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Abstract

Indigenous youth are increasingly recognized as important agents of sustainability; how-
ever, how environmental learning shapes pro-environmental intentions and behaviors re-
mains insufficiently understood. This exploratory mixed-methods study integrates Expe-
riential Learning Theory (ELT), the Elaboration Likelihood Model (ELM), and the Theory
of Planned Behavior (TPB) to examine behavioral transformation among indigenous
youth participating in community-based environmental learning activities in northern
Thailand. Twenty-five indigenous student participants engaged in a structured environ-
mental learning program developed through Citizen Science, Critical Participatory Action
Research, and Living Lab approaches. Quantitative data from 250 activity-level question-
naire responses and qualitative data from 200 reflective responses collected from 25 par-
ticipants through eight reflection prompts were analyzed using PLS-SEM, mediation anal-
ysis, permutation-based MGA, and the Gioia methodology. The model explained 50.0%
of the variance in pro-environmental behavioral intention. Communication quality signif-
icantly enhanced attention (3 = 0.452, p <0.001), and participation strongly predicted prac-
tical experience (3 = 0.660, p < 0.001). Practical experience contributed to perceived value
of information, which enhanced perceived behavioral control (f = 0.691, p <0.001), a key
mechanism influencing behavioral intention. Peripheral information processing showed
a stronger effect than central processing, and MGA revealed differentiated learning path-
ways across activity categories. Qualitative findings indicated a progression from envi-
ronmental practices to advocacy and environmental identity, supported by indigenous
ecological knowledge and intergenerational learning. This study provides an exploratory
framework for understanding culturally grounded environmental learning and offers im-
plications for designing sustainability education programs with indigenous communities.

Keywords: indigenous youth; pro-environmental behavior; behavioral intention;
experiential learning theory; elaboration likelihood model; theory of planned behavior;
PLS-SEM; Gioia method

1. Introduction

Environmental challenges such as climate change and biodiversity loss require sub-
stantial behavioral changes to achieve sustainability goals [1,2]. Understanding the deter-
minants of pro-environmental behavior among youth is particularly important because

Sustainability 2026, 18, 8010

https://doi.org/10.3390/su18158010


https://doi.org/10.3390/su18158010
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Sustainability 2026, 18, 8010

2 of 26

environmental values and behaviors developed during adolescence often persist into
adulthood and influence long-term sustainability outcomes [3]. Indigenous youth are es-
pecially important actors in sustainability transitions because their communities maintain
strong socio-ecological relationships and contribute significantly to biodiversity conser-
vation and sustainable resource management [4,5]. As future stewards of ecological sys-
tems, they play a vital role in environmental sustainability and community resilience.
Moreover, environmental learning among indigenous youth is often embedded within
culturally situated practices, including place-based experiences, intergenerational
knowledge transmission, collective stewardship, and direct engagement with local eco-
systems [4,5]. These characteristics may shape how environmental information is ac-
quired, interpreted, and transformed into action, potentially resulting in learning and de-
cision-making pathways that differ from those commonly observed in more formalized
or decontextualized educational settings.

Despite extensive research on environmental behavior, empirical evidence explain-
ing how environmental learning shapes pro-environmental intentions and reported be-
haviors among indigenous youth remains limited. The Theory of Planned Behavior (TPB)
has been widely applied to explain environmental behavior through attitudes, subjective
norms, and perceived behavioral control [6,7]. However, TPB provides limited insight into
how environmental learning experiences and information-processing mechanisms con-
tribute to behavioral intentions [8]. Experiential Learning Theory (ELT) emphasizes learn-
ing through direct experience, reflection, conceptualization, and application [9], whereas
the Elaboration Likelihood Model (ELM) explains how individuals process persuasive in-
formation through central and peripheral routes [10]. These perspectives are particularly
relevant in indigenous contexts, where environmental knowledge is frequently developed
through participation, observation, storytelling, cultural practices, and intergenerational
interactions. Such learning processes may influence not only what environmental infor-
mation is received but also how it is evaluated, internalized, and translated into behav-
ioral intentions.

To address this gap, this study integrates ELT, ELM, and TPB into a unified frame-
work to explain how environmental learning influences pro-environmental intentions and
reported behaviors among indigenous youth. Complementing the quantitative analysis,
the Gioia methodology [11] is employed to explore how environmental learning contrib-
utes to environmental stewardship, community engagement, environmental advocacy,
and environmental identity formation. Accordingly, this study aims to: (1) examine the
relationships among environmental learning, information processing, and pro-environ-
mental intentions; (2) investigate differences in learning pathways across environmental
activities; and (3) explore how environmental learning contributes to reported environ-
mental behaviors and environmental identity formation among indigenous youth.

2. Literature Review and Hypothesis Development
2.1. Integrating Experiential Learning, Persuasion, and Behavioral Intention

Pro-environmental behavior is increasingly recognized as the outcome of interacting
experiential, cognitive, and social processes rather than isolated psychological determi-
nants [3]. Accordingly, understanding environmental behavior requires theoretical per-
spectives that explain how individuals learn from environmental experiences, process en-
vironmental information, and translate these processes into behavioral intentions.

Experiential Learning Theory (ELT) explains how direct experiences facilitate learn-
ing and behavioral change [9], whereas the Elaboration Likelihood Model (ELM) explains
how attention and information processing influence cognitive evaluations and persuasion
outcomes [10]. The Theory of Planned Behavior (TPB) provides a robust framework for
explaining behavioral intentions through attitudes, subjective norms, and perceived
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behavioral control [6]. However, TPB does not explicitly account for the experiential learn-
ing and information-processing mechanisms underlying behavioral formation.
Integrating ELT, ELM, and TPB therefore provides a comprehensive framework for
explaining how environmental communication and experiential learning shape pro-envi-
ronmental intentions and reported behaviors. Accordingly, this study proposes that com-
munication quality and participation stimulate attention and practical experience, which
subsequently influence information processing, perceived value of information, perceived
behavioral control, and pro-environmental intentions among indigenous youth.

2.2. Experiential Learning in Environmental Education

Experiential Learning Theory (ELT) proposes that learning occurs through trans-
forming experience into knowledge via reflection, conceptualization, and application [9].
In environmental education, ELT has been widely used to explain how authentic engage-
ment with nature and community activities enhances environmental awareness and sus-
tainable practices [3]. However, most ELT studies emphasize learning outcomes while of-
fering limited explanation of how experiences are cognitively processed and translated
into behavioral intentions. This limitation is particularly relevant in indigenous contexts,
where experiential learning is embedded in place-based practices and community partic-
ipation [4,5]. Accordingly, this study extends ELT by integrating ELM and TPB to explain
how environmental experiences influence information evaluation and subsequent behav-
ioral intention.

Communication quality facilitates experiential learning by attracting learners’ atten-
tion to environmental issues [10,12].

H1. Communication quality (CM) positively influences attention (ATT).

Participation enables learners to acquire practical experience and increases the per-
sonal relevance of environmental issues [3].

H2. Participation (PAR) positively influences practical experience (PE).
H3. Participation (PAR) positively influences attention (ATT).

2.3. Persuasion Processes and Information Evaluation

The Elaboration Likelihood Model (ELM) explains persuasion through central pro-
cessing, based on careful evaluation of message content, and peripheral processing, based
on contextual cues such as credibility, emotions, or social influence [10]. Environmental
communication studies have successfully applied ELM to explain message effectiveness,
yet most focus on message characteristics rather than how experiential learning shapes
information processing. Moreover, while central processing is often associated with du-
rable behavioral change, peripheral processing may be equally influential in indigenous
communities where trusted relationships and cultural contexts shape environmental
learning.

Integrating ELM with ELT therefore explains how experiential learning influences
both cognitive evaluation and contextual interpretation of environmental information.

Attention is required before information can be processed through either route.

H4. Attention (ATT) positively influences central processing (CP).

HS5. Attention (ATT) positively influences peripheral processing (PP).
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This study further proposes perceived value of information (PVI) as the mechanism
linking information processing with behavioral determinants. While previous studies
have examined central and peripheral processing separately, limited research has inves-
tigated their combined contribution to perceived information value in environmental ed-
ucation. Practical experience is also expected to strengthen information value by connect-
ing knowledge with real-world application [9].

Heé. Central processing (CP) positively influences perceived value of information (PVI).
H?7. Peripheral processing (PP) positively influences perceived value of information (PVI).
HS. Practical experience (PE) positively influences perceived value of information (PVI).

2.4. From Information Value to Pro-Environmental Intention

The Theory of Planned Behavior (TPB) explains pro-environmental intentions
through attitudes, subjective norms, and perceived behavioral control [6,7]. Although TPB
consistently predicts environmental behavior, it provides limited explanation of how en-
vironmental experiences and information evaluation shape these behavioral determinants
[8]. Integrating TPB with ELT and ELM addresses this limitation by connecting experien-
tial learning and persuasion processes to behavioral intention.

Individuals who perceive environmental information as useful and actionable are
expected to develop stronger perceived behavioral control [13].

HO9. Perceived value of information (PVI) positively influences perceived behavioral control (PBC).

Perceived behavioral control has consistently been identified as a strong predictor of
pro-environmental intention [7].

H10. Perceived behavioral control (PBC) positively influences behavioral intention (BI).

Subjective norms remain particularly important in indigenous communities, where
family, community, and cultural expectations influence environmental behavior. Unlike
conventional TPB applications that examine social norms independently, this study con-
siders subjective norms alongside experiential learning and information-processing
mechanisms [6].

H11. Subjective norms (SN) positively influence behavioral intention (BI).

Overall, this study extends existing environmental behavior theories by integrating
experiential learning, persuasion processes, and behavioral intention mechanisms into a
unified framework. In particular, it identifies perceived value of information as a key
mechanism linking experiential learning and information processing to perceived behav-
ioral control and pro-environmental intentions among indigenous youth, while reported
behaviors and environmental identity formation are further explored through qualitative
analysis.

3. Materials and Methods
3.1. Study Area

This study was conducted in two indigenous communities in Lampang Province,
Thailand, where traditional rotational farming and community-based natural resource
management remain important livelihood practices. The communities are located near the
Mae Moh lignite mining and power generation area and have extensive experience in
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environmental management, organic agriculture, and participatory environmental initia-
tives. Their strong environmental stewardship and community engagement provided an
appropriate setting for examining environmental learning and pro-environmental behav-
ior among indigenous youth.

3.2. Participants and Data Collection

Twenty-five indigenous students in Grades 4-6 were purposively selected through
collaboration among researchers, teachers, community leaders, and parents. Participant
selection was based on parental consent, students” voluntary willingness, and their read-
iness to participate throughout all stages of the research process. The study employed an
integrated participatory approach combining Citizen Science (CS), Critical Participatory
Action Research (CPAR), Living Labs (LLs), and behavioral interventions based on the
EAST framework (Easy, Attractive, Social, and Timely). Figure 1 illustrates the overall re-
search process.

1. Community Selection:

3. Five-week Environmental Learning Program: C5, CPAR, LL (10 activities)

Two indigenous
communities in
Northern Thailand

s 2

2. Participants:
25 indigenous youth
(high school students)

G1. Experiential Environmen-

tal Investigation & Restoration:

- transect walk

- check dam

- vegetable gardening

- environmental monitoring

G2. Personal Sustain-| | G3. Community-based Reflec-
ability Practice &Be- || tive & Advocacy Learning:
havior Management: || - indigenous ecological

- energy conservation | | knowledge

- waste separation - environmental campaigns

- self-monitoring - reflection sessions

=

L

4. Quantitative Data Collection:

5. Qualitative Data Collection:

Activity-level questionnaires immediately after each activity
(25 participants x 10 activities = 250 responses)

Reflective responses after two months
(25 participants x 8 prompts = 200 responses)

6. Quantitative Data Analysis:
6.1 PLS-SEM: measurement model assessment, structural
model assessment, mediation analysis
6.2 Permutation-based MGA: comparison of structural rela-
tionships across 3 activity categories (G1, G2, G3)

S 2 =

7. Qualitative Data Analysis:
Gioia Methodology: first-order concepts
(codes), second-order themes,
aggregate dimensions, data structure

8. Integration & Triangulation: convergence
of quantitative and qualitative results to
explain environmental learning pathways

- S 2

9. Findings: environmental learning pathways to behavioral intention
and reported behavior; differentiated pathways across activity catego-
ries; implications for sustainability education with indigenous youth

Figure 1. Overall research process.

The environmental learning program was implemented over 5 weeks. Participants
completed ten environmental learning activities organized into three categories: (1) Expe-
riential Environmental Investigation and Restoration, including transect walk, check dam,
vegetable gardening, and environmental monitoring; (2) Personal Sustainability Practice
and Behavior Management, including energy conservation, waste separation, and self-
monitoring activities; and (3) Community-Based Reflective and Advocacy Learning, in-
cluding indigenous ecological knowledge activities, environmental campaigns, and struc-
tured reflection sessions. Most activities lasted approximately 1-2 h, whereas some prac-
tice- and project-based activities, such as vegetable gardening and self-monitoring, were
conducted continuously over 2—4 weeks.

Immediately following each activity, participants completed a structured question-
naire under the supervision of the research team and classroom teachers. Researchers ex-
plained the questionnaire using age-appropriate language and provided clarification
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when needed without influencing participants” responses. The questionnaires were com-
pleted individually in the school setting and collected immediately after completion to
ensure response completeness and minimize recall bias.

These three categories were designed to represent complementary stages of a devel-
opmental learning pathway rather than separate interventions (Table 1). The categoriza-
tion was derived from the integration of Experiential Learning Theory (ELT), the Elabo-
ration Likelihood Model (ELM), and the Theory of Planned Behavior (TPB), illustrating
how different types of learning experiences contribute to pro-environmental behavioral
development.

The learning pathway begins with experiential investigation (G1), where students
engage in authentic environmental activities that provide concrete learning experiences
(ELT: Concrete Experience). These experiences encourage students to observe, interpret,
and understand environmental issues through environmental engagement and infor-
mation processing, thereby strengthening attitudes and perceived behavioral control. The
second stage, personal sustainability practice (G2), emphasizes repeated behavioral prac-
tice and self-monitoring (ELT: Active Experimentation), reinforcing behavioral compe-
tence and perceived behavioral control. Finally, community-based reflective and advo-
cacy learning (G3) extends learning through structured reflection, indigenous ecological
knowledge, environmental communication, and community engagement, integrating re-
flective observation and conceptual understanding while strengthening subjective norms,
behavioral intention, and environmental leadership.

Together, these three categories represent complementary educational functions that
collectively support the progression from authentic environmental experience to sus-
tained pro-environmental behavior.

The study protocol was approved by the Human Research Ethics Committee, as de-
tailed in the Institutional Review Board Statement. Because the participants were minors,
written informed consent was obtained from parents or legal guardians, and assent was
obtained from all participating students before data collection. Participation was volun-
tary, participants could withdraw at any time without consequence, and all questionnaire
responses and reflective narratives were anonymized to protect participants’ privacy and
confidentiality.

Although the study involved a relatively small number of participants, the repeated-
measures design generated 250 activity-level questionnaire responses across the ten learn-
ing activities. As described in Section 3.4, the available observations exceeded the mini-
mum sample size required for the PLS-SEM analyses and were considered adequate for
the exploratory objectives of the study.

Table 1. Mapping of environmental learning categories and representative activities to the inte-
grated ELT-ELM-TPB framework.

Group Representative Activities Primary Educational Function ELT ELM TPB
G1. Experiential Transect walks, check dam . Attitude;
. . Learning from nature through .
Environmental construction, vegetable . . Concrete Central  Perceived
.. . . authentic environmental . . .
Investigation and gardening, and environmental . Experience Processing Behavioral
. . experiences
Restoration monitoring Control
G2. Personal . . Perceived
Ly Energy conservation, waste  Learning through repeated . .
Sustainability . ) . Active Central  Behavioral
. . _separation, and self- behavioral practice and self- . . .
Practice and Behavior L . . Experimentation Processing Control —
monitoring activities regulation .
Management Behavior
Learning with and for society Reflective Subjective Norm;
G3. Community- Indigenous ecological 8 . y . Central + )
. 2 through reflection, Observation + . Attitude;
Based Reflective and knowledge activities, .. Peripheral X
. . . communication, and Abstract . Intention;
Advocacy Learning environmental campaigns, . ... Processing -
community engagement Conceptualization Leadership
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and structured reflection
sessions

For the quantitative component, participants completed the same structured ques-
tionnaire immediately after each environmental learning activity. Because each of the 25
participants responded following all ten activities, the quantitative dataset comprised 250
completed questionnaires (25 participants x 10 learning activities). These questionnaires
represented repeated activity-level observations collected from the same participants, ra-
ther than responses from 250 independent individuals. The repeated observations were
used to examine the relationships among the latent constructs of the integrated conceptual
framework across multiple learning episodes using PLS-SEM.

Each completed questionnaire represented a distinct learning episode associated
with a specific environmental learning activity rather than a repeated assessment of an
unchanged participant characteristic. Accordingly, the analytical unit in the quantitative
component was the activity-level learning experience, enabling the study to examine how
different environmental learning contexts were associated with variation in experiential
learning, information processing, and behavioral intention across the six-week interven-
tion. This analytical perspective is consistent with the exploratory objective of understand-
ing learning mechanisms operating within different educational activities rather than es-
timating stable individual differences.

Approximately two months after completing the environmental learning program,
the same 25 participants voluntarily participated in the qualitative evaluation. Each par-
ticipant responded to eight open-ended reflection questions, generating 200 reflective re-
sponses (25 participants x 8 questions). The questions explored changes in environmental
behaviors, environmental stewardship activities, knowledge sharing, community partici-
pation, self-monitoring, indigenous ecological knowledge, environmental leadership, and
environmental responsibility.

To preserve confidentiality while enabling participant-level analysis, each partici-
pant was assigned a unique anonymous identification code (P01-P25). All eight reflective
responses from the same participant were linked using this identifier, allowing the re-
search team to examine each participant’s learning experiences across multiple reflection
questions while maintaining anonymity. The linked responses were subsequently ana-
lyzed using the Gioia methodology to identify environmental learning pathways and
complement the quantitative findings.

The eight reflection questions were developed based on the integrated conceptual
framework combining Experiential Learning Theory (ELT), the Elaboration Likelihood
Model (ELM), and the Theory of Planned Behavior (TPB). Rather than measuring theoret-
ical constructs quantitatively, the questions were designed to elicit participants” experi-
ences of learning, cognitive processing, social interaction, behavioral intention, and re-
ported environmental behavior following participation in the ten environmental learning
activities. The sequence of questions reflected the causal logic of the integrated frame-
work, whereby experiential learning activities (ELT) stimulate central and peripheral in-
formation processing through reflection and social interaction (ELM), ultimately influenc-
ing attitudes, subjective norms, perceived behavioral control, behavioral intentions, and
reported environmental behaviors (TPB). Consequently, the qualitative findings served as
a theory-informed process evaluation that explained how experiential learning and per-
suasive communication mechanisms contributed to the behavioral outcomes identified in
the quantitative PLS-SEM analysis, thereby providing methodological triangulation
within the mixed-methods research design.

The relationship between the questions and the integrated three theories are summa-
rized in the following Table 2.
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Table 2. Relationship between reflection questions and the integrated ELT-ELM-TPB framework.

Question ELT ELM TPB
Behavioral out £
Q1. Behavioral changes Active Experimentation © aV1o.ra oHtcome o Reported Behavior
persuasion
Q2. Caring for nature Concrete Experience Reinforcement of learning  Environmental Behavior
Peripheral R ial
Q3. Sharing knowledge Active Experimentation criphera oute (socia Subjective Norm
persuasion)
C te E i +
Q4. Community participation orTcre ¢ xp.erlence‘ Peripheral Route Subjective Norm + Behavior
Active Experimentation
Q5. Self-monitoring Reflective Observation Central Route Perceived Behavioral Control
Q6. Learning from elders Abstract Conceptualization Central Route Attitude Formation
Peripheral R ial
Q7. Organizing/leading Active Experimentation | eripheral Route (socia Intention — Behavior
influence)
Q8. Changes in thinking Abstract Conceptualization Central Route Attitude — Intention

Finally, because the quantitative dataset consisted of repeated observations from the
same participants rather than independent respondents, this characteristic is acknowl-
edged as a methodological limitation. Accordingly, the PLS-SEM analysis was intended
to examine relationships among latent constructs across repeated learning experiences ra-
ther than estimate population parameters from statistically independent observations.

3.3. Measures

The research framework integrated Experiential Learning Theory (ELT), the Elabo-
ration Likelihood Model (ELM), and the Theory of Planned Behavior (TPB) into a unified
explanatory model (Figure 2), comprising ten latent constructs (Table 3). Unlike previous
studies that have generally applied these theories independently or in pairwise combina-
tions, the present framework combines all three perspectives to explain how environmen-
tal learning translates into pro-environmental intention. Specifically, ELT explains how
environmental experiences foster participation and practical learning, ELM explains how
these experiences shape attention and central/peripheral information-processing path-
ways, and TPB explains how perceived information value strengthens perceived behav-
ioral control and, ultimately, behavioral intention.

The ten latent constructs were measured using a five-point Likert scale (1 = strongly
disagree to 5 = strongly agree). Questionnaire items were adapted from validated scales
and translated into Thai using a forward-backward translation procedure to ensure con-
ceptual equivalence with the original instruments. The translated questionnaire was sub-
sequently reviewed by environmental education experts, teachers, and community repre-
sentatives to assess content validity, cultural appropriateness, and linguistic clarity for
indigenous youth. Prior to the main survey, the questionnaire was pilot tested with a
small group of students from a comparable educational context. Based on feedback from
the pilot study, minor revisions were made to improve wording clarity and cultural rele-
vance while retaining the original construct meanings.

To complement the quantitative framework, qualitative data were analyzed using
the Gioia methodology. This mixed-methods design enabled the integration of quantita-
tive evidence on cognitive mechanisms with qualitative insights into environmental be-
havioral transformation, providing a more comprehensive understanding of how envi-
ronmental learning experiences influence pro-environmental intentions.

The qualitative component was designed to extend, rather than replicate, the SEM
analysis by exploring participants’” experiences and meaning-making processes beyond
the predefined theoretical constructs. Accordingly, environmental identity and environ-
mental agency were not specified as latent variables in the original ELT-ELM-TPB model.
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Instead, they emerged inductively from participants’ reflective narratives during the Gi-
oia analysis and were interpreted as higher-order developmental outcomes of environ-
mental learning. This integration of deductive theory testing with inductive qualitative
analysis enabled the study to explain both the cognitive mechanisms underlying pro-en-
vironmental intentions and the broader developmental processes through which environ-
mental learning fostered stewardship, agency, and identity formation.

« Field activities « Attention formation « Perceived relevance o Capability » Commitment
+ Investigations + Central route « Usefulness o Self-efficacy - Willingness
 Restoration processing + Credibility . ::::T:;ffw - Intention to act
+ Community ‘ . Penphel.'al route » » « Subjective »
participation processing norm
Participz?tion Cognit‘ive Evaluation of D::(:‘r:":il:;:!ts Pro-Environmental
& Practical Mechanisms Information (TPB) Intention
Learning (ELM)

Experiential Theory (ELT):

Elaboration Likelihood Model

Theory of Planed Behavior

(TPB): From information value

to intention

Learning through experience

(ELM): Information processi_ng

and participation and evaluation

N
Critical

Perceived H10
Processing Behavioral
Ha (CP) Control (PBC)

Communication

Behavioral

Perceived
Peripheral Value of T Intention (BI)
{ Processing formation Subjective
Practical * (PP) (PVI)

5 norm (SN)
K Experience

(PE)

Figure 2. Conceptual Framework.

Table 3. Measurement items, theoretical foundations, and source references.

Construct Code Measurement Item Theoretical Basis Reference
cati
CM1 The communication explained the content clearly. gz:;mmca on McGuire [14]
Coanunication M2 The communication used examples that helped Message relevance  Witte [15]
Quality (CM) me understand the content.

Message design and

CM3 The communication was well organized. McGuire [14]

structure
Participat
PART1 I actively participated in the activity. articipatory Freire [16]
engagement
C - . . Dialogic .
Participation (PAR) PAR2 I had opportunities to exchange ideas with others. — Freire [16]
communication

I contributed my thoughts or experiences during

PAR3 ..
the activity.

Participatory learningKolb [9]

Petty &
Cacioppo [10]
ATT2 I remained mentally focused during the activity. Sustained attention Kahneman [17]

Attention (ATT) ATT1 The activity immediately captured my attention. Initial attention
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CP1 The activity made me think deeply about the Central-route Petty &
Central Processing information. elaboration Cacioppo [10]
cp I fully i 1 h i P
(CP) cpp | carefully mter.preted and evaluated the meaning Cognitive elaboration etty &
of the information. Cacioppo [10]
. PP1 My impression was influenced by the presentation Peripheral cues Pett.y &
Peripheral style. Cacioppo [10]
P ing (PP I reli impl .g., visual i P
rocessing (PP) PP2 relied on simple cu?s (e .g , visuals, attractiveness, Heuristic processing etty &
speaker style) when judging the content. Cacioppo [10]
Inf ti DeLone &
PVI1 The information provided was useful. ur;ec;irﬁlézn MiLZI;E [18]
Perceived Value of Information DeLone &
PVI2 The inf ti fficientl hensive.
Information (PVI) ¢ thtormation was sttticiently comprenensive completeness McLean [18]
PVI3 T.he 1r.1format10n can be applied in real-life Perceived usefulness Davis [19]
situations.
I directl i he skill ired in thi Acti
Practical Experience  PE1 dl‘re.ct y practiced the skills required in this CthE'I . Kolb [9]
(PE) activity. experimentation
PE2 This activity provided hands-on experience. Concrete experience Kolb [9]
Ih ffici 1 f hi
PBCI o ;;/sizlrl icient knowledge to perform this Self-efficacy Ajzen [6]
Perceived Behavioral :
Ci:’::le (PBE)avmra PBC2 Performing this behavior is under my control. Controllability Ajzen [6]
I have th ded t f thi
ppc3 | have the resources needed to perform this Resotrce control Ajzen [6]
behavior.
SN1 People wh(? are imPortant to me encourage me to Injunctive norm Ajzen [6]
perform this behavior.
Subjective Norm People who are important to me think that I . .
2 A
(SN) SN should perform this behavior. Normative pressure - Ajzen [6]
People wh i tant t lar] f
gn3 People who are important to me regularly per OrmDescriptive norm Ajzen [6]
these behaviors themselves.
I ; ; ; 1 hi
Behavioral Intention  BI1 b:ﬁ; sio;ilmltted to taking action related to this Commitment Ajzen [6]
BI :
(B1) BI2 Iwill try to apply this behavior in my daily life.  Intention to act Ajzen [6]

3.4. Quantitative Data Analysis

Quantitative data were analyzed using Partial Least Squares Structural Equation
Modeling (PLS-SEM) with SmartPLS 4, following the methodological recommendations
of Hair et al. [20]. PLS-SEM was selected because the primary objective of this study was
theory development and prediction within a complex conceptual framework integrating
Experiential Learning Theory (ELT), the Elaboration Likelihood Model (ELM), and the
Theory of Planned Behavior (TPB). This approach is appropriate for exploratory, predic-
tion-oriented research involving multiple latent constructs and mediation pathways [20].

The quantitative dataset consisted of 250 activity-level questionnaire responses col-
lected from 25 participants immediately after each of the ten environmental learning ac-
tivities. The unit of analysis was therefore the individual learning activity rather than the
participant. Each questionnaire captured participants’ perceptions of a specific learning
episode immediately following completion of an environmental activity and was in-
tended to reflect contextual variation in learning experiences rather than stable individual
characteristics.

Because the same participants completed all three categories of environmental learn-
ing activities, the observations across activity categories were not statistically independ-
ent. Accordingly, the permutation-based MGA should be interpreted as an exploratory
comparison of activity-specific learning pathways rather than a formal between-group
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analysis. Conventional PLS-SEM permutation procedures do not explicitly account for
within-participant dependence, which may lead to underestimated standard errors.
Therefore, the MGA findings are interpreted cautiously as hypothesis-generating evi-
dence regarding differences in learning mechanisms across activity categories rather than
definitive statistical inference.

Following the recommendations of Hair et al. [20], the adequacy of the sample was
evaluated based on the minimum sample size requirements for PLS-SEM. This study
demonstrates that the available activity-level observations exceeded the minimum sample
size required to detect medium effect sizes (f2=0.15) at a significance level of ot = 0.05 with
a statistical power of 0.80. Consequently, the quantitative analyses were considered ap-
propriate for the exploratory objectives of this study.

The measurement model was evaluated by examining indicator loadings, Cronbach’s
alpha, Composite Reliability (CR), Average Variance Extracted (AVE), and the Hetero-
trait-Monotrait Ratio (HTMT) to assess internal consistency, convergent validity, and dis-
criminant validity [20,21]. The structural model was subsequently evaluated using path
coefficients, coefficients of determination (R?), effect sizes (f?), predictive relevance (Q?),
and out-of-sample predictive performance (PLSpredict) [20]. Mediation effects were as-
sessed using a bootstrapping procedure with 5000 bootstrap subsamples, and statistical
significance was determined using bias-corrected confidence intervals that excluded zero
[20].

To examine whether the structural relationships differed across the three categories
of environmental learning activities, permutation-based Multi-Group Analysis (MGA)
was conducted after establishing measurement invariance using the Measurement Invar-
iance of Composite Models (MICOM) procedure [22]. Because all participants completed
activities in each category, the MGA compared structural relationships across educational
activity contexts rather than across independent participant groups.

As observations from the three activity categories were derived from the same par-
ticipants, the repeated-measures design does not fully satisfy the assumption of independ-
ent observations underlying conventional permutation-based MGA. Consequently, the
permutation results should be interpreted as exploratory comparisons of activity-specific
structural relationships rather than confirmatory evidence of statistically independent
group differences. The observed differences should therefore be regarded as hypothesis-
generating findings that warrant confirmation in future studies using analytical ap-
proaches that explicitly account for within-participant dependence.

3.5. Qualitative Data Analysis

A total of 200 reflective responses (25 participants x 8 reflection questions) were ana-
lyzed using the Gioia methodology [11]. Because all responses from the same participant
were linked through anonymous identification codes (P01-P25), the researchers were able
to examine patterns of learning and behavioral transformation across multiple reflection
questions while maintaining participant confidentiality.

Following the Gioia methodology, first-order concepts were derived directly from
participants’ narratives and remained close to the participants’ own language. These con-
cepts were subsequently grouped into second-order themes and synthesized into aggre-
gate dimensions through iterative discussions among the research team. Linking multiple
reflections to individual participants enabled the identification of recurring environmen-
tal learning pathways and behavioral transformation patterns rather than treating each
reflection as an isolated response.

The resulting aggregate dimensions were then integrated with the quantitative find-
ings from the PLS-SEM and Multi-Group Analysis (MGA) during the interpretation stage.
This methodological triangulation strengthened the credibility of the findings by
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explaining not only whether the proposed relationships were supported statistically but
also how and why experiential learning and persuasive communication mechanisms con-
tributed to pro-environmental behavioral development among indigenous youth.

3.6. Trustworthiness and Ethical Considerations

Qualitative rigor was enhanced through iterative coding, peer review of coding de-
cisions, and continuous comparison between emerging themes and original narratives to
ensure trustworthiness [23]. Quantitative and qualitative findings were integrated during
interpretation to provide a comprehensive understanding of behavioral change processes
[24].

4. Results
4.1. Measurement Model Assessment

Prior to evaluating the structural relationships, the measurement model was assessed
for reliability and validity. All indicator loadings exceeded 0.70 (0.805-0.941), while
Cronbach’s alpha (0.728-0.872), tho_A (0.745-0.874), and composite reliability (CR; 0.866—
0.936) values confirmed internal consistency reliability (Table 4) [20]. Convergent validity
was established, with all average variance extracted (AVE) values exceeding 0.50 (0.684—
0.880). In addition, all variance inflation factor (VIF) values were below the recommended
threshold, indicating no evidence of problematic multicollinearity among the indicators
(Table S1). Discriminant validity was supported by both the HTMT criterion (Table S2)
and the Fornell-Larcker criterion (Table S3), indicating that all constructs were empiri-
cally distinct. Overall, the measurement model demonstrated satisfactory reliability and
validity, supporting subsequent structural model analysis.

Table 4. Measurement model assessment based on 250 activity-level questionnaire responses (25

participants).
Measurement Factor Cronbach’s Alpha rho_A (More than CR or rho_C (More AVE (More
Item Loadings (More than 0.7) 0.7) than 0.7) than 0.5)
ATT ATT1 0.941 0.864 0.865 0.936 0.880
ATT2 0.936
BI BI1 0.906 0.742 0.750 0.885 0.794
BI2 0.877
CM CM1 0.848 0.835 0.846 0.900 0.751
CM2 0.866
CM3 0.885
CP CP1 0.913 0.825 0.832 0.919 0.851
CP2 0.931
PAR PAR1 0.908 0.728 0.745 0.879 0.784
PAR2 0.863
PAR3 0.908
PBC PBC1 0.868 0.834 0.864 0.898 0.747
PBC2 0.902
PBC3 0.821
PE PE1 0.928 0.807 0.819 0.912 0.838
PE2 0.902
PP PP1 0.920 0.821 0.821 0.918 0.848
PP2 0.922
PVI PVI1 0.843 0.770 0.779 0.866 0.684
PVI2 0.832
PVI3 0.805
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SN SN1 0.879 0.872 0.874 0.921 0.796
SN2 0.922
SN3 0.875

4.2. Structural Model Results

The structural model integrated constructs from Experiential Learning Theory (ELT),
the Elaboration Likelihood Model (ELM), and the Theory of Planned Behavior (TPB), with
Communication Quality (CM) and Participation (PAR) specified as antecedents of Atten-
tion (ATT) and Practical Experience (PE), which subsequently influenced information pro-
cessing and Perceived Value of Information (PVI). PVI was hypothesized to enhance Per-
ceived Behavioral Control (PBC), which in turn contributed to Behavioral Intention (BI),
while Subjective Norms (SN) directly influenced BI.

The coefficient of determination (R?) values (Table S4) indicated moderate-to-sub-
stantial explanatory power [20]. The model explained 54.6% of the variance in Attention,
43.6% in Practical Experience, 18.1% in Central Processing, 47.6% in Peripheral Processing,
44.3% in Perceived Value of Information, 47.8% in Perceived Behavioral Control, and
50.0% in Behavioral Intention. Furthermore, the f2 effect size analysis (Table S5) showed
that the exogenous constructs exerted small to large effects on their respective endogenous
constructs, demonstrating meaningful contributions to the model's explanatory power.
Overall, these results demonstrate that the integrated framework provides strong explan-
atory capability for the cognitive, experiential, and behavioral mechanisms underlying
pro-environmental intentions among indigenous youth.

All hypothesized relationships were positive and statistically significant (p < 0.001),
supporting H1-H11 (Table 5).

In the ELT stage, Communication Quality significantly influenced Attention (3 =
0.452, t = 8.440), while Participation significantly affected both Attention (3 = 0.373, t =
7.503) and Practical Experience (f = 0.660, t = 18.095), supporting H1-H3. These findings
indicate that effective communication and active participation are key drivers of atten-
tional engagement and experiential learning, with participation exerting the strongest in-
fluence on practical experience.

In the ELM stage, Attention significantly predicted both Peripheral Processing (3 =
0.690, t = 21.244) and Central Processing (3 = 0.426, t = 7.830), supporting H4-H5. The
stronger effect on peripheral processing suggests that attention primarily facilitates heu-
ristic and affective engagement, while also promoting deeper cognitive elaboration.

Regarding Perceived Value of Information (PVI), results show that it is jointly shaped
by experiential and cognitive mechanisms. Practical Experience was the strongest predic-
tor of PVI (3 =0.369, t = 6.094), followed by Peripheral Processing ({3 = 0.269, t = 3.743) and
Central Processing ([3 = 0.185, t = 3.497), supporting H6-HS8. These findings suggest that
information is perceived as more valuable when grounded in direct experience and rein-
forced through both heuristic and systematic processing, with experiential learning play-
ing the dominant role.

Within the TPB framework, PVI significantly influenced Perceived Behavioral Con-
trol (B = 0.691, t = 21.328), supporting H9 and representing the strongest relationship in
the model. This indicates that perceived informational value substantially enhances indi-
viduals” confidence in their ability to perform pro-environmental behaviors. In turn, Be-
havioral Intention was significantly affected by both Perceived Behavioral Control ({3 =
0.401, t = 6.577) and Subjective Norms (3 = 0.356, t = 5.406), supporting H10-H11. Among
these predictors, Perceived Behavioral Control exerted the stronger effect, highlighting its
central role in shaping behavioral intention.

Overall, the findings support a sequential mechanism in which Communication
Quality and Participation enhance Attention and Practical Experience, Attention activates
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central and peripheral processing routes, these processes together with experiential learn-
ing enhance Perceived Value of Information, which strengthens Perceived Behavioral
Control, and ultimately leads to Pro-Environmental Behavioral Intention. This integrated
pattern provides strong empirical support for the combined application of ELT, ELM, and
TPB in explaining pro-environmental intentions among indigenous youth.

Table 5. Structural model results and hypothesis testing.

Path Std. Confidence Interval Hypotheses
Co-Efficient Dev. t-Value 2.5% 97.5% £ VIF  p Values (Silll;)ported)

PVI->PBC 0.691 0.032  21.328 0.652 1.332 0.000 1.877 0.000 H9

ATT ->PP 0.690 0.032  21.244 0.635 1.289 0.000 1.000 0.000 H5

PAR ->PE 0.660 0.036  18.095 0.518 1.122 0.000 1.000 0.000 H2

CM -> ATT 0.452 0.054  8.440 0.155 0.497 0.001 1.565 0.000 H1

ATT ->CP 0.426 0.054  7.830 0.112 0.388 0.002 1.000 0.000 H4

PBC ->BI 0.401 0.061  6.577 0.068 0.270 0.005 2.216 0.000 H10

PAR > ATT 0.373 0.050 7.503 0.105 0.323 0.001 1.565 0.000 H3

PE -> PVI 0.369 0.061  6.094 0.061 0.266 0.007 1.724 0.000 HS8

SN -> BI 0.356 0.066  5.406 0.043 0.239 0.021 2.216 0.000 H11

PP -> PVI 0.269 0.072  3.743 0.015 0.168 0.084 1.877 0.000 H7

CP ->PVI 0.185 0.053  3.497 0.009 0.135 0.105 1.162 0.000 Hé6
4.3. Predictive Assessment Using PLSpredict

To assess the out-of-sample predictive performance of the proposed model, a

PLSpredict analysis was conducted (Table 6). The results revealed positive Q?predict val-
ues for all endogenous latent variables, indicating predictive relevance. Specifically, ATT
(Q?predict = 0.539), PE (0.431), PP (0.449), PVI (0.358), and BI (0.410) demonstrated strong
predictive relevance, whereas CP (0.203) and PBC (0.293) exhibited moderate predictive
relevance. Furthermore, the RMSE values ranged from 0.685 to 0.901 and the MAE values
ranged from 0.531 to 0.737, suggesting acceptable prediction errors across all constructs.
Overall, these findings indicate that the proposed model demonstrates moderate-to-high
out-of-sample predictive performance.
Table 6. PLSpredict LV summary.

Construct Q?predict RMSE MAE Interpretation (Predictive Relevance)

ATT 0.539 0.685 0.531 Very strong

cr 0.203 0.901 0.737 Moderate

PE 0.431 0.762 0.590 Strong

PP 0.449 0.750 0.583 Strong

PVI 0.358 0.809 0.639 Strong

PBC 0.293 0.849 0.712 Moderate to strong

BI 0.410 0.775 0.653 Strong

4.4. Mediation Analysis Results

The mediation analysis used bootstrapping to examine the indirect mechanisms
through which experiential learning, communication, and information processing influ-
enced pro-environmental behavioral intention. All indirect effects were positive and sig-
nificant (p < 0.05) (Table S6), supporting multiple sequential mediation pathways across
the integrated Experiential Learning Theory (ELT), Elaboration Likelihood Model (ELM),
and Theory of Planned Behavior (TPB).

The strongest indirect effect was PVI — PBC — BI (p = 0.277, t = 6.361, p < 0.001),
indicating that the influence of perceived information value on behavioral intention
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operates primarily by strengthening perceived behavioral control. Practical Experience
(PE) also showed substantial indirect effects through PE — PVI — PBC (3=0.255, t=5.677,
p <0.001), with the full sequential pathway PE — PVI — PBC — BI remaining significant
(p=0.102, t =4.377, p <0.001). These findings suggest that hands-on environmental expe-
riences enhance the perceived value of environmental information, which subsequently
increases behavioral control and intention.

Attention (ATT) influenced behavioral intention through both central and peripheral
information-processing routes. The indirect pathway ATT — CP — PVI was significant (3
=0.079, t=3.049, p =0.002), as were its subsequent effects through PBC (3 = 0.055, t =3.106,
p=0.002) and BI ( =0.022, t=2.763, p = 0.006). However, the peripheral pathway ATT —
PP — PVI produced stronger effects (3 = 0.186, t = 3.601, p < 0.001), which remained sig-
nificant through PBC ( = 0.128, t =3.377, p = 0.001) and BI (§ = 0.051, t =3.022, p = 0.003).
Likewise, both Central Processing (CP) and Peripheral Processing (PP) significantly af-
fected BI through PVI and PBC, with consistently larger indirect effects observed for the
peripheral route, suggesting that heuristic and affective processing plays a greater role
than deep cognitive elaboration among indigenous youth.

Communication Quality (CM) indirectly influenced downstream constructs through
attention and information processing. Significant mediation effects were found for both
the central (CM — ATT — CP, $=0.192, t =5.216, p < 0.001) and peripheral (CM — ATT
— PP,  =0.312, t = 7.478, p < 0.001) routes, with the peripheral pathway producing
stronger sequential effects on BI ( = 0.023 vs. 3 = 0.010). Similarly, Participation (PAR)
enhanced both information-processing pathways through attention and an experiential-
learning pathway through PAR — PE — PVI (8 = 0.244, t = 5.435, p < 0.001), which re-
mained significant through PBC (3 =0.168, t =5.095, p < 0.001) and BI (3 = 0.068, t = 4.125,
p <0.001). This experiential pathway generated stronger indirect effects than either atten-
tion-based pathway.

Overall, the mediation analysis supports the sequential mechanisms proposed by the
integrated ELT-ELM-TPB framework. Participation and Communication Quality en-
hance Practical Experience and Attention; Attention activates both Central and Peripheral
Processing; these processes, together with Practical Experience, increase Perceived Value
of Information, which strengthens Perceived Behavioral Control and ultimately promotes
Behavioral Intention. Overall, the findings indicate that (1) PVI and PBC are the primary
mediators linking environmental learning to behavioral intention, (2) experiential-learn-
ing pathways exert stronger indirect effects than communication-only pathways, and (3)
peripheral processing consistently produces larger indirect effects than central processing,
providing empirical support for the integrated theoretical framework.

4.5. Multi-Group Analysis (MGA) Results

Participant groups were defined based on the conceptual classification of the ten en-
vironmental learning activities into three educational categories, rather than representing
different participant populations. All students participated in all ten activities; however,
the activities were organized into G1 (Experiential Environmental Investigation and Res-
toration), G2 (Personal Sustainability Practice and Behavior Management), and G3 (Com-
munity-Based Reflective and Advocacy Learning) to reflect their primary educational
functions within the integrated ELT-ELM-TPB framework. MGA revealed significant het-
erogeneity across these categories, suggesting that different educational functions acti-
vated distinct learning pathways. Accordingly, the findings reflect differences in learning
mechanisms rather than participant characteristics (Table 7).
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Table 7. Summary of MGA Results: Distinct Environmental Learning Mechanisms Across Educa-

tional Activity Types.
St Key Significant
Comparison ronger ey l,gm c-an Interpretation of Learning Mechanism
Group Relationships
CM — ATT (0.619 vs. Learning was primarily communication-driven and
Group 1 (Experiential 1 0.131); PP — PVI (0.850 vs. cue-based, with attention and peripheral processing
Environmental Investi- 0.288); PVI — PBC (0.782  transforming environmental observations into infor-
gation & Restoration) vs vs. 0.416) mation value and behavioral confidence.
Group 2 (Personal Sus- PAR — ATT (0.648 vs. L . maril ticipation-dri hereb
tainability Practice & Be- _ 0.232); ATT — CP (0.591 vs. ezmmrgl Wasrirﬁagri plai lglptat ftr: nrlﬁin;iw erre y
havior Management) 0.251); PAR — CP (0.383 vs. ac V.e.e gageme . stimttiatec attention eepe
cognitive processing.
0.058)
Group 1: CM — ATT — PP Invelzstigation and restoration acti\./itie.s emphasized
. environmental cues and communication, whereas sus-
Overall Comparison N — PVI= PBC; Group 2: tainability practice activities promoted active partici
PAR —» ATT — CP — PVI a0 tity practic b P
pation and cognitive elaboration.
o ATT — PP (0.769 vs. 0.576); Learning followed ar-l experience-driven an.d heuristic
Group 1 (Experiential 1 pathway, where environmental cues and direct obser-

Environmental Investi-
gation & Restoration) vs
Group 3 (Community-
Based Reflective & Ad-
vocacy Learning)

PP — PVI (0. .0.01
— PVI(0.850 vs. 0.019) vation strongly shaped information value.

ATT — CP (0.770 vs. 0.251);
CP — PVI (0.531 vs.

3 -0.076); PAR — CP (0.307
vs. 0.058); CP — PBC (0.419
vs. —0.059)

Learning followed a reflection-driven and cognitively
elaborated pathway, where participation and reflec-
tion promoted knowledge integration, behavioral ca-
pability, and intention.

Overall Comparison

Investigation and restoration activities relied on expe-
Group 1: ATT — PP — PV riential and peripheral processing, whereas reflective
— Group 3: ATT — CP — PVI and advocacy activities emphasized central pro-
— PBC — BI cessing, meaning-making, and behavioral transfor-

mation.

4.5.1. Comparison Between Group 1 and Group 2 (Table S7)

Multi-Group Analysis (MGA) revealed significant differences between experiential
environmental investigation and restoration activities (Group 1) and personal sustainabil-
ity practice and behavior-management activities (Group 2), particularly in communica-
tion processes, attention formation, and information-processing pathways. Group 1 ex-
hibited a stronger communication-driven learning mechanism, with communication qual-
ity exerting a substantially greater effect on attention (8 = 0.619 vs. 0.131, p = 0.001), and
peripheral processing showing a much stronger influence on perceived information value
(p=0.850 vs. 0.288, p = 0.004). The pathway from perceived information value to perceived
behavioral control was also stronger in Group 1 (3 =0.782 vs. 0.416, p < 0.001), suggesting
that experiential investigation activities relied heavily on communication cues, attention,
and heuristic information processing.

In contrast, Group 2 demonstrated a stronger participation-driven learning mecha-
nism. Participation exerted a greater effect on attention (3 =0.648 vs. 0.232, p=0.001), while
attention more strongly stimulated central processing (3 = 0.591 vs. 0.251, p = 0.021). The
indirect effect of participation on central processing was also significantly greater in
Group 2 ( = 0.383 vs. 0.058, p < 0.001), indicating that sustainability practice activities
promoted deeper cognitive engagement through active participation.

Overall, the findings suggest that experiential investigation and restoration activities
primarily operated through communication-driven and peripheral-processing pathways,
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whereas sustainability practice activities promoted learning through participation and
greater cognitive elaboration.

4.5.2. Comparison Between Group 1 and Group 3 (Table S8)

MGA further revealed substantial differences between experiential environmental
investigation and restoration activities (Group 1) and community-based reflective and ad-
vocacy learning activities (Group 3), particularly in information-processing mechanisms.
Group 3 exhibited significantly stronger central-route processing, with attention exerting
a much greater effect on central processing (3 = 0.770 vs. 0.251, p < 0.001), and central
processing strongly influencing perceived information value (3 = 0.531 vs. —0.076, p <
0.001). Practical experience also contributed positively to perceived information value in
Group 3 but not in Group 1 ( = 0.394 vs. -0.037, p < 0.001), suggesting that reflective and
advocacy activities promoted meaning-making through cognitive elaboration and reflec-
tion.

In contrast, Group 1 demonstrated a stronger peripheral-processing pathway. Pe-
ripheral processing exerted a substantially greater effect on perceived information value
(p = 0.850 vs. 0.019, p < 0.001), representing the largest observed difference between the
two groups. Attention also more strongly influenced peripheral processing in Group 1 (3
=0.769 vs. 0.576, p = 0.008), indicating that experiential investigation activities relied pri-
marily on direct environmental cues and experiential learning.

Additionally, participation-driven and central-processing pathways were signifi-
cantly stronger in Group 3, leading to greater perceived information value, behavioral
control, and behavioral intention. These findings suggest that experiential investigation
activities primarily operate through experiential and heuristic mechanisms, whereas re-
flective and advocacy activities promote deeper cognitive processing, knowledge integra-
tion, and environmental meaning-making (Table 7).

4.6. Qualitative Findings on Environmental Behavioral Transformation Among
Indigenous Youth

4.6.1. Overview of Qualitative Findings

Qualitative analysis using the Gioia methodology revealed a multi-stage process
through which environmental learning experiences contributed to behavioral change, so-
cial engagement, environmental agency, and identity formation among indigenous youth.
First-order concepts were organized into second-order themes and synthesized into five
aggregate dimensions, illustrating how experiential learning, communication processes,
and socio-cognitive factors interacted to facilitate environmental behavioral transfor-
mation (Table 8).

Table 8. Gioia Data Structure Illustrating Environmental Behavioral Transformation among indig-

enous youth.

Interview . . Second-Order Aggregate
. First-Order Concepts Representative Quote .gg g.
Topic Theme Dimension
Waste separation; plastic reduction;
reusable bottles and bags; recycling and ~ “I now separate waste
material reuse; composting; ener before throwing it awa
. . P & ENETgy . 5 p Y Development
Changesin conservation; water conservation; every time at home. of dail Behavioral
ai aviora
environmental sustainable transportation; food waste “I carry my own tumbler to any )
. . . . . . sustainable Adoption
behaviors reduction; responsible consumption; reduce plastic waste. )
. . . " . practices
pollution prevention; chemical-use I turn off the lights
reduction; personal environmental whenever I leave a room.”
responsibility
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Tree planting; ecosystem restoration;
watershed conservation; river and stream “I planted more trees
. clean-up; mangrove restoration; around my home.” .
Environmental . . . . . " Environmental .
. biodiversity conservation; soil I help care for the stream . Behavioral
stewardship . . . . . L stewardship .
. conservation; forest fire prevention; habitat near our village. . Adoption
activities ) ) ) .. ; behaviors
restoration; nursery maintenance; I participate in water
environmental monitoring; school eco- restoration activities.”
projects; community restoration
Teamwork; volunteerism; cooperation; Y
. - I encourage my parents to
collective responsibility; peer .
. separate waste at home. .
., encouragement; family engagement; u Collective .
Community . G . I teach my younger . Social
. ... community collaboration; intergenerational _ . ., environmental .
participation . . . siblings about recycling. . Learning
cooperation; conflict resolution; B participation
. . I try to be a good role
communication skills; shared resource model”
management; community mobilization '
Learning from elders; traditional ecological
knowledge; indigenous conservation e .
. . I'joined a tree-planting
practices; sacred forest stewardship; .. . .
. L . activity with the Indigenous
Indigenous traditional water management; sustainable o . .
. . . . community. ecological Social
ecological farming; biodiversity knowledge; seasonal |, a1 .
; I learned teamwork skills.” knowledge Learning
knowledge ecological knowledge; cultural values u . .
; . I learned that change integration
toward nature; environmental ethics; . .2
, . requires cooperation.
sustainable resource use; local ecological
wisdom
Sharing environmental knowledge; peer
& . . g p “I keep a record of my
education; family education; environmental .
awareness campaigns; environmental resource-use behaviors.
) w igns; envi . . . )
Environmental . . p & . - I review my behavior Environmental Agency and
. .. discussions; social media communication; . L .
communication . . ) before going to bed. social influence  Influence
role modelling; environmental persuasion;
) I set goals to reduce waste
community outreach; knowledge transfer; L
. . . each day.
promoting sustainable behaviors
Organizing environmental activities; “I learned about forests
environmental leadership; campaign from village elders.”
coordination; advocacy; motivating “I understand the .
. o . i . . Environmental
Leadership and participation; facilitating group activities; relationship between advocacy and Agency and
advocacy  mentoring younger students; coordinating people and forests.” lea derzh' Influence
. . . . . . 1
restoration projects; public speaking; “I believe local wisdom P
community mobilization; environmental  helps protect the
decision-making environment.”
Self-monitoring; behavioral reflection; goal “I organized a small clean-
setting; habit tracking; self-evaluation; up activity at school.”
. & g' o w P Y . Self-regulated
. environmental checklists; feedback seeking; “I posted environmental . Agency and
Self-regulation . . ) . . ,, environmental
behavioral adjustment; continuous messages on social media. action Influence
improvement; responsibility for personal  “I feel more confident as a
actions; monitoring environmental impact leader.”
Environmental responsibility; stewardship “Nature is part of my life.”
identity; connection to nature; sense of “Conservation is part of
belonging to nature; environmental ethics; who I am.” . .
) . . s Y Environmental  Identity
Environmental intergenerational responsibility; I want to be someone who . . L
. . . L . . . identity Internalizatio
identity ~ sustainability commitment; environmental protects nature. .
transformation n

citizenship; pride in conservation; intrinsic
motivation; biodiversity appreciation;
seeing oneself as a protector of nature

“I want to pass on a healthy
environment to future
generations.”
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4.6.2. Experiential Environmental Practice and Behavioral Internalization

Participants reported adopting a range of pro-environmental behaviors, including
waste separation, reduced plastic consumption, composting, and water and energy con-
servation. These practices became integrated into daily routines, suggesting that repeated
environmental experiences facilitated behavioral internalization and strengthened confi-
dence in performing sustainable behaviors.

4.6.3. Community-Based Environmental Participation and Social Learning

Environmental learning was reinforced through participation in collective activities,
such as tree planting, watershed conservation, ecological restoration, and community
clean-up initiatives. Participants also emphasized learning from elders regarding tradi-
tional ecological knowledge, indicating that environmental understanding was shaped
through social interaction, cultural values, and community engagement.

4.6.4. Environmental Communication, Persuasion, and Behavioral Influence

Participants actively disseminated environmental knowledge through interpersonal
communication, school activities, and social media. Many described encouraging peers
and family members to adopt environmentally responsible behaviors, demonstrating that
environmental communication functioned as an important mechanism for behavioral in-
fluence and norm reinforcement.

4.6.5. Environmental Agency, Leadership, and Self-Regulated Action

Many participants reported assuming leadership roles in environmental activities,
including organizing sustainability campaigns, coordinating community actions, and en-
couraging peer participation. Participants also described monitoring their own environ-
mental behaviors and setting personal sustainability goals, indicating increased environ-
mental agency and self-regulatory capacity.

4.6.6. Environmental Identity Formation and Intergenerational Responsibility

Participants expressed a growing sense of environmental identity characterized by
feelings of interconnectedness with nature, environmental responsibility, and concern for
future generations. These findings suggest that environmental learning extended beyond
behavioral change to encompass value internalization, ethical responsibility, and long-
term environmental stewardship.

4.6.7. Integrated Interpretation: A Multi-Mechanism Transformation Model

Overall, the qualitative findings revealed four interconnected stages of environmen-
tal behavioral transformation among indigenous youth: (1) Behavioral Adoption—en-
gagement in sustainable daily practices; (2) Social Learning — participation in community-
based activities and knowledge exchange; (3) Agency and Influence —development of
leadership, communication, and environmental advocacy; and (4) Identity Internaliza-
tion —formation of environmental identity and intergenerational responsibility.

Together, these findings suggest that environmental behavioral transformation
emerged through the interaction of experiential learning, social participation, communi-
cation processes, and cognitive-behavioral mechanisms.

5. Discussion

The findings demonstrate that pro-environmental intentions among indigenous
youth emerge through multiple complementary learning mechanisms rather than a single
behavioral pathway (Figure 3). The following discussion integrates the quantitative and

https://doi.org/10.3390/su18158010


https://doi.org/10.3390/su18158010

Sustainability 2026, 18, 8010 20 of 26

Environmental Learning Process PN

qualitative evidence to explain how experiential learning, communication, cognitive eval-
uation, and behavioral capability collectively translate environmental learning into pro-
environmental intentions and environmental stewardship within the integrated ELT-
ELM-TPB framework.

Environmental Learning Pathways

Communication 0.452**
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mental Learning (Citizen Science (2
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|
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Experiential and cultur- |} Culturally relevant; ;| Community-based and multi-| | Behavioral and empower-
ally grounded leaming communication stakeholder collaboration ment-focused evaluation

Figure 3. Environmental Learning Process and Pathways to Implications. (*** indicates statistical

significance at p <0.001.)

5.1. Experiential Learning as the Foundation of Pro-Environmental Intentions

The findings demonstrate that participation and practical experience form the foun-
dation of pro-environmental learning among indigenous youth. The structural model
showed that participation strengthened practical experience, while the mediation analysis
indicated that experiential-learning pathways generated stronger downstream effects on
behavioral intention than communication-only pathways (Section 4.4). Participants’ re-
flections further revealed changes in daily environmental practices, ecosystem restoration,
and learning through direct interaction with nature and indigenous ecological
knowledge. Together, these findings suggest that concrete environmental experiences en-
hance the perceived value of environmental information while fostering environmental
stewardship.

These findings support ELT, which proposes that knowledge develops through con-
crete experience and reflective engagement rather than passive information transmission
[9,25]. Experiential activities enabled participants to connect environmental knowledge
with everyday life, consistent with research showing that direct engagement with nature
strengthens environmental knowledge, emotional connection, and pro-environmental be-
havior [3,12]. The qualitative findings further suggest that experiential learning promotes
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environmental stewardship identities and long-term responsibility toward nature, con-
sistent with place-based and indigenous environmental education [26,27].

Accordingly, environmental education programs for indigenous youth should prior-
itize authentic, culturally grounded environmental experiences over classroom-based
knowledge transfer alone, consistent with sustainability education emphasizing experi-
ential and action-oriented learning [28,29].

5.2. Attention as the Gateway to Environmental Learning

The findings indicate that attention serves as the critical gateway connecting commu-
nication quality and participation with subsequent information processing. While the
structural model identified communication quality as the strongest predictor of attention,
the qualitative findings help explain this relationship. Participants frequently described
learning through discussions with peers, guidance from community elders, storytelling,
collaborative activities, and culturally grounded environmental communication, suggest-
ing that meaningful communication first captures learners’ attention before stimulating
deeper cognitive engagement, consistent with previous environmental communication
research [30,31].

This interpretation aligns with the Elaboration Likelihood Model, which proposes
that attention is a prerequisite for both central and peripheral information processing
[10,32]. However, attention alone is insufficient to promote behavioral change; rather, it
initiates the cognitive processes through which environmental information becomes per-
sonally relevant and behaviorally meaningful, consistent with ELM research on infor-
mation evaluation and internalization [33].

These findings extend previous environmental communication research by demon-
strating that culturally grounded communication not only attracts attention but also ena-
bles learners to connect environmental messages with indigenous knowledge, lived expe-
riences, and collective responsibility.

5.3. Perceived Information Value as the Critical Cognitive Mechanism

One of the most important findings is the central role of Perceived Information Value
(PVI) as the cognitive mechanism linking environmental learning experiences to behav-
ioral capability. The structural model demonstrated that practical experience together
with both information-processing routes contributed to PVI, while the mediation analysis
identified PVI as the principal mechanism connecting learning experiences with perceived
behavioral control and behavioral intention (Section 4.4).

The qualitative findings complement this mechanism by illustrating how partici-
pants evaluated environmental knowledge according to its practical usefulness in daily
life. Rather than emphasizing information acquisition alone, participants described apply-
ing environmental knowledge through waste reduction, ecosystem restoration, sustaina-
ble farming, and community conservation activities. These narratives suggest that envi-
ronmental information becomes influential only when learners perceive it as locally rele-
vant, culturally meaningful, and directly applicable, consistent with environmental com-
munication research [34,35].

This interpretation is consistent with information-value and information adoption
theories, which argue that individuals are more likely to adopt information perceived as
useful for solving practical problems [36,37]. The present findings therefore extend previ-
ous environmental education research by suggesting that educational effectiveness de-
pends less on the amount of information delivered than on learners’ perceptions of its
relevance and applicability within their own communities.
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Accordingly, environmental education should emphasize culturally meaningful, ac-
tion-oriented learning experiences that enhance the perceived value of environmental
knowledge rather than focusing solely on information transmission.

5.4. Behavioral Control as the Primary Driver of Intention

Consistent with the Theory of Planned Behavior (TPB), perceived behavioral control
emerged as the strongest determinant of pro-environmental intention [6,38]. The qualita-
tive findings provide important contextual support for this relationship. Participants fre-
quently described increased confidence in organizing environmental activities, monitor-
ing their own behaviors, leading community initiatives, and encouraging others to adopt
environmentally responsible practices. These experiences illustrate how experiential
learning strengthened participants’ confidence in their ability to perform environmental
behaviors, reinforcing previous evidence that perceived behavioral control and self-effi-
cacy are key predictors of environmental action [39,40]. They also reflect Bandura’s con-
cept of self-efficacy, whereby mastery experiences strengthen confidence to perform de-
sired behaviors [41].

The findings also highlight the importance of subjective norms within indigenous
communities. Participants consistently emphasized collective responsibility, intergenera-
tional cooperation, and learning from elders, suggesting that social expectations and cul-
tural values reinforce individual confidence and commitment to environmental action,
consistent with research on indigenous environmental stewardship and community-
based learning [42,43].

Together, the quantitative and qualitative findings suggest that environmental edu-
cation should move beyond knowledge acquisition toward developing learners’ confi-
dence, agency, and practical competence within supportive community environments.

5.5. Complementary Environmental Learning Pathways

The MGA findings demonstrate that environmental learning pathways differ accord-
ing to the educational characteristics of each activity rather than representing a single uni-
versal learning process. The qualitative findings provide additional insight into these dif-
ferences. Participants involved in restoration activities emphasized direct engagement
with ecosystems and environmental stewardship, whereas sustainability practice activi-
ties promoted behavioral experimentation and routine environmental practices. Reflec-
tive and advocacy-oriented activities, in contrast, generated narratives emphasizing lead-
ership, environmental identity, self-regulation, and community influence.

These complementary findings suggest that different educational activities activate
distinct learning mechanisms. Experiential activities promote environmental awareness
through direct interaction with nature, consistent with experiential and inquiry-based
learning approaches [3,9]. Participatory activities strengthen behavioral competence
through active involvement, supporting theories of learning-by-doing and participatory
education [28]. Reflective and advocacy-oriented activities facilitate deeper cognitive elab-
oration, environmental agency, and identity formation, consistent with the Elaboration
Likelihood Model, which proposes that central-route processing promotes more enduring
attitudinal and behavioral change [10,32].

This interpretation extends ELT, ELM, and TPB by demonstrating that environmen-
tal learning should be conceptualized as a dynamic, activity-dependent process rather
than a single linear pathway. Accordingly, effective environmental education programs
should integrate experiential, participatory, reflective, and advocacy-oriented pedagogies
to promote complementary dimensions of environmental learning. Such an integrated ap-
proach is consistent with contemporary sustainability education frameworks that empha-
size transformative, participatory, and action-oriented learning [29,44].

https://doi.org/10.3390/su18158010


https://doi.org/10.3390/su18158010

Sustainability 2026, 18, 8010

23 of 26

5.6. Environmental Identity and Intergenerational Stewardship

An important contribution emerging from the qualitative findings is the identifica-
tion of environmental identity and intergenerational stewardship as outcomes extending
beyond the quantitative model. Participants increasingly described environmental pro-
tection as part of their personal identity, their cultural responsibility, and their commit-
ment to future generations. These narratives suggest that environmental learning was not
limited to developing behavioral intention but also fostered enduring environmental val-
ues and a stronger sense of belonging to both community and nature.

Although environmental identity was not explicitly included in the structural model,
the qualitative findings indicate that it may represent an important mechanism through
which experiential learning contributes to sustained environmental engagement. This in-
terpretation is consistent with previous studies emphasizing the role of environmental
identity, place attachment, and indigenous knowledge systems in promoting long-term
pro-environmental behavior [13,28,45].

Future research should therefore examine environmental identity and environmental
agency as latent constructs within expanded ELT-ELM-TPB models to better understand
how environmental learning contributes to sustained environmental stewardship over
time.

6. Conclusions

This study investigated the mechanisms underlying pro-environmental intentions
and reported behaviors among indigenous youth by integrating Experiential Learning
Theory (ELT), the Elaboration Likelihood Model (ELM), and the Theory of Planned Be-
havior (TPB). Using a mixed-methods approach combining Partial Least Squares Struc-
tural Equation Modeling (PLS-SEM), Multi-Group Analysis (MGA), and Gioia qualitative
analysis, the findings demonstrate that environmental behavioral change emerges
through the interaction of experiential learning, information-processing mechanisms, per-
ceived information value, and socio-cognitive determinants of behavior.

The quantitative findings revealed that participation and practical experience form
the foundation of environmental learning, while attention functions as a critical gateway
linking communication quality and participation to information processing. Perceived
value of information emerged as the most important cognitive mechanism translating en-
vironmental experiences into behavioral capability and intention, whereas perceived be-
havioral control was identified as the strongest direct predictor of pro-environmental in-
tention. The qualitative findings further demonstrated that environmental learning
among indigenous youth extends beyond behavioral intention to encompass environmen-
tal stewardship, leadership, environmental agency, environmental identity, and intergen-
erational responsibility.

A major contribution of this study is the demonstration that environmental learning
pathways are activity-dependent rather than universal. Multi-Group Analysis revealed
that experiential environmental investigation and restoration activities primarily acti-
vated communication-driven and peripheral-processing pathways, sustainability practice
activities emphasized participation and central cognitive processing, and reflective and
advocacy-oriented activities promoted deeper cognitive elaboration, environmental
agency, and behavioral transformation. These findings extend existing applications of
ELT, ELM, and TPB by suggesting that different environmental learning activities activate
distinct but complementary mechanisms of environmental behavioral change.

The findings have important implications for environmental education and sustain-
ability practice. Environmental education programs for indigenous youth should move
beyond conventional classroom-based knowledge transfer and adopt experiential, partic-
ipatory, reflective, and culturally grounded learning approaches. Activities such as
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ecological restoration, citizen science, environmental stewardship, reflection, advocacy,
and youth leadership development may strengthen environmental knowledge, behav-
ioral capability, environmental identity, and long-term environmental commitment. In
addition, environmental communication strategies should incorporate indigenous ecolog-
ical knowledge, local environmental contexts, and culturally relevant messages to en-
hance attention, perceived information value, and environmental engagement.

From a policy perspective, the findings support increased investment in community-
based and participatory environmental education programs that foster collaboration
among schools, indigenous communities, local governments, and civil society organiza-
tions. Evaluation frameworks should move beyond knowledge acquisition and include
indicators of behavioral change, environmental agency, leadership, and community par-
ticipation.

Finally, future research should extend the integrated ELT-ELM-TPB framework by
incorporating additional constructs, such as environmental identity, environmental self-
efficacy, moral norms, place attachment, environmental agency, and indigenous cultural
values. In particular, environmental identity and environmental agency, which emerged
inductively from participants’ reflective narratives in this study, should be further con-
ceptualized and empirically examined as potential latent constructs within expanded
SEM frameworks using larger samples. Future studies should also investigate whether
cultural identity functions as a moderating mechanism influencing how environmental
experiences are interpreted, how environmental information is processed, and how be-
havioral intentions are developed. Because the present findings are analytically rather
than statistically transferable, multi-site and cross-cultural studies involving diverse in-
digenous communities are needed to examine the broader applicability of the proposed
framework across different cultural, educational, and ecological contexts. Longitudinal
research is also recommended to examine the persistence of environmental behavioral
change over time and to explore how indigenous worldviews, community connectedness,
and culturally grounded learning processes contribute to sustained environmental stew-
ardship and collective environmental action.
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