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ABSTRAK 

Penelitian ini menganalisis faktor-faktor yang memengaruhi niat dan kesediaan untuk berpartisipasi secara digital 
dalam pengelolaan sampah laut di Batam, Indonesia, dengan mengintegrasikan Theory of Planned Behavior (TPB) dan 
kapasitas adaptif. Survei dilakukan terhadap 450 penduduk dewasa Batam yang aktif menggunakan platform digital, 
dan data dianalisis menggunakan Partial Least Squares Structural Equation Modeling (PLS-SEM). Hasil menunjukkan 
bahwa kapasitas adaptif berpengaruh positif dan signifikan terhadap niat (β = 0,790; p < 0,001) dan kesediaan 
berpartisipasi (β = 0,613; p < 0,001). Niat juga berpengaruh signifikan terhadap kesediaan berpartisipasi (β = 0,775; 
p < 0,001). Sebaliknya, sikap, norma subjektif, dan perceived behavioral control tidak menunjukkan pengaruh 
langsung yang signifikan terhadap niat maupun kesediaan berpartisipasi. Model menjelaskan 62,2% variasi niat dan 
60,1% variasi kesediaan berpartisipasi. Temuan ini menunjukkan bahwa pada penduduk Batam yang aktif secara 
digital, kemampuan untuk menyesuaikan perilaku digital, belajar, berkolaborasi, dan memanfaatkan platform sosial 
lebih penting daripada sikap positif atau tekanan sosial saja dalam membentuk kesiapan berpartisipasi. Hasil 
penelitian ini dapat mendukung pengembangan literasi digital, pelaporan sampah laut berbasis masyarakat, 
kampanye daring, dan kolaborasi pemerintah–komunitas. Namun, temuan merepresentasikan niat dan kesediaan, 
bukan perilaku aktual atau dampak langsung terhadap pengurangan sampah laut. 

Kata kunci: kapasitas adaptif, kesediaan berpartisipasi, niat, partisipasi digital, pengelolaan sampah laut, Theory of Planned 
Behavior 

ABSTRACT 

This study examines the factors influencing intention and willingness for digital participation in marine waste 
management in Batam, Indonesia, by integrating the Theory of Planned Behavior (TPB) with adaptive capacity. A 
survey was conducted among 450 digitally active adult residents of Batam, and the data were analyzed using Partial 
Least Squares Structural Equation Modeling (PLS-SEM). Adaptive capacity had significant positive effects on intention 
(β = 0.790, p < 0.001) and willingness to participate (β = 0.613, p < 0.001). Intention also significantly predicted 
willingness to participate (β = 0.775, p < 0.001). In contrast, attitudes, subjective norms, and perceived behavioral 
control showed no significant direct effects on either intention or willingness to participate. The model explained 
62.2% of the variance in intention and 60.1% of the variance in willingness to participate. These findings suggest that, 
among digitally active residents of Batam, the ability to adjust digital practices, learn, collaborate, and use social media 
platforms may be more important than favorable attitudes or social pressure alone in shaping readiness for 
participation. The findings can inform digital literacy initiatives, community-based marine debris reporting, online 
campaigns, and government–community collaboration. However, the study captures stated intention and willingness 
rather than actual participation or direct environmental outcomes. 

Keywords: adaptive capacity, digital participation, intention, marine waste management, Theory of Planned Behavior, willingness to 
participate 
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1. INTRODUCTION  
Marine plastic pollution has emerged as a 

pervasive environmental challenge of the twenty-first 

century, exhibiting far-reaching consequences for 
marine ecosystems, coastal economies, tourism, 
fisheries, and community well-being (Adam, 2022; 
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Kurniawan et al., 2023; Ulhasanah et al., 2025a). 
Indonesia has consistently been recognized as a 
critical case in the global discourse on marine plastic 
leakage. Early global assessments, notably those 
reported by Jambeck et al. (2015), positioned 
Indonesia among nations with exceptionally high 
levels of mismanaged plastic waste entering the 
marine environment. However, such historical 
rankings should not be construed as a static global 
position, given the dynamic evolution of marine 
plastic estimates alongside advancements in waste-
management systems, data availability, and 
methodological approaches. More recent 
investigations continue to affirm that Indonesia 
confronts substantial challenges related to marine 
debris, waste leakage, and coastal waste governance 
(Jambeck et al., 2015; Sianipar et al., 2022). These 
challenges are particularly pronounced in coastal and 
island urban centers, where inadequately managed 
waste from households, commercial enterprises, 
industry, transportation, and urban consumption can 
be rapidly transferred into the marine environment 
via drainage systems, rivers, shorelines, and maritime 
activities (Chubarenko et al., 2021; Gunasekara et al., 
2025; Nurhati and Cordova, 2020).  

Batam offers a particularly salient context for the 
examination of this issue. Situated in the Riau Islands 
Province within the Indonesia–Malaysia–Singapore 
Growth Triangle, Batam is characterized by 
accelerated urban and industrial development, 
intensive maritime activities, tourism, manufacturing, 
and a geographically dispersed coastal and island 
environment. These attributes establish multiple 
pathways through which terrestrial and maritime 
waste may ingress into coastal waters. Prior research 
has identified marine debris and plastic-waste 
pressures in Indonesian island and coastal 
environments, including areas associated with Batam 
and the Riau Islands (Nurhati and Cordova, 2020; 
Widiastutie et al., 2025). Local waste-management 
data further underscore the magnitude of the 
challenge. Batam generated approximately 432,868 
tons of municipal solid waste in 2024, yet only 17.52% 
was reported as being managed through 3R (Reduce, 
Reuse, Recycle) practices, indicating considerable 
scope for improvement in waste reduction, reuse, and 
recycling (Sekretariat Satu Data Kota Batam, 2025). 

Concurrently, Batam presents a significant digital 
context. As a highly urbanized city with robust 
economic linkages to Singapore and Malaysia, 
information and communication technologies (ICTs) 
have become progressively embedded in daily 
communication, business operations, public services, 
and community interaction. Official statistical 
publications from BPS Kota Batam specifically 
monitor indicators related to internet access 
reflecting the increasing salience of digital 
connectivity within the city (Badan Pusat Statistika 
Provinsi Kep. Riau, 2025). Earlier BPS-based evidence 
also indicated relatively extensive internet use among 

Batam residents, supporting the relevance of digital 
platforms as conduits for communication and 
community engagement. These environmental and 
digital characteristics render Batam suitable for 
investigating how digitally active residents perceive 
and respond to opportunities for participating in 
marine waste initiatives. Crucially, however, the 
present study does not presuppose that digital 
engagement automatically leads to measurable 
reductions in marine debris. Instead, it focuses on the 
behavioral antecedents of intention and willingness to 
participate through digital platforms. 

Marine waste governance has historically relied 
upon regulatory instruments, physical waste-
management infrastructure, collection systems, 
recycling, clean-up activities, and institutional 
enforcement (Wilson, 2023; Wu, 2022). These 
approaches remain indispensable, as marine debris 
cannot be mitigated through communication or 
awareness alone. Nevertheless, public participation 
can complement formal waste-management systems 
by facilitating information dissemination, citizen 
reporting, community mobilization, environmental 
education, and coordination of collective activities 
(D’Amico et al., 2021; Grace et al., 2023; Suhardono et 
al., 2025; Ulhasanah et al., 2025b). The proliferation of 
social media and mobile technologies has generated 
additional opportunities for such participation by 
enabling environmental information to circulate 
rapidly among individuals, communities, 
organizations, and governmental institutions (Zhang 
et al., 2024). Digital participation in this context can 
encompass diverse forms of engagement. Individuals 
may receive environmental information, share or 
repost campaign materials, engage in online 
discussions, create digital content, report 
environmental problems, or coordinate participation 
in offline activities. Digital platforms therefore 
possess the potential to bridge environmental 
awareness with collective action, although the mere 
presence of these platforms does not guarantee 
participation or environmental improvement 
(Hafferty et al., 2024; Kloppenburg et al., 2022; 
Sharma et al., 2022). In In marine waste management, 
online campaigns may enhance awareness of 
pollution sources and impacts, foster more 
responsible consumption and disposal practices, and 
facilitate community initiatives such as beach clean-
ups and recycling activities (Jirasit, 2024; Suryawan et 
al., 2024). Digital engagement is consequently better 
understood as a potential supporting mechanism 
within environmental governance, rather than as a 
direct metric of marine waste-management 
effectiveness. This distinction is vital because 
willingness to participate, online engagement, actual 
behavioral participation, and measurable 
environmental outcomes represent distinct stages of 
the participation process. 

Despite the escalating role of digital technologies 
in public engagement, significant research gaps 
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persist. Much of the literature on digital participation 
has concentrated on political activism, civic 
mobilization, disaster communication, or online 
collective action (Cao et al., 2021; Chekirova, 2022; 
Cheng et al., 2023; Hasfi et al., 2021). Comparatively 
less scholarly attention has been dedicated to digital 
mediation participation in environmental 
management, particularly within rapidly developing 
coastal cities in the Global South. Existing research on 
digital engagement also demonstrates that merely 
providing digital access is insufficient to ensure 
sustained participation; psychological motivation, 
perceived ability, learning capacity, and engagement 
processes remain crucial (Lippke et al., 2021; 
Lipschitz et al., 2023; Nahum-Shani et al., 2022).  

The Theory of Planned Behavior (TPB) furnishes a 
valuable foundation for examining these differences. 
According to TPB, behavioral intention is primarily 
shaped by attitudes toward the behavior, subjective 
norms, and perceived behavioral control. Attitudes 
represent positive or negative evaluations of 
participation; subjective norms reflect perceived 
expectations or encouragement from salient social 
groups; and perceived behavioral control captures 
individuals' perceived ability and opportunity to 
perform the behavior (Alharbi et al., 2025; Guo et al., 
2022; Khaliqi et al., 2023; Vijayan et al., 2023). This 
necessitates behavioral frameworks capable of 
elucidating why digitally connected individuals may 
nonetheless differ substantially in their intention and 
willingness to participate. (Alharbi et al., 2025; Guo et 
al., 2022; Khaliqi et al., 2023; Vijayan et al., 2023). In 
environmental behavior research, these constructs 
have been extensively employed to explain intention 
and willingness to adopt environmentally responsible 
practices. 

However, digitally mediated environmental 
participation may entail additional capabilities not 
fully represented by the conventional TPB constructs. 
An individual may harbor a favorable attitude toward 
marine waste reduction, perceive strong 
encouragement from family or peers, and possess 
access to social media, yet still lack the capacity to 
identify appropriate campaigns, adapt online 
practices, learn from previous activities, collaborate 
digitally, or respond flexibly to new environmental 
information. This limitation is particularly pertinent 
in dynamic digital environments, where participation 
demands more than general approval of an 
environmental objective. 

For this reason, the present study extends TPB by 
incorporating adaptive capacity. Adaptive capacity is 
defined herein as the ability of individuals to adjust 
their digital practices, learn from prior experiences, 
seek new information and participation 
opportunities, modify the type of content they share, 
and collaborate with others in response to evolving 
environmental needs. This concept has been widely 
applied in studies of resilience, environmental 
adaptation, and community responses to changing 
conditions (Rahman et al., 2025a; Sianipar et al., 2025; 

Sofiyah et al., 2026b; Suryawan et al., 2027; Ulhasanah 
et al., 2025b; Yang et al., 2024), Nevertheless, its 
application to digital environmental participation 
remains relatively constrained. 

Integrating adaptive capacity with TPB therefore 
offers an opportunity to distinguish between having 
favorable perceptions toward participation and 
possessing the adaptive capability required to engage 
through digital platforms. This distinction is 
particularly important for the present study because 
adaptive capacity, intention, and willingness to 
participate are conceptually related but not identical. 
Adaptive capacity represents perceived capability for 
adjustment, learning, information seeking, and 
collaboration. Intention signifies a prospective 
motivational commitment to participate. Willingness 
to participate denotes stated readiness to undertake 
specific forms of digitally mediated engagement, such 
as sharing information, joining online discussions, or 
creating environmental content. None of these 
constructs should be interpreted as equivalent to 
directly observed environmental behavior or 
measured reductions in marine debris. 

Accordingly, this study integrates the Theory of 
Planned Behavior and adaptive capacity to examine 
the factors associated with intention and willingness 
for digital participation in marine waste management 
among digitally active adult residents of Batam. The 
study does not evaluate the direct effectiveness of 
digital participation in reducing marine waste; rather, 
it investigates the psychological, social, perceived-
control, and adaptive factors that shape residents' 
stated readiness to engage. By establishing this 
distinction, the study contributes to literature in three 
ways. First, it extends conventional TPB by 
incorporating adaptive capacity as an additional 
explanatory construct in digitally mediated 
environmental participation. Second, it disaggregates 
intention and willingness from actual participation 
and environmental outcomes, providing a more 
circumspect interpretation of digitally mediated 
engagement. Third, it provides context-specific 
evidence from a rapidly developing Indonesian 
coastal city where marine waste pressures coexist 
with expanding digital connectivity. 

The Batam case is thus theoretically and 
practically relevant. From a theoretical perspective, it 
facilitates the examination of whether conventional 
TPB predictors remain dominant when participation 
occurs through digital platforms or whether adaptive 
capacity offers additional explanatory power. From a 
governance perspective, understanding these 
behavioral relationships may assist local government, 
coastal communities, waste-management actors, and 
digital-platform users in designing more appropriate 
mechanisms for environmental communication, 
marine-debris reporting, community campaigns, and 
online-to-offline participation. These implications 
should nevertheless be interpreted as potential 
applications of behavioral findings rather than as 
evidence that digital participation has already yielded 
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measurable improvements in marine waste 
conditions. Figure 1 presents the conceptual 
framework linking attitudes, subjective norms, 
perceived behavioral control, and adaptive capacity 
with intention and willingness to participate in social 
media-based marine waste management in Batam. 
The framework positions TPB constructs and 
adaptive capacity as the principal explanatory factors, 
intention as a proximal psychological process, and 
willingness to participate as the stated participation 
outcome. 

 
2. METHODOLOGY 
2.1. Study Area 

The study was conducted in Batam City, Riau 
Islands Province, Indonesia (Figure 2), an archipelagic 
and rapidly urbanizing coastal city located within the 
Indonesia–Malaysia–Singapore Growth Triangle. 
Batam has developed into a major center for 
manufacturing, shipping, logistics, tourism, and 
maritime services. Its strategic economic role has 
encouraged rapid population growth, urban 
expansion, and increased consumption, while also 
creating considerable pressure on coastal and marine 
environments. The city’s geographical characteristics 
make marine waste management particularly 
important. Batam consists of a main urban island and 
numerous surrounding coastal and island 
communities, where waste generated from 
households, commercial activities, tourism, industry, 
and maritime transport can enter drainage systems, 
coastal waters, and nearshore environments. Previous 
studies have highlighted the persistence of marine 
debris and plastic-waste pressures in Indonesian 
coastal and island environments, including the Riau 
Islands region (Nurhati & Cordova, 2020; Widiastutie 
et al., 2025). These conditions make Batam an 
appropriate location for examining public 
engagement in marine waste management. 

Batam is also relevant because environmental 
pressures coexist with increasing digital connectivity. 
Social media and mobile communication are widely 
integrated into daily communication, information 
exchange, community interaction, and public 
engagement. This digital context creates 
opportunities for residents to participate in marine 
waste-related activities through online campaigns, 
environmental information sharing, community 
discussions, and coordination of collective actions. 
Accordingly, Batam provides a suitable setting for 
examining how digitally active adult residents form 
intentions and willingness to participate in marine 
waste management through social media. The study 
does not assess the direct effectiveness of digital 
participation in reducing marine debris. Instead, 
Batam is used as a coastal urban case to investigate 
how behavioral factors and adaptive capacity are 
associated with stated intention and willingness for 
digitally mediated participation. 

 

2.2. Sampling and Respondents 
The target population for this study comprised 

adult residents of Batam City, aged 18 years or older, 
who actively engaged with digital platforms such as 
Facebook, Instagram, WhatsApp, or TikTok. These 
criteria were established to align with the study's 
specific focus on examining intentions and willingness 
to participate in marine waste-related activities via 
digital and social media channels. Consequently, the 
findings are representative of digitally active adult 
residents of Batam, rather than the broader Batam 
populace. This focus on digitally active Batam 
residents was integral to the original study design. 

Respondents were recruited using a non-
probability purposive/convenience sampling 
approach. The previous reference to "random 
sampling" has been removed due to the absence of a 
complete population sampling frame and the 
recruitment of respondents based on predefined 
eligibility criteria and accessibility. Data collection 
was facilitated through a hybrid approach, combining 
online and face-to-face surveys. The online survey was 
disseminated via digital communication and social 
media platforms, while face-to-face recruitment 
aimed to directly engage eligible respondents. This 
dual-mode approach was employed to enhance access 
to the target group, not to achieve probability-based 
representativeness. The previous manuscript 
similarly reported the use of both online and face-to-
face data collection methods. 

Eligibility for participation required respondents 
to: (1) be at least 18 years old; (2) reside in Batam 
City; (3) actively use at least one relevant digital or 
social media platform; and (4) voluntarily consent to 
complete the survey. Incomplete responses or those 
failing to meet the eligibility criteria were excluded 
from the final dataset. A total of 450 valid responses 
were collected between March and May 2025. This 
sample size was deemed adequate for the Partial Least 
Squares Structural Equation Modeling (PLS-SEM) 
analysis employed in the study, facilitating the 
estimation of relationships among attitudes, 
subjective norms, perceived behavioral control, 
adaptive capacity, intention, and willingness to 
participate. 

The demographic composition of the sample 
exhibited a strong concentration among younger 
adults. Respondents aged 20–29 years constituted 
59.1% (n = 266), followed by those aged 30–39 years 
at 28.4% (n = 128), 40–49 years at 9.3% (n = 42), and 
50–59 years at 3.1% (n = 14). The sample was also 
predominantly unmarried, with 89.1% (n = 401) 
reporting single status and 10.9% (n = 49) reporting 
married status. Gender distribution was more 
balanced, comprising 58.4% male (n = 263) and 
41.6% female (n = 187) respondents. These 
characteristics are pertinent to the interpretation of 
the study's findings. The observed concentration of 
younger, unmarried, and digitally active respondents 
may reflect the inherent biases associated with digital 
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recruitment and social media engagement. 
Consequently, the results should not be generalized to 
the entire population of Batam, particularly older 
residents, individuals with limited digital access, or 
those who do not actively use social media. This 
limitation is now explicitly acknowledged within the 
manuscript. Prior to completing the questionnaire, all 
respondents received comprehensive information 
regarding the study's objectives, the voluntary nature 
of their participation, and the confidentiality of their 
responses. Information consent was obtained from all 
participants before their involvement in the study. 

 
2.3. Questionnaire Design and Data Collection 

The questionnaire was developed to measure 
psychological, social, and adaptive factors associated 
with intention and willingness for digital participation 
in marine waste management. The instrument was 
based on the Theory of Planned Behavior (TPB), 
which emphasizes attitudes, subjective norms, and 
perceived behavioral control as determinants of 
behavioral intention, while adaptive capacity was 
incorporated to capture respondents’ ability to adjust, 
learn, seek information, and collaborate through 
digital platforms. The original instrument was 
structured around these constructs and used a five-
point Likert scale ranging from 1 = strongly disagree 
to 5 = strongly agree.  

To address possible conceptual overlap, the 
revised manuscript distinguishes the constructs more 
explicitly. Attitudes represent respondents’ 
evaluations of engaging in social media-based marine 
waste activities. Subjective norms reflect perceived 
encouragement or expectations from family, friends, 
and the surrounding community. Perceived 
behavioral control refers to respondents’ confidence 
and perceived ease of accessing and using social 
media for marine waste-related activities. Adaptive 
capacity refers to the ability to adjust digital habits, 
modify shared content, seek new campaigns or 

information, collaborate with others, and learn from 
previous online engagement. 

Importantly, adaptive capacity is treated as an 
enabling capability rather than as actual participation. 
Although several adaptive-capacity items use action-
oriented wording, such as seeking campaigns, 
collaborating, and learning from social media, these 
items were intended to represent flexibility, learning, 
and adjustment within digital environments rather 
than observed environmental behavior. 

The study further distinguishes intention from 
willingness to participate. Intention represents a 
prospective motivational commitment to participate 
in social media campaigns related to marine waste 
reduction. It was measured using a single item: “I 
intend to participate in social media campaigns about 
marine waste reduction in Batam.” Because intention 
was measured with a single indicator, internal 
consistency measures such as Cronbach’s alpha and 
composite reliability are not applicable to this 
construct. This limitation is explicitly acknowledged 
in the revised manuscript. 

In contrast, willingness to participate was 
measured using three items representing stated 
readiness to undertake specific forms of digital 
engagement: sharing or reposting information about 
beach clean-ups, participating in online discussions, 
webinars, or awareness campaigns, and creating or 
engaging with digital content such as videos, 
infographics, or hashtags. These indicators represent 
self-reported willingness rather than directly 
observed participation. The questionnaire also 
included socio-demographic information such as age, 
gender, marital status, education, and digital access. 
Before full implementation, the instrument was pre-
tested with 30 respondents in Batam to assess clarity, 
wording, cultural appropriateness, and face validity. 
Feedback from the pre-test was used to simplify 
technical expressions and improve alignment with the 
local context of marine waste issues.

 
Figure 1. Conceptual Framework Integrating Theory of Planned Behavior (TPB) with Adaptive Capacity for Digital 

Participation in Marine Waste Management
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Data were subsequently collected through both 
online and face-to-face survey modes. Before 
participation, respondents were informed about the 
purpose of the study, anonymity and confidentiality of 
their responses, and the voluntary nature of 
participation. Informed consent was obtained before 
respondents completed the questionnaire. The 
questionnaire therefore captures perceptions, 
adaptive capability, intention, and stated willingness, 
rather than actual digital behavior or direct 
environmental outcomes. This distinction is 
important when interpreting the structural 
relationships examined in the subsequent PLS-SEM 
analysis. 
 
2.4. Data Analysis 

Data were analyzed using Partial Least Squares 
Structural Equation Modeling (PLS-SEM) with 
SmartPLS 4.0. PLS-SEM was selected because the 
study examines multiple relationships among 
psychological, social, and adaptive constructs and 
focuses on explaining variation in intention and 
willingness to participate. The analysis followed two 
stages: assessment of the measurement model and 
evaluation of the structural model (Rahman et al., 
2025a; Sianipar et al., 2025; Ulhasanah et al., 2025b; 
Yang et al., 2024). The measurement model was first 
evaluated to assess the reliability and validity of the 
constructs. For multi-item constructs, internal 
consistency reliability was examined using 
Cronbach’s alpha, rho_A, and composite reliability 
(rho_C). Convergent validity was evaluated using 
indicator loadings and average variance extracted 
(AVE). Indicator loadings of approximately 0.60 or 
higher were considered acceptable, while AVE values 
above 0.50 indicated that a construct explained more 
than half of the variance in its indicators. Discriminant 
validity was also examined to ensure that 
theoretically related constructs, particularly adaptive 
capacity and willingness to participate, remained 
empirically distinguishable. 

The intention construct was measured using a 
single indicator. Therefore, Cronbach’s alpha and 
composite reliability were not interpreted for 
intention because internal consistency cannot be 
meaningfully evaluated for a single-item measure. The 
standardized loading of this indicator was 1.000, 
resulting in an AVE of 1.000. The use of a single-item 
intention measure is considered when interpreting 
the model and is acknowledged as a methodological 
limitation. 

Following measurement-model assessment, the 
structural model was evaluated using standardized 
path coefficients (β), standard deviations (SD), t-
statistics, p-values, and coefficients of determination 
(R²). Statistical significance was evaluated at p < 0.05. 
R² values were used to assess the explanatory power 
of the model for endogenous constructs, including 
subjective norms, intention, and willingness to 

participate. Model-fit information, including the 
standardized root mean square residual (SRMR), 
squared Euclidean distance (d_ULS), geodesic 
distance (d_G), chi-square, and normed fit index (NFI), 
was also reported. Because the estimated-model 
SRMR exceeded the commonly applied conservative 
threshold, these fit statistics were interpreted 
cautiously rather than being used alone to claim 
overall model adequacy. 

To address the proposed indirect relationships, 
mediation was assessed using specific indirect effects 
obtained through bootstrapping. An indirect effect 
was considered statistically supported when its 
bootstrap confidence interval did not include zero and 
the corresponding p-value was below 0.05. Mediation 
was therefore not inferred solely from the significance 
of individual direct paths. The type of mediation was 
interpreted by considering both the direct and 
indirect effects between the relevant constructs. 
Descriptive statistics, including means, skewness, and 
excess kurtosis, were additionally calculated for each 
questionnaire item to summarize respondents’ 
response patterns. The structural findings were 
interpreted specifically as relationships among 
perceptions, adaptive capacity, intention, and stated 
willingness to participate. They were not interpreted 
as evidence of actual digital behavior or direct 
reductions in marine waste, because these outcomes 
were not directly measured in the study. 

 
3. RESULTS 

Table 1 presents the descriptive statistics of the 
items used to measure digital participation in marine 
waste management among respondents in Batam. The 
mean values indicate generally positive attitudes 
toward social media as a tool for supporting marine 
waste reduction, particularly in terms of recognizing 
its importance for protecting Batam’s coastal 
environment (M = 4.45, SD = 0.66) and the 
encouragement received from friends (M = 4.28, SD = 
0.91) and community expectations (M = 3.72, SD = 
1.10). Confidence in using social media effectively (M 
= 3.59, SD = 1.13) and ease of access to platforms (M = 
3.79, SD = 1.09) also scored above the midpoint, 
reflecting a readiness to engage in environmental 
discussions online. 

Table 2 presents the reliability, convergent 
validity, and explanatory power of the constructs. For 
the multi-item constructs, Cronbach’s alpha values 
ranged from 0.683 to 0.898, while composite 
reliability (rho_C) ranged from 0.819 to 0.924. All AVE 
values exceeded 0.50, indicating satisfactory 
convergent validity. Intention was measured using a 
single indicator and therefore was not assessed using 
internal consistency reliability coefficients. The 
structural model explained 57.6% of the variance in 
subjective norms (R² = 0.576), 62.2% in intention (R² 
= 0.622), and 60.1% in willingness to participate (R² = 
0.601).
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Table 1. Descriptive Analysis of Items Measuring Digital Participation in Marine Waste Management 

Name Mean 
Excess 

kurtosis 
Skew 
ness 

I believe participating in marine waste campaigns on social media is important for protecting 
Batam’s coastal environment. 

4.451 3.153 -1.409 

I think sharing posts and content about reducing plastic waste on social media benefits tourism and 
community well-being in Batam. 

3.556 -1.409 -0.286 

I feel responsible for preventing marine waste pollution by actively engaging in social media 
discussions and campaigns. 

4.173 0.924 -1.227 

My friends encourage me to participate in marine waste campaigns on social media. 4.282 1.167 -1.361 
My family and community expect me to engage with or share social media content about marine 
waste reduction. 

3.716 -1.031 -0.557 

I am confident that I can use social media effectively to support marine waste campaigns. 3.589 -1.314 -0.319 
I can easily access social media platforms to participate in marine waste management discussions 
and activities. 

3.791 -0.944 -0.591 

I am willing to adapt my social media habits to promote marine waste awareness. 2.071 0.112 1.009 
I can adjust the type of content I share on social media to support marine waste reduction. 2.329 -0.1 0.96 
I actively look for new social media campaigns or groups related to marine waste management in 
Batam. 

2.124 -0.016 0.947 

I collaborate with others on social media to handle and respond to marine waste issues. 2.369 -0.152 0.862 
I learn from social media campaigns and past online discussions to improve my contribution to 
marine waste management. 

2.222 0.268 1.028 

I intend to participate in social media campaigns about marine waste reduction in Batam. 2.213 -0.249 0.836 
I am willing to share or repost information about beach clean-ups in Batam on social media. 2.369 -0.152 0.862 
I am willing to participate in online discussions, webinars, or awareness campaigns about marine 
waste through social media. 

2.222 0.268 1.028 

I am willing to create or engage with digital content (e.g., videos, infographics, hashtags) to support 
marine waste reduction efforts. 

2.311 -0.249 0.827 

Note: Responses were measured using a five-point Likert scale ranging from 1 = strongly disagree to 5 = strongly agree. 

Table 2. Reliability and Validity of Constructs (Adaptive Capacity, Attitudes, Perceived Behavioral Control, Subjective Norms, 
Willingness to Participate) 

Construct Cronbach’s alpha 
Composite reliability 

(rho_A) 
Composite reliability 

(rho_C) 
AVE R² 

Adaptive capacity 0.898 0.906 0.924 0.710 – 
Attitudes 0.691 0.780 0.819 0.603 – 

Perceived behavioral control 0.683 0.711 0.861 0.757 – 
Subjective norms 0.794 0.814 0.906 0.828 0.576 

Intentionᵃ N/A N/A N/A 1.000 0.622 
Willingness to participate 0.852 0.866 0.909 0.770 0.601 

Note: AVE = average variance extracted; rho_A = reliability coefficient rho_A; rho_C = composite reliability; R² = coefficient of determination. A 
dash (–) indicates an exogenous construct for which R² is not applicable. 
ᵃIntention was measured using a single indicator; therefore, Cronbach’s alpha and composite reliability are not applicable. The standardized 
loading was 1.000, resulting in an AVE of 1.000. 

 
Table 3 presents the model fit indices for the 

saturated and estimated models. The saturated model 
showed an SRMR value of 0.071, while the estimated 
model had an SRMR of 0.108. The d_ULS values were 
0.680 and 1.578, and the d_G values were 0.532 and 
0.848 for the saturated and estimated models, 
respectively. The NFI values were 0.737 for the 
saturated model and 0.659 for the estimated model. 

Table 3. Model Fit Indices for Saturated and Estimated 
Models 

Parameters 
Saturated 
model 

Estimated 
model 

SRMR 0.071 0.108 
d_ULS 0.68 1.578 
d_G 0.532 0.848 
Chi-square 1346.993 1745.145 
NFI 0.737 0.659 

Note: SRMR = standardized root mean square residual; d_ULS = 
squared Euclidean distance; d_G = geodesic distance; NFI = 
normed fit index. 

 
Figure 2 illustrates the SEM results for digital 

participation in marine waste management in Batam. 

The model integrates five latent constructs along with 
intention as a mediating factor. All observed items 
loaded strongly on their respective constructs, with 
factor loadings ranging from 0.691 to 0.928, 
demonstrating good measurement reliability. The 
path coefficients show the structural relationships 
among the constructs, with notable influences of 
adaptive capacity (β = 0.790) and intention (β = 1.000) 
on willingness to participate (R² = 0.601). Subjective 
norms and perceived behavioral control also 
contribute to intention (R² = 0.622), while attitudes 
exert a more modest effect. The model highlights that 
household engagement in digital marine waste 
initiatives is shaped not only by individual attitudes 
and social expectations but also by their perceived 
ability to act and adapt within digital platforms. By 
linking these factors, the SEM framework provides a 
comprehensive understanding of how psychological, 
social, and adaptive capacities interact to drive 
willingness to participate in digitally mediated 
environmental action.
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Figure 2. Structural Equation Modeling (SEM) Results for Digital Participation in Marine Waste Management in Batam

Table 4. Structural Relationship Testing Among Constructs in the SEM 
Structural relationship β (SD) t-statistic p-value Result 
Adaptive capacity → Intention 0.790 (0.018) 42.822 <0.001 Significant 
Adaptive capacity → Willingness to participate 0.613 (0.027) 22.943 <0.001 Significant 
Attitudes → Intention −0.011 (0.036) 0.303 0.762 Not significant 
Attitudes → Subjective norms 0.473 (0.041) 11.517 <0.001 Significant 
Attitudes → Willingness to participate −0.008 (0.028) 0.304 0.761 Not significant 
Intention → Willingness to participate 0.775 (0.018) 43.082 <0.001 Significant 
Perceived behavioral control → Intention −0.012 (0.035) 0.332 0.740 Not significant 
Perceived behavioral control → Subjective norms 0.371 (0.044) 8.405 <0.001 Significant 
Perceived behavioral control → Willingness to participate −0.009 (0.027) 0.332 0.740 Not significant 
Subjective norms → Intention 0.038 (0.045) 0.845 0.398 Not significant 
Subjective norms → Willingness to participate 0.030 (0.035) 0.848 0.397 Not significant 

Note: β = standardized path coefficient; SD = standard deviation. Statistical significance was assessed at p < 0.05. 

 
Table 4 presents the structural path results. 

Adaptive capacity significantly predicted intention (β 
= 0.790, SD = 0.018, p < 0.001) and willingness to 
participate (β = 0.613, SD = 0.027, p < 0.001). Intention 
also significantly predicted willingness to participate 
(β = 0.775, SD = 0.018, p < 0.001). Attitudes 
significantly predicted subjective norms (β = 0.473, SD 
= 0.041, p < 0.001), while perceived behavioral control 
also significantly predicted subjective norms (β = 
0.371, SD = 0.044, p < 0.001). The remaining direct 
relationships were not statistically significant. 

The structural model indicates that adaptive 
capacity is the most robust predictor of both intention 
and willingness to participate in digitally mediated 
marine waste activities. Adaptive capacity 
demonstrated a strong positive effect on intention (β 
= 0.790, p < 0.001) and willingness to participate (β = 
0.613, p < 0.001). These findings suggest that 
respondents with enhanced abilities to adjust digital 
practices, modify shared content, seek relevant 
information, learn from prior online experiences, and 
collaborate with others are more likely to express 
readiness for engagement in marine waste-related 

digital activities. This interpretation aligns with 
existing literature emphasizing the importance of 
adaptive skills, learning capacity, and digital 
competence in fostering community engagement and 
environmental governance (Dushkova and Ivlieva, 
2024; Kangana et al., 2024; Kloppenburg et al., 2022). 
This finding also elucidates the role of adaptive 
capacity within the extended Theory of Planned 
Behavior (TPB) framework. Adaptive capacity should 
not be construed as actual digital participation itself. 
Rather, it represents an enabling capability that may 
facilitate the formation of intention and willingness. 
This distinction is particularly crucial given that the 
present study measures stated behavioral readiness 
rather than observed participation or quantifiable 
marine waste reduction. Therefore, the results 
indicate an association between adaptive capability 
and stronger intention and willingness among 
digitally active Batam residents, but they do not 
demonstrate that higher adaptive capacity has already 
yielded superior environmental performance. 

Intention also exhibited a strong positive 
relationship with willingness to participate (β = 0.775, 
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p < 0.001). This result is broadly consistent with the 
Theory of Planned Behavior, wherein intention serves 
as a proximal motivational antecedent of behavior 
(Ajzen, 1991; Concari et al., 2020; Zhao et al., 2022). In 
the present study, however, willingness to participate 
remains a stated behavioral outcome rather than 
observed behavior. Thus, the significant intention–
willingness relationship indicates that stronger 
motivational commitment is associated with greater 
readiness to share information, participate in online 
discussions, and engage with digital environmental 
content. Any claim that intention mediates the 
relationship between adaptive capacity and 
willingness should be supported specifically by 
bootstrapped indirect-effect analysis, rather than 
solely by the significance of individual paths. 

A particularly salient finding is that the 
conventional TPB predictors did not operate as 
anticipated. Attitudes evinced no significant direct 
effect on either intention (β = −0.011, p = 0.762) or 
willingness to participate (β = −0.008, p = 0.761). This 
deviates from the conventional TPB expectation that 
favorable attitudes contribute positively to behavioral 
intention. Nevertheless, attitudes were significantly 
associated with subjective norms (β = 0.473, p < 
0.001). This suggests that favorable evaluations of 
marine waste engagement coexist with stronger 
perceptions of social expectations, although the 
present results do not demonstrate that this 
relationship subsequently produces participation. 
Earlier studies have similarly underscored that 
attitudes can interact with social expectations and 
social experience in shaping behavioral orientations  
(Roth and Salikutluk, 2012; Sofiyah et al., 2025; Wall, 
1995). The absence of a significant direct attitude–
intention relationship may be especially pertinent in a 
digital participation context. Respondents may 
generally acknowledge the importance of marine 
waste campaigns while still lacking sufficient 
motivation, experience, or adaptive capability to 
participate. In other words, positive environmental 
attitudes alone may not be sufficient to generate 
digital engagement. This attitude–action gap is 
significant because it suggests that communication 
strategies solely focused on raising awareness may 
have limited effects when residents are not 
simultaneously provided with clear, accessible, and 
meaningful opportunities for participation. 

Perceived behavioral control also demonstrated 
no significant direct effect on intention or willingness 
to participate. However, perceived behavioral control 
was positively associated with subjective norms (β = 
0.371, p < 0.001). This result indicates that confidence 
in social media use and perceived ease of digital access 
are related to the social context surrounding 
participation, but they do not independently predict 

stated readiness to participate in the present model. 
Therefore, this relationship should be interpreted 
cautiously and should not be described as an indirect 
effect on participation unless supported by specific 
indirect-effect analysis. 

Subjective norms likewise did not significantly 
predict intention or willingness to participate, despite 
their observed relationships with attitudes and 
perceived behavioral control. This finding diverges 
from the standard TPB framework, in which social 
expectations are generally posited to contribute to 
behavioral intention. Previous studies have 
highlighted the importance of social and community 
influences in environmental behavior (Rahman et al., 
2025b; Ulhasanah and Goto, 2018), but the present 
results suggest that social encouragement alone may 
not be sufficient to generate readiness for digitally 
mediated marine waste engagement. Collectively, 
these findings indicate that the conventional TPB 
constructs may exert a weaker direct role in this 
particular digital environmental context than 
anticipated. Rather than refuting TPB, the results 
suggest that the framework may benefit from 
additional constructs that capture the practical 
capacity to operate within digital environments. 
Adaptive capacity appears to provide this 
complementary explanation by representing 
respondents' ability to adjust, learn, seek 
opportunities, and collaborate online. This 
interpretation is consistent with the broader 
importance of adaptive capacity in environmental and 
community-based responses (Sianipar et al., 2025; 
Sofiyah et al., 2026a; Suryawan et al., 2027). 

The findings should nevertheless be interpreted 
within the characteristics of the study sample. 
Respondents were digitally active adult residents of 
Batam, and the sample was predominantly composed 
of younger and unmarried individuals. Therefore, the 
structural relationships identified here should not be 
generalized to all Batam residents, particularly those 
with limited digital access or lower levels of social 
media use. Moreover, the cross-sectional and self-
reported design does not establish behavioral change 
over time or direct environmental outcomes. 
 
4. POLICY IMPLICATIONS  

The policy implications of this study are delineated 
in Figure 3, which translates the empirical findings 
from the structural model into a pragmatic framework 
designed to enhance digital participation in marine 
waste governance within Batam. This framework is 
structured around four interconnected components: 
key behavioral insights, strategic policy interventions, 
viable implementation pathways, and anticipated 
governance outcomes, all supported by a set of 
enabling conditions.
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Figure 3. Policy Framework for Strengthening Digital Participation in Marine Waste Governance in Batam, Indonesia

The foremost policy imperative pertains to digital 
literacy and the cultivation of adaptive capacity. 
Adaptive capacity emerged as the most significant 
predictor of both intention and willingness to 
participate, underscoring the necessity for policy 
interventions to transcend generic environmental 
awareness campaigns. Consequently, programs 
should aim to fortify residents' practical proficiency in 
leveraging digital platforms for marine waste-related 
activities. This includes, but is not limited to, 
discerning credible campaigns, accessing reliable 
information, reporting coastal litter, generating or 
disseminating verified environmental content, 
learning from prior campaigns, and fostering 
collaborative efforts. Such capacity-building 
initiatives are instrumental in converting generalized 
environmental concern into more actionable forms of 
participation. 

The second priority involves the development of 
accessible digital reporting mechanisms. The Batam 
City Government and pertinent environmental 
agencies are encouraged to establish user-friendly 
reporting channels via official websites, mobile 
applications, or established social media platforms. 
These systems would enable residents to submit 
reports concerning coastal litter, illicit dumping, or 
waste accumulation, ideally accompanied by geo-
location data, photographic evidence, or other 
corroborating information. However, the efficacy of 
such mechanisms is contingent upon demonstrable 
institutional responsiveness. Therefore, reporting 
systems must be complemented by robust verification 
procedures, timely feedback mechanisms for 
residents, and transparent communication regarding 
the actions undertaken by responsible agencies. 

Third, digital participation should be seamlessly 
integrated with online-to-offline participation 
pathways. Engagement on social media platforms are 
likely to yield more substantive outcomes when 
residents can transition from virtual interaction to 
tangible environmental activities. Digital campaigns 
should, therefore, be explicitly linked to initiatives 
such as beach clean-ups, waste-bank operations, 
recycling programs, coastal monitoring, and 
environmental education. Clear calls to action e.g., 
reporting a waste location, registering for a clean-up 
event, sharing verified information, joining an online 
discourse, or creating locally pertinent content—are 
anticipated to be more effective than broad awareness 
messages alone. This is particularly salient given that 
attitudes and subjective norms did not directly predict 
intention or willingness in the structural model. 

A fourth policy direction centers on targeted 
communication strategies. Digital campaigns ought to 
be meticulously designed around specific actions and 
locally relevant benefits, rather than relying 
exclusively on generalized environmental messaging. 
Communication efforts could emphasize tangible 
advantages such as pristine coastal areas, enhanced 
tourism conditions, strengthened community 
participation, and heightened visibility of local 
environmental concerns. The objective is not merely 
to augment exposure to environmental information, 
but to furnish residents with clear and attainable 
opportunities for engagement. 

The proposed framework also underscores the 
critical importance of monitoring and evaluation. 
Digital participation programs should incorporate 
measurable indicators, such as the volume of verified 
marine debris reports submitted, institutional 
response rates, participation in digitally coordinated 
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clean-up activities, engagement with verified 
educational content, involvement in community 
campaigns, and follow-up actions executed by 
responsible organizations. These indicators are 
crucial for differentiating passive online visibility 
from more meaningful forms of citizen engagement. 
Effective implementation necessitates the 
involvement of multiple stakeholders. The Batam City 
Government can integrate digital participation 
mechanisms into its marine waste management 
planning and provide the requisite infrastructure for 
reporting and feedback. Environmental institutions 
and waste-management agencies are tasked with 
verifying reports, coordinating responses, and 
utilizing citizen-generated information for strategic 
planning and enforcement. Coastal communities and 
community organizations can serve as conduits, 
connecting digital reporting and campaigns with 
localized environmental action. Educational 
institutions can play a pivotal role in fostering digital 
literacy and spearheading student-led environmental 
campaigns, while digital platforms and media outlets 
can facilitate the dissemination of verified information 
and broaden campaign reach. 

Several enabling conditions are prerequisite for 
the effective functioning of this framework. These 
include reliable digital infrastructure and internet 
access, clearly delineated institutional 
responsibilities, robust coordination among agencies 
and communities, continuous capacity development, 
and inclusive participation across diverse social and 
demographic strata. Given that the current sample 
was predominantly comprised of digitally active 
younger adults, future implementation strategies 
should also consider residents with lower digital 
access or limited experience with social media 
platforms. The anticipated outcomes of this 
framework warrant careful interpretation. In the 
short term, the proposed interventions are designed 
to bolster adaptive capacity, intention, willingness to 
participate, and measurable digital engagement. Over 
time, enhanced digital participation is expected to 
foster improved communication, expedited 
identification of marine debris issues, greater 
collaboration between communities and government, 
and more effective coordination of offline waste-
management activities. However, the present study 
does not establish a direct causal link between higher 
digital willingness and a reduction in marine waste. 
Consequently, the framework represents a policy 
pathway linking behavioral evidence to potential 
governance improvements, rather than a 
demonstrated causal pathway to cleaner coastal 
conditions. 
 
5. CONCLUSION 

This study investigated the intention and 
willingness to participate digitally in marine waste 
management among digitally active adult residents of 
Batam. It achieved this by integrating the Theory of 
Planned Behavior (TPB) with the concept of adaptive 

capacity. The analysis revealed that adaptive capacity 
emerged as the most robust predictor for both 
intention and willingness to participate. Furthermore, 
intention itself significantly predicted willingness. 
Conversely, attitudes, subjective norms, and 
perceived behavioral control did not demonstrate 
significant direct effects on either intention or 
willingness. These findings suggest that practical 
adaptive skills—such as the ability to learn, adjust 
digital practices, seek information, and collaborate 
online—may exert a more substantial influence than 
positive attitudes or social encouragement alone. For 
Batam, these results advocate for policy interventions 
focused on enhancing digital literacy, facilitating 
accessible marine debris reporting mechanisms, 
implementing targeted awareness campaigns, and 
strengthening the nexus between online engagement 
and tangible offline environmental action. It is 
important to note, however, that the study's measures 
captured stated intention and willingness, rather than 
actual participation or direct reductions in marine 
waste. 

The interpretation of these findings should 
acknowledge several inherent limitations. The sample 
was derived from non-probability recruitment and 
was predominantly composed of younger, unmarried, 
and digitally active respondents. Consequently, the 
generalizability of these results to the broader Batam 
population is restricted. Furthermore, the study 
employed a cross-sectional design and relied 
exclusively on self-reported data. An additional 
limitation pertains to the measurement of intention 
using a single-item indicator, and the conceptual 
proximity of some adaptive capacity indicators to 
actual participation-related activities.  

Future research endeavors should endeavor to 
employ more representative sampling methodologies, 
utilize multi-item measures for intention, and adopt 
longitudinal research designs. Crucially, subsequent 
studies ought to incorporate actual behavioral 
indicators, such as verified digital reports, 
participation rates in clean-up initiatives, institutional 
responses, and quantifiable marine waste outcomes. 
Such an approach would enable a more 
comprehensive assessment of whether stated 
intention and willingness translate into genuine 
participation and demonstrable environmental 
improvement. 
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