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ABSTRACT

Background: Artisanal and small-scale gold mining (ASGM) has caused river pollution, deforestation, ecological
disruption, and weakened the intergenerational transmission of Moronene ecological knowledge. This study
examines how SEPAKAT, a local youth organization, designed, implemented, and experienced a Moronene-
based ecological literacy campaign to improve ecological knowledge, strengthen youth-mediated
intergenerational knowledge transfer, and identify enabling factors, constraints, and practical implications for
post-ASGM recovery. Methods: The study used participatory action research and an embedded mixed-methods
design. The proposed campaign model was validated through contextual/content validation with local
stakeholders, process validation through triangulation of interviews, focus group discussions, observations,
campaign documents, and participation records, and outcome validation using a one-group pretest-posttest
design involving 50 participants. Quantitative data were analyzed using descriptive statistics and paired-sample
t-tests, while qualitative data were analyzed thematically and integrated through triangulation. Findings: The
campaign was implemented in four sequential phases, with Story Space and workshops receiving the largest
time allocation (34%), underscoring the central role of intergenerational dialogue and collaborative learning.
Overall ecological knowledge increased significantly from 2.67 + 0.61 to 4.05 + 0.49 (mean difference = 1.38;
51.7%; t = 9.57; p < 0.001). Youth mediation also improved significantly, particularly in translating Moronene
ecological knowledge into educational media (mean difference = 1.58; 59.8%; t = 10.08; p < 0.001). The strongest
enabling factors were the cultural legitimacy of Moronene values (4.42 + 0.51; 88%) and SEPAKAT’s leadership
(4.28 + 0.56; 84%), while limited resources and logistical challenges constrained implementation. Conclusion:
Youth-led, culturally grounded ecological literacy can strengthen environmental learning, ecological recovery,
and intergenerational continuity in post-ASGM communities, while positioning youth as active cultural and
environmental mediators. Novelty/Originality: This study demonstrates how youth-led intergenerational co-
production can operationalize Indigenous ecological knowledge within a structured ecological literacy model in
a post-extractive setting.

KEYWORDS: cological literacy; indigenous knowledge; Moronene tradition; post-ASGM
community; youth-led campaign.
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1. Introduction

Artisanal and small-scale gold mining (ASGM) has been widely associated with
environmental degradation, especially in regions where extraction activities occur with
limited ecological safeguards (Dossou Etui et al.,, 2024; Meutia et al., 2023). In Bombana
Regency, Southeast Sulawesi, post-ASGM conditions have left a substantial environmental
burden, including river pollution, deforestation, ecological disruption, and threats to local
livelihoods (Fikriansyah, 2022). These impacts extend beyond the biophysical environment,
affecting local knowledge systems, social relationships, and the capacity of communities to
sustain environmentally responsible practices across generations. In communities where
ecological knowledge has traditionally been embedded in cultural values and customary
practices, environmental degradation may also weaken the social channels through which
ecological responsibility is learned and transmitted. These conditions highlight the need for
ecological literacy approaches that not only improve environmental knowledge but also
restore culturally embedded mechanisms for transmitting ecological values and
strengthening community participation in environmental recovery (Bansah et al., 2024;
Dewi et al,, 2025; Meutia et al., 2023).

In the Moronene community, traditional ecological values such as mondoke, which
reflects harmony with nature, and popotara, which emphasizes mutual cooperation,
provide an important cultural foundation for environmental stewardship (Eminarti & Hak,
2019; Sinapoy, 2018). These values are not merely symbolic; They shape everyday
understandings of land, water, forest, and collective responsibility (Jabalnur et al., 2019).
However, modernization, extractive pressures, and socio-economic change have reduced
the visibility and continuity of this knowledge among younger generations (Pickard, 2022).
As a result, ecological literacy in post-ASGM communities cannot be addressed solely
through technical environmental education (Firnadi, 2025; Morales, 2020; Tsai et al., 2025).
[t requires educational approaches that reconnect environmental understanding with local
cultural meaning, intergenerational dialogue, and socially legitimate forms of learning.
Within this study, these indigenous values serve as the foundation of ecological literacy by
guiding how environmental knowledge is understood, communicated, and transmitted
across generations through culturally grounded learning processes (Morales, 2020; Salazar
etal, 2024).

Youth organizations can play an important role in this process because they are often
positioned between customary knowledge and contemporary forms of communication
(Sithole, 2024; Sithole et al., 2024). In Bombana, the local youth organization SEPAKAT has
developed an ecological literacy campaign that integrates Moronene values into
storytelling, workshops, school outreach, visual communication, and community learning
activities. Rather than treating young people only as recipients of environmental
information, the campaign positions them as facilitators, translators, and public
communicators of Moronene ecological knowledge (Caviedes et al., 2024). This creates an
opportunity to examine how youth-led and culturally grounded interventions can
contribute to ecological recovery in post-extractive settings (Oraon et al., 2024).

Seniman Pemuda Kreatif (SEPAKAT) is a local youth organization in Bombana that
integrates art, culture, and environmental education into community-based activities. The
organization emerged in response to youth concerns about the negative impacts of artisanal
and small-scale gold mining, particularly environmental pollution, ecological degradation,
and the weakening of local cultural values. SEPAKAT involves youth from different villages
and operates through several functional divisions, including arts and culture,
environmental education, communication and media, and partnership and advocacy. Its
activities include Moronene cultural arts training, environmental awareness campaigns,
school-based education, creative media production, and community outreach. In this study,
SEPAKAT is important because it functions not only as the campaign organizer but also as a
cultural mediator, connecting Moronene ecological knowledge, youth creativity, and
contemporary environmental education in the post-ASGM context of Bombana. SEPAKAT
was selected as the case study because it is one of the few local youth organizations that
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systematically integrates Moronene ecological values into structured environmental
education through sustained community-based activities, making it an appropriate setting
for examining youth-led ecological literacy in a post-ASGM context.

Existing studies have demonstrated the importance of environmental education (Hajj-
Hassan et al., 2024; Zhao et al., 2024), indigenous knowledge (Caviedes et al., 2024; Sangha
et al,, 2025), and youth participation (Kirby & Zwickle, 2021; Maurer et al., 2020; Peiro6-
Signes et al,, 2025) in promoting ecological literacy, environmental awareness, and pro-
environmental engagement. However, previous studies have primarily examined
environmental education, indigenous knowledge, and youth participation as separate
topics, while providing limited evidence on how local youth organizations integrate these
elements into a structured ecological literacy intervention that facilitates intergenerational
knowledge transfer in post-mining communities. Many studies discuss indigenous
knowledge (Maurer et al, 2020; Wendlandt Amézaga et al., 2022), youth engagement
(Sithole, 2024; Sithole et al., 2024), or ecological literacy separately (Hastuti et al., 2021;
Oraon et al, 2024). Fewer studies examine how these elements interact within an
intervention model that responds simultaneously to environmental damage, weakened
cultural transmission, and the need for participatory recovery. This gap is particularly
important in post-ASGM contexts, where ecological restoration must be linked to local
identity, community ownership, and long-term environmental sustainability (Rakuasa et al.,
2024; Husamah et al,, 2025; Ihwughwavwe & Aniebonam, 2024; Morales, 2020; Oraon et
al,, 2024; Tsai et al,, 2025).

To address this gap, the present study investigates both the implementation process
and the outcomes of a youth-led ecological literacy intervention grounded in Moronene
indigenous knowledge in Bombana. Specifically, the study aims to, (1) describe the design
and implementation of the Moronene-based ecological literacy campaign; (2) assess its
influence on participants’ ecological knowledge and environmental engagement; (3)
analyze the role of youth in mediating the intergenerational transfer of Moronene ecological
knowledge into contemporary educational media; and (4) identify the enabling factors,
implementation constraints, and practical implications of this intervention in a post-ASGM
context. Based on these aims, the study addresses the following research questions: How
was the campaign designed and implemented? In what ways did it influence ecological
knowledge and engagement? How did youth function as mediators of intergenerational
knowledge transfer? What factors supported or constrained the campaign, and what
implications does the intervention offer for ecological literacy in post-ASGM settings?

2. Methods
2.1 Research framework

This study is guided by a framework in which post-ASGM environmental degradation
and the weakened transmission of Moronene ecological knowledge create the need for a
culturally grounded ecological literacy intervention (Fig. 1). The intervention is
implemented by SEPAKAT through a four-phase campaign and is rooted in the Moronene
values of mondoke and popotara, which provide the cultural principles that guide
environmental learning, intergenerational dialogue, and community participation
throughout the intervention. Within this framework, youth act as cultural mediators by
translating elders' ecological knowledge into contemporary educational media and public
learning activities. Through this mediation process, the intervention is expected to enhance
ecological knowledge, strengthen intergenerational knowledge transfer, increase
environmental engagement, and encourage broader community participation. The
effectiveness of these outcomes is influenced by enabling factors, such as cultural legitimacy
and organizational leadership, as well as contextual constraints, including resource and
logistical limitations.
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Fig. 1. Conceptual framework of the Moronene-based ecological literacy intervention

2.2 Research design

This study used an embedded mixed-methods design within a participatory action
research framework to examine SEPAKAT’s Moronene-based ecological literacy campaign
in a post-ASGM community. An embedded design was selected because it enabled
quantitative assessment of intervention outcomes while simultaneously providing
qualitative insights into how the intervention was implemented and experienced by
participants. The qualitative part explored how Moronene ecological knowledge was shared
by elders, interpreted by youth, and transformed into campaign activities through
interviews, focus group discussions, observations, Story Space sessions, and reviews of
youth-produced media. The quantitative part employed a one-group pretest-posttest
design and a stakeholder-rating survey to measure changes in ecological knowledge, youth
mediation, enabling factors, constraints, and practical implications. Quantitative data were
analyzed using descriptive statistics and paired-sample t-tests, while qualitative data were
analyzed thematically. The findings from both components were integrated through
triangulation to explain not only whether the campaign produced measurable changes, but
also how and why the intervention worked within its local cultural context.

2.3 Study setting

The study was conducted in Bombana Regency, Southeast Sulawesi, Indonesia, an area
that has experienced substantial environmental and social impacts associated with
artisanal and small-scale gold mining (Fikriansyah, 2022). The research focused specifically
on Tahi Ite and Wumpubangka villages where Moronene cultural practices remain active
and where SEPAKAT implemented youth-led ecological literacy activities (Fig. 2). This
setting was selected because it provides a relevant context for examining the interaction
between indigenous ecological knowledge, youth-led intervention, and environmental
recovery in a post-ASGM landscape. The continuing presence of Moronene cultural practices
in these communities also made it possible to analyze how local ecological values were
incorporated into contemporary educational and community-based communication
activities (Jabalnur et al.,, 2019).
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Fig. 2. Study location in Bombana Regency, Southeast Sulawesi, Indonesia—an area historically
impacted by artisanal and small-scale gold mining (ASGM) activities

2.4 Participants and sampling

This study involved 70 participants, consisting of 20 qualitative informants and 50
quantitative respondents. The qualitative and quantitative participants were recruited
separately to avoid overlap between the two data sources. For the qualitative component,
20 key informants were selected purposively from six stakeholder groups: Moronene elders
(n = 4), SEPAKAT youth leaders and facilitators (n = 5), women artisans (n = 3), teachers (n
= 3), former miners (n = 3), and student representatives (n = 2). Recruitment was conducted
iteratively across these stakeholder categories and continued until data saturation was
reached, defined as the point at which additional interviews and discussions no longer
generated substantively new information relevant to Moronene ecological values, campaign
implementation, youth mediation, and post-ASGM environmental conditions. Data
saturation was reached with 20 informants while maintaining representation across the six
stakeholder groups. Qualitative informants were included if they had direct involvement in
or knowledge of the campaign, familiarity with Moronene ecological values or post-ASGM
environmental issues, willingness to participate in interviews, focus group discussions, or
observation activities, and the ability to provide relevant information based on their social
or functional roles. Individuals were excluded if they were unfamiliar with the campaign or
local environmental context, were unable to provide informed consent, were unavailable
during data collection, or withdrew from the study.

For the quantitative component, a total-sampling approach was used among campaign
participants who met the eligibility criteria for paired pre- and post-intervention
assessment. All eligible participants who were available for both measurement points were
invited to participate, and 50 respondents met the eligibility requirements and provided
complete paired pre- and post-campaign questionnaire data. Therefore, the quantitative
sample represented all eligible campaign participants with complete paired measurements
rather than a statistically selected subset, and no additional sample-size calculation was
applied. The quantitative respondents consisted of participants in school- and community-
based campaign activities, including students, community youth, teachers, women artisans,
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and former miners who were not included in the qualitative informant group. Respondents
were included if they participated in the SEPAKAT ecological literacy campaign, were
available during both pre-campaign and post-campaign data collection, were willing to
complete the structured questionnaires, and provided informed consent. Respondents were
excluded from the quantitative analysis if they did not complete either the pre-test or post-
test questionnaire, provided incomplete survey responses, participated only in activities
outside the measured intervention process, were already included as qualitative
informants, or withdrew from the study. This separation allowed the qualitative component
to provide in-depth contextual explanations of the intervention process while the
quantitative component assessed within-participant changes associated with the campaign.

Table 1. Participant structure of the Moronene-based ecological literacy campaign by mixed-methods
component

Participant n  Functional role in the study/campaign Main data contribution
category

Qualitative informants (n=20)

Moronene elders 4 Providers of traditional ecological Interviews, Story Space

SEPAKAT youth 5

knowledge, oral narratives, and cultural
values related to land, rivers, forests, and
biodiversity

Organizers, facilitators, and translators of

discussions, cultural
validation

Interviews, participant

leaders/facilitators Moronene ecological knowledge into observation, campaign
campaign activities and educational documentation
media

Women artisans 3 Contributors to culture-based Interviews, focus group
educational materials and community discussions, workshop
workshop activities observation

Teachers 3 Supporters of school-based Interviews, focus group
environmental learning and classroom discussions, school
implementation activity observation

Former miners 3 Contributors of local perspectives on Interviews and focus
environmental risk, mining impacts, and  group discussions
post-ASGM transition

Student 2 Representatives of youth learners Interviews and reflection

representatives involved in campaign reflection and notes
feedback

Quantitative respondents (n=50)

Campaign 50 Participants who joined the ecological Pre-test, post-test, and

participants from literacy campaign and completed pre- structured survey

school and and post-campaign questionnaires and

community stakeholder-rating survey

activities

2.5 Research and Intervention design

The intervention was designed as a six-month longitudinal and periodic campaign, not
as a one-time activity (Fig. 3). It was implemented from May to October 2025 through four
sequential phases that allowed participants to progress gradually from knowledge mapping
to intergenerational dialogue, the co-creation of educational media, public dissemination,
and reflective evaluation. This longitudinal structure was important because the campaign
aimed not only to deliver environmental information, but also to facilitate repeated learning
encounters, strengthen youth mediation, and observe changes in ecological knowledge and
engagement before and after the intervention.

The intervention was developed and implemented by SEPAKAT using a Community of
Practice framework. Phase 1 focused on preparation, including mapping Moronene
ecological values, identifying post-ASGM environmental concerns, and preparing campaign
materials. Phase 2 involved Story Space forums and cultural workshops, where Moronene
elders, SEPAKAT youth, and community participants exchanged ecological narratives and
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co-created campaign content. Phase 3 expanded the campaign into schools and community
spaces through posters, videos, performances, and outreach activities. Phase 4 consisted of
monitoring, feedback collection, and reflective evaluation of participation, learning
outcomes, and practical implications. This staged design enabled the intervention to

function as a cumulative learning process rather than a single awareness event.

Phase 1. Preparation
May 2025

Mapping Moronene
ecological values
Identifying post-ASGM
environmental
concerns
Preparing campaign
materials

Phase 2. Story Space
and Workshops

June-July 2025

Intergenerational
dialogue with
Moronene elders
Cultural workshops
Co-creation of posters,
videos, and

" Phase 3.Schooland |

Community
Campaigns

August-September
2025

School-based ecological
literacy activities
Community outreach
Dissemination of youth-
produced educational

Phase 4. Monitoring
and Feedback

October 2025

Monitoring
participation
Collecting community
feedback
Reflective evaluation of
campaign outcomes

performance materials ]
media

Fig. 3. Flowcﬁart of the Moronene-basea ecological literacy campair,/gn, May-October 2025
2.6 Data collection and analysis

As presented in Table 2, each research objective was matched with specific data
collection methods and analytical procedures. The first objective focused on campaign
design and implementation using documentation, records, observations, and monitoring
notes, which were analyzed through thematic analysis and descriptive review. The second
objective examined ecological knowledge and environmental engagement through
interviews, FGDs, observation, surveys, and participation records using thematic and
descriptive analysis. Thematic analysis followed an iterative process involving data
familiarization, initial coding, theme development, theme review, and interpretation.
Emerging themes were continuously compared across interviews, focus group discussions,
observations, and documentary evidence during the triangulation process. The third
objective analyzed youth mediation through Story Space observations, youth-produced
media, and interviews with youth and elders, supported by thematic analysis and cross-
source comparison. The fourth objective identified enabling factors, implementation
constraints, and practical implications using reflections, interviews, field notes, and
adaptive-response documentation, analyzed through thematic analysis and triangulation.
Because the quantitative component employed a one-group pretest-post test design, the
statistical analysis was intended to estimate within-participant changes associated with the
intervention rather than to establish definitive causal effects.

Table 2. Alignment of study objectives, data collection methods, and analytical procedures

Study objective

Data collection methods

Analytical procedures

Describe the design and
implementation of the
campaign

Assess ecological knowledge
and environmental
engagement

Analyze the role of youth in
intergenerational knowledge
transfer

Identify enabling factors,
constraints, and practical
implications

Program documentation,
activity records, field

observations, monitoring notes

Interviews, focus group
discussions, participant
observation, surveys,
participation records
Observation of Story Space
sessions, review of youth-
produced media, interviews
with youth and elders
Participant reflections,
interviews, field notes,
documentation of adaptive
responses

Thematic analysis and
descriptive review

Thematic analysis and

descriptive analysis

Thematic analysis and cross-
source comparison

Thematic analysis and
triangulation
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2.7 Research validity and ethical considerations

The Moronene-based ecological literacy model was validated through contextual,
process, and outcome validation. Contextual validation was conducted through
participatory engagement with Moronene elders, SEPAKAT youth facilitators, teachers,
women artisans, former miners, and student representatives to ensure that the model
reflected local ecological values, particularly mondoke and popotara, and remained relevant
to the post-ASGM context of Bombana. Process validation was conducted through
triangulation across semi-structured interviews, focus group discussions, participant
observations, Story Space observations, campaign documents, youth-produced media, and
participation records. Evidence from these sources was systematically compared to confirm
the consistency of implementation processes and participants’ experiences throughout the
intervention. Outcome validation was conducted using a one-group pretest-posttest design
involving 50 campaign participants.

Quantitative data were analyzed using descriptive statistics, including mean, standard
deviation, mean difference, percentage increase, and high-agreement percentage, while
paired-sample t-tests were used to examine the statistical significance of pre-post changes
in ecological knowledge and youth mediation scores. Qualitative data were analyzed
thematically and integrated with quantitative findings through triangulation to strengthen
the interpretation of how and why the model worked within its local cultural and post-
ASGM setting.

Ethical approval for this study was obtained from the Health Research Ethics
Committee of Sekolah Tinggi Ilmu Kesehatan Makassar under protocol number
025/KEPK/STIK/MKS/V /2025 and was approved on 15 May 2025. Before data collection,
all participants were informed about the objectives, procedures, voluntary nature, potential
benefits, and possible risks of the study. Participants were also informed of their right to
decline participation or withdraw from the study at any stage without penalty. Informed
consent was obtained from all adult participants before interviews, focus group discussions,
observations, and questionnaire administration. Where participants were under 18 years
of age, parental or guardian consent and participant assent were obtained, as sappropriate.
Participants’ identities were protected through anonymization, and all personal
information was treated confidentially and used solely for research purposes.

3. Results and Discussion
3.1 Results
3.1.1 Campaign design and implementation

As presented in Table 3, the intervention was structured into four sequential phases
over a six-month period. The extended duration of Phase 2 allowed repeated interactions
between Moronene elders and youth participants, creating opportunities for collaborative
knowledge exchange, iterative learning, and the co-production of culturally grounded
educational materials. This intensive engagement likely established the foundation for the
subsequent improvements in ecological knowledge and youth mediation observed during
the intervention. By contrast, Together, the four phases formed an integrated intervention
pathway in which Phase 1 established the cultural and educational foundation, Phase 2
facilitated collaborative learning and knowledge co-production, Phase 3 translated the
learning outcomes into broader community engagement, and Phase 4 supported reflection
and continuous improvement of the intervention.

ICESE. 2026, VOLUME 4, ISSUE 1 https://doi.org/10.61511 /icese.v4i1.2026.3684


https://doi.org/10.61511/icese.v4i1.2026.3684

Basrietal. (2026)

132

Table 3. Quantitative structure of the Moronene-based ecological literacy campaign in 2025

Phase Duration Share of total Main focus Core activities
intervention (%)
Phase 1. 1 months 16 Knowledge Mapping Moronene ecological
Preparation (May mapping and values, identifying local
2025) material environmental concerns in
preparation Bombana regency, preparing
campaign materials
Phase 2. 2 months 34 Intergeneration  Story Space forums,
Story Space  (June-July al dialogue and  collaborative production of
and 2025) co-creation educational media
Workshops
Phase 3. 2 months 25 Public Posters, videos, school-based
Schooland  (August- dissemination activities, community
Community September and outreach outreach
Campaigns  2025)
Phase 4. 1 months 25 Reflection and Monitoring participation,
Monitoring  (October evaluation documenting community
and 2025) feedback, evaluating campaign
Feedback outcomes

3.1.2 The influence on participants’ ecological knowledge and environmental engagement

Table 4 shows a clear increase in ecological knowledge across all three environmental
domains targeted by the Moronene-based ecological literacy campaign in Bombana. The
mean score for river protection increased from 2.68 + 0.59 before the intervention to 4.12
+ 0.47 after the intervention, with a mean difference of 1.44 and a percentage increase of
53.7%. Biodiversity conservation score increased from 2.74 * 0.63 to 4.06 * 0.51, with a
mean difference of 1.32 and a percentage increase of 48.2%. Sustainable forest management
score rose from 2.58 + 0.61 to 3.98 * 0.49, with a mean difference of 1.40 and the highest
percentage increase at 54.3%. Overall ecological knowledge increased from 2.67 + 0.61 in
the pre-campaign stage to 4.05 + 0.49 in the post-campaign stage, with a mean difference of
1.38 and an overall increase of 51.7%. These results indicate a consistent upward trend in
participants’ ecological knowledge following the campaign. These improvements are
consistent with the intervention, in which repeated Story Space discussions, collaborative
workshops, and community-based learning activities provided participants with multiple
opportunities to acquire, discuss, and apply Moronene ecological knowledge throughout the
six-month campaign.

Table 4. Pre-post comparison of ecological knowledge scores across the three environmental
domains targeted by the Moronene-based ecological literacy campaign in 2025

River Biodiversity  Sustainable forest  Overall ecological
protection  conservation management knowledge
mean * SD
Pre-campaign 2.68+0.59 2.74+0.63 2.58+0.61 2.67 £0.61
Post-campaign 412+047 4.06+0.51 3.98+0.49 4.05+0.49
Mean difference 1.44 1.32 1.40 1.38
95% CI of difference 1.14-1.74  1.04-1.60 1.09-1.71 1.09-1.67
% increase 53.7 48.2 54.3 51.7
t-value 9.70 9.33 9.17 9.57
p-value <0.001 <0.001 <0.001 <0.001
Cohen’s dz 1.37 1.32 1.30 1.35

The pre-post differences were statistically significant across all ecological knowledge
domains, with t-values ranging from 9.17 to 9.70 and p-values below 0.001. The 95%
confidence intervals for all mean differences were entirely above zero, indicating that the
direction of the observed changes was consistently positive. The mean difference ranged
from 1.32 to 1.44 points, with the overall ecological knowledge score increasing by 1.38
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points (95% CI: 1.09-1.67). The corresponding paired-samples Cohen’s (d_z) values ranged
from 1.30 to 1.37, indicating large within-participant effect sizes across all ecological
knowledge domains. For overall ecological knowledge, the effect size was also large
((d_z=1.35)). These findings indicate that the observed changes were not only statistically
significant but also substantial in magnitude, suggesting meaningful improvements in
participants’ understanding of river protection, biodiversity conservation, and sustainable
forest management following the campaign. Nevertheless, given the one-group pretest-
posttest design, these findings should be interpreted as substantial intervention-associated
changes rather than definitive evidence of causality. The largest mean gain was recorded in
river protection, while the highest percentage increase was observed in sustainable forest
management. Overall, the results are significant because they suggest that the campaign
strengthened participants’ understanding of key environmental issues addressed in the
intervention and produced measurable improvements across the main domains of
ecological knowledge. As illustrated in Figure 3, post-campaign mean scores were
consistently higher than pre-campaign scores across all ecological knowledge domains,
supporting the statistically significant improvements presented in Table 4.

4.5

4.12 4.06 3.98 4.05

4

3.5

3

2.5

2

1.5

1

0.5

River protection Biodiversity Sustainable forest Overall ecological
conservation management knowledge

Fig. 3. Pre- and post-campaign ecological knowledge scores across the environmental domains
targeted by the Moronene-based ecological literacy campaign in 2025

3.1.3 The role of youth in mediating the intergenerational transfer of Moronene ecological
knowledge into contemporary educational media

As shown in Table 5, the pre-post differences across all dimensions of youth mediation
were statistically significant, with t-values ranging from 9.11 to 10.08 and p-values below
0.001. The 95% confidence intervals for all mean differences were entirely above zero,
indicating consistently positive within-participant changes across the four dimensions.
Paired-samples Cohen’s (d_z) values ranged from 1.29 to 1.43, indicating large effect sizes.
Table 5 further shows that the largest improvement occurred in the translation of
Moronene ecological knowledge into contemporary educational media (mean difference =
1.58,95% CI [1.27, 1.89], (t(49)=10.08), (p<0.001), (d_z=1.43)), followed by the perceived
effectiveness of youth as cultural mediators (mean difference = 1.51, 95% CI [1.20, 1.82],
(t(49)=9.87), (p<0.001), (d_z=1.40)). These results indicate that the observed
improvements were not only statistically significant but also substantial in magnitude,
particularly in youths’ capacity to translate indigenous ecological knowledge into
contemporary educational forms. Overall, the findings presented in Table 5 support the
interpretation that youth functioned as active cultural mediators who received ecological
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knowledge from elders, transformed it into accessible educational media, and disseminated
it across wider learning spaces. However, given the one-group pretest-posttest design,
these findings should be interpreted as substantial intervention-associated changes rather
than definitive evidence of causal effects.

Table 5. Pre-post comparison of scores on youth mediation in the intergenerational transfer of
Moronene ecological knowledge into contemporary educational media
Youth mean * SD Mean 95% Clof  t- p- Cohen’s
mediation Pre- Post- difference difference  value value dz
dimension campaign  campaign
Youth 276 418+ 01.42 1.12-1.72 9.42 <0.001 1.33
engagement 0.61 0.49
with elders’
ecological
narratives
Translation of  2.64 + 422+ 01.58 1.27-1.89 10.08 <0.001 1.43
Moronene 0.58 0.46
ecological
knowledge
into
educational
media
Dissemination = 2.71 + 4.09 + 01.38 1.08-1.68 9.11 <0.001 1.29
of youth- 0.63 0.51
produced
media across
learning
spaces
Perceived 2.69+ 4.20 + 01.51 1.20-1.82 9.87 <0.001 1.40
effectiveness 0.60 0.48
of youth as
cultural
mediators

3.1.4 Enabling factors, implementation constraints, and practical implications of the
intervention in a post-ASGM context

Table 6 shows that stakeholder ratings identified both strong enabling conditions and
important implementation challenges associated with the Moronene-based ecological
literacy campaign. Among the enabling factors, the highest mean score was observed for the
cultural legitimacy of Moronene values in environmental learning (4.42 + 0.51), with 88%
high agreement, indicating that local cultural values were the strongest foundation of the
intervention. This was followed by the organizational leadership of SEPAKAT (4.28 + 0.56;
84%) and participatory learning formats, such as Story Space, workshops, and outreach
activities (4.20 = 0.59; 82%). These findings suggest that the campaign was primarily
supported by cultural relevance, local organizational capacity, and participatory
implementation. However, several important constraints were also identified. Limited
financial and material resources received the highest mean score among the constraints
(4.18 % 0.63), followed by logistical coordination across villages (4.04 + 0.67) and initial
community skepticism toward culture-based environmental education (3.76 + 0.71). This
pattern indicates that although the intervention was socially and culturally grounded, its
implementation still faced operational and resource-related limitations.

The practical implications received consistently high ratings across community,
educational, organizational, and policy dimensions. The strongest community-level
implication was strengthening community ownership and intergenerational ecological
continuity (4.40 + 0.52; 88%), indicating strong community relevance and the potential for
sustaining ecological practices across generations. At the policy level, the highest-rated
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implication was the integration of the intervention into local government post-ASGM
recovery programs (4.40 + 0.52; 86%), highlighting its potential contribution to locally
coordinated environmental recovery initiatives. Integration into school-based
environmental learning was also highly rated (4.30 + 0.57; 84%), demonstrating its
relevance for strengthening environmental education, while the use of the intervention by
NGOs and community organizations as a replicable outreach model received a strong rating
(4.22 %= 0.60; 82%), reflecting its broader programmatic applicability. These findings
suggest that the intervention extends beyond the immediate campaign setting and may
support broader applications in local governance, education, and community-based
environmental programs. Overall, the sustainability and wider applicability of the campaign
appear to depend on strong cultural legitimacy, participatory local leadership, and adequate
institutional and operational support.

Table 6. Stakeholder ratings of enabling factors, implementation constraints, and practical
implications of the Moronene-based ecological literacy campaign (n = 50) in 2025

Category Indicator mean = SD  High Rank Interpretation
agreement  within
(%) category
Enabling Cultural legitimacy of 442+051 88 1 Strongest
factors Moronene values in enabling factor
environmental learning
Organizational 428+056 84 2 Very strong
leadership of SEPAKAT enabling factor
Participatory learning 420+059 82 3 Strong enabling
formats (Story Space, factor
workshops, outreach)
Impleme Limited financial and 418+ 0.63 80 1 Most severe
ntation material resources implementation
constrai constraint
nts Logistical coordination 4.04+£0.67 76 2 High operational
across villages constraint
Initial community 3.76 £ 0.71 68 3 Moderate-to-
skepticism toward high social
culture-based constraint
environmental
education
Practical Integration into local 440 + 86 1 Highest policy
implicati government post-ASGM  0.52 relevance
ons recovery programs
Integration into school-  4.30 £ 0.57 84 2 Strong
based environmental educational
learning relevance
Use by NGOs and 422+0.60 82 3 Strong
community programmatic
organizations as a relevance
replicable outreach
model
Strengthening 440+052 88 1* Highest
community ownership community
and intergenerational relevance

ecological continuity

3.1.5 Qualitative findings on model implementation and change mechanisms

The qualitative results show that the Moronene-based ecological literacy model
operated through five interconnected mechanisms: cultural grounding, intergenerational
dialogue, youth mediation, participatory learning, and adaptive implementation, as
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summarized in Table 7. Cultural grounding ensured that environmental learning remained
rooted in Moronene values, intergenerational dialogue facilitated knowledge exchange
between elders and youth, youth mediation translated indigenous knowledge into
contemporary educational media, participatory learning promoted collaborative
engagement, and adaptive implementation enabled the campaign to respond to local needs
and contextual challenges. These findings complement the quantitative results by
explaining the social, cultural, and educational processes through which the observed
improvements in ecological knowledge and youth mediation were achieved, thereby
providing a more comprehensive understanding of the intervention's effectiveness. This
component, therefore, strengthens the mixed-methods argument by showing not only that
participant scores improved, but also how the campaign produced change through
Moronene values, Story Space interaction, youth-led media translation, and community-
based learning. This is consistent with the qualitative research design of this study, which
used interviews, focus group discussions, participant observation, Story Space
observations, campaign documents, and youth-produced media to examine cultural
meanings, implementation processes, youth mediation roles, enabling factors, and
constraints.

Table 7. Qualitative results on the moronene-based ecological literacy model

Main Theme

Qualitative Data
Sources

Key Qualitative Finding

Interpretation for the
Model

Cultural Interviews with Participants understood The model gains
grounding of Moronene elders,  ecological issues more clearly cultural legitimacy
ecological Story Space when river protection, forest because ecological
literacy observations, care, and biodiversity literacy is framed
FGDs, campaign conservation were linked to through local values
documents Moronene values, especially rather than delivered
mondoke and popotara. Elders  as external
described nature notonlyasa  environmental
physical resource but also as instruction.
part of collective moral
responsibility.
Story Space as Story Space Story Space became the main The model works
intergenerational observations, setting where elders shared through
learning interviews with ecological narratives, former intergenerational
mechanism elders and youth miners reflected on dialogue, allowing

Youth as cultural

facilitators, field

environmental damage, and

traditional ecological

notes youth interpreted these knowledge to be
narratives into campaign transferred,
messages. discussed, and
adapted into
contemporary

Interviews with

Youth did not function only as

learning formats.
Youth mediation is

mediators SEPAKAT youth campaign participants. They the central
leaders, review of  translated elders’ oral mechanism of the
youth-produced narratives into posters, videos, model because young
posters, videos, performances, and school people connect
and performance outreach materials. customary
materials, knowledge with
participant modern educational
observation media and wider
public audiences.
Participatory FGDs, workshop Workshops and outreach The model
learning and observations, activities encouraged strengthens
community school activity participants to discuss local ecological literacy by
engagement observations, environmental problems combining cultural

directly, including river

reflection,
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participation pollution, forest degradation, participatory
records and ecological disruption after  discussion, and
ASGM. Teachers and students practical
viewed the campaign as environmental
relevant because it combined learning.

local culture with practical
ecological issues.

Implementation  Interviews with The campaign faced limited The model is
constraints and SEPAKAT financial resources, logistical contextually feasible
adaptive facilitators, former difficulty across villages, and but requires
responses miners, teachers, early skepticism toward operational support,
field notes, culture-based environmental especially funding,
monitoring education. SEPAKAT coordination, and
records responded through low-cost institutional
media, flexible scheduling, collaboration for
local youth networks, and wider replication.
repeated community dialogue.
Perceived FGDs, stakeholder  Participants perceived the The model
usefulness for reflections, campaign as useful for contributes not only
post-ASGM campaign strengthening environmental to ecological
recovery evaluation notes awareness, rebuilding knowledge
community ownership, and improvement but

reconnecting younger
generations with Moronene
ecological knowledge.

also to cultural
continuity and
community-based

recovery in post-
ASGM settings.

3.2 Discussion
3.2.1 Intervention stage as a mechanism for deep ecological learning

The findings indicate that the campaign’s effectiveness was closely tied to its phased
design. Implemented over 6 months, the intervention moved systematically from
preparation to intergenerational dialogue and co-creation, then to public dissemination,
and finally to monitoring and feedback. The larger share of time devoted to Story Space
forums and workshops suggests that the campaign treated collaborative learning and
cultural exchange as the core pedagogical mechanism rather than as a preliminary activity.
This is analytically important because it shows that ecological literacy was built through a
sequence of cultural grounding, reinterpretation, and circulation, not through one-
directional environmental messaging (Firnadi, 2025). In post-ASGM contexts, where
environmental degradation is linked to weakened social and cultural continuity, such a
design is likely to be more effective than short awareness campaigns because it allows time
for trust building, meaning making, and community ownership to emerge (Khan et al., 2023;
Wilson, 2014).

This interpretation is consistent with the broader rationale of the study, which frames
ecological recovery as both an environmental and socio-cultural challenge. The intervention
responded to that dual challenge by first identifying Moronene ecological values, then
translating them into educational forms, and only after that expanding them into schools
and community spaces (Sinapoy, 2018). Accordingly, the campaign design itself serves as a
learning model that integrates cultural continuity with environmental communication
(Dewi et al., 2025; Ningrum et al, 2018; Suartama et al., 2024). Prior studies similarly
suggest that environmental education becomes more meaningful when it is grounded in
local narratives and participatory learning structures (Hajj-Hassan et al., 2024; Husamah et
al,, 2025; Morales, 2020). Unlike previous studies that primarily emphasize the importance
of participatory environmental education or indigenous knowledge, the present study
demonstrates how these elements can be systematically integrated into a structured four-
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phase intervention that combines cultural grounding, youth mediation, collaborative
learning, and community dissemination within a post-ASGM context. The implication is that
ecological literacy programs in comparable settings should be designed as cumulative and
participatory interventions rather than as isolated information events (Rai, 2007;
Wingfield, 2013).

3.2.2 Ecological knowledge gains and the role of cultural relevance

The pre-post results show improvement across all three ecological knowledge domains
targeted by the intervention: river protection, biodiversity conservation, and sustainable
forest management. Because these domains correspond directly to the environmental
pressures described in the post-ASGM context of Bombana, the improvement is meaningful
beyond mere statistical significance. It suggests that the findings suggest that the campaign
contributed to improvements in ecological understanding in areas that matter most for local
environmental recovery (Islam et al., 2022). The fact that gains occurred across all three
domains also indicates that the intervention did not merely increase issue-specific
awareness, but fostered a broader and more integrated ecological perspective among
participants (Rai, 2007; Uprety et al., 2012).

What appears to have made these gains possible was the cultural framing of
environmental knowledge. The campaign did not present river systems, forests, and
biodiversity as abstract scientific topics detached from community life. Instead, ecological
themes were connected to Moronene values such as mondoke and popotara, thereby linking
environmental understanding to moral responsibility and local identity. This matters
because ecological literacy is more likely to become durable when participants can interpret
environmental issues through shared values rather than external terminology alone
(Maryati et al., 2022). Previous studies have emphasized the importance of integrating local
wisdom into environmental learning, demonstrating that indigenous values can strengthen
environmental awareness and community relationships with nature (Caviedes et al.,, 2024;
Morales, 2020). Other studies have examined environmental education approaches as
mechanisms for improving ecological understanding and pro-environmental behavior
(Hajj-Hassan et al., 2024; Zhao et al., 2024), while research on youth participation has
highlighted the potential of young people as agents of environmental communication and
community engagement (Sithole, 2024; Sithole et al, 2024). However, these previous
studies have largely examined local wisdom, environmental education, or youth
participation as separate dimensions.. The present study supports that literature by
providing evidence that a culture-based ecological literacy campaign was associated with
measurable improvements in ecological knowledge within a post-ASGM community. The
implication is that future environmental learning in similar contexts should incorporate
local cultural frameworks as central pedagogical resources rather than treating them as
supplementary elements.

3.2.3 Youth mediation as the bridge between tradition and contemporary communication

One of the most distinctive findings of the study concerns the role of youth. The results
show that the strongest improvement within the mediation dimensions occurred in the
translation of Moronene ecological knowledge into contemporary educational media,
followed by the perceived effectiveness of youth as cultural mediators. This pattern
indicates that youth were not simply involved as participants or campaign assistants
(Shutaleva et al., 2021; Sithole et al, 2024; Wexler, 2009). They occupied a central
interpretive role by receiving ecological narratives from elders, reformulating them into
media such as posters, videos, and performance materials, and helping circulate them
across learning spaces. In effect, the intervention positioned youth as the bridge between
customary ecological knowledge and contemporary public communication (Reuter et al,,
2020; Shutaleva et al., 2021; Sithole et al., 2024).
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This matters because intergenerational transfer in present-day indigenous and post-
extractive communities rarely occurs through oral transmission alone (Rakuasa et al., 2024;
Rai, 2007). Environmental change (Datta et al., 2022), schooling (Lawson & Albright, 2016),
and media transformation alter the ways in which knowledge is received and shared (Liu et
al,, 2020). In this study, Story Space forums and workshops created a formal setting for
elders to share ecological values, but the continuation of that process depended on youth
being able to reinterpret those values in forms that were visible and usable in schools,
community events, and public forums. This finding resonates with prior literature
emphasizing the role of youth in environmental stewardship and intergenerational learning
(Elshaer et al., 2023; Sormin & Sihombing, 2023). However, the present study sharpens that
discussion by showing that youth mediation can be analytically specified and measured
through dimensions such as knowledge translation, dissemination, and mediating
effectiveness (Uprety et al., 2012; Zeldin et al.,, 2008). In this study, youth mediation was
operationalized as a measurable construct by assessing three interconnected dimensions:
the capacity of youth to translate indigenous ecological knowledge into contemporary
educational forms, disseminate these transformed messages across learning spaces, and
effectively function as cultural mediators between elders, communities, and younger
generations. The implication is that community-based environmental programs should
intentionally position youth as co-creators and translators of indigenous knowledge,
especially where the goal is to sustain both ecological literacy and cultural continuity.

3.2.4 Enabling factors and the limits of implementation

The results further show that the campaign’s success was strongly supported by the
cultural legitimacy of Moronene values, the organizational leadership of SEPAKAT, and
participatory learning formats such as Story Space, workshops, and outreach activities.
Taken together, these enabling factors suggest that the intervention gained traction because
it was locally grounded, socially trusted, and enacted through forms of learning that
encouraged participation rather than passive reception. This interpretation is supported by
the qualitative findings, which showed that Moronene elders, SEPAKAT facilitators, and
community participants collaboratively shaped campaign activities, thereby strengthening
local ownership, trust, and sustained participation throughout the intervention. This is an
important finding because it reinforces the idea that effective ecological literacy is not
produced by content alone. It depends on whether the intervention is culturally acceptable,
institutionally carried by credible actors, and socially organized in ways that invite
contribution from the community.

At the same time, the study identifies meaningful implementation limits. Financial and
material shortages, logistical coordination across villages, and early skepticism toward
culture-based environmental education all appeared as important constraints (Ramli et al.,
2025). These barriers are not marginal details (Awayehu Gugssa, 2024). They shape the
scale, continuity, and replicability of the intervention. Addressing these challenges may
require stronger collaboration between community organizations, local governments,
educational institutions, and external funding partners to ensure that culturally grounded
ecological literacy initiatives can be sustained and expanded beyond pilot-scale
implementation. In that sense, the findings present a balanced picture: cultural legitimacy
and local leadership can make an intervention meaningful and acceptable, but operational
sustainability still depends on resources and coordination. Previous studies similarly
indicate that participatory and indigenous knowledge-based interventions are
strengthened by local grounding, yet they also require broader support to remain effective
over time (Awayehu Gugssa, 2024; Rojas Casarrubias et al., 2025). The implication is that
ecological literacy initiatives in post-ASGM settings should be understood as both social and
organizational projects. Their long-term viability requires not only community engagement
but also institutional investment and logistical support (Adranyi et al., 2024; Pouresmaieli
etal, 2024).
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3.2.5 Implications for recovery, education, and community resilience

The practical implications reported in this study extend the significance of the findings
beyond the immediate campaign setting. High ratings for community ownership and
intergenerational ecological continuity suggest that the intervention strengthened not only
ecological knowledge outcomes but also local commitment to sustaining ecological values.
At the same time, the strong ratings for integration into local government recovery
programs, school-based environmental learning, and NGO outreach indicate that the
campaign has relevance across policy, education, and community-based environmental
programming. This is important because post-ASGM recovery cannot be addressed through
technical restoration alone. It also requires rebuilding ecological understanding,
strengthening social participation, and enhancing local capacity to carry environmental
values forward (Kyaw & Sakakibara, 2022; Measham et al., 2024).

Viewed in this light, the main contribution of the study is not simply that indigenous
values matter or that youth participation is helpful. Its contribution is more specific: it
shows how youth-led intergenerational co-production can operationalize indigenous
ecological knowledge within a structured literacy intervention in a post-extractive setting.
This is where the study adds to the existing literature. Rather than treating ecological
literacy, indigenous knowledge, and youth engagement as separate elements, it
demonstrates how they interact within a coherent intervention model that links cultural
continuity, environmental understanding, and participatory recovery. The broader
implication is that ecological recovery in post-ASGM communities should be approached as
a combined environmental, cultural, and educational process. Programs that integrate these
dimensions are more likely to generate not only environmental awareness, but also
resilience and continuity.

3.2.6 Limitations and future research

This study has several limitations. First, the research used a purposive sample of
participants drawn from a specific post-ASGM community in Bombana, which limits the
generalizability of the findings to other indigenous, post-mining, or environmental
education contexts. Second, the quantitative component employed a one-group pretest-
posttest design without a control group; therefore, the observed improvements in
ecological knowledge and youth mediation should be interpreted as intervention-
associated changes rather than as a definitive causal effect. Third, the study did not include
long-term follow-up, which means that the durability of participants’ ecological knowledge,
youth mediation roles, and community engagement after the campaign could not be
assessed. Fourth, several findings were based on self-reported questionnaires and
stakeholder ratings, which may be influenced by social desirability or positive response
bias. Fifth, the study did not provide detailed disaggregated analysis by age group, gender,
participant category, or level of campaign involvement, thereby limiting a more precise
understanding of which participant groups benefited most from the intervention. Future
research should address these limitations by using larger and more diverse samples,
comparative or quasi-experimental designs, longer follow-up periods, and disaggregated
outcome analyses. Future studies are also encouraged to examine the applicability and
adaptability of the Moronene-based ecological literacy model in different indigenous
communities, post-extractive landscapes, and environmental education contexts to assess
its broader transferability.

4. Conclusions

Future research should address these limitations by using larger and more diverse
samples, comparative or quasi-experimental designs, longer follow-up periods, and
disaggregated outcome analyses. Future studies are also encouraged to examine the
applicability and adaptability of the Moronene-based ecological literacy model in different
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indigenous communities, post-extractive landscapes, and environmental education
contexts to assess its broader transferability. The Moronene-based ecological literacy
campaign was successfully designed and implemented through a four-phase participatory
model, improved participants’ ecological knowledge and environmental engagement,
strengthened the role of youth as mediators of intergenerational ecological knowledge, and
identified the key enabling factors, implementation constraints, and practical implications
of the intervention in a post-ASGM community. The findings suggest that ecological
recovery in post-mining areas should not rely only on technical environmental restoration
but should also incorporate local culture, youth participation, and community-based
learning. From a practical perspective for communities, this model can be used to
strengthen environmental awareness, preserve Moronene ecological values, and promote
collective responsibility for protecting rivers, forests, land, and biodiversity. Therefore,
local governments, schools, youth organizations, and community institutions are
encouranged to integrate culture-based ecological literacy into school curricula, youth eco-
mediator training, village-level intergenerational forums, and post-ASGM recovery
programs.
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