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Abstract: The management of domestic wastewater remains a major challenge in rural areas, including
in Central Tapanuli Regency. Limited community participation, low access to environmental infor-
mation, and weak institutional support are key factors hindering sustainable sanitation efforts. This
study aims to identify and analyze the factors influencing community roles in environmentally friendly
wastewater management and to formulate empowerment strategies that align with local characteristics.
This research uses a Mixed Methods approach, combining a descriptive quantitative method with mul-
tiple linear regression analysis to assess the influence of variable X1 (Knowledge), X2 (Access to In-
formation), and X3 (Institutional Support) on variable Y (Community Role). Quantitative data were
collected from 175 respondents using a closed-ended questionnaire, while qualitative data were ob-
tained through in-depth interviews and field observations in four villages: Sipeapea, Pandan, Tapian
Nauli, and Hutabalang. The results show that all three independent variables have a positive influence
on enhancing community roles, with institutional support being the most dominant factor. In addition,
qualitative interviews revealed a gap in practical knowledge and a need for stronger cross-sectoral com-
munication. These findings indicate that optimizing community involvement strongly depends on con-
tinued education, information transparency, and institutional synergy. This study recommends inter-
vention strategies including community-based sanitation education, the establishment of village envi-
ronmental information systems, and the integration of waste management programs into regional de-
velopment planning. These findings are expected to serve as a foundation for more adaptive, contex-

tual, and sustainable environmental policymaking in Central Tapanuli.

Keywords: Central Tapanuli; Community Roles; Environmentally Friendly Sanitation; Participation;

Waste Management

1. Introduction

Sanitation issues and domestic wastewater management are strategic concerns in sus-
tainable development, especially in rural and peri-urban areas such as Central Tapanuli Re-
gency. Improperly managed household wastewater has the potential to contaminate clean
water sources, increase the risk of disease, and degrade community well-being. Environmen-
tally friendly wastewater management does not rely solely on technology, but greatly depends
on the active involvement of the community at every stage of the process.

In this context, the community’s role is a key element in creating an efficient and sus-
tainable waste management system. The community is not merely a user of the sanitation
system, but a primary actor capable of designing, managing, and maintaining it. In line with
Hidayat, Milanie, Nuraini, Azhari, & Sugiarto (2023) development that neglects community
participation tends to result in a mismatch of expectations and social resistance during imple-
mentation.
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In Central Tapanuli Regency, several villages continue to face challenges in domestic
wastewater management, including low levels of public awareness, inadequate sanitation in-
frastructure, and weak local regulations. Data from the Central Tapanuli Environmental
Agency (DLH) in 2023 reported that over 60% of households still use wastewater disposal
systems that do not meet environmental standards.

Previous studies by Gultom & Siregar (2023) & Linda et al. (2024) emphasized the im-
portance of participatory strategies in managing rural sanitation systems. Meanwhile, Siregar
(2020) dan Sugiarto & Ramadania (2024) noted that the success of sanitation programs is
strongly influenced by local socio-cultural factors and the community’s willingness to con-
tribute voluntarily. These findings suggest that community-based approaches are highly rele-
vant for the implementation of environmentally friendly waste management Purba et al.
(2024), Sugiarto et al. (2023).

Community involvement not only improves the technical effectiveness of waste man-
agement but also fosters a sense of ownership and responsibility for the environment. This
aligns with the Sustainable Development Goals (SDGs), particularly Goal 6 on clean water
and sanitation, which emphasizes the importance of safe and inclusive wastewater manage-
ment (UN-Habitat, 2022; United Nations, 2021; (Hartini, Nuraini, Milanie, Abdiyanto, &
Sugiarto, 2023).

However, there remains a gap between technical policies and field practices, particularly
in community empowerment. Therefore, it is important to conduct an in-depth study of com-
munity participation patterns, the influencing factors, and approaches that can be optimized
to achieve sustainable and environmentally friendly wastewater management.

Problem formulation; Based on the background above, the research questions of this
study are as follows: 1) What is the level of community participation in environmentally
friendly wastewater management in Central Tapanuli Regency?, 2) What factors influence
community involvement in wastewater management?, 3) What strategies can be implemented
to optimize the community’s role in supporting environmentally friendly wastewater manage-
ment?

Research Objectives and Benefits; This study aims to: 1) Analyze the level of community
participation in environmentally friendly wastewater management in Central Tapanuli Re-
gency, 2) Identify the factors influencing community involvement in wastewater management,
particulatly in terms of knowledge, access to information, and institutional support, 3) For-
mulate strategies to optimize community roles in supporting sustainable wastewater manage-
ment that aligns with the local characteristics of the study area.

This research is expected to contribute to the development of academic studies in the
field of regional and urban planning, particularly regarding community-based environmental
management. Additionally, the results of this study can serve as a reference for developing
collaborative models between communities and governments in sustainable sanitation
management. Practically, this study is useful for: 1) Providing relevant information for local
and village governments in designing more participatory and environmentally friendly waste
management policies or programs, 2) Encouraging greater public awareness and engagement
in maintaining the quality of the living environment, 3) Serving as a foundation for developing
community-based sanitation infrastructure that is more adaptive to local social and cultural
conditions.

Several relevant studies referenced in this research include; Siregar (2020) & Hao (2023),
who explored the relationship between socio-cultural factors and community participation in
environmental-based sanitation, highlighting that local wisdom significantly influences
program success. Gultom & Siregar (2023) who investigated the barriers to wastewater
management system implementation in coastal villages of South Tapanuli, identifying
institutional weaknesses and a lack of outreach as key obstacles. Naibaho (2022) from
Universitas Pembangunan Panca Budi, who demonstrated that collaboration between village
governments and communities can accelerate the achievement of sanitation targets in semi-
urban areas. Another study by Lubis et al. (2023) & (Akbar et al., 2025; Pakpahan et al., 2025)
emphasized that low-tech solutions combined with environmental education are more
effective than infrastructure-based approaches alone.

The novelty of this study lies in the development of community participation indicators
based on empirical data and in-depth interviews, which can serve as a foundation for
designing more participatory wastewater management policies.
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2. Preliminaries or Related Work or Literature Review

2.1 Community Participation Theory

Community participation in environmental development is one of the main pillars of
sustainability. According to Arnstein’s "Ladder of Citizen Participation" model, the level of
participation ranges from manipulative forms to full citizen control (Saputra & Maulana,
2021; Aini et al., 2023). In the context of wastewater management, participation includes in-
volvement in planning, implementation, monitoring, and maintenance of sanitation systems.
A participatory space allows the community to feel a sense of ownership and responsibility
toward the implemented environmental programs. Active participation also enhances the ef-
fectiveness of systems built collectively (Lubis & Gultom, 2023).

2.2 Environmental Behavior Theory

Environmental behavior theory explains that human behavior toward the environment
is influenced by knowledge, attitudes, and social norms. Ajzen (2021) & Nuraini (2021),
through the Theory of Planned Behavior, states that behavioral intention is formed by one’s
attitude toward the behavior, subjective norms, and perceived behavioral control.
In the context of waste management, the higher the public’s knowledge about the negative
impacts of waste, the greater the tendency to engage in environmentally friendly behavior
(Harahap, 2022).

2.3 Social Systems Theory in Environmental Management

This theory positions society as part of a dynamic social system that interacts in shaping
responses to environmental issues. The application of community-based environmental man-
agement principles emphasizes the importance of local values and social structures in
wastewater management (Pakpahan et al., 2025; Song et al., 2024).

2.4 Relevant Previous Studies
Table 1. Previous Studies.

No  Researcher Year Key Findings

1 Harahap 2022 Community participation increases when supported by
local education and village apparatus involvement.
2 Sati et al. 2021 Effective sanitation systems in coastal areas of Sumatra

require social engagement, not just technical solutions.

3 Gultom & 2023 Limited access to information and weak supervision are
Siregar the main barriers to waste management.
4 Lubis & 2023 Institutional strengthening and technical training
Gultom significantly improve rural wastewater management
quality.
5 Simanjuntak 2024  Simple waste treatment technologies are acceptable when

combined with participatory approaches.
Source: Compiled by the Author, 2025
From the review of previous studies, there is a lack of research that integratively
combines analysis of community roles with optimization strategies in the specific local
context of Central Tapanuli. This study seeks to fill that gap.

2.5 Conceptual Framework

This study is based on the assumption that the community's role (Y) in environmentally
friendly wastewater management is influenced by several key factors: (a) X1: Knowledge of
waste management. (b) X2: Access to environmental information. (c) X3: Institutional /village
government support

Hach of these factors is assumed to have a positive relationship with community
involvement in wastewater management.
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2.6 Conceptual Framework Diagram

X1
Knowledge of Waste Management

X2 Y

Acces: to Environmental Info Community Role

X3
Insttutonal/ Village Support

Figure 1. Conceptual Framework Diagram.
Source: Author’s Design, 2025

2.7 Conceptual Definition of Variables
Table 2. Conceptual Definitions of Variables.

Variable Conceptual Definition Indicators

X1: Knowledge of Waste The level of  community Risk awareness,

Management understanding regarding  treatment methods,
environmentally friendly environmental impacts
wastewater management.

X2: Access to The availability and exposure of Information sources,

Environmental the community to sanitation- frequency, socialization

Information related information. activities

X3: Institutional/Village The degree of involvement by Local policies, training,

Government Support local ~ authorities and village facility provision
officials in supporting wastewater
programs.

Y: Community Role The level of  community Participation in planning,
involvement in all stages of implementation, and
wastewater management. evaluation

Source: Compiled by the Author, 2025

3. Proposed Method

This study employs a mixed methods approach, combining descriptive quantita-
tive and phenomenological qualitative methods in an integrated manner to obtain a compre-
hensive and in-depth understanding of community roles in environmentally friendly
wastewater management in Central Tapanuli Regency. The quantitative approach is used to
measure levels of knowledge, information access, and institutional support influencing com-
munity participation, while the qualitative approach explores perceptions, motivations, and
social challenges faced by communities in managing wastewater (Harahap, 2022) dalam
Haloho & Sugiarto (2024).

The research was conducted in several villages across Central Tapanuli Regency, selected
based on criteria such as high population density and inadequate domestic wastewater man-
agement systems. The locations were chosen purposively to represent diverse settlement con-
ditions and environmental concerns. The study was carried out from January to April 2025,
covering stages of preliminary observation, data collection, analysis, and final reporting.

The population of this research comprises household heads residing in the study areas
who are directly involved in household waste management activities. For the quantitative
sample, purposive sampling was used to select 175 respondents, representing variation in age,
education level, and occupation. For the qualitative stage, snowball sampling was used to
identify key informants such as village officials, community leaders, environmental cadres,
and representatives from the Central Tapanuli Environmental Agency.

The variables analyzed in this study include one dependent variable: community partici-
pation, and three independent variables: knowledge of waste management, access to environ-
mental information, and institutional/village government support. Community participation
is measured through indicators such as involvement in planning, implementation, evaluation,
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and community self-help initiatives. Knowledge covers understanding of waste impacts and
basic treatment practices (Milanie, 2021; Sugiyono, 2019).. Information access reflects com-
munity exposure to media, education, and outreach, while institutional support includes vil-
lage programs, sanitation facilities, and training opportunities.

The study uses both primary data, collected through structured questionnaires and in-
depth interviews, and secondary data from village planning documents, environmental re-
ports, and official publications from relevant government departments. Data collection tech-
niques include structured Likert-scale questionnaires for quantitative respondents and semi-
structured interview guides for qualitative informants. Additionally, participatory observa-
tion and visual documentation are conducted to support data validity.

Quantitative data is analyzed using descriptive statistics with SPSS version 20, presenting
results through frequency tables, percentages, and graphs to illustrate variable distribution.
Qualitative data is analyzed through data reduction, categorization, and thematic interpreta-
tion, in line with the phenomenological approach. Interview findings are interpreted to un-
derstand community thinking patterns, perceptions, and social experiences related to
wastewater management.

A final triangulation process integrates both quantitative and qualitative findings com-
prehensively, aiming to build a narrative that is empirically valid and socio-culturally contex-
tual, reflecting the local realities of Central Tapanuli.

4. Results and Discussion

4.1 Overview of the Research Location

Central Tapanuli Regency is one of the administrative regions in North Sumatra Prov-
ince, characterized by diverse geographical, social, and environmental features. The area in-
cludes coastal zones, lowlands, and hilly regions, each presenting distinct challenges in terms
of environmental management, particularly sanitation and household wastewater disposal.

In general, most residents in Central Tapanuli still use conventional waste disposal sys-
tems, such as open drains, absorption pits, or direct discharge into nearby water bodies. This
presents serious environmental and health challenges, especially in densely populated settle-
ments, where inadequate sanitation may lead to disease and pollution.

Community-based sanitation programs have begun to be implemented in several vil-
lages, but adoption remains uneven. Many residents still perceive wastewater management as
the government's sole responsibility rather than a collective obligation involving community
participation. Hence, a systematic analysis of community knowledge, information access, in-
stitutional support, and the extent of community involvement is essential.

4.2 General Description of Respondents

The study involved 175 respondents, each being a head of household or household rep-
resentative from the selected villages. Respondents were purposively selected based on their
involvement or awareness of domestic waste management issues. Here is a summary of their

characteristics:
Table 3. Summary of Respondent Characteristics.
Characteristic Category Number of Percentage (%)
Respondents
Gender Male 92 52.6
Female 83 47.4
Age 21-30 years 37 211
31-40 years 58 33.1
41-50 years 49 28.0
> 50 years 31 17.7
Education Level Elementary—Junior 38 21.7
High
Senior High School 79 45.1
Higher Education 58 33.2

Occupation Farmer/Fisherman 51 29.1
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Number of
Characteristic Category Percentage (%)
Respondents
Housewife 42 24.0
Entrepreneur 48 27.4
Employee 34 19.5

(Gov./Private)

Source: Author’s Compilation, 2025
The majority of respondents fall within the productive age group and have at least a
secondary education, which theoretically gives them the capacity to understand
environmental issues and participate actively. However, perceptions of waste and sanitation
habits are still heavily influenced by local culture and the availability of infrastructure in their
surrounding environment.

4.3 Statistical Description of Research Variables
Descriptive statistical analysis was conducted to portray the general patterns of the four
main variables in this study: community knowledge of waste management (X1), access to
environmental information (X2), institutional support (X3), and community participation in
wastewater management (Y). The statistical summary is as follows:
Table 4. Summary Statistics of Research Variables.

Variable Mean Standard Minimum Maximum
Deviation

X1: Knowledge of waste 4.14 0.33 3.25 5.00
management

X2: Access to 2.97 0.45 2.00 4.00
environmental

information

X3: Institutional/village 3.68 0.42 3.00 4.00

government supp ort

Y: Community 3.53 0.49 2.60 4.80

participation

Source: SPSS 20 Output, 2025

The results of the descriptive analysis provide a preliminary overview of public
perception and participation conditions in domestic wastewater management.

The knowledge variable (X1) recorded the highest average score of 4.14 with a relatively
low standard deviation. This indicates that the majority of respondents have a good
understanding of the importance of environmentally friendly waste management. They not
only recognize the negative impacts of waste on health and the environment, but also
comprehend the basic principles of household waste treatment. The high score reflects that
environmental education, both formal and informal, is increasingly being accepted by the
community.

In contrast, access to environmental information (X2) had the lowest average score at
2.97, indicating that the public’s exposure to relevant information remains limited.
Respondents reported a lack of outreach or dissemination programs by village officials or
environmental agencies. This information gap may pose a serious barrier to fostering active
community participation in wastewater management initiatives.

The variable institutional support (X3) had a mean of 3.68, indicating that support from
village institutions and environmental agencies is beginning to be felt, although not fully.
Some respondents acknowledged the existence of environmental programs facilitated by
village authorities, such as wastewater channel provision or technical training, but these
efforts have yet to be implemented consistently or sustainably. This suggests the presence of
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a positive foundation that can be further enhanced through consistent policies and
participatory approaches.

Meanwhile, community participation (Y) had an average score of 3.53, indicating a
moderate-to-high level of involvement in wastewater management. While some community
members are already involved in planning or implementing environmental activities, many
still remain as passive beneficiaries. Limited access to information and suboptimal
institutional support may hinder broader engagement. Therefore, efforts to enhance
community roles should focus on strengthening collaboration among communities, village
governments, and environmental institutions.

Overall, the statistics indicate an interrelated relationship among the variables: high
knowledge does not necessarily translate to strong participation unless it is supported by
adequate information access and concrete institutional support. Thus, a strategic and
integrated approach is essential to optimize community roles in sustainable wastewater
management.

4.4 Reliability Test Results

To ensure that each indicator used in the questionnaire consistently measures the
intended variable, a reliability test was conducted using the Cronbach’s Alpha approach. This
test is an essential part of the instrument validation process, particularly in quantitative
research employing a Likert scale. The following table presents the Cronbach’s Alpha values

for each variable:
Table 5. Reliability Test Results.

Variable Cronbach’s Alpha
X1 — Knowledge 0.861
X2 — Access to Information 0.914
X3 — Institutional Support 0.872
Y — Community Participation 0.955

Source: SPSS 20, 2025

Cronbach’s Alpha values above 0.7 indicate that the instruments used in this study pos-
sess strong internal consistency. For the variable of community knowledge (X1), a value of
0.861 suggests that the four indicators used to measure knowledge levels are mutually sup-
portive and highly correlated internally.

A similar finding is observed for the variable of access to information (X2), which even
scored the highest at 0.914. This means that the indicators for this variable are not only well-
structured but also reflect a shared perception among respondents regarding the barriers to
accessing information.

The variable of institutional support (X3) also demonstrates high reliability with a score
of 0.872. This indicates that respondents' perceptions regarding village government involve-
ment, facility provision, and environmental training are confirmed by consistent responses
across the indicators.

Meanwhile, the community participation variable (Y) scored the highest at 0.955. This
signifies that the items measuring community involvement in planning, implementation, eval-
uation, and self-help activities genuinely represent a unified construct. Respondents’ answers
showed a consistent pattern, reinforcing the instrument's reliability in measuring participatory
behavior.

Based on these results, it can be concluded that the research instrument is reliable and
suitable for further analysis. The four variables used demonstrate internal stability, thereby
ensuring a high level of measurement credibility.

4.5 Qualitative Results and Findings

In-depth interviews conducted with informants from four villages in Central Tapanuli
Regency revealed various dynamics in the management of household wastewater. The inter-
views involved 12 informants from the villages of Sipeapea, Pandan, Tapian Nauli, and Hu-
tabalang. Informants included village officials, community leaders, housewives, environmen-
tal cadres, and general residents involved in village sanitation activities. The interviews were
conducted face-to-face using an open-ended approach, allowing informants to freely express
their opinions.
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Theme 1: Community Knowledge about Wastewater
Most informants indicated that the community understands the importance of main-
taining environmental cleanliness and the harmful effects of domestic waste. However, this
understanding is not yet evenly distributed and is not fully reflected in daily practices.
“People actually already know, especially the younger ones. But sometimes they still pour
wash water into the drain because there’s no alternative or designated place.
” (Informant 1, Environmental Cadre, Pandan V illage)
“I’ve started separating kitchen waste and bathwater, but many neighbors still think it’s
too much hassle.”
(Informant 2, Resident, Tapian Nauli 1illage)
“The knowledge is there, but not everyone is aware. Sometimes it’s just because no one
monitors them.”
(Informant 3, Hamlet Head, Hutabalang 1 illage)
Theme 2: Access to Environmental Information
Access to information is still very limited. Most informants admitted they had never
attended any special socialization sessions on wastewater management, and most of their in-
formation came from informal chats or children returning from school.
“No one from the agency has ever come here to provide education. Usually, we hear
things from other residents, not the government.”
(Informant 4, Housewife, Sipeapea 1V illage)
“There’s never been any formal outreach. We might hear something at an RT forum,
but it’s very brief.”
(Informant 5, RT Leader, Pandan 1 illage)
“If there’s a new program, it’s sometimes announced, but there’s no thorough explana-
tion. People don’t know who to ask.”
(Informant 6, Community Leader, Tapian Nanli V'illage)
Theme 3: Institutional Support and Village Programs
Informants from the village government acknowledged the existence of sanitation-re-
lated programs, but their implementation has not been optimal due to budget constraints and
competing priorities.
“We once proposed a drainage system project, but the village budget was still focused
on other physical infrastructure.”
(Informant 7, Village Secretary, Hutabalang V'illage)
“There was some septic tank support from the regency, but it wasn’t enough for every-
one only about half received it.”
(Informant 8, Head of Development, Sipeapea 1 illage)
“The programs exist, and the intentions are there, but if the community isn’t willing to
get involved, it’s all for nothing.”
(Informant 9, Village Head, Pandan 1V illage)
Theme 4: Community Participation
Residents generally patticipate only during community clean-up events or when invited
to village meetings. Involvement in decision-making or sanitation planning remains very low.
“I take part in communal work if I’'m called. But when it comes to village planning, we’re
never involved.”
(Informant 10, Resident, Tapian Nauli 1 illage)
“People usually come when there’s aid. But for discussions about waste, hardly anyone
is interested.”
(Informant 11, Youth Organization Leader, Sipeapea 1 illage)
“People here are willing to help if the results are clear. If it’s just talk with no action, they
get discouraged.”
(Informant 12, Religions I eader, Hutabalang 1 illage)
Theme 5: Social and Cultural Barriers
Traditional practices of disposing of wastewater into ditches or backyards are still con-
sidered normal. Some residents feel there’s no need to change since they’'ve never been
warned or experienced direct negative impacts.
“We've always thrown wastewater into the garden. It just soaks into the ground never
had a problem.”
(Informant 4, Housewife, Sipeapea 1 illage)

“People think, as long as it doesn’t smell bad, it’s fine. But that’s not really true.”
(Informant 3, Hamlet Head, Hutabalang 1 illage)
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“It takes time to change habits. Without real examples from the government, people will

keep doing the same.”

(Informant 6, Community Leader, Tapian Nanli 1V illage)

The qualitative findings from these four villages indicate that community participation
in wastewater management does not occur in isolation but rather stems from a complex in-
teraction of individual understanding, information availability, institutional support, and the
prevailing social and cultural dynamics. While public knowledge is beginning to form, active
participation is still hindered by structural barriers and deeply ingrained habits.

Support from village governments and related agencies must be directed not only toward
technical aspects but also toward developing an open and sustainable information ecosystem.
Without efforts to build closer and more participatory communication, community roles are
likely to remain passive and short-lived.

Overall, field insights show that strengthening community roles requires a comprehen-
sive approach not only focusing on individual behavior change but also on creating a condu-
cive social and institutional environment to foster more meaningful and sustainable engage-
ment.

4.6 Integration of Qualitative & Quantitative Research Findings

This study aims to thoroughly examine how community roles in environmentally friendly
wastewater management can be optimized through the integration of quantitative and quali-
tative approaches. On the quantitative side, the analysis results show that the knowledge var-
iable (X1) obtained the highest average score of 4.14. This indicates that the majority of the
community in Central Tapanuli already possesses a basic understanding of the dangers and
impacts of domestic waste on health and environmental sustainability. This knowledge serves
as the initial capital to foster active community participation in environmental management.

However, the information access variable (X2), with an average score of 2.97, indicates
obstacles in the effective dissemination of information from the government or related insti-
tutions to the public. The low score highlights an important point that although the commu-
nity has sufficient knowledge, they face difficulties in accessing up-to-date information re-
garding ongoing programs or innovations in waste management. This is reinforced by in-
depth interview results showing that most residents rely on informal sources such as conver-
sations among neighbors or information from school children.

The institutional support variable (X3) scored an average of 3.68, indicating that alt-
hough government programs supporting wastewater management exist, they are not yet op-
timally implemented and equitably distributed across all villages. Interviews with village offi-
cials and community leaders revealed that some drainage development and environmental
outreach programs only target certain areas and lack continuous monitoring systems. Limited
budgets, insufficient human resources, and poor coordination between institutions are con-
tributing factors to the weak institutional support.

Meanwhile, the community role variable (Y), with an average score of 3.53, indicates a
moderate level of participation, but not yet fully active or comprehensive. Community pat-
ticipation is mostly limited to incidental activities such as communal clean-ups, rather than
involving planning, supervision, or decision-making. This finding aligns with interviews
showing that people still see waste management programs as the government's responsibility,
rather than a shared one.

The integration of quantitative and qualitative data provides a holistic understanding that
strengthening the community’s role requires a comprehensive approach. Merely increasing
knowledge is not enough it must be accompanied by sufficient access to information, stronger
institutional support, and the creation of active participatory spaces. In the context of Central
Tapanuli, this means that structural approaches must be complemented by cultural ap-
proaches that take into account local values, social structures, and community habits in man-
aging the environment.

These findings are consistent with the study by Hidayat et al. (2023), which emphasizes
the importance of active community involvement in infrastructure management through par-
ticipatory approaches. That study shows that the success of sanitation programs heavily de-
pends on effective communication between the government and citizens, as well as the pres-
ence of local institutions that can bridge collective interests (Hidayat, Milanie, Nuraini, Azhari,
& Sugiarto, 2023).

The study by Hartini et al. (2023) in the Medan Sunggal area also supports this finding,
stating that successful drainage and wastewater management depend on the integration of
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technical planning and social support from the local community (Hartini, Nuraini, Milanie,
Abdiyanto, & Sugiarto, 2023).

Research by Aini, Azizah, and Muharrani (2023) on residential spatial planning among
the Mandailing ethnic community underscores the importance of integrating cultural norms
in environmental planning strategies. This strengthens the current findings, showing that in-
corporating local culture can enhance community motivation to care for the environment
(Aini et al., 2023).

Linda et al. (2024) also found that patterns of social interaction and gender roles influ-
ence community participation in environmental activities in the Sorik Marapi area. They con-
cluded that strong social structures can serve as social capital in building collective awareness
of waste management (Linda, Andiyan, Nuraini, Milanie, & Novalinda, 2024).

In addition, Nuraini's (2024) study on traditional Mandailing residential architecture and
environment shows that adaptive and responsive environmental concepts are highly relevant
to support community-based wastewater management. This aligns with the qualitative find-
ings of this research that understanding local structures and habits is essential for program
sustainability (Nuraini, 2017 & Nuraini, 2019).

The study by Nuraini et al. (2023) also stated that the success of spatial and environmen-
tal management in rural areas is heavily influenced by settlement structures, open space avail-
ability, and patterns of community interaction. This aligns well with the Central Tapanuli
context, which features typical rural settlement patterns and cohesive social structures (Nu-
raini, Alamsyah, Novalinda, Sagala, & Sugiarto, 2023).

However, two studies do not fully support these findings. The study by Purba et al.
(2024) on land use and transportation systems in Batang Kuis emphasized the importance of
mobility efficiency and economic function as the main drivers of regional development. This
approach is more technocratic and pays less attention to the social-participatory dimension,
which is the main focus of the current research (Purba, Sugiarto, Dian, & Kurniawan, 2024).

Similarly, the study by Sugiarto & Ramadania (2024), which focused on riverbank land
planning in Medan based on RTRW/RDTR regulations, did not place community patticipa-
tion as a central element. Although spatial planning is indeed important, this approach lacks
direct community empowerment (Hao et al., 2023; Song & Hua, 2024).

5. Conclusions

Based on the integrated quantitative and qualitative approaches, this study concludes
that optimizing community roles in environmentally friendly wastewater management in Cen-
tral Tapanuli Regency is greatly influenced by three main factors: the level of knowledge,
access to information, and institutional support. These three variables are interconnected and
collectively form a solid foundation to encourage active and sustainable community partici-
pation.

The relatively high level of community knowledge reflects a strong initial awareness of
the importance of sanitation and the impact of domestic waste. However, limited information
access shows that gaps in communication and information dissemination are significant bat-
riers to implementing participatory wastewater management. Moreover, suboptimal institu-
tional support limits the opportunities for community involvement in all management stages.

Through qualitative approaches, it was found that communities in villages such as
Sipeapea, Pandan, Tapian Nauli, and Hutabalang show enthusiasm to be more involved if
provided with proper education and supporting facilities. On the institutional side, collabora-
tion between agencies and the presence of local figures are crucial to strengthen program
legitimacy and continuity.

Based on these findings, several strategic and specific recommendations are proposed:
(a) Improving Sanitation Education and Literacy (Hold regular village-based training on sim-
ple domestic wastewater treatment techniques, such as building soak pits, communal septic
tanks, and converting waste into biocompost; Integrate sanitation education materials into
Posyandu (community health post), PKK (family welfare group), and school activities, using
visual media like infographics, animation videos, and field practice). (b) Strengthening Envi-
ronmental Information Systems (Install village-center environmental notice boards displaying
water quality data, community clean-up schedules, and sanitation complaint information; De-
velop official village WhatsApp groups or Android-based local apps for sanitation outreach,
waste condition reporting, and resident coordination). (c) Revitalizing Institutional Support
(Establish a Village Sanitation Team (TSD) composed of village officials, health volunteers,
and community representatives, tasked with regular monitoring and education; Increase the
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allocation of Village Funds to at least 5% for sanitation programs and waste management
training). (d) Developing Infrastructure Based on Local Needs (Construct small-scale
wastewater infrastructure such as gravity-based communal Wastewater Treatment Plants
(WWTP) in densely populated villages; Provide technical and basic material support (pipes,
cement, bio-filters) to poor households wishing to improve their sanitation facilities). (€)
Strengthening the Role of Community and Traditional Leaders (Involve traditional and reli-
gious leaders in campaigns promoting “sanitation as part of worship and clean customs.”; Use
customary forums as spaces to evaluate and plan village environmental programs). (f) Inte-
grating Programs into Spatial Planning (Include wastewater management quality indicators in
the Village Medium-Term Development Plan (RPJMDes) and the Village Government Work
Plan (RKPDes); Foster cross-sector synergy with the District Environmental Agency and
Regional Development Planning Agency (Bappeda) to ensure sustainable support in planning,
budgeting, and supervision).

These recommendations are expected to foster a conducive social and institutional eco-
system for active community roles in sustainable wastewater management. Through a collab-
orative, focused, and locally-based approach, the existing challenges can be gradually ad-
dressed, paving the way for a cleaner, healthier, and more empowered Central Tapanuli.
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