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Abstract

In light of China’s mandatory garbage sorting policy, residents’ engagement in waste sorting
tends to be short-term. To address this issue, this study proposes a conceptual framework to
examine the relationships among motivation, green self-perception, and proactive garbage
sorting behavior (PGSB). A total of 1550 questionnaires were collected across 31 provinces
in China. Confirmatory factor analysis (CFA) was conducted to assess measurement quality,
and hierarchical regression combined with bootstrapping was employed to test the parallel
mediating effects of green self-perception and its three dimensions (green self-identity,
green self-efficacy, and green self-connection). The results indicate that both obligation-
based and enjoyment-based intrinsic motivations are positively associated with PGSB
and its sub-dimensions. Green self-perception shows a statistical indirect effect in the
relationship between intrinsic motivation and behavior. Specifically, green self-identity
and green self-efficacy serve as consistent and significant mediators across all behavioral
outcomes. In contrast, the mediating role of green self-connection varies across behavioral
types. For obligation-based motivation, it only acts as a significant negative mediator for
constrained proactive garbage sorting, with no significant effect on other behaviors. For
enjoyment-based motivation, it exerts a positive mediating effect on self-development
PGSB but suppresses participatory and constrained PGSBs. These findings suggest that
fostering green self-perception may be an important pathway associated with PGSB. The
study provides policy-relevant insights for shifting residents from compliance-driven to
more self-initiated participation in waste sorting.

Keywords: proactive garbage sorting behavior; intrinsic motivation; green self-perception;
hierarchical regression; bootstrapping

1. Introduction

Amid ongoing globalization, global municipal solid waste generation is projected to
reach 3.8 billion tonnes by 2050, rendering waste management an increasingly pressing
issue of international concern [1-4]. In response, the Chinese government has implemented
mandatory waste sorting policies since 2019, aiming to enforce compliance through reg-
ulations, monitoring, and penalty mechanisms [5-8]. Although such interventions can
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rapidly mobilize public participation, their effectiveness in fostering sustained, long-term
engagement remains uncertain.

Public attention data appear to reflect this concern. According to the Baidu Index, a
platform that tracks public interest based on large-scale online search behavior (https://
index.baidu.com/Helper/?tpl=help&word= (accessed on 18 March 2024)), public attention
to the keyword “garbage sorting” surged when the policy was introduced in 2019 but
declined substantially in subsequent years (see Figure 1). Although search trends do
not directly measure behavior, they may indicate declining public attention to the policy
issue. This pattern suggests a potential policy dilemma: while mandatory enforcement
may generate strong short-term compliance, it may not necessarily cultivate sustained,
self-initiated pro-environmental behavior.

Baidu Index Customize PC+Mobile nationwide

Waste sorting

Figure 1. Baidu Index trend map of “Garbage sorting”.

A possible explanation for this dilemma lies in how pro-environmental behavior has
been conceptualized in prior research. Most existing studies on garbage sorting behavior
do not distinguish between different types of behavior. In particular, they tend to treat
passive compliance and proactive behavior as the same, despite their distinct underlying
drivers [9-12]. For example, some studies suggest that mandatory policies can promote
garbage sorting behavior, whereas other research indicates that such policies may have
negative spillover effects and undermine the sustainability of citizens” engagement in
environmental protection [13]. This may explain why the same driving factors sometimes
produce inconsistent results in prior studies. At the same time, recent research in other
environmental domains has begun to integrate behavioral data into sustainability and
resource models, highlighting the broader importance of incorporating human behavior
into environmental decision-making [14]. Therefore, given the practical dilemma of short-
term effectiveness, this study focuses on proactive garbage sorting behavior, which refers to
individuals voluntarily engaging in waste classification based on their own environmental
awareness and willingness rather than external enforcement.

To better understand proactive environmental behavior, this study draws on Self-
Determination Theory (SDT), which differentiates between self-determined and non-self-
determined forms of behavior. Self-determined behaviors are driven by individuals” in-
ternal motivations rather than external pressure [15,16]. Among the various motivational
processes proposed in SDT, intrinsic motivation is considered particularly important for
sustaining voluntary behavior over time. Therefore, this study focuses on intrinsic motiva-
tional drivers that are most closely associated with proactive environmental behavior. Prior
studies distinguish between obligation-based intrinsic motivation for pro-environmental
behavior, which is rooted in moral norms and a sense of duty, and enjoyment-based intrin-
sic motivation, which arises from positive affect such as satisfaction and achievements [17].
While obligation-based motivation is associated with stable pro-environmental behavior,
the role of enjoyment-based motivation remains ambiguous [18-20]. On the one hand,
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pro-environmental actions often involve effort and inconvenience, potentially conflicting
with hedonic motives [21]. On the other hand, the “warm-glow” effect suggests that posi-
tive emotions derived from helping others or contributing to public goods may reinforce
voluntary engagement [22]. This unresolved tension indicates that existing research has
yet to fully clarify how different types of intrinsic motivation operate in the context of
sustained and proactive environmental behavior.

However, motivation alone does not necessarily translate into behavior. Individuals’
self-perceptions also play a crucial role in determining whether internal motivations are
expressed through concrete actions. In this study, self-perception refers to individuals’
perceptions of themselves and their relationship with the environment [23,24]. According
to Self-Consistency Theory (SCT), individuals tend to behave in ways that are consistent
with their self-perceptions in order to maintain psychological coherence [25]. Therefore,
intrinsic motivation may shape individuals’ self-perceptions, which in turn are associated
with their behavioral choices.

In the environmental domain, prior research has often examined green self-perception
primarily through the lens of environmental identity, which refers to individuals” per-
ceptions of themselves as environmentally responsible persons [26,27]. However, green
self-perception can be understood as a multidimensional construct that encompasses not
only identity but also perceived capabilities and relational connections. These three di-
mensions capture complementary aspects of the self-concept, reflecting how individuals
define themselves (self-identity), what they believe they are capable of doing (self-efficacy),
and how they psychologically relate to the natural environment (self-connection). Con-
sidering these dimensions together provides a more comprehensive perspective on how
self-perceptions shape proactive environmental behavior.

To address these gaps, this study proposes a conceptual framework to examine the
hypothesized path relationships among motivation, green self-perception, and proactive
garbage sorting behavior. Specifically, this study makes two conceptual advancements.
First, it distinguishes between obligation-based and enjoyment-based intrinsic motiva-
tions, thereby capturing the heterogeneous nature of internal motivational drivers and
their potentially divergent effects. Second, it reconceptualizes green self-perception as a
multidimensional construct comprising self-identity, self-efficacy, and self-connection.

Accordingly, this study addresses the following research questions: (1) How do
obligation-based and enjoyment-based intrinsic motivations shape proactive garbage sort-
ing behavior and its sub-dimensions? (2) How does multidimensional green self-perception
shape proactive garbage sorting behavior and its sub-dimensions? (3) Does green self-
perception mediate the relationship between intrinsic motivation and proactive garbage
sorting behavior and its sub-dimensions?

This study makes three main contributions. First, it advances the literature by distin-
guishing proactive garbage sorting behavior from passive compliance, thereby providing
a refined conceptual lens to explain the inconsistency of prior findings and shedding
light on the policy dilemma between short-term enforcement effectiveness and long-term
behavioral sustainability. Second, it extends the concept of green self-perception by concep-
tualizing it as a multidimensional construct encompassing self-identity, self-efficacy, and
self-connection. This reconceptualization moves beyond identity-based explanations and
enriches the understanding of self-related psychological mechanisms in pro-environmental
behavior. Third, the study develops a Motivation—Self-Perception—Behavior theoretical
framework to examine how intrinsic motivations are associated with proactive environ-
mental behavior through self-perception mechanisms. These insights contribute to a
better understanding of how sustained pro-environmental behavior may be fostered under
policy interventions.
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2. Literature Review and Theoretical Foundation

2.1. Garbage Sorting Behavior

The existing literature has extensively examined the determinants of waste sorting

behavior, particularly in the Chinese context. As summarized in Table 1, prior studies

can be broadly categorized into three perspectives: macro-level, micro-level, and inte-

grated approaches.

Table 1. Research conducted relate to garbage sorting behavior.

Author/Year Title Theory Influence Factors
What determines the batteries recycling . . . .
(Wang et al., 2024) behavior of e-bike citizens in Guangzhou?: Theory of planned gé?uclﬁﬁl Piﬁitcei}c(iic?r?my’
& v Integrating place identity and yorp yems !
[28]) : : behavior (TPB) Environmental concerns;
environmental concern into the extended Personal norms
norm activation model
e Interplay of values, Beliefs,
Understanding food waste sortin Value-belief-norm Norms, Motivations, Social
(Ma et al., 2024 & & model(VBN), TPB
[29]) v behavior in institutional food services: An self- determir{a tionl theor value orientations, Awareness
integrated psychological framework (SDT) y of Consequences, Personal
Norms, Subjective norms
(Lou et al., 2024 Research on the influence mechanism of Classification labels, Attitude,
130]) v residents’waste sorting behavior: based on ~ TPB Subjective norm, Perceived
g extended theory of planned behavior behavior control
(Zhang et al., 2025 What drives waste sorting? A capability, Capability-Opportunity— gapi)titﬁ%:kziﬁfi?sz,ture M
& v opportunity, motivation, and behavior Motivation-Behavior Ii)P Gy S acro.
(31D model analysis with hybrid modeling (COM-B) model subjective norms), Motivation  perspective
(habit and intention)
Environmental cognition and peer Social norms, Peer networks
ong et al., attitudes: Intfluencing tourists . .
(Zhong et al., 2024 itudes: Infl ing ists’ / Peer attlt’ude/s EnVlronmentz;l
waste-sorting behavior in rural tourism s
321 ing behavior i 1 . cognition '
destinations &
What Roles Do Attitudes and Recycling
Trust Play in the Recycling Behavior of . .
Eg{%a]r;g etal, 2025 {jpan Residents of Used Clothing in VBN %r?lr;it?;:sziglugi,riescychng
o China?—An Analysis Based on Extended ’
VBN Theory
Unlloa.ckmg th.e role of maximizing , Attitude, Personal Norm,
(Dong et al., 2025 decision-making style in employee’s waste / Waste Sortine Self-cfficac
[34]) sorting intentions: the perspective of Habit & Y,
comprehensive action determinant model
Economic Incentives, Reputation
Incentives, and Rural Residents’ .. .
Elg_tlga];l etal, 2023 Participation in Household Waste / Ezoiigigﬁiizggsse’s
o Classification: Evidence from Jiangsu, p
China
How does environmental education affect
uo et al., college students” waste sorting behavior: . .
(L 1., 2025 lleg dents’ ing behavior: A
. . / Environmental education
[36]) heterogeneity analysis based on
educational background
. . . Environment-type tools,
. Policy Tools, Policy Perception, and !
%;r]l) etal, 2025 Compliance with Urban Waste Sorting / SDt};r?;iz?,tpe :1(:)1;{5 Polic Micro )
Policies: Evidence from 34 Cities in China and-type / y perspective
cognition, Policy acceptance
A study of residents’ behavior in e .
g\é?)n g etal, 2025 participating in smart waste sorting system  TPB F?i}’r:eelglo;zagig}; llirrl;er;tcl:,es’
based on structural equation modeling 4 p
(Liu et al., 2025 P.I(.)W does }:.)o.hcy. mix crgdlblhty affect‘ The policy feedback Policy mix credibility,
[39]) citizen participation? Evidence from pilot theory (PFT) ICT tool functionalit
of household waste sorting policy y y
Substitution or complementary effects: The
(Chen et al., 2025 impact of neighborhood effects and policy / Neighborhood effects, Policy
[40]) interventions on farmers’ pesticide interventions

packaging waste recycling behavior
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Table 1. Cont.
Author/Year Title Theory Influence Factors
Resident Motivations, Policy Types and VBN, Goal Framing Norm motivation, Blosphere.
. . . X values, Altruistic values, Gain
Multisphere Waste Sorting Intentions in Theory (GFT), R .
(Cao et al., 2024 . R X . motivation, Hedonic
China from a Dual-Interest Integration Environmental Policy R
[41]) . . motivation,
Perspective: An Expanded Goal Intervention Theory . -
Informational policies,
Framework Theory (EPIT) L
Structural policies
Systematic exploring domestic waste Personal Cognition,
(Zhang et al., 2025  sorting behavior and influence mechanism / Knowledge and Education,
[42]) of international students in China: based Institutional Norms, Collective
on the PKIC analysis framework Action
Reducing environmental pollution: what . -
(Zhang et al., 2024  affects the waste sorting of Chinese urban TPB ?;lctgizz’ S:}E;?/Cit;::l I;g;?;(s)’l Micro and
[43]) residents? The theory of planned behavior Community convenience ! macro
with community convenience y integration
perspectives

(Han et al., 2025
[44])

How do two facets of social media
interaction shape waste sorting behaviour?
Empirical evidence from Beijing, China

Social learning theory
(SLT)

Online peer influence,
Perceived information
overload, Psychological
enablers (green self-efficacy)
and barriers (environmental
apathy)

(Yang et al., 2025
[45])

What determines citizens’ recycling
behavior of express delivery packaging?
Empirical evidence from a comprehensive
model

Structuration and social
network theories (SSNT)

Social sanctions,
Responsibility attribution,
Centrality, Place attachments,
Authority effect, Trust

(Liu et al., 2024
[46])

General deterrent effects of environmental
law enforcement: Evidence from a survey
experiment on recycling

Deterrence Theory (DT)

Perceived intensity of
monitoring, Perceived risk

At the macro level, scholars have primarily focused on external institutional factors,
such as mandatory policies, incentive mechanisms, and environmental education. These
studies emphasize the role of regulatory enforcement and policy interventions in shaping
residents” compliance behavior [37,44]. At the micro level, research has predominantly
examined individual psychological and cognitive determinants, including attitudes, subjec-
tive norms, perceived behavioral control, personal norms, and environmental cognition.
These studies, often grounded in the Theory of Planned Behavior and the Norm Activa-
tion Model, highlight the role of internal cognitive and moral processes in influencing
behavioral intention [29,33].

Notably, an increasing number of studies have adopted an integrated perspective by
combining macro-level and micro-level factors. These studies incorporate both institutional
contexts and individual psychological mechanisms, often by extending traditional theo-
retical frameworks or integrating multiple theories [29,41]. This line of research reflects
a growing recognition that waste sorting behavior is shaped by the interaction between
external constraints and internal motivations. Meanwhile, Deterrence Theory highlights
the importance of external enforcement mechanisms, such as monitoring and penalties,
in promoting compliance behavior [39]. More recently, scholars have attempted to inte-
grate multiple theoretical perspectives to better capture the complexity of waste sorting
behavior [29,41], reflecting a trend toward more comprehensive analytical frameworks.

However, despite the growing body of literature, several critical limitations remain.
Macro-level approaches, largely centered on external policy interventions, primarily explain
compliance-oriented behavior driven by external pressures, yet fall short in accounting for
the persistence of proactive and intrinsically motivated waste sorting behavior. Meanwhile,
micro-level studies have identified various psychological determinants, but tend to concep-
tualize intrinsic motivation as a unitary construct, overlooking the potential heterogeneity
between obligation-based and Enjoyment-based motivational orientations. More impor-
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tantly, the cognitive mechanisms through which these differentiated motivations translate
into behavior remain insufficiently understood. In particular, the role of multidimensional
green self-perception as a key cognitive pathway linking intrinsic motivation to proactive
waste sorting behavior has received limited scholarly attention.

2.2. Proactive Garbage Sorting Behavior

Despite the government’s efforts to promote garbage sorting through mandatory
measures such as legislation and penalties, these interventions may primarily stimulate
short-term compliance rather than sustained voluntary participation [13]. From a the-
oretical perspective, existing studies on garbage sorting behavior have largely treated
pro-environmental behavior as a single construct and have rarely distinguished between
passive compliance and proactive engagement [47,48]. As a result, the proactive dimension
of garbage sorting behavior remains underexplored.

To address this limitation, the present study focuses on proactive garbage sorting
behavior, defined as individuals’ voluntary and self-initiated engagement in waste classifi-
cation beyond externally imposed requirements. Given the limited research on proactive
behavior in garbage sorting, we have drawn upon the categorization of proactive behavior
from the field of environmental organization management. Boiral [49] proposed five di-
mensions of environmental proactive behaviors: (1) ‘Helping” (encouraging coworker and
assising others in environmental protection); (2) ‘Sportsmanship” (maintaining a positive
attitude towards environmentally friendly behaviors that are challenging to perform);
(3) ‘Organizational loyalty’ (supporting the company’s environmental policies and adher-
ing to compliant companies’ environmental practices); (4) ‘Individual initiative” (actively
participating in environmental activities in the workplace); and (5) ‘Self-development’ (ac-
quiring knowledge related to environmental protection through various channels). Boiral
and Paillé [50] further classified environmental organizational citizenship behavior into
three types: (1) “Eco-initiatives’ (improving environmental practices and performance);
(2) “Eco-civic engagement’ (voluntarily participating in organizational activities); and
(3) “Eco-helping’ (voluntarily assisting colleagues in the workplace).

Drawing on the literature on proactive environmental behavior in organizational
contexts, this study conceptualizes proactive garbage sorting behavior as a multidimen-
sional construct consisting of four dimensions: (1) Self-development proactive garbage
sorting behavior; (2) Participation proactive garbage sorting behavior; (3) Constrained
proactive garbage sorting behavior; and (4) Garbage sorting proactive help behavior. These
dimensions contribute to a deeper understanding of proactive behavior in garbage sorting.
Details are provided in Table 2.

Table 2. Definition and source of proactive garbage sorting behavior.

Proactive Garbage Sorting Behavior Definition Source

Self-development of Proactive knowledge, skills, and values to
Garbage Sorting Behavior enhance understanding and

Proactively acquiring personal
‘Self-development’ from [49,51].

integration of garbage sorting issues.

Participatory

Proactive Garbage Sorting Behavior ~ contributing to online forums, and

Actively participating in garbage

. ‘Individual Initiative’,
sorting-related activities, nawvicua; iuhiative

‘Organizational loyalty” from [49,51];

offering constructive feedback. Eco-civic engagement” from [50]
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Table 2. Cont.

Proactive Garbage Sorting Behavior Definition Source

Constrained

Proactive Garbage Sorting Behavior  additional workload associated with

Proactively embracing and
maintaining a positive attitude
he i i .
towards the inconveniences and ‘Sportsmanship’ from [49,51].
garbage sorting, such as increased
time, energy, and financial resources.

Garbage Sorting Proactive Help others to understand and implement

Behavior

Actively supporting and inspiring ‘Helping’ from [49,51];

“Eco-initiatives’, ‘Eco-helping’

garbage sorting practices, akin to from [51].

volunteer behavior.

2.3. Two Types of Intrinsic Motivation

The concept of proactive garbage sorting behavior aligns with the notion of self-
determination behavior as outlined in Self-Determination theory (SDT), which refers to
voluntary actions performed without external pressure [15,52]. According to SDT, proactive
garbage sorting behavior is driven by intrinsic motivation.

In the realm of pro-environmental behavior, there are two types of intrinsic motiva-
tion [17]. The first is obligation-based intrinsic motivation, which relates to an individual’s
sense of duty to adhere to specific moral rules, norms, or principles [53,54]. Prior re-
search has demonstrated a positive correlation between personal moral obligation and
pro-environmental behavior [55-57]. Furthermore, given that personal moral obligation
is rooted in self-transcending values, which encompass altruism, biosphere value, and
a disregard for personal costs, it can be inferred that behaviors driven by this sense of
obligation are more sustainable and long-term [58,59].

The second type of intrinsic motivation is enjoyment, which involves engaging in
certain behaviors to experience pleasurable emotions such as satisfaction and achieve-
ment. Prior research has indicated that enjoyment-based motivation is more related to
leisure activities, while there is a negative correlation between such motivation and pro-
environmental behaviors that require effort [21,60,61]. This could be attributed to the fact
that enjoyment-based motivation is associated with immediate personal benefits, whereas
environmentally conscious behaviors that require effort often involve long-term social
responsibility. However, for proactive behavior without any cost, this type of intrinsic
motivation should not be overlooked. Heberlein [62] proposed that ‘decisions are classified
as ethical behavior only when the person making the decision voluntarily chooses to take
action with prior knowledge’, thus proactive behavior can be considered ethical behavior.
Research on ethical behavior based on charitable donations has found that the sense of
achievement and satisfaction derived from imagining helping others can stimulate volun-
tary donation behavior [63-65]. Similarly, the sense of satisfaction and achievement derived
from actively sorting garbage can serve as a ‘warm-glow effect’, making individuals more
inclined to voluntarily engage in such behavior. Based on these findings, we propose the
following hypothesis:

Hypothesis 1 (a). Obligation-based intrinsic motivations positively influence proactive garbage
sorting behavior and its four subdivisions.

Hypothesis 1 (b). Enjoyment-based intrinsic motivations positively influence proactive garbage
sorting behavior and its four subdivisions.
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2.4. Green Self-Perception

Self-perception refers to individuals” subjective perceptions of themselves and their
relationship with the surrounding environment [66]. In the context of environmental
behavior, previous studies have mainly examined self-perception through the lens of envi-
ronmental self-identity, which reflects the extent to which individuals perceive themselves
as environmentally responsible persons [67,68]. Studies have shown that an individual’s
self-identity can positively influence pro-environmental behavior. This suggests that indi-
viduals who identify with an environmental protection identity are more inclined to choose
options that are environmentally beneficial, have long-term advantages, are eco-friendly,
and benefit the community [16,26,69]. They are also more likely to voluntarily engage in
pro-environmental behaviors, even when faced with high economic costs or effort [21].

However, self-perception can also be understood as a multidimensional construct that
includes not only identity but also perceived capability and psychological connection with
nature. First, green self-efficacy refers to individuals” beliefs in their ability to perform
pro-environmental behaviors such as garbage sorting [70]. Individuals with stronger green
self-efficacy are more confident in their capacity to engage in environmental actions and
are therefore more likely to translate environmental awareness into actual behavior [71-73].
Second, green self-connection reflects individuals” psychological connection with the natu-
ral environment [74]. When individuals perceive themselves as closely connected to nature,
they are more likely to experience emotional attachment and moral responsibility toward
environmental protection [75-77]. This psychological connection can inspire emotional
resonance and prompt individuals to pay more attention to environmental conservation
and take corresponding actions to protect their perceived ‘own’” environment.

Considering that current research only focuses on the identity aspect of green self-
perception, we suggest expanding this concept in the context of garbage sorting scenarios.
This expansion should include the dimensions of identity, ability, and connection to explore
its impact on proactive garbage sorting behavior. Based on this analysis, we propose the
following hypothesis:

Hypothesis 2. Green self-perception positively influences the proactive garbage behavior and its
four subdivisions.

Hypothesis 2 (a). Green self-identity positively influences proactive garbage sorting behavior and
its four subdivisions.

Hypothesis 2 (b). Green self-efficacy positively influences proactive garbage sorting behavior and
its four subdivisions.

Hypothesis 2 (c). Green self-connection positively influences proactive garbage sorting behavior
and its four subdivisions.

2.5. The Relationship Among Motivation, Self-Image, and Proactive Garbage Sorting Behavior

Motivation serves as an important driving force underlying behavior, reflecting indi-
viduals’ desire to act. It may also shape how individuals perceive themselves, as people
tend to form self-perceptions that are consistent with their internal motivations. In turn,
individuals are more likely to engage in behaviors that align with their self-perceptions.

Previous research has identified a close relationship between personal morality and
self-perception [27]. Individuals driven by moral motivation tend to develop a positive
self-perception that aligns with moral ideals, which is associated with socially responsi-
ble behavior. In addition, enjoyment-based intrinsic motivation such as the pursuit of
satisfaction and achievement can generate a non-material psychological reward, often
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referred to as the “warm-glow” effect. Prior studies have linked this effect to more positive
self-perceptions [78]. Taken together, these perspectives suggest that both obligation-based
and enjoyment-based intrinsic motivations may be associated with the formation of green
self-perception, which in turn relates to proactive garbage sorting behavior. Based on this
reasoning, we propose the following hypotheses:

Hypothesis 3. Green self-perception shows a statistical indirect effect on the relationship between
intrinsic motivation (obligation-based and enjoyment-based) and proactive garbage sorting behavior
and its subcategories.

Hypothesis 3 (a). Green self-identity shows a statistical indirect effect on the relationship between
intrinsic motivation (obligation-based and enjoyment-based) and proactive garbage sorting behavior
and its subcategories.

Hypothesis 3 (b). Green self-efficacy shows a statistical indirect effect on the relationship between
intrinsic motivation (obligation-based and enjoyment-based) and proactive garbage sorting behavior
and its subcategories.

Hypothesis 3 (c). Green self-connection shows a statistical indirect effect on the relationship
between intrinsic motivation (obligation-based and enjoyment-based) and proactive garbage sorting
behavior and its subcategories.

Based on the above theoretical analysis, Figure 2 presents the conceptual frame-
work illustrating the hypothesized relationships, which are empirically examined through
regression-based analysis. The framework hypothesizes relationships among two types
of intrinsic motivation, three dimensions of green self-perception, and four dimensions of
proactive garbage sorting behavior.

Green Self-Perception

Green Self-Identity

Green Self-Efficacy

Green Self-Connection . . .
Proactive Garbage Sorting Behavior

Self-development Proactive

Intrinsic Motivation Garbage Sorting Behavior
H Obligation-based Participatory Proactive
i~ =2 | Intrinsic Motivation | : Garbage Sorting Behavior

\ 4

H Constrained Proactive
Enjoyment-based : Garbage Sorting Behavior
Intrinsic Motivation | :

Garbage Sorting
Proactive Help Behavior

Figure 2. Conceptual framework. Note: This figure presents the hypothesized conceptual framework.
The empirical analysis tests individual path relationships and mediation effects using hierarchical
regression and bootstrapping.
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3. Materials and Methods
3.1. Questionnaire Design and Scale

To ensure measurement reliability and validity, the questionnaire items were adapted
from established and widely used scales related to intrinsic motivation, green self-
perception, and proactive garbage sorting behavior, with minor modifications to fit the
garbage-sorting context.

The questionnaire development followed several steps. First, the original items
were translated from English into Chinese using a translation procedure to ensure lin-
guistic equivalence. Two bilingual experts reviewed the translated version to ensure
grammatical accuracy and semantic consistency. Second, six scholars with expertise in
pro-environmental behavior research evaluated the questionnaire in terms of content valid-
ity, clarity, and logical coherence. Third, a pilot test was conducted with ten participants
to assess the readability and practicality of the questionnaire, and minor revisions were
made accordingly.

To reduce potential response bias, the order of questionnaire items was randomized.
In addition, an attention-check item was included to identify invalid responses. All items
were measured using a seven-point Likert scale, ranging from 1 (“strongly disagree”) to
7 (“strongly agree”). Composite scores for each construct were calculated by averaging the
corresponding items. The detailed measurement items and their sources are reported in
Appendix A.

3.2. Survey Collection and Sample

Data were collected through an online questionnaire survey conducted between
May and June 2025. The survey was administered via Sojump (https://www.sojump.
com), one of the largest online survey platforms in China and widely used in academic
research [30,79,80].

A survey link was generated on the Sojump platform and distributed through WeChat,
a widely used social networking platform in China. To enhance data quality, respondents
were required to complete real-name authentication through their WeChat accounts. Par-
ticipation was voluntary, and small monetary incentives were provided upon completion.
The study protocol was reviewed and approved by the Ethics Committee for Scientific
Research at the authors’ institution, and all respondents provided informed consent prior
to participation.

As shown in Table 3, the sample covers 31 provinces across six major administrative
regions of China, namely North China, Northeast China, East China, Central South, South-
west, and Northwest, providing broad geographic coverage. Given the large and diverse
population, a sample size calculation was conducted to ensure adequate statistical power.
Based on a 95% confidence level, a standard deviation of 0.5, and a margin of error of 5%,
the minimum required sample size was determined using the following formula:

n: sample size for the study.

Z: confidence level. The Z score is 1.96 at the 95% confidence level.

o: standard deviation.

E: margin of error.

Formula calculations showed that the minimum sample size to draw meaningful
conclusions was 384 participants. We received a total of 1879 survey questionnaires. After
rigorous screening based on criteria such as response time, false answers, and extreme
values, 1550 valid questionnaires were retained for analysis, resulting in an effective
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response rate of 82.5%. Detailed information about all the respondents is provided in
Table 4.

Table 3. Distribution of samples.

Region Provinces Sample Size Percentage (%)
North China Beiji“g'lzﬁ‘giﬁolf;zii; Shanxd, 174 11.20
Northeast China Liaoning, Jilin, Heilongjiang 102 6.50
East China Shanghai, J “}Tagrf;(lzgﬁgig%n ‘;“h“i' Fujian, 477 30.71
South Central China Henan, ngzigzﬁ:{niﬁangdmg' 496 32.00
Southwest China Chongalpe Siehuan, Juizhot 100 6.50
Northwest China Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang 201 12.97
Table 4. Demographic characteristics (N = 1550).
Characteristics Percentage (%) Characteristics Percentage (%)
Gender Household income
RMB Yuan/month
Male 55.3 0-3000 15.9
Female 44.7 3001-5000 17.2
Age 5001-8000 28.9
16-20 12.1 8001-10,000 21
21-25 38 >10,000 17
26-30 28.2 Family size
31-40 18.5 1 5.7
Over 40 3.2 2 12.6
Education 3 35.9
High school degree or less 10.3 4 23
2-year or some college 21.9 5 15
College graduate 60.8 >5 7.8
Graduate degree 7

3.3. Analytical Approach vs. Conceptual Framework

The conceptual framework presented in Figure 2 is intended to illustrate the theo-
retically hypothesized relationships among intrinsic motivation, green self-perception,
and proactive garbage sorting behavior. It serves as a conceptual representation of these
relationships, rather than a structural equation model (SEM) designed for the simultaneous
estimation of latent variables.

Consistent with this distinction, the empirical analysis in this study does not seek
to estimate a full structural model. Instead, it focuses on examining individual path
relationships and indirect effects among variables based on observed composite scores. Ac-
cordingly, hierarchical regression combined with bootstrapping is adopted as an analytical
strategy that aligns with this research objective.
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However, this regression-based approach differs from SEM in several important
respects. First, the use of composite variables does not explicitly account for measurement
error in latent constructs. Second, it does not provide an overall goodness-of-fit assessment
for the complete system of relationships depicted in Figure 2. Moreover, due to the use of
hierarchical regression rather than SEM, the present study does not provide a simultaneous
test of the full conceptual model with latent variables.

Therefore, the findings should be interpreted as statistical evidence of hypothesized
path relationships, rather than as a comprehensive validation of an integrated struc-
tural model.

4. Results

To examine the relationships among intrinsic motivation, green self-perception, and
proactive garbage sorting behavior, hierarchical regression analysis combined with boot-
strapping was employed. This approach allows for testing hypothesized relationships and
indirect effects among variables using observed composite scores and is widely used in
behavioral research.

This study followed a two-step analytical procedure. First, confirmatory factor analysis
(CFA) was conducted using AMOS 26.0 (IBM Corp., Armonk, NY, USA) to assess the
reliability and validity of the measurement scales. Internal consistency was evaluated using
Cronbach’s alpha, McDonald’s w coefficients and composite reliability (CR). Convergent
validity was assessed based on standardized factor loadings and average variance extracted
(AVE), while discriminant validity was examined using the Fornell-Larcker criterion. CFA
was used solely to assess measurement reliability and validity, rather than to estimate a full
structural model.

Second, hypothesis testing was performed using SPSS 26.0 (IBM Corp., Armonk,
NY, USA). Hierarchical regression analyses were conducted to examine the relationships
between obligation-based intrinsic motivation, enjoyment-based intrinsic motivation, and
proactive garbage sorting behavior and its four dimensions. Control variables, including
demographic characteristics, were entered in the first step, followed by the independent
variables in subsequent steps.

To further examine the mediating role of green self-perception (including green self-
identity, green self-efficacy, and green self-connection), mediation analyses were conducted
using a bootstrapping procedure with 5000 resamples. Indirect effects were considered
statistically significant if the 95% confidence intervals did not include zero. Given the
cross-sectional design, the mediation results reflect contemporaneous associations and
should not be interpreted as causal evidence of temporal ordering.

4.1. Scale Testing
4.1.1. Reliability and Validity Test

As shown in Table 5, the reliability of the measurement scales was evaluated using
multiple indicators. Cronbach’s « coefficients, calculated using SPSS 26.0, ranged from
0.751 to 0.830, indicating acceptable internal consistency, and the composite reliability
values showed consistent results. To further ensure robustness, McDonald’s w coefficients
were also calculated. All w values exceeded the recommended threshold of 0.70, providing
additional evidence for the reliability of the constructs.

We further conducted Bartlett’s test of sphericity and a Kaiser-Meyer-Olkin measure of
sampling adequacy (KMO) test using SPSS 26.0 to ensure the validity of the initial scale [81].
The KMO values for all scales exceeded the critical value of 0.7, and the p-value in the
Bartlett sphericity test was below 0.001, indicating that the scale passed preliminary tests
and is suitable for factor analysis in Table 6.
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Confirmatory factor analysis was then conducted using the maximum likelihood
estimation method in AMOS 26.0. The results showed that all standardized factor loadings
exceeded 0.60, indicating acceptable item reliability [82]. In addition, the composite reliabil-
ity (CR) values ranged from 0.766 to 0.883, exceeding the recommended threshold of 0.70,
and the average variance extracted (AVE) values ranged from 0.511 to 0.717, exceeding
the recommended threshold of 0.50 [83]. These results indicate satisfactory convergence
validity, as shown in Table 5.

Discriminant validity was evaluated using the Fornell-Larcker criterion. As shown in
Table 7, the square root of the AVE for each construct was greater than its correlations with
other constructs, indicating adequate discriminant validity [83].

Finally, confirmatory factor analysis (CFA) was conducted using AMOS 26.0 to assess
the measurement quality of the scales, including intrinsic motivation, green self-perception,
and proactive garbage sorting behavior. As shown in Table 8, the results indicated that
all measurement models achieved acceptable levels of fit, supporting the reliability and
validity of the measurement scales.

Table 5. Reliability and validity test index results for the scale.

Standardized

Variable Measurement Factor Cronbach’s « McDonald’s AVE CR
Item . w
Loadings
Obligation-based Intrinsic OIM1 0.733 0.752 0.859 0.501 0.75
Motivation (OIM) OIM2 0.683
orvation OIM3 0.706
. o EIM1 0.76 0.813 0.889 0.594 0.814
Enjoyment-based Intrinsic
Motivation (EIM) EIM2 0.765
onvation EIM3 0.786
GsIl 0.792 0.830 0.899 0.625 0.833
Green Self-Identity (GSI) GSI2 0.822
GSI3 0.757
GSE1 0.706 0.786 0.876 0.555 0.788
Green Self-Efficacy (GSE) GSE2 0.783
GSE3 0.742
Green Self-Connection GSC1 0.713 0.751 0.858 0.504 0.753
(GSC) GSC2 0.676
GSC3 0.74
Self-development Proactive SPGSB1 0.738 0.789 0.877 0.556 0.79
Garbage Sorting Behavior SPGSB2 0.768
(SPGSB) SPGSB3 0.731
Participatory PPGSB1 0.723 0.788 0.877 0.555 0.789
Proactive Garbage Sorting PPGSB2 0.767
Behavior (PPGSB) PPGSB3 0.744
Constrained CPGSB1 0.8 0.826 0.896 0.615 0.827
Proactive Garbage Sorting CPGSB2 0.797
Behavior (CPGSB) CPGSB3 0.755
. . GCPHB1 0.706 0.777 0.871 0.541 0.78
Garbage Sorting Proactive
Help Behavior (GCPHB) GCPHB2 0.767
GCPHB3 0.733

Note: & = Cronbach’s alpha; AVE = average variance extracted; CR = Composite reliability (N = 1550).
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Table 6. Kaiser-Meyer-Olkin and Bartlett test results about the scales.
Scal Kaiser-Meyer-Olkin Measure  Bartlett’s Sphericity Test
cale of Sampling Adequacy Approximate Chi-Square df p
0.849 3866.427 15 oo
%gc/ﬁnsic Motivation OIM 0.683 1127.493 3 *%%
EIM 0.709 1599.323 3 xrk
0.908 6657.998 36 Ak
Green Self-Perception GSI 0.712 1801.162 3 B
(GS) GSE 0.702 1350.517 3 oA
GSC 0.686 1099.083 3 o
0.938 9610.294 66 oo
Proactive Garbage
Sorting Behavior (PGSB) SPGSB 0.701 1373.980 3 oo
PPGSB 0.707 1355.579 3 Ak
CPGSB 0.716 1720.201 3 A%
GCPHB 0.691 1295.237 3 oo
Note: df = degree of freedom; *** p < 0.001 (N = 1550).
Table 7. Fornell-Larcker discriminant validity Criterion.
OIM EIM GSI GSE GSC SPGSB PPGSB CPGSB GCPHB
OIM 0.708
EIM 0.682 0.771
GSI 0.614 0.67 0.791
GSE 0.629 0.656 0.735 0.745
GSC 0.636 0.598 0.581 0.65 0.71
SPGSB 0.628 0.607 0.609 0.594 0.524 0.746
PPGSB 0.534 0.651 0.61 0.594 0.423 0.623 0.745
CPGSB 0.431 0.54 0.515 0.491 0.328 0.474 0.722 0.784
GCPHB 0.636 0.667 0.655 0.629 0.517 0.713 0.717 0.604 0.736

Note: 1. Off-diagonal elements are correlations between constructs. 2. Diagonal elements are the square root of
the average variance extracted (N = 1550). 3. Bold values on the diagonal represent the square roots of the average
variance extracted (AVE).

Table 8. The scale verified the results of the factor analysis fitting indicators.

Absolute Fitting Index Incremental Fitting Index

x2 XZ/df GFI RMR RMSEA NFI TLI CFI
Intrinsic Motivation 10.873 1.812 0.998 0.010 0.023 0.997 0.997 0.999
Green 92.049 4.184 0.987 0.020 0.045 0.986 0.983 0.989

Self-Perception
Proactive Garbage
) ) 212.087 4.820 0.977 0.038 0.050 0.978 0.974 0.982
Sorting Behavior

All scales 1345.82 4.456 0.936 0.043 0.047 0.945 0.950 0.957

4.1.2. Testing for Common Method Bias and Collinearity

Since all variables were measured using self-reported questionnaires, common method
bias (CMB) may potentially influence the results. To address potential common method
bias (CMB), both procedural and statistical remedies were applied. First, several procedural
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measures were adopted during questionnaire design, including randomizing item order
and incorporating attention-check questions to reduce response bias.

Second, Harman's single-factor test was conducted to statistically examine common
method bias [84]. The results indicate that the first unrotated factor accounts for 18.8% of
the total variance, which is well below the commonly accepted threshold of 40%, suggesting
that common method bias is unlikely to seriously affect the results.

In addition, multicollinearity was examined using Tolerance (Tol) and Variance Infla-
tion Factor (VIF) values. The results showed that all Tolerance values exceeded 0.10 and
VIF values ranged from 1.61 to 3.36, which are well below the recommended threshold of 5.
These findings indicate that multicollinearity is not a concern in the regression analyses.
The specific Tol and VIF values are detailed in Table 9.

Table 9. Tolerance and Variance Inflation Factor.

Variable Measurement Item Tol VIF
Obligation-based Intrinsic OIM1 0.47 2.14
Motivation OIM2 0.54 1.84

(OIM) OIM3 0.57 1.77
Enjoyment-based Intrinsic EIM1 0.42 2.37
Motivation EIM2 0.43 2.30

(EIM) EIM3 0.48 2.07

GSI1 0.44 2.27

Green Self-Identity (GSI) GSI2 0.48 2.07
GSI3 0.40 2.49

GSE1 0.45 2.20

Green Self-Efficacy (GSE) GSE 2 0.50 2.01
GSE 3 0.46 2.19

GSC1 0.49 2.04

Green Self-Connection (GSC) GSC2 0.53 1.89
GSC3 0.58 1.71

Note: Tol = Tolerance; VIF = Variance Inflation Factor (N = 1550).

4.2. Testing of Hypothesized Path Relationships

As shown in Figure 3, we first examined the bivariate associations consistent with
the hypothesized relationships between the two forms of intrinsic motivation (OIM, EIM)
with proactive garbage sorting behavior and its four types (PGSB, SPGCB, PPGSB, CPGSB,
GCPHB). The findings suggested a positive correlation between two types of intrinsic
motivation with proactive garbage sorting behavior and its subdivisions. Following this,
we conducted a correlation analysis between green self-perception and its three types (GS,
GSI, GSE, GSC) with proactive garbage sorting behavior and its four subtypes (PGSB,
SPGCB, PPGSB, CPGSB, GCPHB). The analysis revealed significant positive correlations,
thereby validating.

Subsequently, a hierarchical regression analysis was conducted to further examine the
relationships between intrinsic motivation, green self-perception, and proactive garbage
sorting behavior. Control variables, including gender, age, education, household income,
and family size, were entered in Step 1 of the hierarchical regression models. As shown
in Table 10, Model 1 includes only these control variables, while Model 2 introduces the
two types of intrinsic motivation. The results of Model 2 reveal that both obligation-
based intrinsic motivation (OIM) and enjoyment-based intrinsic motivation (EIM) exert
significant positive effects on the overall proactive garbage sorting behavior (PGSB) and all
four of its subdimensions (SPGCB, PPGSB, CPGSB, and GCPHB). Specifically, EIM shows a
particularly strong influence on participatory behavior (PPGSB: B = 0.602, p < 0.01) and
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constrained behavior (CPGSB: B = 0.582, p < 0.01), while OIM is a robust predictor for
self-protection behavior (SPGCB: B = 0.424, p < 0.01).

OIM

EIM

GS

GSI

GSE

GSC

PGSB SPGCB PPGSB CPGSB GCPHB

Figure 3. Pearson’s correlation analysis (** p < 0.01). Note: The color intensity represents the
magnitude of the coefficients, with darker shades indicating stronger relationships.

In Model 3, the three dimensions of green self-perception were added to test for
mediation effects. The results indicate that green self-identity (GSI) and green self-efficacy
(GSE) have significant positive impacts across nearly all dimensions of behavior. For
instance, GSl is a strong predictor of constrained participation behavior (CPGSB: B = 0.261,
p < 0.01). However, green self-connection (GSC) exhibits a significant negative effect on
PGSB (B = —0.071, p < 0.01), PPGSB (B = —0.138, p < 0.01), and CPGSB (B = —0.188, p < 0.01),
while its effect on proactive helping behavior (GCPHB) is not significant. After accounting
for these mediators, the coefficients for OIM and EIM remain significant in most models
but are reduced in magnitude compared to Model 2, suggesting that green self-perception
shows a statistical indirect effect in the relationship between intrinsic motivation and
behavior. Notably, the predictive power of the model 3 for PGSB increased substantially
from R? = 0.048 in Model 1 to R? = 0.635 in Model 3. The control variables generally
exhibit weak and inconsistent effects across behavioral dimensions, suggesting that the
main findings are primarily driven by the focal explanatory variables.

Table 10. The hierarchical regression test.

Model 1 (Controls) Model 2 Model 3
B(®) B(®) B(®)
Constant 5.521 ** (33.729) 1.210 ** (8.058) 0.696 ** (4.609)
Gender ~0.170 ** (—3.951) ~0.136 ** (—4.725) —0.077 ** (—2.829)
Age 0.017 ** (4.754) 0.008 ** (3.266) 0.006 * (2.519)
Education —0.075 ** (—2.589) —0.083 ** (—4.266) 0,072 ** (~3.983)
rest Household /Igf:;?ﬁ 0.057 ** (3.231) 0.028 * (2.428) 0.010 (0.926)
Family size 0.006 (0.374) 0.008 (0.779) 0.004 (0.378)
OIM 0.292 ** (12.145) 0.185 ** (7.434)
EIM 0.481 ** (22.704) 0.324 ** (14.384)
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Table 10. Cont.
Model 1 (Controls) Model 2 Model 3
B(t) B B(1)
GSI 0.233 ** (9.666)
GSE 0.190 ** (6.998)
PGSE GSC —0.071 ** (—2.815)
R2 0.048 0.576 0.635
. F (5, 1544) = 15.485 F (7, 1542) = 299.080 F (10, 1539) = 267.547
p <0.001 p <0.001 p <0.001
Constant 5.661 ** (33.407) 1.511 ** (8.710) 0.870 ** (4.829)
Gender —0.091 * (—2.047) —0.060 (—1.811) —0.016 (—0.491)
Age 0.017 ** (4.600) 0.008 ** (2.961) 0.007 * (2.475)
Education —0.026 (—0.866) —0.035 (—1.558) —0.033 (—1.508)
g&‘giﬁg}ggﬂﬁ 0.043 * (2.349) 0.014 (1.068) 0.002 (0.172)
Family size —0.012 (—0.764) —0.006 (—0.493) —0.008 (—0.688)
SPGCB OIM 0.424 ** (15.287) 0.296 ** (10.001)
EIM 0.316 ** (12.940) 0.165 ** (6.138)
GSI 0.196 ** (6.836)
GSE 0.129 ** (4.000)
GSC 0.059 (1.944)
R2 0.029 0.462 0.505
. F (5, 1544) = 9.276 F (7, 1542) = 189.000 F (10, 1539) = 157.192
p <0.001 p <0.001 p <0.001
Constant 5.578 ** (27.906) 1.053 ** (5.116) 0.584 ** (2.746)
Gender —0.236 ** (—4.478) —0.199 ** (—5.030) —0.131 ** (—3.434)
Age 0.018 ** (3.963) 0.008 * (2.339) 0.005 (1.604)
Education —0.122 ** (—3.437) —0.129 ** (—4.843) —0.114 ** (—4.471)
gﬁgi‘fi&‘fgﬂﬁ 0.061 ** (2.857) 0.032 * (2.009) 0.011 (0.718)
Family size 0.018 (0.928) 0.018 (1.211) 0.012 (0.862)
PPGSB OIM 0.211 ** (6.413) 0.112 ** (3.192)
EIM 0.602 ** (20.738) 0.440 ** (13.883)
GSI 0.238 ** (7.030)
GSE 0.242 ** (6.340)
GSC —0.138 ** (—3.870)
R? 0.047 0.465 0.514
. F (5, 1544) = 15.156 F (7,1542) = 191.616 F (10, 1539) = 162.802
p <0.001 p <0.001 p <0.001
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Table 10. Cont.

Model 1 (Controls)

Model 2

Model 3

B(#)

B(®)

B(?)

Constant 5.158 ** (22.801) 1.040 ** (3.978) 0.671 * (2.441)
Gender —0.193 ** (—3.238) —0.159 ** (—3.162) —0.088 (—1.782)
Age 0.020 ** (3.977) 0.011 ** (2.611) 0.008 * (2.036)
Education —0.115 ** (—2.870) —0.121 ** (—3.584) —0.103 ** (—3.132)

Household income

RMB Yuan /month 0.080 ** (3.317) 0.054 ** (2.661) 0.031 (1.557)
Family size 0.020 (0.895) 0.018 (0.990) 0.012 (0.647)
CPGSB OIM 0.159 ** (3.791) 0.076 (1.679)
EIM 0.582 ** (15.777) 0.427 ** (10.429)
GSI 0.261 ** (5.963)
GSE 0.230 ** (4.652)
GSC —0.188 ** (—4.074)
R? 0.04 0.321 0.362
E F (5,1544) = 12.873 F (7,1542) = 104.079 F (10, 1539) = 87.240
p <0.001 p <0.001 p <0.001
Constant 5.687 ** (32.642) 1.235 ** (7.302) 0.659 ** (3.794)
Gender —0.161 ** (—3.507) —0.127 ** (—3.898) —0.071 * (—2.290)
Age 0.014 ** (3.668) 0.005 (1.663) 0.003 (0.986)
Education —0.037 (—1.211) —0.046 * (—2.106) —0.038 (—1.846)

Household income

RMB Yuan /month 0.042 * (2.265) 0.013 (0.958) —0.004 (—0.312)
Family size —0.001 (—0.074) 0.003 (0.275) —0.000 (—0.041)
GCPHB OIM 0.373 ** (13.780) 0.255 ** (8.913)
EIM 0.423 ** (17.744) 0.264 ** (10.183)
GSI 0.234 ** (8.472)
GSE 0.158 ** (5.081)
GSC —0.019 (—0.640)
R2 0.028 0.515 0.565
. F (5, 1544) = 8.882 F (7, 1542) = 233.924 F (10, 1539) = 199.79
p <0.001 p <0.001 p <0.001

Note: * p <0.05** p < 0.01.

4.3. Heterogeneity Analysis

To examine potential heterogeneity, subgroup analyses were conducted based on age,
education, and income (see Table 11). Overall, the main results remain largely robust
across subgroups. However, several differences are observed. Specifically, the effect of
EIM is significantly stronger among older individuals, whereas GSI shows a stronger effect
among younger groups. In terms of education, most effects are stable, but the negative
impact of GSC is more pronounced among highly educated individuals. Similarly, for
income groups, while most coefficients do not differ significantly, the negative effect of
GSC is stronger among lower-income individuals. These findings suggest that while the
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overall relationships are consistent, certain mechanisms vary across demographic groups,
particularly emotional motivation and perceived constraints.

Table 11. Heterogeneity Analysis Across Individual Characteristics.

Variables p1 p2 B Difference t p
Age <30 Age > 30
constant 0.552 ** (4.018) 0.740 ** (3.111)
OIM 0.206 ** (7.101) 0.143 ** (2.904) 0.062 1.552 0.121
EIM 0.288 ** (10.932) 0.435 ** (9.815) —0.147 —4.055 i
GSI 0.270 ** (10.061) 0.119 * (2.102) 0.151 3.599 e
GSE 0.198 ** (6.476) 0.205 ** (3.351) —0.007 —0.145 0.885
GSC —0.098 ** (—3.448) —0.054 (—0.941) —0.044 —0.998 0.319
sample size 1213 337
R? 0.615 0.665
F F (5,1207) = 385.666, F (5,331) = 131.514,
p <0.001 p <0.001
Edu <College Edu >College
constant 0.692 ** (3.882) 0.427 ** (2.700)
OIM 0.189 ** (4.537) 0.190 ** (6.101) —0.001 —0.034 0.973
EIM 0.326 ** (9.040) 0.312 ** (10.724) 0.014 0.475 0.635
GSI 0.200 ** (4.459) 0.262 ** (9.151) —0.061 —1.935 0.053
GSE 0.167 ** (3.591) 0.226 ** (6.724) —0.059 —1.749 0.08
GSC —0.030 (—0.686) —0.106 ** (—3.397) 0.076 2.123 0.034 *
sample size 499 1051
R? 0.657 0.615
F F (5,493) = 188.722, F (5,1045) = 334.540,
p <0.001 p <0.001
Income <5000 Income >50
constant 0.670 ** (3.222) 0.519 ** (3.557)
OIM 0.199 ** (4.200) 0.182 ** (6.243) 0.017 0.497 0.62
EIM 0.309 ** (6.781) 0.336 ** (12.924) —0.027 —0.881 0.378
GSI 0.240 ** (6.005) 0.236 ** (7.595) 0.004 0.137 0.891
GSE 0.230 ** (5.023) 0.176 ** (5.130) 0.053 1.6 0.11
GSC —0.139 ** (—2.947) —0.054 (—1.760) —0.085 —2.348 0.019 *
sample size 514 1036
R? 0.621 0.623
F F (5,508) = 166.282, F (5,1030) = 340.916,
p <0.001 p <0.001

Note: ***p <0.01, * p < 0.05, * p < 0.1.

4.4. Parallel Mediation Analysis

To further verify the statistical indirect effects, a parallel mediation analysis based
on 5000 bootstrapping resamples was conducted. As shown in Table 12, the results indi-
cate that the total and direct effects of both obligation-based intrinsic motivation (OIM)
and enjoyment-based intrinsic motivation (EIM) on all dimensions of green behavior are
statistically significant, as their 95% confidence intervals do not include zero.

Further detailed analyses were conducted to examine the specific mediating roles of
the three dimensions of green self-perception: green self-identity (GSI), green self-efficacy
(GSE), and green self-connection (GSC). The results show that GSI and GSE are significantly
associated with the relationships between the types of intrinsic motivation (OIM and
EIM) and all five behavioral outcomes (PGSB, SPGSB, PPGSB, CPGSB, and GCPHB). For
instance, GSI exhibits a particularly strong mediating role in the path OIM—GSI—CPGSB,
accounting for 41.71% of the effect. These findings provide consistent support for the partial
mediation roles of green self-identity and green self-efficacy across all dimensions.
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Table 12. Results of Parallel Mediation Analysis Based on Bootstrapping.

Total Effect () | Direct Effect (¢’) | Indirect Effect (ab) | . o
Path 95% CI 95% CI 95% CI Proportions (%)
0.662 0.307 0.215 .
OIM—GSI—PGSB [0.622, 0.702] [0.258, 0.356] [0.168, 0.262] 32.43%
0.662 0.307 0.157 .
OIM—GSE—=PGSB 0.622,0.702] [0.258, 0.356] [0.111, 0.205] 23.65%
0.662 0.307 ~0.016
OIM—GSC—PGSB [0.622, 0.702] [0.258, 0.356] [—0.058, 0.024] 0
0.668 0.359 0.161 .
OIM—GSI—5SPGSB [0.626, 0.710] [0.304, 0.414] [0.097, 0.229] 24.06%
0.668 0.359 0.1 .
OIM—GSE—SPGSB [0.626,0.710] [0.304, 0.414] [0.046,0.152] 14.97%
0.668 0.359 0.049
OIM—GSC—SPGSB [0.626, 0.710] [0.304, 0.414] [—0.007, 0.105] 0
0.675 0.278 0.24 .
OIM—GSI=PPGSB [0.621,0.728] [0.210, 0.346] [0.178, 0.301] 35.63%
0.675 0.278 0.203 .
OIM—GSE—~PPGSB [0.621,0.728] [0.210, 0.346] [0.135, 0.270] 30.09%
0.675 0.278 —0.047
OIM—GSC—PPGSB [0.621, 0.728] [0.210, 0.346] [—0.108, 0.010] 0
0.607 0.237 0.253 .
OIM—=GSI=CPGSB [0.542,0.672] [0.151, 0.324] [0.183, 0.319] 41.71%
0.607 0.237 0.194 .
OIM—GSE—CPGSB [0.542, 0.672] [0.151, 0.324] [0.114, 0.271] 31.93%
0.607 0.237 ~0.078 .
OIM=GSC—CPGSB [0.542, 0.672] [0.151, 0.324] [—0.144,—0.012] 32.65%
0.699 0.354 0.205 .
OIM—GSI—GCPHB [0.656, 0.742] [0.300, 0.409] [0.152, 0.257] 29.27%
0.699 0.354 0.13 .
OIM—GSE—GCPHB [0.656, 0.742] [0.300, 0.409] [0.080, 0.181] 18.58%
0.699 0.354 0.01
OIM—GSC—GCPHB [0.656, 0.742] [0.300, 0.409] [—0.039, 0.065] 0
0.655 0.381 0.162 .
EIM—=GSI—GSB [0.623, 0.687] 0.339, 0.423] [0.118, 0.207] 24.694%
0.655 0.381 0.122 .
EIM—GSE—GSB [0.623, 0.687] [0.339, 0.423] [0.073, 0.167] 18.539%
0.655 0.381 —0.009
EIM—GSC—GSB [0.623, 0.687] [0.339, 0.423] [—0.047, 0.026] 0
057 0.257 0.147 .
EIM—GSI—SPGSB [0.532, 0.608] [0.206, 0.308] [0.089, 0.208] 25.770%
0.57 0.257 0.095 .
EIM—GSE—SPGSB [0.532, 0.608] [0.206, 0.308] [0.043, 0.147] 16.682%
0.57 0.257 0.071 .
EIM—GSC—SPGSB [0.532, 0.608] [0.206, 0.308] [0.026, 0.116] 12.462%
0.728 0.475 0.16 .
EIM—GSI—PPGSB [0.686, 0.771] [0.416, 0.533] [0.100, 0.223] 21.971%
0.728 0.475 0.146 .
EIM—GSE—=PPGSB [0.686, 0.771] [0.416, 0.533] [0.080, 0.211] 20.059%
0.728 0.475 —0.053 .
EIM—GSC—PPGSB [0.686,0.771] [0.416, 0.533] [0.105,—0.003] 11.097%
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Table 12. Cont.

Path Total Effect (c) | Direct Effect (¢’) | Indirect Effect (ab) | Pr rtions (%)
a 95% CI 95% CI 95% CI oportions (/o
0.677 0.451 0.172 .
EIM—GSI—+CPGSB [0.623, 0.730] [0.375, 0.526] [0.107, 0.236] 25409%
0.677 0.451 0.136 .
EIM—GSE—CPGSB [0.623,0.730] [0.375, 0.526] [0.060, 0.210] 20.148%
0.677 0.451 —0.082 .
EIM—GSC—CPGSB [0.623, 0.730] [0.375, 0.526] [—0.141, —0.028] 18.280%
0.647 0.343 0.168 .
EIM—GSI—GCPHB [0.610, 0.683] [0.294, 0.392] [0.115, 0.221] 26.015%
0.647 0.343 0.109 .
EIM—GSE—GCPHB [0.610, 0.683] [0.294, 0.392] [0.061, 0.158] 16.809%
0.647 0.343 0.027
EIM—GSC—GCPHB [0.610, 0.683] [0.294, 0.392] [—0.019, 0.069] 0

Notes: Bootstrapping based on 5000 resamples; 95% CI: 95% Confidence intervals; effects are considered statisti-
cally significant when the 95% confidence interval does not include zero.

In contrast, the role of green self-connection (GSC) is more complex and varies across
behavioral dimensions. For OIM, GSC only exerts a statistically significant indirect effect
on CPGSB: the path OIM—GSC—CPGSB shows a negative indirect effect (—0.078, 95% CI
[—0.144, —0.012]), accounting for 32.65% of the total effect. No significant indirect effects
of GSC are observed for OIM’s relationships with PGSB, SPGSB, PPGSB, or GCPHB, as
their 95% Cls all include zero. For EIM, GSC shows significant indirect effects on three
behavioral dimensions: SPGSB, PPGSB, and CPGSB. Notably, the direction of these effects
differs: the path EIM—GSC—SPGSB exhibits a positive indirect effect (0.071, 95% CI
[0.026, 0.116]), while the paths EIM—GSC—PPGSB (—0.053, 95% CI [—0.105, —0.003]) and
EIM—GSC—CPGSB (—0.082, 95% CI[—0.141, —0.028]) show negative indirect effects. No
significant indirect effect of GSC is found for EIM’s relationships with PGSB (GSB) and
GCPHB, as their CIs include zero. The negative effects of GSC on CPGSB and PPGSB
suggest a potential suppressing or inhibitory mechanism, while its positive effect on SPGSB
indicates a complementary role.

Overall, these findings indicate that GSI and GSE exhibit stable indirect associations across
behavioral dimensions, whereas the role of GSC is less consistent and context-dependent.

5. General Discussion

5.1. Theoretical Contributions
5.1.1. Intrinsic Motivation and Proactive Garbage Sorting Behavior

The findings should be interpreted as evidence of individual path relationships rather
than as a validation of a full structural model. The results indicate that obligation-based
intrinsic motivation is positively associated with proactive garbage sorting behavior and its
four dimensions. This finding is consistent with prior research suggesting that internalized
moral norms and personal obligations are important drivers of pro-environmental behavior,
as individuals are more likely to adopt environmentally responsible actions when they
perceive them as morally appropriate.

More importantly, this study contributes to the ongoing debate regarding the role of
enjoyment-based intrinsic motivation in pro-environmental behavior. Previous research
has suggested that enjoyment-based motivation may conflict with the perceived sacrifice
of comfort or convenience often associated with pro-environmental actions, potentially
reducing individuals” willingness to engage in such behaviors [21]. As a result, enjoyment-
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based motivation has received relatively limited attention in environmental behavior
research [13].

However, our findings show that enjoyment-based intrinsic motivation also signifi-
cantly promotes proactive garbage sorting behavior. This suggests that pro-environmental
behavior may not only be driven by moral responsibility but can also be motivated by
positive psychological rewards, such as feelings of satisfaction and achievement derived
from environmentally responsible actions. While previous studies have mainly focused on
negative moral emotions (e.g., guilt and anticipated regret) as drivers of pro-environmental
behavior, our results highlight an alternative mechanism that individuals may engage
in pro-environmental behavior to pursue positive affective experiences. At the same
time, proactive garbage sorting, especially constrained proactive behavior, often involves
a trade-off with personal comfort and convenience. Research in the built-environment
field similarly shows that perceptions of comfort and discomfort can shape behavioral
responses [85]. In this sense, our findings suggest that even when such behaviors involve
certain inconvenience, positive intrinsic motivation can still encourage engagement.

This finding also helps explain the limited effectiveness of some mandatory garbage
sorting policies. As living standards improve, individuals increasingly value psycholog-
ical fulfillment and self-realization. Policies that rely solely on coercive measures may
weaken intrinsic motivation and reduce the psychological satisfaction associated with
environmental participation. Therefore, integrating motivational mechanisms that enhance
individuals’ sense of achievement may represent a more effective strategy for promoting
sustainable behavior.

5.1.2. The Multidimensional Structure of Green Self-Perception

This study provides a more nuanced conceptualization of green self-perception within
the specific context of garbage sorting behavior. The empirical results show that both
green self-identity and green self-efficacy are consistently and positively associated with
proactive garbage sorting behavior. This suggests that individuals who perceive themselves
as environmentally responsible and believe in their capability to perform waste sorting are
more likely to engage in such behaviors.

In addition, this study introduces green self-connection, which reflects individuals’
perceived psychological connection with the natural environment. Conceptually, this
construct is related to psychological ownership in organizational behavior, referring to
a sense of attachment or closeness to a particular domain. However, unlike green self-
identity and self-efficacy, the role of green self-connection appears to be more complex and
context-dependent. Rather than uniformly promoting proactive behavior, its association
varies across different types of behaviors. Overall, this multidimensional conceptualization
highlights that different components of green self-perception play distinct roles, enriching
the understanding of self-related psychological mechanisms in pro-environmental behavior.

5.1.3. The Mediating Role of Green Self-Perception

Another important contribution is the identification of green self-perception as a
key psychological mechanism linking intrinsic motivation and proactive garbage sorting
behavior. The results show that green self-perception plays a partial mediating role in the
relationship between intrinsic motivation and proactive garbage sorting behavior.

Specifically, intrinsic motivation is associated with stronger green self-perception,
which in turn is linked to higher levels of proactive garbage sorting behavior. These
findings are consistent with prior research suggesting that self-related cognitions, such
as environmental identity, play an important role in translating internal motivations into
behavioral engagement [27].
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In addition, previous studies have indicated that self-image may influence pro-
environmental behavior through motivational processes [17]. Our findings extend this
perspective by showing that multiple dimensions of green self-perception jointly func-
tion as intermediary pathways. Existing research has also suggested that biospheric and
altruistic values can shape environmental self-identity and subsequently relate to pro-
environmental behavior [86,87]. In line with the Value-Belief~-Norm (VBN) theory, these
values are considered important antecedents of moral obligations [88]. Therefore, the
present findings provide empirical support for the relevance of self-related psychological
mechanisms within broader pro-environmental behavior frameworks.

5.1.4. Differential Mediation Effects of Green Self-Perception Dimensions

Finally, this study reveals that the mediating effects of green self-identity and green
self-efficacy are relatively stable across different behavioral dimensions. Individuals with
stronger intrinsic motivations tend to develop a clearer environmental identity and greater
confidence in their ability to perform waste sorting, which are consistently associated with
various forms of proactive garbage sorting behavior.

In contrast, the mediating role of green self-connection (GSC) varies substantially
depending on the type of intrinsic motivation and behavioral domain. Specifically, under
obligation-based intrinsic motivation (OIM), GSC only yields a significant negative mediat-
ing effect on constrained proactive garbage sorting behavior (CPGSB). Under enjoyment-
based intrinsic motivation (EIM), by contrast, G5C performs a significant positive mediating
role in self-development proactive garbage sorting behavior (SPGSB), yet displays signif-
icant negative mediating effects for more effortful and demanding behaviors, namely
participatory proactive garbage sorting (PPGSB) and constrained proactive garbage sorting
(CPGSB). This pattern confirms that green self-connection does not function as a uniformly
positive mechanism and may even act as a suppressing pathway under certain conditions.

A more plausible interpretation is that green self-connection reflects a form of environ-
mental psychological ownership characterized by personal attachment and self-relevant
meaning, rather than action-oriented competence or role-based self-definition. It may
therefore be more compatible with relatively spontaneous, self-directed waste-sorting ac-
tions, which account for its positive mediating role in SPGSB. However, when behaviors
demand greater external interaction, collective participation, or the compromise of per-
sonal convenience, such as participatory and constrained proactive garbage sorting, this
inward-oriented self-connection may not effectively translate into actual behavior and
may even weaken the link between intrinsic motivation and behavioral performance. In
this sense, green self-connection operates differently from green self-identity and green
self-efficacy, and in certain contexts may compete with or dampen more action-oriented
psychological mechanisms.

Overall, these findings highlight that different dimensions of green self-perception
function through distinct psychological pathways, and that emotional connection to the
environment alone may be insufficient to drive more effortful forms of proactive behavior.

5.2. Policy Recommendations

First, policymakers should strengthen citizens’ intrinsic motivation to participate
in garbage sorting. The findings show that both obligation-based and enjoyment-based
intrinsic motivations can effectively promote proactive garbage sorting behavior. There-
fore, governments and communities should not rely solely on mandatory policies but
also emphasize citizens’ moral responsibility and positive emotional experiences. Public
education campaigns can highlight the environmental and social benefits of garbage sorting
to reinforce citizens’ sense of responsibility. At the same time, recognition mechanisms,
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such as awards or public acknowledgment, may enhance citizens’ sense of achievement
and satisfaction, thereby encouraging voluntary engagement in garbage sorting behavior.
Overall, fostering intrinsic motivation may help shift citizens” mindset from “I must sort
garbage” to “I want to sort garbage.”

Second, policymakers should pay attention to the cultivation of citizens’ green self-
perception. The results indicate that green self-identity, green self-efficacy, and green
self-connection are all associated with proactive garbage sorting behavior. Governments
and communities may strengthen environmental identity by recognizing individuals who
actively participate in garbage sorting. In addition, providing clear guidance and educa-
tional programs can improve citizens’ knowledge and skills related to waste classification,
thereby enhancing their confidence in performing such behaviors.

Third, policymakers should consider designing differentiated intervention strategies
for different types of proactive garbage sorting behavior. The results suggest that the
underlying psychological mechanisms vary across behavioral dimensions. In particular,
green self-connection does not consistently translate into higher levels of participation in
more effortful behaviors, such as participatory and constrained proactive garbage sorting.
This suggests that slogans like 'Earth is our home’” may not be equally effective across
all behavioral contexts. Therefore, it may be necessary to combine different dimensions
of intrinsic motivation and green self-perception in a more targeted manner to enhance
policy effectiveness.

Beyond the Chinese context, these findings may also offer valuable insights for other
developing countries that are promoting waste sorting policies. In many such contexts,
policy approaches rely heavily on regulatory enforcement to ensure compliance, which
may lead to short-term behavioral responses. The results suggest that integrating intrinsic
motivation, moral engagement, and environmental self-perception into policy design can
help foster more sustained pro-environmental behavior. This approach may be particularly
relevant for countries undergoing rapid urbanization and facing increasing waste manage-
ment pressures. However, given differences in cultural norms, institutional arrangements,
and stages of environmental governance, the applicability of these findings should be
interpreted with appropriate caution.

6. Conclusions

This study examined the psychological mechanisms associated with proactive garbage
sorting behavior by developing a “Motivation-Self-Perception-Behavior” conceptual frame-
work within the context of China’s waste sorting policies. Questionnaire data were col-
lected from 1550 respondents across 31 provinces, providing a large and geographically
diverse sample for empirical analysis. The results indicate that both obligation-based and
enjoyment-based intrinsic motivations are positively associated with proactive garbage
sorting behavior and its four dimensions. In addition, green self-perception is also posi-
tively related to proactive garbage sorting behavior. Further analyses suggest that green
self-perception shows significant statistical indirect effects in the relationship between
intrinsic motivation and proactive garbage sorting behavior.

More specifically, green self-identity and green self-efficacy consistently exhibit signif-
icant statistical indirect effects between both types of intrinsic motivation and proactive
garbage sorting behavior and its sub-dimensions. However, the mediating role of green
self-connection is more complex and varies across behavioral types. For obligation-based
motivation, GSC only acts as a significant negative mediator for constrained proactive
garbage sorting (CPGSB), with no significant effects on other behaviors. For enjoyment-
based motivation, GSC exerts a positive mediating effect on self-reported proactive garbage
sorting (SPGSB) but suppresses more effortful behaviors (participatory and constrained
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proactive sorting, PPGSB and CPGSB). This pattern suggests that green self-connection
does not function as a stable mechanism of indirect association and may even act as a
suppressing pathway in certain contexts.

Despite its contributions, this study has several limitations that should be acknowl-
edged. First, regarding sample representativeness, although the survey covers 31 provinces
in China, the sample is skewed toward younger and more highly educated respondents.
This may limit the generalizability of the findings to the broader population. Future studies
could adopt more balanced sampling strategies to enhance representativeness.

Second, in terms of model specification, this study proposes a comprehensive concep-
tual framework (Figure 2). Due to the use of hierarchical regression rather than structural
equation modeling (SEM), the present study does not provide a simultaneous test of the
full conceptual model with latent variables; instead, the findings should be interpreted as
evidence of individual path relationships. In addition, this approach does not account for
measurement error in the structural part of the model, nor does it provide global model
fit indices. Therefore, the framework should be interpreted as a set of hypothesized rela-
tionships rather than a fully validated structural model. Future research is encouraged to
employ SEM to jointly estimate measurement and structural components and to assess
overall model fit.

Third, regarding research design, the use of cross-sectional data limits the ability to
establish causal relationships among variables. Although mediation analysis is applied to
explore potential mechanisms linking intrinsic motivation and proactive garbage sorting
behavior, the cross-sectional nature of the data precludes causal inference regarding the
mediation pathways. Future longitudinal or experimental designs are needed to estab-
lish causality.

Finally, from a methodological perspective, this study adopts an explanatory approach
focused on identifying relationships among variables rather than predicting behavioral
outcomes. Future research could extend this line of inquiry by incorporating predictive
modeling approaches, such as machine learning algorithms, to forecast proactive pro-
environmental behaviors under different policy scenarios. Such approaches may better
capture complex and non-linear relationships and enhance the practical applicability of
behavioral research in environmental governance.
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Abbreviations
The following abbreviations are used in this manuscript:
OIM Obligation-based Intrinsic Motivation
EIM Enjoyment-based Intrinsic Motivation
GSI Green Self-Identity
GSE Green Self-Efficacy
GSsC Green Self-Connection
PGSB Proactive Garbage Sorting Behavior
SPGSB  Self-development Proactive Garbage Sorting Behavior
PPGSB  Participatory Proactive Garbage Sorting Behavior
CPGSB  Constrained Proactive Garbage Sorting Behavior
GCPHB  Garbage Sorting Proactive Help Behavior
SDT Self-Determination Theory
SCT Self-Consistency Theory
VBN Value-Belief-Norm Theory
Appendix A. Questionnaire Items
Construct Code Item Description Source
OIM1 I feel good when I implement garbage sorting.
Obligation-based Intrinsic & P 8 8 8
Motivation OIM2 I feel responsible to separate garbage. [17,89-91]
(OIM) OIM3 On the moral level, I think I should separate garbage.
EIM1 I derive pleasure and satisfaction when I engage in
Enjoyment-based Intrinsic garbage sorting behaviors.
Motivation EIMD? When I do garbage sorting, I feel a great sense of [92-94]
(EIM) achievement.
EIM3 I would feel proud when I implement garbage sorting.
GsIl I am the type of person who implements garbage
sorting behavior.
Green Self-Identity (GSI) GsSD2 Engaging in garbage sorting behavior is one part of my [94,95]
life.
GSI3 I see myself as a person who separates garbage.
GSE1 I think that I have the ability to sort garbage.
GSE? Compared to other people, I think I can do better in
Green Self-Efficacy (GSE) garbage sorting. [79,96,97]
I have confidence in implementing garbage sorting
GSE3 ,
behavior.
GSC1 I feel like I am an inseparable whole from the Earth.
GSC2 I feel a strong sense of connection with natural
Green Self-Connection (GSC) environment. [97-99]
GSC3 I'have a high level of sense of ownership in protecting

the natural environment.
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Construct

Code

Item Description

Source

Self-development Proactive
Garbage Sorting Behavior
(SPGSB)

SPGCB1

I stay informed of national’s garbage sorting initiatives.

SPGCB2

I am very happy to implement garbage sorting
behavior because it is important to my personal values.

SPGCB3

My personal beliefs encourage me to implement
garbage sorting behavior.

[49-51,100]

Participatory Proactive
Garbage Sorting Behavior
(PPGSB)

PPGSB1

I will propose suggestions and methods to the
government or other relevant organizations to promote
garbage sorting behavior.

PPGSB2

I share posts about garbage sorting on social media.

PPGSB3

I like to participate in activities related to garbage
sorting behavior.

[50,51,101,102]

Constrained

Proactive Garbage Sorting
Behavior

(CPGSB)

CPGSB1

I am willing to contribute money to garbage sorting.

CPGSB2

I am willing to sacrifice the comfort of my life to sort
garbage.

I will donate money to organizations related to waste

[49,51]

CPGSB3 ,
sorting.

Garbage Sorting Proactive
Help Behavior
(GCPHB)

GCPHBI I hk.e to help r.ny family or friends implement waste
sorting behavior.

GCPHEB2 I encourage my family or friends to express their ideas [49-51]

and opinions on garbage sorting issues.

I spontaneously speak to my family or friends to help
GCPHB3 ,
them better understand garbage sorting problems.
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