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Abstract

:

This study uses innovation resistance theory (IRT) to investigate why consumers are hesitant to purchase zero-waste products. Most of the existing IRT application studies have been conducted on innovation resistance to technology or devices. This study focuses on consumer innovation resistance to zero-waste products, extending the theoretical application of IRT to the field of sustainability research. We further broaden this theory by exploring the moderating role of perceived environmental responsibility (PER). Data were collected from 400 consumers through an online survey. To verify the hypothesis, structural equation modeling (SEM) was carried out using AMOS software, and the moderating effect was verified using SPSS Process Macro Model 1. The results of the study suggest that usage, value, risk and tradition barriers significantly affect the adoption of zero-waste products. Furthermore, consumer PER shows antagonistic interactions with the barriers (usage, value, risk and tradition) and zero-waste product purchase intentions; as consumer PER increases, the impacts of the barriers on zero-waste product purchase intentions also increase. These results are expected to provide a theoretical framework for future IRT research and to enable fashion brands to implement effective zero-waste practices and to manage government and corporate barriers (image, usage, value, risk and tradition) with respect to zero-waste products, thereby reaping greater profits.
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1. Introduction


The COVID-19 crisis has changed global waste disposal dynamics, and the concept of zero waste has received special attention. Due to the global quest for modern urban living [1], people are disposing of increasing amounts of waste. In addition, the prevalence of plastics and electronics means that the composition of waste has become more complex than ever before. Furthermore, it is estimated that total greenhouse gas (GHG) emissions from solid waste account for approximately 5% of the total GHG emissions in the atmosphere [2], making waste disposal critical to climate change.



The driving force behind the establishment of the zero-waste concept is the idea of sustainable development. Waste generation not only burdens the environment, it also, ultimately, leads to the additional economic costs of waste management [3,4], affecting the development of a circular economy. It is expected that by 2025, the annual global generation of municipal solid waste (MSW) will be approximately 2.2 billion tons, and 4.2 billion tons by 2055 [5]. This is not in line with target 12.5 proposed by the United Nations General Assembly for the 2030 Agenda for Sustainable Development [6]: to achieve a significant reduction in waste globally by 2030 [7]. Therefore, the sustainable use of materials is the preferred method for saving resources and limiting waste generation.



Originally, the most widely used methods of waste disposal included landfills, mechanical and biological treatment, incineration and recycling [8]. However, the term “zero waste” was first introduced by Dr. Paul Palmer in 1973 with the aim of recovering resources from chemicals [9]. The focus is now on converting waste into resources without post-processing [10]. The zero-waste concept includes the 3R rules—reduce, reuse and recycle (Figure 1) [11]; for example, zero waste in production processes using natural materials from the earth and zero waste emissions into the air, water, land or other environments [12]. Renewable energy is essential for increasing GDP per capita and improving air quality [13]; therefore, the valorization of waste can yield many economic, environmental and social advantages [14].



There is no doubt that many cities, organizations, individuals and waste recycling industries around the world are researching and developing “greener” technologies in order to develop a circular economy [35]. The basic goal is to avoid and limit the use of products and assets through different material cycles [36,37]. For example, according to the Zero Waste Coalition, the zero-waste philosophy is based on a closed-loop system in which waste is used as a potential source of raw materials [38]; it is also known as the cradle-to-cradle philosophy [39,40]. Therefore, this paper will analyze the impact of zero-waste products on waste management.



However, existing research on zero waste has focused on manufacturing innovation [41], zero-waste city building [42,43,44,45,46], zero-waste community creation [47,48], zero-waste living [49], zero-waste campuses [50,51] and zero-waste recycling programs [52,53,54]. Research on zero-waste products has concentrated on stakeholders, such as governments, businesses and institutions, with little research related to consumers (Figure 1). Consumers are an important link in the distribution of zero-waste products and an important participant in circular economies, ignoring the fundamental macroeconomic aspects of national waste resource recovery operations that can be achieved with zero waste and the fact that reliable data on the consumer adoption of zero-waste purchases are not yet available. Therefore, this study addresses the barriers to consumer purchasing of zero-waste products as the primary research objective, to shed light on the commencement of a circular economy for businesses.



Additionally, the zero-waste concept has been implemented in several countries (e.g., South Africa, New Zealand, China and India), provinces (e.g., Nova Scotia (Canada), California) and organizations (e.g., DuPont, Fuji Xerox, Toyota) [55,56,57]. Europe and the United States have developed a consumer culture around zero-waste stores that promote a plastic-free environment to customers who bring their own containers to refill their food and to purchase cleaning products and personal care products [58]. South Korea introduced thepicker, a zero-waste product concept store, in 2016 and subsequently combined zero waste with K-beauty in an attempt to create a business that both satisfies consumers and protects the environment. From a consumer perspective, organizations currently lack reasons to reject zero-waste products; therefore, this paper’s exploration of factors from basic functions to emotional values will assist brands to develop zero-waste products.



Moreover, zero waste is no longer an option but a necessity that has become widespread among conscious consumers. Thus, we note that perceived environmental responsibility (PER) has been further expanded and conceptualized in various studies as another necessary factor in the promotion of selfless behavior [59]. According to Johri and Sahasakmontri [60], PER implies that individuals’ intentions can reduce harm to the environment and help them become conscious purchasers. Furthermore, Piligrimenė et al. [61] explained that consumers’ PER positively influences their involvement in sustainable consumption and purchasing behavior. They further suggested examining the association between PER and perceived environmental behavior in different contextual settings. Therefore, this study examines PER as a moderator to explore whether it moderates the association between zero-waste product purchase intentions and barriers, thus allowing high levels of environmental responsibility to curb the negative effects of zero-waste barriers.




2. Theoretical Background


2.1. Innovation Resistance Theory


Innovation resistance theory (IRT) was first proposed by Ram and Sheth [62,63] as a valid framework for studying consumer resistance or barriers. Prior research has shown that the adoption and use of innovation that leads to deviation from the status quo and from current beliefs is likely to create resistance. Customer resistance is an important variable in determining the success or failure of a new technological innovation [64,65]; in other words, IRT helps us to understand user resistance to innovation. Resistance to change is a normal consumer response [66]; however, some scholars have previously tended to categorize late adopters as “laggards” [67]. Resistance to innovation is not the opposite of innovation adoption but rather the process of behavioral change that occurs when consumers are exposed to innovative products. Consumers often delay their decisions to innovate until the innovation evolves into a generic product or until the product or service improves [68].



In the past, IRT was extensively tested for technology-based products, such as internet banking [69], mobile phone banking [70], online travel agencies [71,72], mobile phone payment solutions [64], mobile phone social travel [73], online purchasing of cars [74], smart lighting products and services [75] and food delivery services [76]. In addition, we found attempts to explain the barriers to the adoption of organic agro-cosmetics in pro-environmental terms [77], so we believe that IRT will be a reliable tool for measuring zero-waste adoption barriers.



According to IRT, consumer resistance is divided into active and passive resistances [78]. Active resistance creates barriers [79] when a key characteristic of an innovation that has received an undesirable evaluation [80] falls short of expectations. Passive resistance arises from the rejection of an evaluation of an innovation [81], resisting immediately without evaluating the innovation, in order to be satisfied and to maintain the status quo [82]. In other words, passive resistance is determined at the knowledge stage before the persuasion stage, without a sufficient evaluation of the innovation [83]. Active resistance represents barriers to the adoption and use of an innovation due to the conflicts caused by behavioral contradictions arising from the use, value and risk of the innovation. On the other hand, passive resistance appears as a conflict with existing beliefs [84]. Active resistance is studied through functional barriers (e.g., use, value and risk), whereas passive resistance is studied through psychological barriers, such as image and tradition [84].



This study considers functional barriers (use, value and risk) and psychological barriers (tradition and image) in examining consumer resistance. There have been multiple controversies regarding zero waste, and in response to the differences in the practical (our behaviors as individuals/consumers) and conceptual (related to system design and functionality) aspects, we argue that consumer resistance may be spontaneous or reactive because of external factors, such as the products.




2.2. Usage Barriers and Purchase Intention


Usage barriers emerge in response to changes in the consumer status quo for accommodating new innovations [63,67]. It was earlier shown that the intention to use mobile phone banking services was significantly influenced by the perceived ease of use [85,86]. The small size of mobile phone devices, compared with banks, make the text and graphics more difficult to understand [87], and the complexities of using such services prevent some consumers from adopting them. The concept promoted by zero waste, while assuming an alternative vision of shared responsibility among the government, product manufacturers, retailers and consumers [88], is a challenge for all participants because, even as people understand the concept of innovation, their consumption habits do not change. Previous studies on zero-waste products have emphasized that zero waste focuses on innovations in the chemical ingredients, or on new ingredients, and advances in product technology but does not actually enhance consumer convenience. For example, Kushwah et al. [89] noted that environmentally friendly products are more convenient for consumers than traditional products. Similarly, Tandon et al. [90] showed that usage barriers may be important disincentives for consuming unfamiliar products, such as zero-waste products. Therefore, we argue that barriers to using zero-waste products may result in low purchase rates. This leads to the derivation of Hypothesis 1:



Hypothesis 1 (H1).

Usage barriers significantly inhibit consumer zero-waste product purchase intentions.






2.3. Value Barriers and Purchase Intention


The second functional barrier concerns value and occurs when the innovation deviates from the existing value system [67]. This can be simply understood as the value that one is willing to pay for an innovation compared with the alternatives [91]. The value of price as perceived by consumers is defined as the balance between the perceived benefits of new technology and the cost of acquiring the latest technology [92]. Focusing mainly on the perceived value of a product in terms of performance [93], such as the advantages of mobile phone banking where users can check their account balances and transactions regardless of location [94], would increase the adoption intent. Regarding the choice of organic produce, customers reject adoption when their expectations are not met in terms of the relevant parameters, such as food quality [89]. Previous studies have shown that customers may refuse to use mobile phone banking apps [84] or shop online [95] when they encounter value barriers, and there is a negative relationship between the value barrier and the intention to use in a service innovation environment. Thus, the level of consumers’ perceived benefits in response to an innovative product determines its adoption or rejection. We therefore argue that value barriers for zero-waste products lead to low purchase rates. This leads to the formation of Hypothesis 2:



Hypothesis 2 (H2).

Value barriers significantly inhibit consumer zero-waste product purchase intentions.






2.4. Risk Barriers and Purchase Intention


Risk barriers arise when there is a high level of uncertainty regarding the innovation, which can be considered a fixed perceived risk in the innovation. The higher the level of uncertainty, the higher the perceived risk, which acts as a barrier [96]. Previous studies have highlighted that risk barriers are negatively correlated with innovation adoption in various contexts. For example, in organic food delivery services, unprofessional behavior of delivery personnel or the disclosure of personal addresses are often considered risk barriers [77]; in online banking, some consumers fear losing connectivity during their online transactions [86,97,98] or errors may occur [99] when an online purchase differs from the actual item [95]. These studies suggest that uncertainty and perceived risk can cause the rejection of innovation adoption. Similarly, there may be adverse effects on purchase intentions owing to customer doubts about the authenticity and trust regarding zero waste. Therefore, we propose Hypothesis 3 as follows:



Hypothesis 3 (H3).

Risk barriers significantly inhibit consumer zero-waste product purchase intentions.






2.5. Tradition Barriers and Purchase Intention


Tradition barriers arise when innovative products go against consumer values and established social norms [67], such as when the adoption of a new innovation changes consumer habits and lifestyles [91] or when new product adoption conflicts with existing belief systems [99]. Tradition barriers fall under the category of psychological barriers. Past studies—looking at things such as online banking, wherein bill payments are stored differently to paper bills [100]; online services, where there is no physical access to sales clerks resulting in a lack of engagement [101]; and organically farmed foods, with short shelf lives [102] and lower satisfaction drawbacks [89], which are not in line with consumer psychology—have shown that there are negative correlations between tradition barriers and intention to use. In recent years, given the technological advances, zero-waste products have been made of materials, such as marine litter [103] and human feces as alternative biological zero-waste energy sources [104], causing consumers to resist the ingredients; therefore, tradition barriers may negatively affect purchase intention, and Hypothesis 4 is proposed as follows:



Hypothesis 4 (H4).

Tradition barriers significantly inhibit consumer zero-waste product purchase intentions.






2.6. Image Barriers and Purchase Intention


Image barriers arise when consumers compare innovative products or technologies with generic products in terms of the “category, brand name and country of origin” [105], which may create negative impressions of the innovations owing to changes in the image or nature of the product [69]. Previous studies have shown that, when people question the authenticity of the quality of a green product and its originality for environmental friendliness [106], or they suspect greenwashing owing to the need for corporate social responsibility (CSR)-based innovations [107,108], then an image crisis in the country of origin may affect the intention to purchase an innovative product [109,110], resulting in image barriers. In addition, product image barriers can occur in terms of the quality of the product being excellent [111,112], the packaging being environmentally friendly [113,114], the value for money being high [115] and the brand’s own satisfaction with its reputation [116]. Consumers who do not purchase environmentally friendly products have trust issues [117], which can be interpreted as the consumers reasonably suspecting the aforementioned zero-waste product issues that in turn lead to a negative image of the product claims [76]. Therefore, we argue that image barriers can deter consumers from adopting zero-waste products. Therefore, this study proposes Hypothesis 5 as follows:



Hypothesis 5 (H5).

Image barriers significantly inhibit consumer zero-waste product purchase intentions.






2.7. Perceived Environmental Responsibility as a Moderator


In addition to the direct effects of consumption barriers on zero-waste product purchase intention, we considered the moderating effects of PER on the proposed associations (Figure 1). PER is defined as an individual’s intent to protect the environment by maintaining awareness while causing minimal harm to society in the purchasing process [60]; because PER is considered morally right and required by law [118], it serves as an expectation to motivate personal achievement. However, egoism is a universal feature of human nature [119]; on one hand, the general public expects the government to adopt more aggressive public policies to eliminate environmental problems, while on the other hand, society is reluctant to make personal sacrifices to cooperate with governmental policies [120,121]. Based on the ideal society theory, knowledgeable people exhibit responsible behaviors to maintain the values of the ideal society around them [122]. Greater environmental knowledge inspires more responsible environmental attitudes and intentions [123,124], while citizens who show a higher awareness of environmental damage tend to practice more sustainable consumption habits and accordingly consider themselves responsible [59]. We can infer then that the more consumers are aware of their environmental responsibilities, the more they may be willing to participate in environment-related solutions.



PER is an important factor that influences consumer purchasing behaviors [98]. The level of environmental concern among consumers may differ significantly based on the negative impacts of consumer barriers on purchase intentions [89]. Therefore, it is expected that PER will reduce the negative impacts of barriers (use, value, risk, tradition and image) on the zero-waste product purchase intentions of consumers by changing their existing beliefs and status quo. Previously, PER has been associated with various environmental issues, such as green purchase intentions [125] and environmental activism [79]. To the best of the authors’ knowledge, no studies have tested the moderating role of PER in a theoretical framework of resistance to innovation in the context of zero-waste adoption behaviors. Therefore, based on the above arguments and theory, the following hypotheses are proposed:



Hypothesis 6 (H6a–e).

Perceived environmental responsibility moderates the relationship between barriers ((a) usage, (b) value, (c) risk, (d) tradition, (e) image) and zero-waste product purchase intentions.







3. Methods


This study was conducted through an online survey company. Referring to existing studies applying IRT [65,99,126,127], this study conducted a survey targeting people who had never purchased zero-waste products to clearly examine their resistance to the innovation of zero-waste products. Through screening questions, the survey was aimed at people who had no experience purchasing zero-waste products, and gender and age were equally collected through assigned sampling. In addition, the online survey program was programmed to forcibly close the survey to respondents who repeated the same score in order to process the data as outliers, while gender and age were equally allocated for generalization of the analysis results and normality of data distribution.



We designed a questionnaire to collect data, and the measurement scales of the research model constructs were based on previous related research. The survey was conducted on people in the age range of 20–50 years who had never purchased zero-waste products, and responses from 400 people were selected for the final analysis (excluding poor responses). The number of samples relating to the respondents’ gender (male: 200, female: 200) and age (20s: 100, 30s: 100, 40s: 100, 50s: 100) were all controlled equally. Confirmatory factorial analysis and structural equation modeling were performed using AMOS, and moderation analysis was performed using SPSS Process Macro (Model 1).



3.1. Research Model


In this study, the effects of functional barriers (usage, value and risk) and psychological barriers (tradition and image) on zero-waste product purchasing intentions were analyzed through a survey of respondents who had never purchased zero-waste products. In addition, the relationship between the barriers and zero-waste product purchase intentions was analyzed with regard to the role of PER as a moderator. To this end, a research model, as shown in Figure 2, is presented.




3.2. Measures


The barriers for zero-waste products were measured on a 7-point Likert scale (1 = strongly disagree to 7 = strongly agree) by modifying the measurement items of existing research using the IRT model [128,129,130] to fit this research (see Appendix A for details). The tendency to purchase zero-waste products was measured by referring to the research of Lee [120] for the PER as well as to the studies by Mackenzie and Lutz [131] and Hsu et al. [132] for the purchase intention.





4. Results


4.1. Descriptive Statistics


In this work, frequency verification was performed to confirm that there were no missing values in the collected data. The results verified this, and we used Cook’s distance to test for the data outliers. Finally, by confirming the normality of the data through skewness and kurtosis tests, the data were shown to be close to a normal distribution between +3 and −3.




4.2. Confirmatory Factorial Analysis (CFA)


We conducted CFA on the constituent elements to secure the convergent validity, construct validity and discriminant validity of the research model. Construct reliability (CR) indicates the degree of consistency between the measured variables and can be calculated from the values of factor loading and error variance; in general, these values should be 0.7 or higher. In addition, it is determined that the construct validity exists if the average variation extracted (AVE) is greater than or equal to 0.5 [133]. The AVE of the corresponding latent variable must be greater than the square of the correlation with all other factors; if this is satisfied, discriminant validity is secured [134].



The CFA result was χ2 = 103.124 (df = 44, χ2/df = 2.344, p = 0.000). The statistics of χ2, which is a goodness-of-fit test in the structural equation model, are sensitive to the sample size. In general, when the number of samples is large (more than 200), p < 0.05 is indicated, and the chi-square goodness-of-fit test rejects the null hypothesis that the “model is appropriate.” However, if there are a sufficient number of samples, the p-value is 0.000 in the chi-square test result, so even if the null hypothesis is rejected [135], it is judged that “the goodness of fit of the model is not acceptable.” Rather, it is considered that there is a significant difference and that it is necessary to check whether other goodness-of-fit criteria are met. To determine the goodness of fit, the adjusted goodness-of-fit index (AGFI), goodness-of-fit index (GFI) and root mean square error of approximation (RMSEA), which are absolute indices of fit, and the Tucker–Lewis index (TLI) and comparative fit index (CFI), which are incremental fit indices, were evaluated and found to meet the criteria and acceptable overall goodness of fit (Table 1).



Next, the CR and AVE were calculated, through which the convergent validity and discriminant validity were verified. As shown in Table 2, the CR and AVE for the constituent elements of the research model of this study are: usage barrier (CR: 0.8, AVE: 0.6); value barrier (CR: 0.8, AVE: 0.6); risk barrier (CR: 0.5, AVE: 0.4); tradition barrier (CR: 0.4, AVE: 0.2); and image barrier (CR: 0.5, AVE: 0.4).



To verify the discriminant validity among the constituent elements of the barrier measurement items, the root AVE, coefficient of correlation and squared coefficient of correlation were derived. As shown in Table 3, the squared coefficient of the correlation value excluding risk barrier was 0.000–0.29, which was lower than the root AVE.




4.3. Structural Model


Structural equation modeling was used to verify the proposed hypothesis. Similar to the measurement model, we assessed that the structural model has a good fit (CMIN/df = 2.603, TLI = 0.913, GFI = 0.945, AGFI = 0.907, CFI = 0.941, RMSEA = 0.063). From the results of the hypothesis verification (Table 4), it was found that usage barrier (β = −0.11, p < 0.05), value barrier (β = −0.35, p < 0.001), risk barrier (β = −0.14, p < 0.05) and tradition barrier (β = −0.36, p < 0.001), with the exception of image barrier, were negatively related to the intention to purchase zero-waste products. Among all the barriers, tradition barrier had the strongest influence on the intention to purchase zero-waste products.




4.4. Moderation Analysis


We used the Process Macro (Model 1) in SPSS to test the moderating effects of PER (high versus mid versus low). From the analysis, we found that PER moderates the relationships between the remaining barriers (usage, value, risk, tradition) and zero-waste product purchase intention, except for the image barrier. The image barrier showed a positive (+) effect in structural equation modeling and was excluded from the analysis because the corresponding hypothesis was rejected. The moderating effects include an enhancing interaction effect, a buffering interaction effect and an antagonistic interaction effect. When the coefficient of the independent and moderator variables in Table 5 is positive (+), the coefficient of the interaction term is negative (−); conversely, when the coefficient of the independent and moderator variables is negative (−), the coefficient of the interaction term that is positive (+) is interpreted to have an antagonistic interaction effect. Therefore, PER represents the antagonistic interaction effect between all barriers and zero-waste product purchase intention in the proposed research model.



To determine how the influence of the independent variable on the dependent variable is specifically moderated by the level of the moderator variable, the moderator variable is divided into three groups, namely the mean and ±1 standard deviation (SD), and the regression equation is calculated to verify the significance of the simple slope. These results are shown in Table 6. To better understand the moderating role of PER in the antagonistic interaction effect of the barriers on zero-waste product purchase intention, see Figure 3.





5. Discussion


In order to address some ecological issues and to develop a circular economy, this paper examines consumer resistance to waste reuse/zero-waste products with the aim of identifying the role of IRT in addressing the causes of consumer reluctance to purchase zero-waste products. Innovation resistance is an emerging area of marketing research [136], and applications of IRT to date have been almost exclusively related to the measurement of the causes of resistance to electronic products [65,105,137,138,139,140]. However, it is clear that there is subconscious consumer resistance to zero-waste products as an innovative approach to waste management, so this study makes a practical contribution to the enrichment and expansion of IRT by identifying the barriers to zero-waste product adoption.



In this study, three functional barriers and two psychological barriers were considered in analyzing zero-waste product purchase intention. First, we verified H1, that usage barriers negatively affect the intention to purchase zero-waste products. Unlike usage barriers for electronic products, barriers to the use of zero-waste products are mainly focused on factors related to purchase difficulty, such as “limited choice of zero-waste products,” “narrow product types and range of zero-waste products,” and “limited choice of zero-waste products.” Zero-waste products are not yet common in the market due to their technical requirements and production difficulties [141]. Reducing the barriers to consumer use necessitates providing them with the opportunity to choose from a wide range of products as well as expanding the product categories, not only concentrating on the household goods category.



Second, H2 is consistent with previous studies verifying that value barriers negatively affect zero-waste product purchase intention [77,84,89,95]. Where the value of the zero-waste products lies in their positive impact on environmental protection, one study showed that plastic waste exposed to sunlight and degraded in the environment emits a variety of greenhouse gases, including methane and ethylene [142]; therefore, when measuring value barriers such as “I see no advantage of zero-waste products compared to existing products” and “zero-waste products do not contribute much to environmental protection” can influence consumers’ expectations of zero-waste products. If there is no advantage in terms of environmental protection and product quality, the value barrier will affect the intention to purchase zero-waste products; therefore, companies should focus on the environmental value to guide consumer behavior when promoting zero-waste products.



Third, H3 verifies that risk barriers negatively affect zero-waste product purchase intention. Risk barriers are measured by factors such as “I am concerned that all zero-waste products that claim to be environmentally friendly are not actually zero-waste products” and “I am concerned that I will pay more for zero-waste products than existing products.” As can be seen, the risks perceived by consumers are mainly related to zero-waste ingredients and value for money, and there is often a lack of data on zero-waste products because the market share is still small. Sadiq et al. [77] examined consumer barriers to eco-friendly cosmetics, similar to zero-waste products, and concluded that misinformation and exaggerated claims in advertising exacerbate the lack of trust among consumers, leading to a lower adoption of eco-friendly products. Therefore, the most important way to reduce consumer risk barriers for zero-waste products is to have comparative advantages and reliability with existing products, while avoiding excessive or false advertising.



Fourth, H4 verifies that tradition barriers negatively affect the intention to purchase zero-waste products. As the concept of tradition is deeply embedded in the consumer consciousness, any conflict with tradition can lead to strong consumer opposition in the form of poor word-of-mouth, bad publicity and boycotts [143]. Measures of the traditional barriers to zero-waste products are related to reliability and the comparison between existing products and zero-waste products. For example, items such as “I don’t think I need a zero-waste product because I am satisfied with the existing product” and “I don’t believe in zero-waste products” are measured. When comparing zero-waste products with existing products, for example, the reality that zero-waste supermarket customers now need to provide their own bottles actually causes inconvenience to consumers, and may raise questions about packaging compared with the existence of general products. Therefore, when faced with innovations that go against tradition, zero-waste products should enhance their comparability with ordinary products.



However, among the five barriers, image barrier, which is a psychological barrier, does not have a negative effect on the willingness to purchase zero-waste products. Similar results were reported by Kaur et al. [76]. There are few negative reports on the image of zero-waste products, so items such as “I have questions about the labeling of zero-waste products” in the questionnaire did not become a barrier to consumers purchasing zero-waste products. It can be seen that Korean consumers have fewer doubts about the labels of products certified by certification bodies and generally trust them.



Finally, PER shows an opposing interaction between use, value, risk and traditional barriers and the willingness to purchase zero-waste products. This indicates that the higher the consumer PER, the greater the impact of the barriers (use, value, risk and tradition) on the willingness to purchase zero-waste products. As shown in Figure 2, respondents with a high PER have a greater willingness to purchase zero-waste products than respondents with a low PER. However, as the barriers (use, value, risk, tradition) increase, it can be seen that the slope of purchase intention is significantly lower for the high PER group than for the low PER group. These results suggest the need for strategic consideration of consumer PER when encouraging governments and the consumption of zero-waste products, or when motivating companies to produce zero-waste products. With this in mind, identifying consumer altruism with respect to environmental protection can help strengthen waste management operations, such as spontaneous collection, disposal, recovery and recycling. Globally, there are an increasing number of national regulations and policies related to environmental protection, and consumers are often exposed to discussions about the importance of environmental protection activities through the media and social media. As a result, it is expected that consumer PER levels will naturally increase over time.



Theoretical and Practical Implications


The important theoretical implications of our study are as follows: First, it adds to the literature on consumer boycotts of environmentally innovative products. In the past, scholars have shown a growing interest in better understanding consumer boycotts. Thus, the findings of this paper will contribute to the emerging, but limited, area of research on zero-waste products.



Second, the current study contributes to an understanding of the causes of resistance to environmentally friendly product innovation by testing the applicability of IRT in the emerging market of zero-waste products in Korea while explaining the relationship between the different barriers to purchase intention and IRT, as well as extending PER within IRT.



In terms of practical contributions, firstly, although the sustainable consumption practices of the brand in the past were mainly focused on distribution and sustainable production of product packaging, the research results of this paper for Zero waste will contribute to the solution of waste management and the innovation of related technology as well as promoting the development of sustainable practices in the product production chain Zero waste has become one of the major trends today. If the associated technologies develop further, they will exert a strong influence enough to change the form of human life significantly by reducing the carbon footprint. The opening of Zero waste offline concept stores and flash stores will help to better understand real-life consumer choices in terms of sustainable consumption and will deepen understanding of brands’ green choices, sustainable decision-making and pro-social behavior, while continuously improving the image of brand services.



Second, current research findings suggest that, to increase the purchase intention, Zero waste should focus on expanding the type and range of zero-waste products while improving the convenience and cost-effectiveness of purchases. At the same time, brands should create more channels to push Zero waste-related information and continuously update and optimize Zero waste products to after-sales. Brand marketers should be aware that there is little negative publicity about Zero waste, and maintaining brand trustworthiness is the best approach at this time. This study recommends integrating Zero waste into more product lines and programs, which allows them to be maximized in real-world settings, such as brands offering multiple incentives to develop membership economies to change sustainable consumption habits. Service providers should also focus on reducing user perceptions of barriers to using and value, using advertising to promote the value of Zero waste, and reinforcing environmental responsibility, thereby increasing consumer willingness to consume Zero waste products, and maximizing the ease of use and purchase flexibility of Zero waste.





6. Limitations and Future Research


In this study, the effects of functional barriers (usage, value and risk) and psychological barriers (tradition and image) on zero-waste product purchase intention were verified by applying IRT. Furthermore, we explored the moderating effect of consumer PER. This research provides the following conclusions.



First, in situations where the importance of environmental protection activities, such as ESG, CSR and zero waste, are emphasized and academic discussions are active, this study contributes to the literature regarding consumer resistance to ecofriendly products. In addition, IRT, which has mainly been used in reference to the latest technologies, mobile phones and applications, was extended to consumer product consumption pattern analysis.



Second, through the results of this study, it can be seen that barriers to zero-waste products significantly reduce purchase intention, and high levels of PER are associated with stronger negative impacts of barriers. Accordingly, governments and organizations should systematically establish strategies for managing these barriers to encourage consumers toward the zero-waste philosophy and products, in addition to considering consumer PER through products and product marketing.



The present study, however, has the following limitations and future research directions. First, as each barrier set as an independent variable comprises two or three measurement items, the question of whether reliability and validity have been secured may arise. Therefore, in the future, efforts to increase the reliability are needed through the development of various measurement variables via the Delphi technique. Second, it will be necessary in the future to explore the relationships between different variables in addition to purchase intention. Hence, it may be possible to establish a foundation for sustainable consumption and to use behaviors by identifying the roles of the consumer barriers and reducing user resistance.



This study did not sufficiently secure the CR and AVE of the measured items in the CFA. As the previous studies in which IRT was applied mainly focused on technological innovations, many items were removed without securing reliability in the process of modifying the items to fit the subject of this research. Based on the results of this work, it is expected that empirical studies securing higher validity could be conducted in follow-up research by adding new measurement items along with an expansion of the research topic.



Third, this study was conducted as a sample survey of Asian people. The functional and psychological barriers, as well as PER, may vary by country and by culture. Future studies are therefore expected to yield significant results if the model can be validated using consumer data from different age groups across different geographical and cultural boundaries.
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Table A1. Barrier Measurement Questions.






Table A1. Barrier Measurement Questions.





	
Variable Name

	
Item Code

	
Items






	
Usage barriers

(Sadiq et al., [77]; Nandi et al., [129])

	
UB1

	
I think zero-waste products have a narrow range of choices.




	
UB2

	
I think zero-waste products have a narrow range of types and products.




	
UB3

	
The reason I don’t buy zero-waste products is that they’re not readily available in stores.




	
Value barriers

(Sadiq et al., [77]; Kushwaha et al., [89])

	
VB1

	
I don’t think zero-waste products have any advantages compared to existing products.




	
VB2

	
I think the quality of zero-waste products is lower than that of existing products.




	
VB3

	
I don’t think zero-waste products are very helpful for environmental protection.




	
VB4

	
I think zero-waste products also contain pesticides and other harmful chemicals.




	
Risk barriers

(Sadiq et al., [77]; Kushwaha et al., [89])

	
RB1

	
I am afraid that zero-waste products that claim to be environmentally friendly are not actually zero-waste products.




	
RB2

	
I am afraid to pay more for zero-waste products than for existing products.




	
Traditional barriers

(Sadiq et al., [77]; Torres-Ruiz et al., [130])

	
TB1

	
Even if it’s not a zero-waste product, the existing product is enough.




	
TB2

	
I don’t trust zero-waste products.




	
Image barriers

(Sadiq et al., [77]; Kushwaha et al., [89])

	
IB1

	
I have doubts about the labels of zero-waste products (e.g., eco-friendly certification marks on product packaging).




	
IB2

	
I don’t think the zero-waste products currently on the market are actually zero-waste.




	
IB3

	
I have an image of a high barrier to use zero-waste products.
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Figure 1. The 3Rs of zero waste [15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34]. 
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Figure 2. Research model. 






Figure 2. Research model.
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Figure 3. Moderating effect of perceived environmental responsibility on the link between the barriers (usage, value, risk, tradition) and zero-waste product purchase intention. 
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Table 1. Goodness of fit for confirmatory factorial analysis (CFA).
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	Classification
	χ2/df
	RMSEA
	AGFI
	GFI
	TLI
	CFI





	Criterion
	<3
	<0.08
	>0.80
	>0.90
	>0.90
	>0.90



	Structural model
	2.344
	0.058
	0.907
	0.959
	0.939
	0.959







Note: Absolute fit indices: RMSEA, AGFI, GFI; incremental fit indices: TLI, CFI.
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Table 2. Confirmatory factorial analysis.
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Variables

	
Estimate

	
Standardized Estimate

	
SE

	
CR

	
AVE

	
CR






	
Usage barrier

	
→

	
Q1

	
1.000

	
0.454

	

	

	
0.6

	
0.8




	
→

	
Q2

	
2.054

	
0.9

	
0.238

	
8.646




	
→

	
Q3

	
1.814

	
0.836

	
0.206

	
8.813




	
Value barrier

	
→

	
Q4

	
1.000

	
0.776

	

	

	
0.6

	
0.8




	
→

	
Q5

	
0.804

	
0.675

	
0.064

	
12.527




	
→

	
Q6

	
0.999

	
0.800

	
0.070

	
14.315




	
Risk barrier

	
→

	
Q7

	
1.000

	
0.567

	

	

	
0.4

	
0.5




	
→

	
Q8

	
1.031

	
0.637

	
0.125

	
8.26




	
Tradition barrier

	
→

	
Q9

	
1.000

	
0.388

	

	

	
0.2

	
0.4




	
→

	
Q10

	
1.504

	
0.577

	
0.19

	
7.913




	
Image barrier

	
→

	
Q11

	
1.000

	
0.763

	

	

	
0.4

	
0.5




	
→

	
Q12

	
0.586

	
0.466

	
0.076

	
7.679
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Table 3. Test of discriminant validity.
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	UB
	VB
	RB
	TB
	IB





	UB
	0.76
	0.00
	0.25
	0.05
	0.15



	VB
	0.01
	0.75
	0.11
	0.00
	0.29



	RB
	0.50
	0.33
	0.60
	0.79
	0.76



	TB
	0.22
	0.04
	0.89
	0.49
	0.00



	IB
	0.39
	0.54
	0.87
	0.06
	0.62







Note: Bold text: root AVE; diagonal bottom: coefficient of correlation; diagonal top: squared coefficient of correlation. UB: usage barrier; VB: value barrier; RB: risk barrier; TB: tradition barrier.
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Table 4. Hypothesis results.
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	Hypothesis
	Path
	β
	p
	Support





	H1
	Usage barrier → Zero-waste product purchase intention
	–0.11
	<0.05 *
	Yes



	H2
	Value barrier → Zero-waste product purchase intention
	–0.35
	<0.001 ***
	Yes



	H3
	Risk barrier → Zero-waste product purchase intention
	–0.14
	<0.05 *
	Yes



	H4
	Tradition barrier→ Zero-waste product purchase intention
	–0.36
	<0.001 ***
	Yes



	H5
	Image barrier → Zero-waste product purchase intention
	0.43
	<0.001 ***
	No







* p < 0.05, *** p < 0.001.
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Table 5. Results of moderation analysis.
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Moderator Variable: Perceived Environmental Responsibility




	
Hypothesis

	
Moderation

	
Classification

	
Coeff.

	
S.E.

	
t

	
p

	
LLCI

	
ULCI






	
UB → ZPPI (H6a)

	
Support

	
Constant

	
0.161

	
0.348

	
0.463

	
0.643

	
−0.523

	
0.846




	
Independent variable

	
0.279

	
0.201

	
1.389

	
0.165

	
−0.116

	
0.674




	
Moderator variable

	
0.213

	
0.049

	
4.332

	
0.000 ***

	
0.116

	
0.309




	
Interaction term

	
−0.081

	
0.039

	
−2.059

	
0.040 *

	
−0.158

	
−0.004




	
F = 31.993 ***, R2 = 0.603, △R2 = 0.007 *




	
VB → ZPPI (H6b)

	
Support

	
Constant

	
−0.917

	
0.717

	
−1.279

	
0.202

	
−2.327

	
0.493




	
Independent variable

	
0.305

	
0.200

	
1.522

	
0.129

	
−0.089

	
0.699




	
Moderator variable

	
0.514

	
0.129

	
3.986

	
0.000 ***

	
0.260

	
0.768




	
Interaction term

	
−0.087

	
0.040

	
−2.160

	
0.031 *

	
−0.166

	
−0.008




	
F = 29.579 ***, R2 = 0.346, △R2 = 0.008 *




	
RB → ZPPI (H6c)

	
Support

	
Constant

	
0.152

	
0.339

	
0.447

	
0.655

	
−0.516

	
0.819




	
Independent variable

	
0.971

	
0.260

	
3.735

	
0.000 ***

	
0.460

	
1.482




	
Moderator variable

	
0.198

	
0.048

	
4.110

	
0.000 ***

	
0.013

	
0.293




	
Interaction term

	
−0.215

	
0.048

	
−4.456

	
0.000 ***

	
−0.309

	
−0.120




	
F = 35.46 2 ***, R2 = 0.388, △R2 = 0.031 ***




	
TB → ZPPI (H6d)

	
Support

	
Constant

	
−1.832

	
0.879

	
−2.084

	
0.038 *

	
−3.560

	
−0.103




	
Independent variable

	
0.175

	
0.213

	
0.822

	
0.411

	
−0.244

	
0.594




	
Moderator variable

	
0.582

	
0.160

	
3.635

	
0.000 ***

	
0.267

	
0.897




	
Interaction term

	
−0.094

	
0.040

	
−2.360

	
0.019 *

	
−0.172

	
−0.016




	
F = 32.288 ***, R2 = 0.366, △R2 = 0.009 *








* p < 0.05, *** p < 0.001; UB: usage barrier; VB: value barrier; RB: risk barrier; TB: tradition barrier; ZPPI: zero-waste product purchase intention.
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Table 6. Moderating effect of influence relationship between independent and dependent variables according to the level of the moderator variable.
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Moderator

	
Classification

	
Classification

	
Effect

	
S.E.

	
t

	
LLCI

	
ULCI






	
Perceived

environmental

responsibility

	
UB → ZPPI (H6a)

	
M − 1SD

	
−0.059

	
0.058

	
−1.021

	
−0.172

	
0.055




	
Mean

	
−0.131

	
0.049

	
−2.672

	
−0.227

	
−0.035




	
M + 1SD

	
−0.203

	
0.063

	
−3.238

	
−0.327

	
−0.080




	
VB → ZPPI (H6b)

	
M − 1SD

	
−0.059

	
0.056

	
−1.056

	
−0.168

	
0.051




	
Mean

	
−0.136

	
0.050

	
−2.715

	
−0.235

	
−0.038




	
M + 1SD

	
−0.214

	
0.067

	
−3.177

	
−0.346

	
−0.082




	
RB → ZPPI (H6b)

	
M − 1SD

	
0.073

	
0.082

	
0.890

	
−0.088

	
0.234




	
Mean

	
−0.118

	
0.065

	
−1.815

	
−0.247

	
0.010




	
M + 1SD

	
−0.310

	
0.074

	
−4.188

	
−0.456

	
−0.164




	
TB → ZPPI (H6d)

	
M − 1SD

	
−0.218

	
0.065

	
−3.372

	
−0.345

	
−0.091




	
Mean

	
−0.302

	
0.051

	
−5.971

	
−0.401

	
−0.202




	
M + 1SD

	
−0.386

	
0.059

	
−6.554

	
−0.501

	
−0.270








UB: usage barrier; VB: value barrier; RB: risk barrier; TB: tradition barrier; ZPPI: zero-waste product purchase intention.
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