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ARTICLE INFO ABSTRACT
Keywords: The escalating annual growth rate of electronic waste, commonly referred to as “e-waste,” is
e-waste recycling currently between 3 % and 5 %, indicating a rapidly increasing solid waste stream. In 2019, South
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Korea generated 15.8 kg of e-waste per capita. The expansion of South Korea’s economy, driven
by technological advancement, is a key contributor to this surge in e-waste production. This study
examined the impact of information publicity on South Korean residents’ e-waste recycling in-
tentions analytically with a quantitative approach. It expanded the norm activation model and
theory of planned behavior by incorporating external information elements, including informa-
tion publicity, in an analysis of 500 responses from the mainland and Jeju Island regarding
residents’ e-waste recycling intentions and behaviors. The model was validated with partial least
squares structural equation modeling via the WarpPLS approach, which is well suited to a model
using moderating variables, and the analysis was conducted with WarpPLS 7.0 software. While
information publicity did not directly influence residents’ intentions to recycle e-waste, it indi-
rectly affected them through two mediating variables: recycling attitudes and moral norms.
Additionally, information publicity directly impacted perceived behavioral control. However,
perceived behavioral control was not a mediating factor between information publicity and
recycling intention. Hence, although people were aware of recycling infrastructure convenience,
this awareness did not change their intentions. Current e-waste recycling information and pub-
licity campaigns may be insufficient; the government should improve its publicity events and
increase their frequency to encourage effective recycling behavior.

1. Introduction

Some things humans can produce are better if less is produced and more problematic if more is produced, such as waste [1].
Electrical and electronic trash (e-waste) has grown significantly in Korea with the electrical industry’s rapid development [2]. E-waste
includes all outdated or abandoned electrical and electronic equipment [3].
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Increasing availability and decreasing costs of electronic devices and digital technology have shifted consumer preferences [4].
Mobile phone and internet usage have increased significantly in the last decade [5]. The Digital 2020 report estimated there to be 4.57
billion and 5.15 billion Internet and cellular phone users worldwide, respectively, by July 2020, and approximately 60 % of the world’s
population uses cellular phones and the Internet [6].

Rapid technological advancements and the industrial revolution have undoubtedly improved our lives, but have also generated
significant e-waste [7]. Global e-waste production reached 53.6 million metric tons in 2019, but only 17.4 % was appropriately
collected and recycled [8,9]. The remaining 82.6 % was unaccounted for. This trend is expected to continue, with an estimated 74.7
million metric tons of e-waste generated worldwide by 2030 [3].

E-waste includes a variety of equipment, ranging from temperature exchange devices like refrigerators to large appliances such as
washing machines and smaller items like toasters and lamps, as well as information technology (IT) and telecommunications
equipment like televisions, laptops, and mobile phones [10,11]. Electronic products contain valuable raw materials (e.g., gold, silver,
copper, and platinum) and hazardous and toxic additives (e.g., lead, mercury, and cadmium). Hence, recycling them without causing
environmental harm is challenging [9].

In South Korea, the formal sector recycled 138 thousand tons of e-waste in 2012. This starkly increased from 155 to 319 thousand
tons between 2013 and 2019 [2,12-14].

Social scientists can help tackle economic, social, and environmental issues, such as waste management, environmental conser-
vation, and social conflicts, at the community level. To do so, they must identify factors that can affect people’s perceptions of the
waste management problem, and informing residents and visitors has high priority. By using these channels, social scientists can
facilitate positive changes in a region’s economic, social, and environmental conditions [15].

Traditional e-waste management methods like landfilling and incineration are inapplicable in the world’s present situation [16].
E-waste disposal for sustainable development and individual contributions to this effort have become increasingly important as
e-waste management techniques continue to evolve. It is imperative to comprehend the importance of proper e-waste disposal to
achieve prosperity, raise awareness, and encourage individual action toward responsible e-waste management. Awareness of the
importance of e-waste disposal can inspire people to evaluate their e-waste management activities and become conscious of their
ability to protect the environment.

Little recent research on e-waste issues has addressed the public’s disposal habits and awareness [17], and limited knowledge exists
on how disseminating information on e-waste management sustainably impacts a particular region or community.

Considering the importance of e-waste recycling informational campaigns [18], it is crucial to examine whether information
publicity, specifically for initiatives such as garbage sorting pilot projects, e-waste separation and classification, diverse community
campaigns, the provision of free maintenance for electrical and electronic products, promotion of home e-waste recycling, and
awareness raising about the hazards of abandoned electrical and electronic products, impacts e-waste recycling and influences resi-
dents’ behavior. For instance, strategies could involve leveraging crowded places for e-waste recycling publicity, displaying posters in
subway or bus stations to create an “e-waste recycling” awareness train, and conducting various forms of media publicity via the
Internet, including network recycling channels and a recycling hotline. Therefore, we investigated whether publicizing information
significantly affects citizens’ inclination to recycle and determined the critical factors influencing their recycling intentions to gain a
fresh perspective on e-waste recycling and offer insightful recommendations to the government.

Owing to the increase in non-face-to-face activity due to the COVID-19 pandemic in 2020, the electronics and telecommunications
industry market is demonstrating dramatic growth [19].

Considering the value of e-waste recycling informational campaigns, it is crucial to examine whether associated information
publicity impacts e-waste recycling besides its effects on residents’ behavior, including their intention to recycle e-waste. Furthermore,
if publicizing information does significantly affect citizens’ inclination to recycle, this study will adduce the most important factors
influencing residents’ intentions to recycle and provide decision-makers with interesting and informative recommendations based on
this new perspective on e-waste recycling.

This study aims to fill a gap in our knowledge of how people deal with e-waste and their knowledge of it by closely examining the
reactions of members of the general population, such as residents, to e-waste recycling campaigns. To this end, this study seeks to
determine how the provision of information affects the management of e-waste in the community. By concentrating on the general
population, we can carefully study the influencing factors of public involvement in e-waste recycling. This can provide good practices
for the environment, along with key findings and suggestions for decision-makers. Focusing on the general population can thus afford
us a fresh perspective and suggest detailed approaches to improve e-waste recycling in the community.

To provide a solid theoretical foundation for investigating e-waste recycling intentions, this study draws on two schools of thought
regarding the nomological structures of the norm activation model (NAM) [20] and the theory of planned behavior (TPB) [21].
Because NAM and TPB have been widely used in research to explore users’ views of e-waste recycling and their recycling intent
[22-28], they are the most relevant tools for understanding e-waste recycling intention. This study aims to extend both theories by
incorporating information publicity and moral norms into the NAM and TPB to produce a more comprehensive model.

According to the literature review, the majority of studies adopting the TPB and NAM to measure recycling intention in the last few
years have involved consumers [22,23]. Although researchers have explored people’s assessments of recycling conditions regarding
attitude, subjective norms, and perceived behavior control, our goal is to expand on these ideas to understand recycling intention using
a different paradigm, the integrated NAM-TPB, a more complete model created by extending these theories through the inclusion of
information publicity and moral norms.

We aimed to examine and evaluate the influence of various factors promoting participation in e-waste recycling, particularly the
mediating role of information publicity. To this end, we measure and analyze the impact of these extended factors and their potential to
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encourage people to engage in e-waste recycling activities.
1.1. Literature review

1.1.1. E-waste recycling

Researchers have examined several factors potentially affecting customer intentions regarding e-waste recycling [7,18,24,25].
Research on the influence of customers’ behaviors and experiences on their e-waste recycling intentions reveals a positive indirect
correlation [26]. Furthermore, the ease of the recycling process influences consumer e-waste disposal behavior [27], suggesting that
environmental education can raise awareness of e-waste recycling. Computer knowledge positively mediated the association between
social consequences, attitudes, and awareness of laptop disposal practices in Malaysia, which later significantly influenced disposal
behaviors [28]. We draw on previous studies to understand how information and publicity impact e-waste recycling in developed
countries.

Several e-waste-related studies have been published in South Korea, including on governmental regulations, operational processes,
recycling techniques, and their status [2,13,29]. However, studies of consumer behavior and e-waste disposal are sparse. Several
studies have investigated de-waste generation, recycling methods, and policies. Jang and Kim [30] surveyed 1090 South Korean
customers to determine their rate of generation, methods of systematic recycling, and collection system. Kim, Jang, and Lee [29]
employed analytical hierarchy modeling and the Delphi method to identify a list of regulatory priorities in e-waste recycling based on
an opinion survey of waste management professionals. Some studies [29-31] have used survey questionnaires to calculate the total
annual amount of e-waste generated.

1.1.2. The adoption of integrated NAM-TPB

Schwartz proposed a social psychology model of explanation [32], the NAM, characterized by altruistic purposes or actions in
wealthy industrial societies [20,27]. The TPB examines the effects of persistently formed individual attitudes based on concrete beliefs,
empirically dependent societal norms, and perceived behavioral controls that limit or accelerate behavioral intentions, positing that
behavior is driven by three factors: attitudes, subjective norms, and perceived behavioral control [21]. Attitudes (ATT) refer to an
individual’s beliefs about a behavior and its outcomes [33]. Subjective norms (SN) are the perceived social pressure to engage in the
behavior, while perceived behavioral control (PBC) is the individual’s perception of their ability to perform the behavior [34]. Both
theories have influenced various studies considering environmental variables such as physical surroundings (e.g., temperature, noise
level), social settings (e.g., the presence of others, social norms), and personal beliefs and attitudes (e.g., values, past experiences) and
their impacts on behaviors such as energy conservation, recycling behavior, and pro-environmental decision-making [35-37].

Before making decisions, humans frequently monitor and absorb information from others in society [38]. Subjective norms in the
TPB are the pressure and influence of the referent’s opinion, which favorably impact behavioral intentions. According to the NAM,
social norms are the standards and behaviors of referents that are widely accepted in society [39]. Similar concepts in both theories,
such as attitudes, beliefs, and perceived behavioral control, are used to conceptualize these norms and explain how social and sub-
jective norms can influence individual behavior, either through guidance on what is socially acceptable (social norms) or by reflecting
an individual’s own internal beliefs and values (subjective norms). By using such concepts, researchers can draw comparisons between
the NAM and TPB and better understand how social and subjective norms affect behavior [21]. Most recycling research using the TPB
has suggested additional variables to increase the forecasting accuracy of their research models on recycling behavior; some have also
included a moral norm (MN) component [40,41]. The MN standard alludes to people’s concerns about their social and ethical re-
sponsibilities when performing particular behaviors. In the NAM, a moral norm is conceptualized similarly to a personal norm. In-
dividuals® attitudes have been included in and used to represent MNs [42]. Nevertheless, research shows that MNs increase the
variance by 1-10 % when behavioral intentions are described in various contexts [43]. Additional research has acknowledged the
statistical significance of MNs in predicting behavioral intentions [40].

Conceptual precision levels increase when measuring MNs from attitudes. In this study, MNs emphasize the presumed moral
requirement of recycling, while attitudes emphasize individuals’ feelings.

1.1.3. Information publicity

Information publicity (IP) refers to the dissemination of information to the public by government entities, organizations, or in-
dividuals to promote transparency, accountability, and public participation in decision-making processes [44-49].

IP is crucial in promoting democratic values and ensuring citizen access to information necessary for informed decisions. It is an
essential component of open government and good governance and is increasingly recognized as a fundamental human right [50].

Various factors influence the success of waste recycling, including public policy implementation and consumer participation [22,
2.3]. Public education is crucial to modify residents’ customs, behaviors, and habits and encourage them to apply waste sorting [51].
Structured questionnaires commonly evaluate public perceptions and understandings of recycling. Studies reveal that recycling
electrical and electronic equipment waste promoted moral standards and informed the public about the benefits of e-waste recycling
[52-54]. Active public education and publicity about garbage sorting and recycling increased citizens’ inclination to engage in waste
disposal [55]. Social cognitive theory suggests that outside information influences people’s behavior decisions, and the spread of in-
formation can affect their psychological aspects [45]. Education and publicity around garbage classification can affect attitudes and
behaviors [22,27,56]. However, the impact of garbage classification publicity and education on related behavior varies across regions,
and effective policies require a thorough understanding of the influencing mechanisms [57-59].

In this study, information publicity includes all types of information about waste recycling. The information-behavior model
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suggests that people’s actions can be influenced by the information they have, as a lack of information about specific behaviors may
hinder individuals from performing them [60]. Although waste recycling is known to be beneficial for sustainable development,
people’s awareness of waste and willingness to recycle in their daily lives are often low [56,61], partly due to a lack of information [56,
62]. When residents learn the benefits of waste recycling, the process involved, and how to distinguish recyclable waste, they are more
likely to engage in waste recycling activities [56,63,64]. Scholars have also observed a positive relationship between information
publicity and residents’ intention to participate in household waste separation and recycling activities [64,65].

The TPB and NAM are popular frameworks for understanding individuals’ decision-making and behaviors [15,22,56,66-68]. A
government IP can influence these models by providing information about the concerned behavior and the associated norms and
attitudes [15,22,56]. This literature review explores how government IP affects these models.

Finally, government IP can impact perceived behavioral control [56]. One study found that a campaign encouraging safe alcohol
use increased perceived behavioral control for limiting alcohol consumption [69]. Thus, government IP can impact perceived
behavioral control and influence behavior through the TPB.

The NAM posits that behavior is driven by MNs or perceived social responsibility [20]. Government IP can impact NAM through the
salience of these MNs [70]. For instance, a campaign encouraging energy conservation increased the salience of environmental values,
thus increasing energy-saving behaviors [71]. Another campaign encouraging recycling increased the salience of environmental
values, thus increasing recycling behaviors [22,56].

Therefore, government IP can potentially impact both models [15,22,56]. These findings suggest that government IP can be a
powerful tool for promoting positive behavior change.

A previous study presented the heuristic model of persuasion, suggesting that people use mental shortcuts, or heuristics, to process
information and make decisions [72]. According to this model, people are more likely to be motivated to act on information if they
perceive it to be relevant to their goals. The study also suggested that the time an individual takes to act on information varies
depending on several factors, including motivational level, the issue’s complexity, and their available cognitive resources [73]. Thus,
we formulated the research model and hypotheses based on these viewpoints and theoretical analysis.

1.2. Research model and hypothesis development

The research model for this study is presented in Fig. 1. As few studies have examined the influence of information publicity on e-
waste recycling intention [22,23,56], we accordingly address this issue with the integrated NAM-TPB. In this model, altruistic actions
follow societal and personal norms when individuals are aware of responsibility and consequences. Moral norms, those integral to
one’s character, play a vital role in evaluating the morality of specific acts [74]. This study confirms the significance of moral norms in
the modified NAM. The TPB examines how individual attitudes, societal norms, and perceived behavioral controls influence behav-
ioral intentions [21]. According to the TPB, perceived behavioral control has a limited impact on residents’ intentions [75,76]. In this
study, ease of access to recycling infrastructure is considered under the heading of perceived behavioral control [53]. Drawing upon
NAM and TPB, hypotheses were developed to investigate how information publicity mediates the intention to recycle e-waste. The
researchers expect that this study will guide survey item selection through consideration of the diverse factors influencing human
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Fig. 1. Research design.
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behavioral intentions. The hypotheses introduced align with the research framework of this study. The study’s hypotheses and the
theoretical framework are reported below.

1.2.1. The NAM can significantly impact residents’ behavioral intentions

Awareness of consequence. The main principle of the NAM is that an individual’s behavioral intentions can be influenced by the
activation of their personal norms. In other words, when personal norms are activated, they can affect an individual’s decision-making
process and influence the likelihood of certain behaviors [20]. In our research model, MN stimulation was employed to influence
people’s behavioral intentions toward e-waste recycling. The study found that the use of MN stimulation had a significant impact on
participants’ intentions. Research shows that moral standards and awareness of consequences (AC) in the NAM can affect people’s
behavioral intentions toward recycling e-waste [77]. Studies investigating environmental behavior and awareness indicated that the
NAM could indeed actively hold [15,22,23,78,79]. Hence, we formulated the first hypothesis using this research framework.

MN. In the model of altruistic conduct, an individual’s behavior is prescribed by society and their personal norms of awareness of
responsibility, with consequences activated by moral norms [20]. Within a moral framework, MNs are similar to awareness of re-
sponsibility and fundamental to an individual’s sense of morality; notably, they are mostly expressed in moral evaluations and ex-
pressions related to social conscience regarding particular acts [74]. An individual’s reason for acting in a specific manner is directly
impacted by their moral views regarding the conduct. Research has demonstrated that MNs play an essential role in the modified NAM
[40]. Hence, it is reasonable to include MNs in the model. Empirical studies of environmental awareness and recycling intentions have
shown that the NAM can be activated by providing information about the benefits of recycling, increasing access to recycling facilities,
and promoting environmental education initiatives [22,56,68,78]. Therefore, the following hypotheses were developed.

H1. Based on the NAM theory AC stimulates the MN

H2. MN significantly impacts residents’ behavioral intentions toward e-waste recycling.

1.2.2. The TPB can significantly impact residents’ behavioral intentions

Most researchers studying e-waste recycling [24,26,27,77,80] have used the TPB framework to build and improve models. The TPB
was used in a study examining the factors influencing residents’ behavioral intentions toward e-waste recycling, showing that attitudes
toward recycling, subjective norms, and perceived behavioral control had varying degrees of relevance [81]. We tested the second
hypothesis by expanding the theory.

Several studies have reported mixed results regarding the impact of perceived behavior control on recycling behavior [75,76].
Ramayah, Lee, and Lim [53] suggested a new way of measuring recycling behavior and introduced two additional variables under
perceived behavior control: convenience of the available recycling infrastructure and cost of recycling.

The availability of convenient recycling infrastructure is a key factor influencing recycling behavior. Consumers may be
discouraged from recycling if facilities are not easily accessible or travel distances are too long [51]. Similarly, recycling costs, such as
time, space, and ease of performing the task, may also shape recycling behavior. Hence, the present study included the convenience of
the available recycling infrastructure as a factor under perceived behavioral control, Therefore, the following hypotheses were
developed.

Recycling attitudes (ATT), subjective norms (SN), and perceived behavioral control (PBC) based on the TPB significantly impact
residents’ e-waste recycling intentions.

H3. ATT significantly impacts residents’ behavioral intentions toward e-waste recycling.
H4. PBC significantly impacts residents’ behavioral intentions toward e-waste recycling.
H5. SN significantly impacts residents’ behavioral intentions toward e-waste recycling.

Subjective norms and attitudes. Researchers have scarcely focused on how subjective norms interact with other TPB factors to affect
recycling intentions. It was recently demonstrated that recycling intentions were significantly influenced by the combination of
subjective norms and practical attitudes toward recycling (i.e., the benefit of recycling [82,83]). Additionally, strong subjective norms
significantly increased the intention of people with a weak recycling attitude to engage in recycling behaviors. Similarly, Wang et al.
[78] examined the impact of subjective norms on residents’ attitudes toward recycling. Building on this research, we tested a similar
relationship and proposed a hypothesis as follows.

H6. SN significantly impacts e-waste recycling attitudes based on TPB.

1.2.3. IP can significantly impact residents’ behavioral intentions

IP involves the government or other organizations disseminating pertinent information to the public via policies and media [68]. A
person’s behavior is influenced by the information they possess [84]; a lack of relevant information can hinder their behavior, as
postulated by the information behavior model [68]. Investigating whether IP encourages the transformation of intention into activity is
imperative. Examples of IP include encouraging multiple community programs to raise awareness of the hazards of waste, utilizing the
maximum advantage of locations with high pedestrian traffic to spread false information about the waste generated, and using the
Internet to encourage considerable media publicity [79]. Residents will be willing to participate in waste disposal through various IP
methods [85].

However, information may become distorted or altered during communication; therefore, the quality and type of information are
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equally important. Correspondingly, people are more likely to use the information to engage in particular actions and to be willing to
categorize waste responsibly if they believe the information is relevant, trustworthy, correct, valuable, and acceptable [79,86].
Several studies [22,23,59] have provided evidence that information dissemination significantly impacts residents’ behavioral
intentions toward recycling e-waste or engaging in pro-environmental behaviors.
Furthermore, this study explored the mediating role of attitudes, perceived behavioral control, and MNs in the relationship be-
tween IP and behavioral intentions. Therefore, the following hypotheses are proposed.

H7. IP significantly influences residents’ behavioral intentions toward e-waste recycling.

H8. MNs mediate the relationship between IP and residents’ behavioral intentions toward e-waste recycling.

H9. Recycling attitudes mediate the relationship between IP and residents’ behavioral intentions toward e-waste recycling.

H10. Perceived behavioral control mediates the relationship between IP and residents’ behavioral intentions toward e-waste

recycling.

1.2.4. Subjective norms can significantly impact MNs

This study investigated the correlation between subjective and personal norms. Pro-social waste recycling behaviors are likely to
align with and be strongly associated with moral standards and individual or social obligations. The connection between moral and
subjective norms in our research thus suggests that social influence or expectations might motivate people to act in a particular manner
or follow certain values or principles in the future. Several studies have verified different significance levels of the relationship [87,88].

Table 1
Demographic characteristics.

Categories n Percentages (%)

Gender Male 250 50.0
Female 250 50.0

Age 20s 100 20.0
30s 100 20.0
40s 100 20.0
50s 100 20.0
60s and older 100 20.0

Education Middle school 5 1.0
High school 86 17.2
University 368 73.6
Graduate 41 8.2

Occupation General office worker 244 48.8
Self-employed 37 7.4
Professional 34 6.8
Government official 10 2.0
Student 35 7.0
Housewife 64 12.8
Agriculture 5 1.0
Retired 27 5.4
Others 44 8.8

Region Seoul 144 28.8
Busan 37 7.4
Daegu 23 4.6
Incheon 36 7.2
Gwangju 9 1.8
Daejeon 15 3.0
Ulsan 13 2.6
Gyeonggi 135 27.0
Gangwon 10 2.0
Chungbuk 8 1.6
Chungnam 9 1.8
Jeonbuk 9 1.8
Jeonam 6 1.2
Gyeongbuk 18 3.6
Gyeongnam 25 5.0
Jeju 1 0.2
Sejong 2 0.4

Income (Won/month) Less than 1 million 71 14.2
1.0-1.99 million 62 12.4
2.0-2.99 million 115 23.0
3.0-3.99 million 110 22.0
4.0-4.99 million 47 9.4
More than 5 million 95 19.0
Total 500 100.0
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Based on Klockner’s study [89] of personal environmental awareness and behavior, we propose in H11 that subjective norms can
significantly impact personal norms as follows.

H11. In our integrated NAM-TPB model, subjective norms significantly impact MNs.

Fig. 1 demonstrates the study’s model based on the hypotheses. We performed a path analysis using a structural equation model to
verify the model’s hypotheses. The NAM’s basic tenet is that motivated MNs can affect a person’s environmental behavior. Therefore,
this research methodology stimulated the MNs based on the NAM theory to impact residents’ behavioral intentions about e-waste
recycling.

2. Materials and methods
2.1. Method: measurements and questionnaire design

The study had two main stages of statistical analysis: (1) frequency analysis and basic reliability and factor analysis, and (2) partial
least squares (PLS) structural equation modeling (SEM). In the first stage, we used IBM SPSS version 24.0 for data analysis to identify
the participants’ demographic characteristics and conduct basic reliability and factor analysis. The reliability analysis evaluates the
consistency of responses to a set of items, while factor analysis identifies underlying dimensions or factors that can explain the re-
lationships between the observed variables.

In the second stage, we used WarpPLS 7.0 to analyze the data using the PLS method for SEM, a statistical technique that analyzes
the relationships between latent variables. We applied PLS to identify the influential relationships between the latent variables and
analyze the path effects for hypothesis testing. Path analysis is a statistical method used to evaluate the relationships between variables
in a model.

2.2. Sampling (data collection and samples)

In this study, researchers designed the survey questionnaire (Appendix 1), and then collaborated with a recognized survey company
to collect data from potential respondents. We secured consent from all online survey participants in line with ethical guidelines from
the Jeju National University Institutional Review Board and Korea’s Personal Information Protection Act. Our data collection was
contactless, adhering to these principles and without clinical trials. The survey company played a vital role in ensuring that the survey
was distributed effectively, and that data were collected in a reliable and valid manner. They provided guidance on survey distribution
methods and advice on minimizing bias and maximizing response rate. The survey was conducted over 14 days, targeting samples from
17 metropolitan cities and provinces on mainland Korea as well as Jeju Island.

Corresponding precisely to the balanced sex ratio of the Korean population, 250 of the 500 responders were female and 250 were
male. The survey sample was selected using a geographically representative sampling method in which the number of respondents
from a given city in the study sample was proportional to their proportion of the overall population:

Table 1 presents detailed data on the sample characteristics.

2.3. Data analysis

According to Hair, Ringle, and Sarstedt [90], PLS-SEM can be used to minimize the residual variances of endogenous factors to
improve the model’s prediction accuracy. Endogenous factors are variables within the model that are influenced by other variables
within the same model.

Second, PLS-SLM can incorporate formative and reflective constructs within the model. Formative constructs are variables
determined by their indicators, while reflective constructs determine their indicators. PLS-SEM allows the inclusion of both types of
constructs in the same model, providing a more comprehensive understanding of the relationships between variables than do other
methods that do not consider both formative and reflective constructs simultaneously.

Finally, PLS-SEM was used to interpret complicated models with small or large sample sizes. It can provide accurate results even
when the assumptions of traditional statistical methods, such as ordinary least squares, are not met. PLS-SEM is particularly useful
when dealing with small sample sizes or models that have a high degree of complexity [90].

3. Results
3.1. Validity and reliability

We tested our hypotheses with PLS-SEM, performed using WarpPLS 7.0. The analysis included evaluations of the reliability and
validity of the latent variables in the measurement model and assessing the structural model to test the research hypotheses, following
Hair et al.’s procedure [91]. Concerning the reflective measurement model, it is necessary to assess both reliability and validity.
WrapPLS established discriminant validity through a thorough examination of full collinearity variance inflation factors (VIFs),
loading values, and Heterotrait-Monotrait (HTMT) ratios. Convergent validity was verified using average variance extracted (AVE),
while internal consistency was assessed through composite reliability (CR) and Cronbach’s alpha [92]. The detailed findings are
presented in Table 3 for HTMT, and Table 2 shows the loading values, full collinearity VIFs, AVE, CR, and Cronbach’s alpha values.
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This comprehensive analysis helps ensure both the internal consistency and the dependability of the study’s measurements. To ensure
that a construct measures a particular facet of the phenomenon being studied, discriminant validity evaluates whether it differs from
other constructs in the study. Discriminant validity is essential, as it strengthens the conviction that each construct is unique and
guarantees that various notions in a study are not being confused or viewed as equivalent.

To demonstrate that many measurements of the same construct assess the same underlying notion or are converging, convergent
validity evaluates the degree of correlation between the measures. When a construct has high convergent validity, it means that the
various measures used to evaluate it agree with one another, which increases trust in the coherence of the notion and the measure-
ment’s dependability [93-95]. The loadings are the basis for calculating the average variance extraction value. This section was
checked first to ensure that each variable accurately defined the concept of the factor; if the loadings were low, the composite reli-
ability (CR) and average variance extracted (AVE) indices were examined for convergent validity. All items represented the same latent
construct according to CR, which indicated internal consistency. As the CR value should be 0.7 or more, we excluded items with
loadings less than 0.7, namely: ATT 3, SN 2, 5, and 6, MN 6, AC 1, and CARI 3. All items’ AVE values were less than 0.5. Internal
consistency was indicated by the fact that all of the constructs’ Cronbach’s alpha values exceeded the threshold of 0.7 [96].

Specifically, the data in Table 2 show that the internal consistency reliability was 0.727-0.833 for each factor based on Cronbach’s
alpha value; the CR was also high at 0.575-0.929. This indicated appropriate validity and reliability.

Kock and Lynn (2012) [97] introduced a comprehensive approach known as the full collinearity test to simultaneously assess both
vertical and lateral collinearity in a model [98]. This method, facilitated by the WarpPLS software, automatically generates variance
inflation factors (VIFs) for all latent variables within the model. A VIF exceeding 3.3 indicates a strong likelihood of pathological
collinearity, as it signals that the model might be affected by common method bias [99]. Consequently, if all VIFs obtained from the full
collinearity test are 3.3 or lower, it implies that the model is free of common method bias.

WarpPLS is a powerful data analysis tool, considering that it includes composite-based PLS-SEM techniques as well as factor-based
PLS-SEM methods. WarpPLS provides descriptive statistics for all latent variables in the model, allowing users to test for multivariate
normality. As shown in Table 4, the skewness and excess kurtosis statistics for most latent variables, except ATT, are near zero,
implying that the data are sufficiently close to normally distributed [100].

Fig. 2 illustrates the analysis results for the research hypotheses, along with the path coefficients, p-value, and numerical value (R?).
The R? indicated outside the circle is the variance of the endogenous variables (causal factors) and the sum of their influences on the
mediators.

Table 2
Validity and reliability.
Latent variables Indicator Discriminant Validity Convergent Validity Internal Consistency
VIF Loading Value AVE Cronbach’s Alpha Composite Reliability

AC AC2 1.985 0.844 0.659 0.727 0.659
AC3 0.831
AC4 0.818
AC5 0.752

MN MN1 2.221 0.736 0.570 0.811 0.570
MN2 0.799
MN3 0.756
MN4 0.778
MN5 0.703

ATT ATT1 2.316 0.755 0.587 0.765 0.850
ATT2 0.800
ATT4 0.726
ATTS 0.782

SN SN1 1.802 0.833 0.702 0.788 0.876
SN2 0.840
SN3 0.840

CARI CARI1 2.120 0.734 0.518 0.814 0.866
CARI2 0.719
CARI4 0.685
CARI5 0.696
CARI6 0.722
CARI7 0.760

1P 1P1 2.220 0.816 0.688 0.773 0.869
P2 0.832
1P3 0.840

IR IR1 1.417 0.846 0.857 0.833 0.923
IR2 0.845

AC = awareness of consequence, MN = moral norms, ATT = attitude, SN = subjective norm, CARI = convenience of the available recycling infra-
structure, IP = information publicity, IR = intention of recycling.
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Table 3
Heterotrait-Monotrait Ratio (Discriminant validity).
ATT SN CARI AC IR P MN
ATT
SN 0.693
CARI 0.607 0.644
AC 0.84 0.53 0.4
IR 0.535 0.501 0.433 0.534
1P 0.671 0.674 0.849 0.581 0.462
MN 0.747 0.703 0.645 0.725 0.563 0.719

AC = awareness of consequence, MN = moral norms, ATT = attitude, SN = subjective norm, CARI = convenience of the available recycling infra-
structure, IP = information publicity, IR = intention of recycling.

Table 4

Multivariate normality.
Latent variables AC MN ATT SN CARI P IR
Skewness —0.968 -0.329 —0.951 —0.413 —0.276 —0.606 —0.498
Excess kurtosis 1.127 —0.015 1.648 0.323 0.007 0.930 0.026

AC = awareness of consequence, MN = moral norms, ATT = attitude, SN = subjective norm, CARI = convenience of the available recycling infra-
structure, IP = information publicity, IR = intention of recycling.

Fig. 2. Results of hypothesis testing.

3.2. Hypothesis testing

Table 5 shows the hypothesis testing results for the effect size, path coefficient, p-value, and the direct effects of the entire paths in
order of magnitude based on the path effects. The paths with the highest coefficients are IP to the ease of access to available recycling
infrastructure (IP—CARI), subjective norms to attitudes (SN—ATT), and AC to MNs: These paths were found to have the greatest
effects. Results indicated that H1, H2, H3, H5, H6, H8, H9, H10, and H11 passed the test, but H4 and H7 did not.

WrapPLS calculates the effect sizes in each latent variable block as the absolute values of the individual contributions of the
relevant predictor latent variables to the R? coefficients of the criterion latent variable. The effect sizes determine whether the effects
suggested by the path coefficients are small, medium, or large, interpreted with the conventional threshold values of 0.02, 0.15, and
0.35 [101]. Values less than 0.02 indicate effects that are considerably weak to be considered of practical importance, even if their
respective p-values are statistically significant; this can happen with large sample sizes [102].

According to the SEM test results shown in Fig. 2, moral standards grounded in the NAM are stimulated by the knowledge of the
results and considerably impact residents’ inclinations to recycle. Residents’ recycling intentions are significantly influenced by their
recycling attitudes and subjective norms, all of which are based on the TPB, but not significantly affected by the accessibility of
recycling infrastructure under the TPB’s perceived behavioral control.
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Table 5

Results of hypotheses testing.
Path Hypothesis Path coefficient Effect size p-values Results
AC - MN H1 0.348 0.207 0.001 Supported
MN — IR H2 0.248 0.120 0.001 Supported
ATT - IR H3 0.190 0.088 0.001 Supported
CARI — IR H4 0.047 0.017 0.146 Not supported
SN - IR H5 0.123 0.050 0.003 Supported
SN— ATT H6 0.407 0.232 0.001 Supported
IP - IR H7 0.039 0.014 0.197 Not supported
IP - MN H8 0.287 0.164 0.001 Supported
IP —» ATT H9 0.311 0.164 0.001 Supported
IP — CARI H10 0.674 0.454 0.001 Supported
SN — MN H11 0.273 0.156 0.001 Supported

*p < 0.05, **p < 0.01, ***p < 0.001.
AC = awareness of consequence, MN = moral norms, ATT = attitude, SN = subjective norm, CARI = convenience of the available recycling infra-
structure, IP = information publicity, IR = intention of recycling.

The mediating factors, moral standards, and recycling attitudes influenced citizens’ recycling intentions, while IP was not directly
affected by those intentions. Additionally, MN and attitude were greatly influenced by subjective norms.

The hypothesis testing found the routes of IP and perceived behavior control affecting recycling intentions not to be significant.
Hence, we decided to exclude these variables from analysis and rerun the SEM, as it is a common practice in statistical analysis to
remove variables from a model that are not significant or do not contribute to the overall understanding of the relationship between the
concerned variables; doing so can simplify the model and ease its interpretation [103,104]. We used WarpPLS 7.0 to re-examine the
model. Fig. 3 illustrates the results of the modified model.

3.3. Discussion and implications

This study applied the integrated NAM-TPB model to investigate the impact of information publicity on people’s e-waste recycling,
which is consistent with the findings of other studies regarding helpfulness and environmental friendliness [28]. It also discovered a
positive and significant relationship between residents’ awareness of consequences and moral norms, as well as a positive and sig-
nificant relationship between the two and recycling intention [27].

The current information and publicity regarding e-waste recycling do not directly motivate residents to recycle their e-waste, as our
findings suggest. This corroborates Wang et al. [78], who found that information and publicity could indirectly impact people’s in-
tentions to recycle e-waste through three mediating variables: personal norms, recycling attitude, and perceived behavior control.

We found that information dissemination significantly affected moral standards at a high significance level. MNs primarily assessed
residents’ moral awareness of recycling [34], and IP had a significant impact on it. Constructively guiding moral awareness could
shape residents’ e-waste recycling intentions in a better way than simply relying on informational dissemination. Thus, IP significantly

(p<.01)

Fig. 3. Modified model.
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affected recycling attitudes. As residents became more informed about the negative consequences of discarding or storing e-waste at
home and the resulting environmental damage, their attitudes toward recycling changed [105]. By regularly treating this waste,
residents’ moral subconscious was stimulated, developing positive attitudes toward recycling. This established a favorable environ-
ment for e-waste recycling, creating a positive cycle [105,106].

According to our study, informational campaigns do not directly impact residents’ intentions to recycle e-waste. However, IP about
recycling e-waste was found to be effective. The effectiveness of IP in e-waste recycling lies in its significant impact on moral norms, as
indicated by a standardized regression coefficient of 0.287. The variable measuring residents’ recycling awareness from a moral
perspective demonstrates a substantial influence of IP. By positively influencing moral consciousness, IP fosters residents’ intention for
e-waste recycling. Furthermore, IP significantly influences recycling attitudes and subjective norms [28]. Nevertheless, we conclude
that the current publicity efforts are inadequate and do not motivate people to recycle. Therefore, it is necessary to devise effective
strategies that can motivate residents to recycle their e-waste. Encouraging people to recycle electronic waste through IP involves a few
key issues. First, information must be publicized regarding the benefits of e-waste recycling for the environment. Offering rewards or
prizes for recycling can also motivate people. Sharing success stories from the community can make everyone feel part of something
positive. Making sure that recycling spots are easy to find is important as well. Teaming up with local groups and using social media for
fun activities or reminders helps maintain people’s interest. The government’s promotion of recycling strengthens the message, and
showing how recycling helps each person by keeping the environment healthy and saving resources makes the message personal. By
doing these things through IP, we hope that more people will feel excited to join in and recycle their electronic waste [107,108].

Our findings demonstrate that AC might activate moral standards based on the NAM hypothesis [22]. Residents would take greater
responsibility for their living environment when aware of the numerous negative effects of not recycling e-waste, feel a sense of duty,
and follow their moral standards effectively [77].

According to the TPB, a resident’s attitude toward recycling affects their recycling intention [24-26]. Therefore, it is crucial to
evaluate residents’ recycling attitudes and actively influence them to improve their understanding of environmental preservation and
promote recycling. This can ultimately lead to increased recycling intentions and behavior [25]. The recycling intentions of locals are
significantly influenced by subjective norms [83,84]. Therefore, the applicable e-waste recycling regulations and rules and the atti-
tudes of the local populace decide, to an extent, how enthusiastically they engage in recycling. Residents’ desires to recycle e-waste will
significantly increase if social norm-related activities are conducted. Our results also support the major impact of subjective norms on
recycling attitudes. Hence, the environment for recycling in general or the legislation and standards governing e-waste might impact
the locals’ attitudes toward recycling. MNs are affected by subjective norms, implying that the applicable legislation governing e-waste
recycling and public opinion will greatly impact local citizens’ moral awareness of recycling [87,88]. Therefore, we believe that
subjective norms have a greater impact on e-waste recycling than previously anticipated [24]. It is crucial to strengthen the current
laws and rules.

Experience and ease of recycling are key indicators of perceived behavioral control. Ease of access to available recycling infra-
structure was thus included under perceived behavior control in this study [53]. The findings indicate that the convenience of recycling
does not have a significant impact on people’s recycling intention [51]; that is, residents’ willingness to participate in recycling is not
affected by the ease of access to available recycling infrastructure. Hence, while residents are aware of the convenience of recycling
infrastructure, it is insufficient to change their recycling intentions [35]. According to the TPB, perceived behavioral control has a
negligible impact on residents’ behavioral intentions [75,76]. We recommend that the government increase efforts to disseminate
information on e-waste recycling frequently and widely, emphasizing its benefits and giving details on recycling routes. We also
suggest enhancing the e-waste recycling infrastructure and integrating it with Internet technologies to increase the convenience of
recycling for residents by including features such as mobile applications for scheduling pickups, real-time information on nearby
recycling centers, and digital platforms for interactive and informative campaigns. This approach recognizes that mere awareness of
the existence of recycling infrastructure might not be sufficient to drive behavioral change. Instead, by incorporating technology, we
recommend measures to provide residents with tools and resources that make recycling more convenient, engaging, and aligned with
their daily routines. In essence, it is a strategy to transform the way people interact with and perceive recycling in order to bridge the
gap between awareness and active participation [109]. We anticipate that residents’ awareness and willingness to recycle e-waste will
thereby increase, positively impacting public health and the environment.

4. Conclusions

This study aimed to determine the factors shaping e-waste recycling and the influence of the dissemination of pertinent information
on South Korean residents’ intentions regarding e-waste recycling. Employing a novel research model amalgamating the TPB and the
NAM, our findings indicate that information publicity (IP) did not directly impact citizens’ willingness to recycle e-waste but rather
indirectly influenced it through the mediating factors of moral standards and recycling attitudes. Notably, subjective norms within the
TPB emerged as significant determinants of residents’ recycling intentions and attitudes.

The research addresses a major gap in our understanding of how information publicity affects residents’ behavior and intentions
concerning e-waste recycling in South Korea. Before this study, the specific pathways through which information publicity shapes
recycling intentions, especially within the context of electronic waste in South Korea, remained inadequately explored. While existing
research has examined various factors influencing recycling behavior, this study offers a more comprehensive understanding of the
nuanced effects of information dissemination on residents’ intentions.

This study contributes to research by filling a critical research gap and providing a nuanced comprehension of the intricate
mechanisms influencing the impact of information publicity on e-waste recycling intentions. It also contributes to policy by offering
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practical recommendations tailored to enhance recycling initiatives in the unique context of South Korea.
4.1. Limitations and future research

This research identified several areas for improvement in the precision and effectiveness of e-waste recycling. However, some
limitations must be acknowledged.

This study did not compare the differences in recycling perceptions and habits across genders and age groups. It is recommended
that future research include these moderating variables to understand how different groups perceive and engage in e-waste recycling.

Additionally, the significance of ascribing responsibility, specifically the NAM element, was not thoroughly examined. Future
research should investigate how this element interacts with the recycling paradigm to identify any divergent views on its function.

The residential condition shows a clear picture of residents’ recycling habits. Compared to homeowners, renters are more likely to
participate in e-waste recycling, possibly because homeowners have more space to store old electronic devices. If most homes in the
residential neighborhood are rentals or have smaller lots, larger recovery areas may be necessary. To improve precision in support of e-
waste recycling, future research should include a moderating variable, such as residential conditions [110].

As the government’s role was considered important in the relationship between recycling intention and behavior, future research
may examine the effectiveness of e-waste operational guidelines to encourage stakeholders, particularly manufacturers, distributors,
and retailers of consumer goods, to develop centralized recycling centers or take-back programs to enable people to significantly
increase the rate of recycling. Social media influencers can also play a major role in promoting awareness of e-waste recycling.

Finally, it should be noted that the COVID-19 pandemic has substantially affected e-waste segregation and recycling policies.
Analyzing the data and comparing outcomes before and during the pandemic is important to identify spatial heterogeneity and local
management insights. Future research should seek to determine how the suggested solution framework can be adapted to handle the
challenges of the pandemic.

To enhance the accuracy and efficacy of e-waste recycling programs, future research should explore the impact of moderating
variables such as gender, age, and residential status. Additionally, the study recommends investigating the effects of government
policies and social media influencers on e-waste recycling. The impact of the COVID-19 pandemic should also be considered and
analyzed to identify insights for better e-waste management practices.
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