positive values, and all are significant at the 0.01 level, indicating that there are also significant positive correlations among these variables. In addition, this paper uses SPSS27 to calculate the Variance Inflation Factor (VIF) among the variables of the influencing factors of low-carbon consumption behavior. Generally speaking, when the VIF value is greater than 10, it indicates a serious problem of multicollinearity. The VIF values of all variables in the table are around 1.4–1.6, which is much smaller than 10, indicating that the problem of multicollinearity among the variables is not serious, and the reliability of the model is high. The results of the correlation analysis among the variables are basically consistent with the research hypotheses proposed in this paper, laying the foundation for the structural equation path and analysis in the following text.
4.5 Research methods and results
This paper constructs a structural equation model on AMOS, and the results are shown in Figure 3.
[image: Figure 3]FIGURE 3 | Operational results of the structural equation model.
According to the results of the structural equation model, latent variables such as intelligence technologies, media campaigns, policy regulations, interpersonal influence, and spiritual incentives respectively affect attitudes and low-carbon consumption behaviors through their corresponding observed variables ZN1-ZN3, MT1-MT3, etc. Among them, the path coefficient between intelligence technologies and attitude is 0.16, and the path coefficient between media campaigns and attitude is 0.22, etc. These indicate that there are differences in the degrees of influence of various contextual factors on attitudes and low-carbon consumption behaviors. Moreover, attitudes also have a certain influence on low-carbon consumption behaviors, with a path coefficient of 0.12.
4.5.1 Model fit test
According to the model fit coefficients in Table 6, the chi-square to degrees of freedom ratio (CMIN/DF) = 1.112, which is between 1 and 3 and close to 1; the Root Mean Square Error of Approximation (RMSEA) = 0.017, which is close to 0; the values of the other fit indices all reach the acceptable range, and the fitting effect is good.
TABLE 6 | Model fit test results.
[image: Table 6]4.5.2 Results of the hypothesis test of the path relationships in the SEM model
According to the results of the path coefficient test, as shown in Table 7, in terms of the direct effects of contextual factors on low-carbon consumption behaviors, the path coefficients between intelligence technologies, media campaigns, policy regulations, interpersonal influence, spiritual incentives and low-carbon consumption behaviors are 0.164, 0.158, 0.175, 0.19, and 0.175 respectively, and they have passed the significance test, indicating that contextual factors have a positive impact on low-carbon consumption behaviors, and hypotheses Hypothesis 1, Hypothesis 2, Hypothesis 3, Hypothesis 4 and Hypothesis 5 are verified; from the indirect effects of contextual factors on low-carbon consumption behaviors, the standardized path coefficients are 0.163, 0.21, 0.147, 0.124, and 0.181 respectively, and they have passed the significance test, so hypotheses Hypothesis 6, Hypothesis 7, Hypothesis 8, Hypothesis 9, and Hypothesis 10 are verified. Regarding the relationship between attitudinal factors and low-carbon consumption behaviors, the path coefficient between attitude and low-carbon consumption behaviors is 0.139, which also passes the significance test, indicating that attitude has a positive impact on consumers’ low-carbon consumption behaviors, and hypothesis Hypothesis 11 is verified.
TABLE 7 | Table of standardized path coefficients.
[image: Table 7]4.5.3 Test of the mediating effect
This paper uses the Bootstrap method to test the mediating effect of attitudinal factors between contextual factors and low-carbon consumption behaviors. The results of the mediating effect test are shown in Table 8.
TABLE 8 | Mediating effect test results.
[image: Table 8]According to the results of the mediating effect test, the mediating effects of attitudinal factors between each contextual factor variable and low-carbon consumption behaviors all pass the significance test, indicating that intelligence technologies, media campaigns, policy regulations, interpersonal influence, and spiritual incentives can influence low-carbon consumption behaviors through attitudinal factors. Hypothesis 12, Hypothesis 13, Hypothesis 14, Hypothesis 15, and Hypothesis 16 are verified.
4.6 Regression analysis
This paper takes low-carbon consumption behaviors as the dependent variable, and attitude, intelligence technologies, media campaigns, policy regulations, interpersonal influence, and spiritual incentives as the independent variables to conduct a linear regression analysis, further verifying the results of the previous structural equation model.
According to Table 9, the significance P value is 0.000***, showing significance at this level, and the model basically meets the requirements.
TABLE 9 | Results of the linear regression analysis.
[image: Table 9]The formula of the model is as follows:
[image: image]
Among them, TD represents attitude, ZN represents intelligence technologies, MT represents media campaigns, ZC represents policy regulations, RJ represents interpersonal influence, JS represents spiritual incentives, and ε represents the error term. The regression analysis results indicate that attitudinal factors, intelligence technologies, media campaigns, policy regulations, interpersonal influence, and spiritual incentives all exert significant positive impacts on low-carbon consumption behaviors, which is consistent with the findings of the previous structural equation model. In the regression analysis results, the unstandardized coefficient of intelligence technologies is 0.146. This implies that, when other variables are controlled, for every one-unit increase in intelligence technologies, low-carbon consumption behaviors will experience a positive change of 0.146 units. Meanwhile, the standardized coefficient Beta is 0.139, suggesting that among all independent variables, intelligence technologies have a certain degree of relative influence on low-carbon consumption behaviors and play a non - negligible role in promoting such behaviors. This also implies that the development and application of intelligence technologies, such as the various intelligent functions in Ant Forest (e.g., carbon footprint calculation, energy collection reminder), can effectively promote users’ low-carbon consumption behaviors.
5 DISCUSSION
The conclusions of this paper are different from those of previous studies. Low-carbon awareness and low-carbon intention have a positive impact on the low-carbon behaviors of residents (Yang et al., 2020). In a model that encompasses individual and group-level factors as well as the perception of psychological empowerment, factors such as normative internalization have a positive impact on positive low-carbon consumption behaviors, and the perception of psychological empowerment plays a partial mediating role (Cheng et al., 2022). Based on the Theory of Planned Behavior, the factors influencing consumers’ willingness to purchase low-carbon products from the perspective of carbon labels were explored, including factors related to carbon labels, attitudes, norms, etc (Li et al., 2017). The influencing factors of urban residents’ low-carbon consumption behaviors were analyzed by sorting out relevant studies based on classic theories and summarizing factors such as the self, family, and context (Ding et al., 2018).
Nevertheless, this study, utilizing data from 399 Ant Forest users and grounded in the theoretical framework of the Attitude-Context-Behavior theory, comprehensively analyzes the relationships among the three elements. It not only focuses on the impacts of contextual and attitudinal factors on behaviors but also delves deeply into the mediating role of attitudinal factors, thus contributing novel insights in terms of theoretical foundation and research focus. This study reveals that both attitudinal and contextual factors exert a positive influence on low-carbon consumption behaviors, with attitudinal factors mediating the relationship between contextual factors and low-carbon consumption behaviors. Contextual factors not only directly impact consumers’ low-carbon consumption behaviors but also significantly affect attitudinal factors, and can indirectly influence behaviors through the mediating effect of attitudinal factors.
The advantage of intelligence technologies lies in their ability to provide accurate and real-time information feedback, which is crucial for consumers’ decision-making processes. The lack of sufficient information is one of the important factors hindering consumers from taking environmental protection behaviors, and intelligence technologies can exactly make up for this deficiency (Kollmuss and Agyeman, 2002). Via data logging and presentation, Ant Forest empowers users to gain a clear understanding of the environmental benefits engendered by their low-carbon behaviors. Consequently, this fortifies users’ environmental protection stances and serves to further propel low-carbon consumption behaviors.
However, this paper solely utilizes data from 399 Ant Forest users, and the relatively small sample size restricts the generalizability of the findings. Given that Ant Forest is a locally - oriented application and the majority of the surveyed respondents are Chinese, it is challenging to eliminate the potential impact of culture on the results, particularly the effect of the national conformist mindset. People from diverse cultural backgrounds may possess distinct values and behaviors, which could influence their intention to use Ant Forest and their environmental protection behaviors (Xiong et al., 2024). Moreover, Ant Forest represents merely a single intelligent application in the environmental protection domain. The study fails to encompass the impacts of other intelligent scenarios, such as smart homes and intelligent transportation, on low-carbon consumption behaviors, and thus cannot fully demonstrate the promotional effect of intelligence technologies on low-carbon consumption.
Consequently, future research should further broaden the sample scope, incorporate more user data from different regions with varying consumption habits and levels of environmental awareness, conduct comparative analyses, and enhance the general applicability of the research results. Additionally, the impacts of intelligent applications in different fields, such as smart grids and intelligent logistics, on low-carbon consumption behaviors ought to be investigated, and a multi - dimensional research model of intelligence and low-carbon consumption behaviors should be constructed to comprehensively disclose the relationship between the two. Owing to their unique advantages, intelligence technologies hold great potential in shaping and promoting low-carbon consumption behaviors. Subsequent research should further explore their underlying action mechanisms to provide more robust theoretical support and practical guidance for promoting low-carbon consumption.
6 CONCLUSION
Drawing on the Attitude-Context-Behavior theory, this study selects Ant Forest users as the research subjects. It conducts reliability and validity tests, as well as correlation analysis, on 399 valid samples. Subsequently, the constructed theoretical model is analyzed and tested using methods such as the Structural Equation Modeling (SEM) and the Bootstrap method, followed by a linear regression analysis. Eventually, the 16 hypotheses proposed in this study are verified, and the following conclusions are reached.
(1) Attitudinal Factors and low-carbon Consumption Behaviors. Attitudinal factors exert a positive influence on consumers’ low-carbon consumption behaviors. This implies that as the positivity of consumers’ attitudes intensifies, they are more likely to engage in low-carbon consumption behaviors.
(2) Contextual Factors and Low-carbon Consumption Behaviors. Results from the reliability and validity tests, correlation analysis, and path coefficients of the structural equation model consistently demonstrate that among the contextual factors, intelligence technologies, media campaigns, policy regulations, interpersonal influence, and spiritual incentives all have a positive impact on low-carbon consumption behaviors. Specifically, intelligence technologies promote low-carbon consumption behaviors. Media promotion of low-carbon consumption can encourage consumers to adopt such behaviors. Under the government’s advocacy for low-carbon living and the prevailing social low-carbon atmosphere, consumers’ low-carbon consumption behaviors are enhanced. The low-carbon consumption behaviors of an individual’s relatives and friends can prompt the individual to engage in similar behaviors. To a certain degree, spiritual incentives can facilitate the occurrence of consumers’ low-carbon consumption behaviors.
(3) The Mediating Role of Attitudinal Factors. Findings from the direct effect and mediating effect tests indicate that among the contextual factors, intelligence technologies, media campaigns, policy regulations, interpersonal influence, and spiritual incentives can all positively influence low-carbon consumption behaviors through the mediating role of attitudinal factors.
7 IMPLICATION
The foregoing research reveals that attitudinal factors, along with intelligence technologies, media campaigns, policy regulations, interpersonal influence, and spiritual incentives among the contextual factors, all exert positive impacts on consumers’ low-carbon consumption behaviors. Moreover, intelligence technologies, media campaigns, policy regulations, interpersonal influence, and spiritual incentives within the contextual factors can positively influence low-carbon consumption behaviors via the mediating role of attitudinal factors. Based on these findings, this paper proposes suggestions from the following aspects.
7.1 Optimize data monitoring and feedback and enhance the social interaction experience
Establish a real-time intelligent feedback system to provide users with prompt feedback on the environmental benefits and personal gains resulting from their low-carbon consumption behaviors. For instance, present users’ emission reduction amounts through dynamic charts and illustrate the positive environmental impacts of these amounts. Concurrently, offer corresponding points or virtual rewards. Further optimize the social functions of Ant Forest to encourage interaction and sharing among users. Incorporate features such as low-carbon behavior competitions and team-based tree-planting cooperation among users, enabling them to engage in low-carbon consumption activities jointly with friends or colleagues.
7.2 Strengthen intelligent decision-making support and expand intelligent application scenarios
Develop intelligent decision-making tools to assist users in making more low-carbon choices during the consumption process. For example, analyze the carbon footprints of different products using intelligent algorithms and recommend more low-carbon products to users, helping them more intuitively understand the environmental implications of different choices when making purchase decisions. Simultaneously, utilize big data to analyze users’ living habits and push customized low-carbon consumption scenarios tailored to users. For example, for users who frequently order takeout, intelligently push reminders of low-carbon scenarios such as “bringing your own tableware.”
7.3 Promote the construction and supervision of intelligent platforms and improve the infrastructure for intelligent low-carbon consumption
The government assumes guiding, restrictive, and supervisory roles in the low-carbon transformation of consumption. This is crucial for shaping residents’ low-carbon consumption behaviors. The government should commence with top - level design and the construction of the legal and regulatory system. It should formulate relevant laws and regulations to promote the transformation of the consumption field towards intelligence and low-carbonization, thus accelerating the change in residents’ lifestyles, consumption patterns, and travel modes. Simultaneously, the government should increase investment in the infrastructure for intelligent low-carbon consumption. For example, construct more charging piles for new energy vehicles, intelligent garbage-sorting and recycling facilities, etc., to facilitate residents’ low-carbon consumption, reduce the cost and difficulty of low-carbon consumption, and provide favorable hardware-based contextual support for low-carbon consumption behaviors.
7.4 Continuously carry out publicity and build a low-carbon consumption market with multi-party participation and mutual benefits
Within the government-led governance framework for low-carbon transformation, give full play to the role of market mechanisms. Form an effective incentive and restraint mechanism for consumers and other market participants, and fully mobilize the enthusiasm of all stakeholders. Encourage enterprises to implement green supply chain management, integrating the low-carbon concept throughout the entire process from raw material procurement, production and processing to product sales and after - sales service. Provide market-related policy support and honorary commendations for enterprises that actively practice low-carbon production and operation, and set industry benchmarks.
7.5 Commend the achievements of low-carbon behaviors and create a wave of low-carbon consumption
Actively organize activities such as low-carbon consumption lectures and sharing sessions. Deeply explore the innovative measures and successful experiences of various regions, industries, and enterprises in promoting low-carbon consumption and widely disseminate them. Through these activities, comprehensively explain to residents the significance and practical feasibility of low-carbon consumption, enabling residents to truly realize that practicing low-carbon consumption in daily life is not difficult. Simultaneously, establish relevant awards and honors for typical cases of successful low-carbon living practices. Commend individuals and organizations that demonstrate outstanding performance and remarkable achievements in low-carbon consumption practices to strengthen residents’ determination to engage in low-carbon consumption. Additionally, through multi-channel publicity, ensure that their deeds reach communities, schools, and enterprises, making residents truly feel that low-carbon is within reach. When residents observe these real and tangible cases, they will be inspired to follow suit, gradually creating a low-carbon consumption trend throughout society and embedding the concept of green living in everyone’s mind.
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behaviors (XW)

1 form low-carbon habits like reducing disposables and taking public transport Xw2
T use tech like Ant Forest for a low-carbon lifestyle XW3
1 often buy green and energy-saving products XW4
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