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Abstract: Disaster risk mitigation ability is an essential competency for pre-service teachers, enabling them to
translate disaster-related knowledge into preparedness and preventive action. This study investigates the relationships
between pedagogical, professional, academic, and social competencies and disaster risk mitigation ability among pre-
service teachers. A quantitative research design was employed, using survey data collected from 92 undergraduate
students enrolled in a teacher education program in Indonesia who had experience with artificial intelligence (Al)-
based learning applications. Partial Least Squares Structural Equation Modeling (PLS-SEM) was applied to examine
the relationships among the competency domains and mitigation ability. The measurement model demonstrated
satisfactory internal consistency reliability; however, the average variance extracted (AVE) values for the four
predictor constructs were below the recommended threshold of 0.50, indicating limitations in convergent validity.
The structural model explained 25.5% of the variance in mitigation ability (R? = 0.255). Social competence exhibited
the largest positive standardized coefficient (B = 0.361), followed by pedagogical competence (B = 0.269) and
academic competence ( = 0.047), whereas professional competence showed a negative coefficient (B =—0.312). As
the statistical significance of these relationships has not yet been consistently verified, the results are interpreted as
preliminary associations rather than confirmed hypothesis support. The findings provide an exploratory competency-
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based perspective on disaster risk reduction education and highlight the potential importance of communication,
collaboration, and pedagogical competence in preparing future teachers for disaster mitigation activities. Further
research with larger samples and refined measurement instruments is recommended.

Keywords: disaster risk mitigation; pre-service teachers; pedagogical competence; professional competence;
academic competence; social competence; PLS-SEM.
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1. Introduction

The increasing frequency and intensity of disasters,
the accelerating impacts of climate change, and growing
socio-ecological uncertainty have fundamentally
reshaped expectations of the role of education in
contemporary society. Education is no longer viewed
solely as a mechanism for knowledge transmission but
increasingly as a strategic process for developing
individuals' capacity to recognize hazards, understand
vulnerability, make informed decisions, and undertake
preventive actions before disasters occur. Within the
framework of disaster risk reduction (DRR), mitigation
ability has consequently emerged as a critical
educational outcome because it reflects an individual's
capacity to identify potential threats, evaluate their
consequences, develop preparedness strategies, and
actively participate in sustainable risk reduction efforts
[1], [2]. Consistent with this shift, recent developments
in DRR education demonstrate a transition from
information-centred instruction toward more integrated
educational approaches that combine disaster literacy,
contextual learning, preparedness training, and
community engagement to promote meaningful
behavioural change [1].

This  transformation  positions  educational
institutions as key actors in strengthening disaster
resilience. Schools and higher education institutions are
expected not only to disseminate scientific knowledge
but also to cultivate the values, competencies, and
behavioural dispositions required for effective disaster
preparedness and risk reduction. Previous studies have
demonstrated that safe school initiatives, disaster
simulation programmes, project-based learning, and risk
communication strategies can successfully narrow the
gap between hazard awareness and actual preparedness
behaviour [3], [4], [5]. Nevertheless, the effectiveness of
these educational interventions depends not merely on
curriculum content or instructional materials but
fundamentally on the competencies of educators
responsible for designing, facilitating, and evaluating
the learning process. As a result, the quality of
mitigation education is determined not only by what is
taught but also by how disaster-related knowledge is
transformed into meaningful learning experiences that
foster preparedness and resilience [6].

In the educational literature, educator competence is
generally conceptualized as a multidimensional
construct comprising pedagogical, professional,
academic, and social competencies [7]. Although these
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competency domains collectively define educators'
professional capacity, each represents a distinct
dimension that may contribute differently to educational
outcomes. Pedagogical competence concerns the ability
to design, implement, and evaluate effective learning
processes. Professional competence reflects adherence
to professional standards, ethical responsibilities, and

institutional accountability. Academic competence
encompasses  scientific  reasoning,  conceptual
understanding, and the systematic application of

knowledge, whereas social competence emphasizes
communication, collaboration, trust building, and
productive interaction with diverse stakeholders. While

these competencies are commonly regarded as
complementary components of educator
professionalism, their respective contributions to

disaster mitigation ability cannot be assumed to be
equivalent. This distinction is particularly relevant in
disaster risk reduction because effective mitigation
depends not only on cognitive mastery but also on the
capacity to communicate risk, facilitate participation,
coordinate collective action, and translate knowledge
into practical preparedness [8].

Recent developments in disaster education research
have increasingly highlighted the close relationship
between educational competencies and disaster risk
reduction. First, numerous studies emphasize the
importance of integrating DRR into educational
curricula while strengthening institutional preparedness
through comprehensive school-based approaches [1],
[4]. Second, research conducted in high-risk
environments consistently demonstrates that non-
technical competencies—including communication,
coordination, leadership, teamwork, and situational
awareness—play a critical role in effective disaster
preparedness and emergency response [9], [10]. Third,
methodological developments have led to the
widespread adoption of Partial Least Squares Structural
Equation Modeling (PLS-SEM) as a robust analytical
approach for examining predictive relationships among
complex latent constructs in educational and social
science research [11], [12], [13]. Collectively, these
developments suggest that mitigation ability should be
understood as a multidimensional educational outcome
shaped by the interaction of multiple competency
domains rather than by a single dimension of educator
competence.

Despite these advances, important gaps remain in the
existing literature. Most studies on disaster mitigation
education have concentrated primarily on curriculum
integration, disaster literacy, school preparedness, or the
development of disaster education programmes [1], [4].
While these studies have substantially advanced
understanding of the educational role in strengthening
resilience, they have provided limited empirical
evidence regarding the relative contribution of different
educator competency domains to mitigation ability.
Conversely, studies focusing on educator competencies

have predominantly addressed instrument development,
competency validation, or professional development
without explicitly linking these competencies to disaster
mitigation outcomes. Consequently, the empirical
relationship  between pedagogical, professional,
academic, and social competencies and their
comparative contribution to mitigation ability remains
insufficiently understood. This limitation highlights the
need for an integrated predictive framework capable of
simultaneously evaluating the relative influence of
multiple educator competencies on mitigation ability,
thereby providing a more comprehensive understanding
of competency-based disaster risk reduction education.

The identified research gap has important
implications for teacher education and competency-
based disaster risk reduction programmes. Existing
capacity-building initiatives often treat educator
competencies as a homogeneous set of professional
attributes, assuming that each competency contributes
equally to educational effectiveness. Such an
assumption may lead to less effective intervention
strategies because different competency domains are
likely to influence mitigation ability through different
mechanisms and with different levels of contribution.
Within the present study, Al is used only to define the
respondent context: participants were FKIP students
with experience using Al-based applications in learning
activities. Al is therefore not positioned as an
independent construct, mediator, or outcome in the
proposed model. Identifying the relative contribution of
each competency domain among pre-service teachers is
essential for designing more targeted, evidence-based,
and effective capacity development strategies that align
educational interventions with competencies most
relevant to disaster preparedness and mitigation.

Against this background, a clear empirical gap
remains regarding the comparative association of
pedagogical, professional, academic, and social
competencies with mitigation ability among pre-service
teachers within a unified analytical framework.
Although previous studies have highlighted the
importance of educator competence and disaster
education independently, limited evidence is available
regarding how these competency domains jointly
explain  mitigation  ability =~ when  evaluated
simultaneously within a single structural model.
Addressing this gap represents the primary objective of
the present study. By employing a prediction-oriented
PLS-SEM approach, this research examines the
individual relationships between competency domains
and mitigation ability and identifies their relative
observed contributions, thereby providing an
exploratory empirical foundation for competency-based
disaster risk reduction education.

2. Research Aim

This study aims to examine the relative association
of pedagogical, professional, academic, and social
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competencies with mitigation ability among FKIP pre-
service teachers within an integrated educational
competency framework. Specifically, the study seeks to
(1) evaluate the measurement model of mitigation
ability based on the fifteen indicators (MA1-MA15); (2)
estimate the structural relationships between the four
competency domains and mitigation ability using Partial
Least Squares Structural Equation Modeling (PLS-
SEM); (3) assess the proportion of variance in mitigation
ability explained by the proposed competency model,;
and (4) provide theoretical, methodological, and
practical insights into the development of competency-
based disaster risk reduction (DRR) education.

Beyond testing individual relationships, this study
identifies the relative observed contribution of each
competency domain in explaining mitigation ability. By
simultaneously examining pedagogical, professional,
academic, and social competencies within a single
structural framework, the study advances understanding
of how different dimensions of pre-service teacher
competence relate to mitigation ability and provides an
empirical basis for strengthening disaster risk reduction
education  through evidence-based competency
development. The novelty of this study lies in the
development of an integrated competency model that
simultaneously examines these four domains in relation
to mitigation ability among FKIP students with Al-
based learning experience, while treating Al as
respondent context rather than as a modeled variable.

3. Literature Review and Hypotheses
Development

Pedagogical competence refers to educators' ability
to understand learner characteristics, formulate learning
objectives, design appropriate instructional strategies,
manage classroom interactions, and evaluate learning
outcomes. Within the context of disaster risk reduction
(DRR), this competency becomes particularly important
because key concepts—including hazards, vulnerability,
capacity, preparedness, and risk—are often abstract and
difficult to translate into meaningful behavioural
responses. Consequently, educators must transform
these concepts into authentic learning experiences
through locally relevant case studies, simulations,
project-based activities, reflective discussions, and
practical preparedness exercises that enable learners to
connect theoretical understanding with real-world
mitigation practices.

Recent DRR education literature consistently
emphasizes that the effectiveness of mitigation
education depends not only on curriculum content but
also on pedagogical approaches that successfully
connect disaster knowledge with preparedness
behaviour [1]. Similarly, the digital competency
framework for DRR highlights that educators require
strong pedagogical capabilities to transform hazard
information, digital resources, and learning technologies

into adaptive and risk-responsive educational processes
[14]. Collectively, these perspectives suggest that
pedagogical competence functions as the instructional
mechanism through which disaster knowledge is
converted into behavioural readiness and preventive
action rather than remaining conceptual understanding
alone. Therefore, educators with stronger pedagogical
competence are expected to facilitate more effective
development of mitigation ability.

Based on this theoretical foundation, Hypothesis 1
(H1) is formulated as follows.

HI. Pedagogical competence has a positive effect on
mitigation ability.

Professional competence reflects an educator's
ability to perform professional responsibilities in
accordance with ethical standards, institutional
regulations, accountability, and professional practice.
Within disaster education, professional competence
contributes to the consistent implementation of school
safety programmes, compliance with operational
procedures, and the integration of educational
responsibilities with learner protection. Evidence from
safe-school  research indicates that effective
implementation of disaster preparedness initiatives
depends not only on mitigation content but also on
institutional commitment, implementation capacity, and
procedural consistency [4]. Likewise, disaster
preparedness research highlights that both professional
and non-technical competencies are essential because
emergency situations require coordinated decision-
making, leadership, and shared responsibility across
multiple stakeholders [9].

Nevertheless, professional competence may not
automatically translate into mitigation ability when it
remains focused primarily on administrative
responsibilities or procedural compliance without
explicitly incorporating disaster preparedness and risk
reduction practices. This distinction suggests that the
contribution of professional competence depends on the
extent to which professional responsibilities are aligned
with mitigation objectives. From a theoretical
perspective, however, professional competence should
strengthen educators' capacity to implement systematic,
disciplined, and sustainable mitigation practices.
Therefore, a positive relationship is proposed in the
conceptual model.

Based on this theoretical foundation, Hypothesis 2
(H2) is formulated as follows.

H?2. Professional competence has a positive effect on
mitigation ability.

Academic competence refers to the ability to
understand  scientific concepts, apply analytical
reasoning, interpret evidence, and explain phenomena
systematically. In disaster education, such competence
provides the cognitive foundation required to
understand hazard characteristics, causal mechanisms,
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exposure, vulnerability, resilience, and risk reduction
strategies. Without adequate academic competence,
mitigation activities risk becoming procedural routines
that lack conceptual understanding and critical
reflection.

Research in disaster risk reduction education
consistently identifies scientific literacy and disaster
knowledge as fundamental prerequisites for
understanding why preventive measures are necessary
and how they should be implemented [1]. However,
knowledge alone does not necessarily produce
mitigation behaviour. Effective disaster preparedness
requires individuals to transform conceptual
understanding into practical action through learning
experiences, communication, and participation in social
contexts. Accordingly, academic competence is
expected to contribute positively to mitigation ability,
although its direct contribution may be less substantial
than those of pedagogical and social competencies
because knowledge acquisition represents only one
component of the broader behavioural process
underlying disaster preparedness.

Based on this theoretical foundation, Hypothesis 3
(H3) is formulated as follows.

H3. Academic competence has a positive effect on
mitigation ability.

Social competence encompasses the ability to
communicate effectively, collaborate with others,
demonstrate empathy, establish trust, and participate in
collective problem-solving. Within the context of
disaster risk reduction, these competencies are
particularly important because mitigation is inherently a
collaborative process rather than an individual activity.
Critical mitigation practices—including early warning
dissemination, evacuation planning, hazard mapping,
community education, and school preparedness—
depend on effective coordination, mutual trust, and
continuous dialogue among multiple stakeholders.
Consequently, the effectiveness of mitigation initiatives
is determined not only by what individuals know but
also by how successfully they interact, coordinate, and
mobilize collective action.

This perspective is supported by the competency
review of social work in disaster management, which
emphasizes that effective mitigation requires
communication, interprofessional collaboration,
community engagement, and sustained social support
throughout the disaster management process [10].
Likewise, studies examining the integration of
indigenous and local knowledge into disaster risk
reduction demonstrate that community resilience is
strengthened when mitigation activities are developed
through participatory approaches that recognize local
contexts, cultural values, and social relationships [15].
Collectively, these findings suggest that social
competence functions as the enabling mechanism
through which disaster knowledge is translated into

coordinated preparedness and collective mitigation
practices. Accordingly, individuals with stronger social
competence are expected to demonstrate greater
mitigation ability because they are better equipped to
facilitate communication, encourage participation, and
coordinate disaster preparedness within educational and
community settings.

Based on this theoretical foundation, Hypothesis 4
(H4) is formulated as follows.

H4. Social competence has a positive effect on
mitigation ability.

The four hypotheses are developed within an
integrated competency framework that conceptualizes
mitigation ability as a multidimensional educational
outcome. Rather than assuming that educator
competencies contribute equally, the proposed model
recognizes that each competency domain represents a
distinct yet complementary dimension of mitigation
education. Academic competence provides the cognitive
foundation for understanding disaster risks; pedagogical
competence transforms that knowledge into meaningful
learning experiences; professional competence ensures
that mitigation practices are implemented within ethical,
institutional, and professional standards; and social
competence facilitates communication, collaboration,
and coordinated action among individuals and
communities. Viewed together, these competencies
form an interconnected system in which the
effectiveness of mitigation education depends on the
interaction among cognitive, instructional, professional,
and social dimensions rather than on any single
competency in isolation.

Accordingly, the proposed structural model is
designed not only to examine whether each competency
exhibits a positive relationship with mitigation ability
but also to evaluate the relative contribution of each
competency domain in explaining mitigation outcomes.
This integrative perspective provides a more
comprehensive understanding of educator competencies
in disaster risk reduction and establishes the theoretical
basis for comparing their predictive roles within a single
structural framework.

4. Research Methods

This study employed an explanatory quantitative
research design using Partial Least Squares Structural
Equation Modeling (PLS-SEM). The selection of PLS-
SEM was motivated by the exploratory, prediction-
oriented nature of the research objective, which seeks to
examine the relative observed contributions of
pedagogical, professional, academic, and social
competencies to mitigation ability among pre-service
teachers. Because the proposed model consists of
multiple interrelated latent constructs and emphasizes
prediction-oriented theory development rather than
strict theory confirmation, PLS-SEM provides an
appropriate analytical framework for estimating
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complex structural relationships in educational research
[12],[16].

The conceptual model comprises four exogenous
latent constructs—Pedagogical Competence (PdC),
Professional Competence (PrC), Academic Competence
(AcC), and Social Competence (ScC)—and one
endogenous construct, Mitigation Ability (MtA).
Mitigation ability was operationalized using fifteen
reflective indicators (MA1-MA15). The structural
model was estimated using SmartPLS, which generated
indicator loadings, reliability and validity statistics,
standardized path coefficients, and the coefficient of
determination (R?) for the endogenous construct. These
outputs formed the primary basis for evaluating both the
measurement quality and the predictive performance of
the proposed model.

The analytical procedure consisted of two
complementary stages. The first stage involved
evaluation of the measurement model to assess the
adequacy of the latent constructs. Indicator reliability
was examined through outer loadings, where higher
loading values indicate stronger relationships between
indicators and their underlying constructs. Consistent
with established PLS-SEM guidelines, indicators with
loadings above 0.70 were considered satisfactory,
whereas indicators within the range of 0.50—0.70 were
retained when they demonstrated theoretical relevance
and contributed to preserving the conceptual content of
the construct [12], [16]. In addition to indicator
reliability, the measurement model was evaluated using
Cronbach's alpha, rhoA, composite reliability (CR),
average variance extracted (AVE), and the heterotrait-
monotrait ratio (HTMT) to assess internal consistency,
convergent validity, and discriminant validity.

The second stage focused on evaluation of the
structural model. Standardized path coefficients were
used to examine the direction and relative strength of the
relationships between competency domains and
mitigation ability, whereas the coefficient of
determination (R?) was used to estimate the proportion
of variance in mitigation ability explained by the four
educational competencies. To ensure that the estimated
relationships were not affected by multicollinearity,
collinearity diagnostics were performed using the
variance inflation factor (VIF). Together, these analyses
provided a comprehensive assessment of both the
explanatory capacity and predictive performance of the
proposed competency model.

The adoption of PLS-SEM is further justified by the
objective of developing a prediction-oriented rather than
a confirmatory model. Unlike covariance-based SEM,
which primarily evaluates the fit of established
theoretical models, PLS-SEM is particularly suitable for
studies aiming to identify the relative contribution of
multiple predictors and to explore emerging theoretical
relationships. Contemporary methodological literature
emphasizes the importance of distinguishing

explanatory, confirmatory, and predictive modeling so
that empirical findings are interpreted in accordance
with the analytical purpose of the study [12], [19].
Accordingly, this study interprets indicator loadings,
standardized path coefficients, and R? values primarily
as measures of predictive contribution rather than
definitive evidence of causal relationships.

Transparency in model reporting was considered an
essential methodological principle throughout the
analysis. Because competency-based models may serve
as the basis for educational intervention and policy
development, the analytical procedures should be
sufficiently transparent to facilitate replication and
critical evaluation. From an open science perspective,
PLS-SEM research should provide clear documentation
of analytical decisions, measurement evaluation, and
interpretation of structural relationships [20]. Therefore,
all reported interpretations are directly linked to the
SmartPLS outputs presented in the corresponding tables
and figures.

To enhance analytical consistency, the final revision
should report one verified set of results from a single
SmartPLS bootstrapping output. The present draft
retains the available path coefficients and R? values
while marking bootstrapping statistics that require
confirmation before publication. Measurement model
evaluation included outer loadings, Cronbach's alpha,
rhoA, composite reliability, AVE, and HTMT, whereas
structural model evaluation comprised path coefficients,
R?, collinearity statistics (VIF), t-statistics, and p-values.
Using one verified output source is necessary to avoid
inconsistencies between coefficients, t-statistics, p-
values, and hypothesis conclusions.

5. Results

The research data were obtained from 92
undergraduate students from the Faculty of Teacher
Training and Education (FKIP) who served as pre-
service teacher respondents. This revision uses the terms
FKIP students and pre-service teachers consistently
throughout the manuscript and avoids generalizing the
findings to teachers, lecturers, or educators beyond the
sampled population.

The evaluation of the measurement model indicates
that the mitigation ability construct is represented by
indicators with generally satisfactory outer loadings.
Among the fifteen indicators, MA4 exhibited the highest
loading (0.835), followed by MA2 (0.794), MA6
(0.782), MA8 (0.780), and MA7 (0.777), suggesting that
these indicators provide the strongest representation of
the latent construct. The remaining indicators, including
MAI15, MA10, MA12, MAll, MA9, and MAS,
demonstrated loadings ranging from 0.705 to 0.751,
indicating acceptable indicator reliability and supporting
the internal consistency of the mitigation ability
construct.
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Two indicators, MA1 (0.621) and MA14 (0.595),
were below the commonly recommended threshold of
0.70. Nevertheless, both indicators remained above the
minimum acceptable level frequently adopted in
prediction-oriented PLS-SEM studies and were retained
because they represent conceptually important
dimensions of mitigation ability. Consequently, the
measurement model prioritizes adequate coverage of the
construct domain while maintaining acceptable
psychometric performance, rather than maximizing
statistical values through the elimination of theoretically
meaningful indicators.

Figure 1 illustrates the distribution of outer loadings
for the fifteen mitigation ability indicators (MAl-
MAT15). The reference line at 0.70 demonstrates that the
majority of indicators exceeded the commonly accepted
criterion for indicator reliability. MA4 emerged as the
strongest indicator of the construct, whereas MA14
showed the lowest loading. Despite its comparatively
lower loading, MA14 was retained to preserve the
conceptual breadth of the mitigation ability construct.
This finding suggests that mitigation ability is a
multidimensional construct that is not dominated by a
single indicator but is collectively represented by
multiple  dimensions  reflecting  understanding,
preparedness, and the tendency to undertake mitigation
actions.

This study involved 92 respondents consisting of
undergraduate FKIP  students who voluntarily
participated in the survey. The sample size was
considered acceptable for the exploratory PLS-SEM
model because the largest number of structural paths
directed at the endogenous construct was four, and the
sample exceeded the commonly used minimum-times
rule for PLS-SEM. Nevertheless, the sample remains
relatively small; therefore, the findings should be
interpreted as preliminary and should be validated in
future studies with larger and more diverse pre-service
teacher samples.

The inclusion criteria required respondents to (1) be
active FKIP students, (2) have experience using Al-
based applications in learning activities, (3) voluntarily
agree to participate in the research, and (4) complete all
questionnaire items. Responses with incomplete
questionnaires were excluded from the final dataset.

Data were collected using five structured online
questionnaires developed through Google Forms, with
each questionnaire measuring a different latent
construct. The instruments consisted of: Pedagogical
Competence, Professional Competence, Academic
Competence, Social Competence, Mitigation Ability.

The questionnaire items were designed to measure
respondents' perceptions of pedagogical, professional,
academic, and social competencies, as well as mitigation
ability. Al was used only as a contextual inclusion
criterion because respondents had experience using Al-
based applications in learning activities; Al was not

modeled as an independent variable, mediator, or
moderator.

All questionnaire items were measured using a five-
point Likert scale, where:

Score Category
1 Strongly Disagree
2 Disagree
3 Neutral
4 Agree
5 Strongly Agree
Higher scores indicate stronger perceptions

regarding the measured competency.

The research instruments were developed based on
the theoretical framework of educator competencies
comprising pedagogical, professional, academic, and
social competencies, as well as disaster mitigation
competencies identified in the literature on Disaster Risk
Reduction (DRR). The questionnaire items were
adapted and contextualized for FKIP pre-service
teachers and reviewed for content relevance, clarity, and
suitability for higher education contexts.

The content validity of the instrument was evaluated
through expert judgment by specialists in the relevant
fields to ensure the relevance, clarity, and
appropriateness of the questionnaire items for
measuring the intended constructs.

Data collection was conducted online using Google
Forms. The survey invitation was distributed through
academic communication channels accompanied by an
explanation regarding the purpose of the study.
Participation was entirely voluntary, and respondents
completed the questionnaires anonymously without
providing personally identifiable information.

The survey invitation informed participants that the
research examined competency domains and mitigation
ability among FKIP students with experience using Al-
based learning applications.

Participation in this study was entirely voluntary.
Before completing the questionnaires, respondents were
informed about the objectives of the research, the
confidentiality of the collected data, and their right to
discontinue participation at any stage without
consequences. No personally identifiable information
was collected, and all responses were analyzed
anonymously for academic research purposes. Ethical
approval or exemption information must be inserted in
the Declarations section after the authors provide the
protocol number and approval date.

The collected data were analyzed using SmartPLS
version 4.1.1.8 following the Partial Least Squares
Structural Equation Modeling (PLS-SEM) approach.
The measurement model was evaluated using outer
loadings, Cronbach's alpha, rhoA, Composite Reliability
(CR), Average Variance Extracted (AVE), and the
Heterotrait—-Monotrait Ratio (HTMT).
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The structural model was subsequently evaluated
using standardized path coefficients, coefficient of
determination (R?), and Variance Inflation Factor (VIF).
The statistical significance of the structural relationships
was assessed using the bootstrapping procedure with
5,000 subsamples, employing two-tailed testing at a
significance level of 5%.

Figure 1. Indicator Loadings for Mitigation Ability
=

A2 0754
Wy 2787
A
|

Incdhcators
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Source: Author's PLS-SEM analysis.
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The assessment of internal consistency reliability and
convergent validity demonstrates that all constructs
achieved satisfactory reliability. As presented in Table
1, Cronbach's alpha and composite reliability (CR)
values exceeded the recommended threshold of 0.70
across all latent wvariables, indicating that the
measurement items consistently capture their respective
constructs. The consistently high reliability coefficients
suggest that the proposed measurement model possesses
adequate internal consistency and provides a stable basis
for subsequent structural model evaluation.

Although the reliability criteria were fully satisfied,
convergent validity was only partially achieved. The
Mitigation Ability (MtA) construct reached the
recommended AVE threshold (AVE = 0.537),
indicating that more than half of the variance of its
indicators is explained by the latent construct. In
contrast, the AVE values of Pedagogical Competence
(0.415), Professional Competence (0.427), Academic
Competence (0.464), and Social Competence (0.443)
remained below the recommended threshold of 0.50.
These findings require cautious interpretation and
indicate that the measurement instrument should be
refined in future studies.

Nevertheless, the relatively low AVE values should
not be interpreted as evidence of an inadequate
measurement model. The satisfactory composite
reliability, together with the conceptual relevance of the
retained indicators, suggests that the constructs remain
sufficiently reliable for prediction-oriented analysis.
Rather than removing theoretically —meaningful
indicators solely to improve statistical indices, the
present study prioritizes preserving the conceptual

coverage of each competency domain. Therefore, the
measurement model is considered acceptable for
structural analysis, while acknowledging that future
studies should further refine the measurement
instrument to improve convergent validity.

Table 1. Reliability and Convergent Validity

Compos
Constru Cr(;ll'lsbac rho ite AV Remarks
ct Alpha A Reliabil E
P ity (CR)
Reliable;

. AVE
Pedcaﬁogl below
Compete 0888 '8 g9 04l 0.50and

8 5 requires
nce cautious
(PdC) interpretat
ion
Reliable;
AVE
Professio below
nal 0.8 0.42 0.50 and
Compete 0.88 9 0.89 7 requires
nce (PrC) cautious
interpretat
ion
Reliable;
Academi AVE
c below
Compete 093 03 93 046 0.50and
3 4 requires
nee cautious
(AcC) interpretat
ion
Reliable;
AVE
Social below
Compete 0.89 0.9 09 0.44 O.SO.and
nce 3 requires
(ScC) cautious
interpretat
ion
Mitigatio .
nAbilty 093 %) oo 02 ;ﬂf:lliz
(MtA)

Source: SmartPLS and R data processing results.

Discriminant validity was subsequently evaluated
using the heterotrait-monotrait ratio (HTMT). As shown
in Table 2, all HTMT values were substantially below
the conservative threshold of 0.85, ranging from 0.170
to 0.493. These results indicate that each latent construct
is empirically distinct from the others, confirming that
the indicators measure conceptually different
competency domains rather than overlapping
dimensions. The satisfactory HTMT results therefore
strengthen the overall quality of the measurement model
despite the less-than-optimal AVE values observed for
several exogenous constructs.

Table 2. Discriminant Validity Based on HTMT

Construct Relationship HTMT
PdC - PrC 0.21
PdC — AcC 0.21
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PdC — ScC 0.21
PdC - MtA 0.22
PrC — AcC 0.29
PrC — ScC 0.33
PrC — MtA 0.18
AcC —ScC 0.49
AcC - MtA 0.17
ScC — MtA 0.31
Source: SmartPLS data processing resullts.

Collinearity diagnostics further indicate that
multicollinearity is not a concern in the proposed
structural model. The inner VIF values ranged from
1.003 to 1.384 (AcC =1.379; PdC = 1.003; PrC = 1.049;
ScC = 1.384), which are well below commonly accepted
thresholds. These results suggest that each predictor
contributes unique explanatory information, allowing
the estimated path coefficients to be interpreted without
substantial bias caused by multicollinearity.

Structural Model Evaluation

The structural model explains 25.5% of the variance
in mitigation ability (R? = 0.255), indicating a weak-to-
moderate level of explanatory power. In the context of
educational and behavioural research, this level of
explained variance is reasonable because mitigation
ability is inherently multidimensional and is likely
influenced by numerous factors beyond educator
competencies,  including  disaster  experience,
institutional preparedness, organizational culture, policy
support, and access to disaster-related learning
resources. Consequently, the findings suggest that
pedagogical, professional, academic, and social
competencies constitute meaningful, yet not exhaustive,
determinants of mitigation ability.

Table 3. R-square of the Endogenous Construct

Endogenous 5
Variable R SRS
Mitigation Ability .
(MtA) 0.26 Weak—Medium

Source: R data processing results.

The estimated structural paths reveal distinct patterns
of association among the four competency domains.
Social competence exhibited the largest observed
standardized coefficient (B = 0.361), suggesting that
interpersonal communication, collaboration, and social
interaction may represent the largest observed
contribution to mitigation ability within the proposed
model. Pedagogical competence also demonstrated a
positive coefficient (B = 0.269), indicating that
instructional capability may facilitate mitigation-related
knowledge and behaviour. Academic competence
showed only a marginal positive relationship (B =
0.047). In contrast, professional competence displayed a
negative standardized coefficient (f = -0.312),
indicating that its unique contribution, after accounting
for the other competency domains, differed from the
initially hypothesized direction.

The statistical conclusion for each structural path
must be verified using one final SmartPLS
bootstrapping output because the available draft values
contain inconsistencies between t-statistics and p-
values. Until that verification is completed, the
coefficient directions and relative magnitudes should be
interpreted as preliminary predictive patterns rather than
conclusive evidence of causal relationships or formal
hypothesis support.

Table 4. Structural Model Path Coefficients

Path Path t-statistic p-value

Coefficient (B) (verify) (verify)

PdC — . .
MtA 0.27 2.18 [verify] = 0.07 [verify]

PrC — . .
MtA -0.312 1.81 [verify] = 0.23 [verify]
AcC — 0.05 0.27 [verify] = 0.87 [verify]
MiA . 27 [verity . erify

ScC — . .
MiA 0.36 2.4 [verify] = 0.08 [verify]

Source: SmartPLS bootstrapping output; t-statistics
and p-values require final verification from one output

file.

Source: R data processing results.

Source: R bootstrapping results.

6. Discussion

The most notable finding of this study is the largest
observed standardized coefficient for social competence
compared with the other competency domains. The
coefficient (B = 0.361) suggests that communication,
collaboration, trust building, and constructive
interpersonal interaction may represent an important
pathway in the proposed model. This interpretation
should remain cautious until the final bootstrapping
output is verified, but it is theoretically meaningful
because mitigation is fundamentally a collective process
rather than solely an individual cognitive activity.

This interpretation is consistent with the review by
Sim and He [10], which emphasizes that disaster
management competencies extend beyond technical
expertise to include relational capabilities such as
understanding community needs, engaging vulnerable
populations, and mobilizing available resources.
Similarly, Motsumi and Nemakonde [15] argue that
effective community-based disaster risk reduction
(DRR) depends on participatory processes that integrate
local knowledge into collective decision-making.
Viewed from an educational perspective, the present
findings reinforce these arguments by suggesting that
individuals with stronger social competence may be
better positioned to transform risk-related knowledge
into communication, collaboration, and coordinated
mitigation actions. In this sense, social competence
functions not merely as an interpersonal skill but as a
catalyst that enables knowledge to become practical
disaster preparedness behaviour.
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Nevertheless, these findings should be interpreted
with appropriate caution. Although social competence
exhibited the largest standardized coefficient, the
corresponding structural path did not reach the
conventional level of statistical significance (p < 0.05).
Therefore, the observed relationship should not be
interpreted as conclusive evidence of a causal effect but
rather as preliminary predictive evidence regarding the
relative contribution of different competency domains.
This interpretation is consistent with the prediction-
oriented nature of PLS-SEM, where the magnitude and
direction of relationships can provide valuable
theoretical insights even when statistical significance
remains limited.

The prominence of social competence is also
consistent with recent developments in disaster risk
reduction education. Tyas et al. [1] describe a clear shift
in DRR education from knowledge transmission toward
integrated, collaborative, and participatory learning
approaches that actively involve multiple stakeholders.
Likewise, D'Ayala et al. [3] emphasize that safer schools
should be understood as resilient social systems rather
than merely physically protected environments.
Students, teachers, families, and educational institutions
operate as interconnected actors whose interactions
collectively determine preparedness and resilience.
Within this broader perspective, social competence
serves as the mechanism linking disaster-related
knowledge with coordinated educational practice.
Without adequate social competence, mitigation
knowledge may remain limited to formal instruction.
Conversely, strong communication, collaboration, and
trust enable disaster-related knowledge to evolve into
shared routines, collective preparedness, and a
sustainable culture of safety within educational
communities.

The second finding indicates a positive association
between pedagogical competence and mitigation ability
(B = 0.269). Although this relationship did not achieve
statistical significance at the conventional 5% level, its
positive direction is consistent with the theoretical
expectation proposed in HI and suggests that
pedagogical competence may contribute to the
development of mitigation ability. This finding
highlights that disaster mitigation cannot be effectively
developed through the transmission of factual
knowledge alone. Rather, risk-related concepts must be
transformed into meaningful learning experiences that
enable learners to connect theoretical understanding
with practical preparedness. Learning activities such as
evacuation simulations, analyses of local disaster cases,
vulnerability mapping projects, and reflective
discussions following preparedness exercises provide
opportunities for learners to internalize mitigation
principles through active engagement rather than
passive knowledge acquisition.

This interpretation is supported by Senanayake et al.
[14], who emphasize that disaster risk reduction (DRR)

educators require digital pedagogical competencies to
design adaptive and risk-responsive  learning
environments. Likewise, Nisa and Maharani [21]
demonstrate that the successful implementation of the
Comprehensive School Safety Framework in Indonesia
depends not only on disaster-related knowledge but also
on schools' capacity to continuously design, manage,
and sustain educational programmes. Viewed from this
perspective, pedagogical competence functions as the
mechanism through which disaster knowledge is
transformed into structured learning experiences that
cultivate preparedness and encourage appropriate
mitigation behaviour.

The present findings also contribute to the broader
literature on educational competencies by suggesting
that pedagogical competence plays a more specific role
than is commonly acknowledged. While pedagogy is
frequently discussed as a general teaching competency,
the current results indicate that, within the context of
disaster education, it serves as the bridge connecting
academic knowledge with behavioural preparedness.
Educators with stronger pedagogical competence are
better positioned to contextualize disaster concepts,
sequence learning from conceptual understanding to
practical application, and evaluate whether learners are
capable of applying mitigation principles in realistic
situations. Consequently, although social competence
emerged as the strongest predictor, pedagogical
competence appears to provide an essential instructional
foundation that enables mitigation knowledge to be
translated into preparedness-oriented learning.

The third finding concerns the relatively small
positive coefficient observed for academic competence
(B=0.047). Although the direction of the relationship is
consistent with H3, the magnitude of the coefficient
suggests that academic competence alone contributed
only marginally to the explanation of mitigation ability
in this sample. This finding provides an important
perspective because educational practice often assumes
that increasing conceptual knowledge will automatically
improve disaster preparedness.

This interpretation is consistent with previous DRR
research emphasizing that disaster literacy becomes
meaningful only when integrated with participation,
practical experience, and local contextual engagement
[1], [15]. From a PLS-SEM perspective, the limited
direct contribution of academic competence may
indicate that its influence is realized primarily through
indirect pathways, particularly via pedagogical
competence that transforms knowledge into learning
experiences and social competence that facilitates
collaborative  mitigation practices.  Accordingly,
academic competence should be regarded as a necessary
but insufficient condition for developing mitigation
ability, highlighting the importance of integrating
cognitive, pedagogical, and social dimensions within
disaster risk reduction education.
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The relatively small coefficient of academic
competence  also carries important  practical
implications. The findings suggest that mitigation
training programmes focusing primarily on conceptual
knowledge may improve learners' understanding of
disaster-related issues but may not necessarily translate
into effective mitigation behaviour. Knowledge
concerning hazard types, causes, consequences, and
disaster mechanisms should therefore be complemented
by communication exercises, collaborative discussions,
evacuation simulations, and problem-based learning
activities that encourage learners to apply disaster
knowledge in realistic contexts.

The fourth finding concerns the negative
standardized coefficient observed for professional
competence (B = -0.312). From a theoretical
perspective, H2 proposed a positive relationship
between professional competence and mitigation ability;
however, the empirical model revealed the opposite
direction. Although this relationship did not achieve
statistical ~ significance, the negative coefficient
represents an interesting pattern that warrants careful
interpretation rather than immediate rejection.
Professional competence, as conceptualized in this
study, reflects mastery of professional responsibilities,
ethical standards, task performance, and institutional
obligations. These dimensions, however, may not

necessarily correspond directly to competencies
required for disaster mitigation.
Within educational settings, professional

competence is often associated with administrative
responsibilities,  compliance = with  institutional
regulations, and adherence to established professional
standards. While these attributes are essential for
educational quality, they do not automatically foster
adaptive decision-making, collaborative problem-
solving, or preparedness behaviours unless disaster risk
reduction (DRR) responsibilities are explicitly
embedded within professional practice. Therefore, the
observed negative coefficient may reflect a distinction
between procedural professionalism and the adaptive
competencies required for effective mitigation, rather
than indicating that professionalism itself hinders
mitigation ability.

From a  methodological perspective, the
interpretation of a negative path coefficient should be
considered within the broader context of the structural
model rather than in isolation. Hair and Alamer [12] and
Sarstedt et al. [22] emphasize that the interpretation of
structural coefficients in PLS-SEM should account for
prediction objectives, measurement quality, and the
interrelationships among latent constructs. In the present
model, professional competence may share variance
with pedagogical and social competencies, while its
unique contribution after controlling for these related
constructs is represented by the negative standardized
coefficient. Accordingly, this finding should be
interpreted as a relative contribution within the

multivariate model rather than as evidence that
professional competence harms mitigation ability.

Substantively, these findings may indicate that
professional competence contributes to disaster
mitigation only when it is accompanied by pedagogical
capability and social engagement. A professional
orientation that emphasizes compliance with procedures
without simultaneously strengthening communication,
collaboration, and adaptive decision-making may have
limited relevance for disaster preparedness. This
interpretation is consistent with research on non-
technical competencies in all-hazard environments,
which demonstrates that effective disaster preparedness
depends not only on professional expertise but also on
communication, situational awareness, teamwork, and
coordinated decision-making [4]. Consequently, the
unexpected direction of H2 provides an opportunity to
reconsider how  professional competence s
conceptualized within disaster education. Rather than
viewing professionalism solely in terms of technical
expertise and institutional responsibility, future
competency frameworks may benefit from explicitly
integrating disaster preparedness, safety leadership, and
DRR responsibilities as essential components of
professional educational practice.

From a methodological perspective, the present
findings further demonstrate the value of adopting a
prediction-oriented PLS-SEM approach for
investigating complex educational competency models.
Chin et al. [17] argue that causal-predictive modeling
enables researchers to examine the relative contribution
of multiple latent constructs rather than merely
confirming established theoretical relationships.
Likewise, Demir and Usak [23] emphasize that the
application of PLS-SEM in educational research should
be accompanied by rigorous and transparent reporting to
avoid oversimplified interpretations of relationships
among latent variables. Zeng et al. [ 18] similarly stress
that both the implementation and reporting of PLS-SEM
require methodological rigor to ensure reliable and
meaningful interpretation. Within this context, the
present study illustrates the analytical value of PLS-
SEM by revealing that four competency domains,
although theoretically regarded as equally important,
exhibit substantially different empirical contributions to
mitigation ability. Specifically, social and pedagogical
competencies emerged as the dominant predictive
pathways, academic competence contributed only
marginally as a direct cognitive foundation, whereas
professional competence displayed an unexpected
negative coefficient that invites further theoretical
refinement rather than immediate rejection.

Collectively, these findings reinforce the argument
that mitigation ability should be conceptualized as an
integrative educational competency rather than as the
outcome of a single knowledge domain. Disaster
mitigation cannot be adequately explained by factual
disaster knowledge, procedural compliance, or general
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professional expertise in isolation. Instead, mitigation
ability develops through the interaction of
complementary competencies in which academic
knowledge is transformed into meaningful learning
experiences  through  pedagogical competence,
professional competence is aligned with safety-oriented
educational responsibilities, and social competence
enables communication, collaboration, and collective
decision-making. This integrative perspective extends
the disaster risk reduction (DRR) literature by
suggesting that the combined social-pedagogical
dimension constitutes the most promising pathway for
strengthening mitigation capacity within educational
settings. From a policy perspective, these findings also
imply that school-based DRR programmes should
position educators not only as knowledge transmitters
but also as facilitators of collaborative learning,
community engagement, and preparedness-oriented
educational practices.

The structural model also provides a meaningful
interpretation of the observed coefficient of
determination (R?> = 0.255). Although the model
explains 25.5% of the variance in mitigation ability, this
level of explanatory power is reasonable within the
context of educational and behavioural research, where
human behaviour is influenced by numerous interrelated
factors beyond individual competencies. Disaster
experience, institutional preparedness, leadership
support, school safety culture, access to disaster-related
information, and inter-organizational collaboration may
all contribute substantially to mitigation ability but were
intentionally excluded from the present model to
maintain its focus on educator competencies.
Consequently, the explained variance should not be
interpreted as a limitation of the model but rather as
evidence that competency-based interventions represent
one important component within a broader disaster
resilience system. These findings therefore highlight the
need to complement competency development with
institutional governance, continuous preparedness
training, community participation, and context-based
disaster education to achieve more comprehensive
mitigation outcomes.

The convergent validity results should likewise be
interpreted within the broader context of instrument
development. Although the AVE values of several
exogenous constructs remained below the recommended
threshold of 0.50, the satisfactory composite reliability
and consistently low HTMT values (<0.85) indicate that
the measurement model retains acceptable psychometric
quality for prediction-oriented analysis. Rather than
focusing exclusively on maximizing statistical indices,
the present study prioritizes preserving the conceptual

integrity of the competency constructs while
acknowledging that future refinement of the
measurement instrument may further improve

convergent validity.

From a measurement perspective, the findings also
underscore the importance of transparent evaluation of
the measurement model in PLS-SEM research. The
loading distribution of indicators MA1-MA15
demonstrates that mitigation ability is represented by
indicators with varying levels of contribution, reflecting
the multidimensional nature of the construct. Hair and
Alamer [12] emphasize that measurement decisions in
PLS-SEM should integrate statistical criteria with
considerations of content validity rather than relying
exclusively on numerical thresholds. This principle is
particularly relevant for mitigation research because
mitigation ability encompasses multiple interrelated
dimensions, including disaster knowledge,
preparedness, communication, and behavioural action.
Consequently, retaining indicators with relatively lower
loadings may be methodologically justified when those
indicators capture theoretically important aspects of the
construct that are not adequately represented by stronger
indicators. Such an approach contributes to a more
comprehensive representation of mitigation ability
while preserving the substantive validity of the
measurement model.

The findings also have important implications for
curriculum design in disaster risk reduction education.
Rather than presenting mitigation as an isolated
instructional topic, the results suggest that mitigation
education should be structured as a progressive
competency-development process. Such a process
begins with establishing a sound academic
understanding of disaster risks, followed by
transforming conceptual knowledge into meaningful
learning experiences through pedagogical practice,
strengthening communication and collaborative
problem-solving through social interaction, and
ultimately embedding these competencies within
professional ~ educational  responsibilities.  This
sequential integration enables the four competency
domains to complement and reinforce one another,
thereby supporting the development of comprehensive
mitigation ability rather than fragmented knowledge
acquisition.

From an instructional perspective, educators may
operationalize this integrated approach by using locally
relevant disaster scenarios as authentic learning
contexts. Learners can be engaged in hazard
identification, community-based risk  mapping,
discussions on the respective roles of families, schools,
and local communities, and reflective evaluation
through disaster simulations and preparedness exercises.
Such learning experiences encourage students to move
beyond conceptual understanding toward the practical
application of mitigation knowledge. Consequently,
disaster mitigation becomes an integral component of
the educational process that systematically cultivates
preparedness,  adaptive  decision-making,  and
responsible action rather than functioning as an
additional curriculum topic.
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The present study also offers several contributions to
the development of disaster education research.
Theoretically, it advances the understanding of
mitigation ability by proposing an integrated
competency framework  that simultaneously
incorporates pedagogical, professional, academic, and
social competencies within a single predictive model.
The findings demonstrate that these competency
domains do not contribute equally but instead exhibit
distinct empirical roles, thereby providing a more
differentiated  perspective = on  how  educator
competencies relate to mitigation outcomes.

Methodologically, this study illustrates the
usefulness of PLS-SEM for examining prediction-

oriented educational models involving multiple
interrelated latent constructs. By systematically
evaluating  indicator  loadings (MA1-MAL1S5),

measurement reliability, convergent and discriminant
validity, structural path coefficients, and the explanatory
power of the model, the analysis provides a
comprehensive basis for interpreting the relative
contribution of each competency domain to mitigation
ability. This approach offers a transparent analytical
framework that can support future studies investigating
complex educational competency models.

From a practical perspective, the findings indicate
that  strengthening mitigation ability requires
educational interventions that extend beyond increasing
disaster-related knowledge alone. Greater emphasis
should be placed on developing risk communication,
collaborative learning, contextual and problem-based
instructional design, and the integration of disaster
preparedness and safety responsibilities into
professional educational practice. Such an approach has
the potential to strengthen not only individual
preparedness but also the collective capacity of
educational institutions to foster a sustainable culture of
disaster resilience.

7. Conclusions and Suggestions for
Practical Use

This study indicates that mitigation ability among
FKIP pre-service teachers may be more closely
associated with social and pedagogical competencies
than with academic or professional competence
considered in isolation. The proposed structural model
explains 25.5% of the variance in mitigation ability,
indicating that competency domains constitute
meaningful but incomplete predictors of mitigation
outcomes. Among the four competency domains, social
competence exhibited the largest observed standardized
coefficient (B = 0.361), followed by pedagogical
competence (f = 0.269), academic competence ( =
0.047), and professional competence (f =-0.312). These
findings suggest that mitigation ability is supported by
competencies that  facilitate communication,
collaborative learning, and the transformation of

knowledge into action, although the final significance
conclusions must be verified from a single SmartPLS
bootstrapping output.

These conclusions, however, should be interpreted
with appropriate caution because none of the structural
relationships reached statistical significance at the
conventional 5% level in the bootstrapping analysis.
Accordingly, the findings should be regarded as
preliminary predictive evidence rather than definitive
confirmation of causal relationships or formal
hypothesis support. The principal contribution of this
study therefore lies in proposing an initial predictive
framework that clarifies the relative empirical roles of
pedagogical, professional, academic, and social
competencies in explaining mitigation ability, while
simultaneously identifying priorities for further
refinement of both the measurement instrument and the
theoretical model.

From a practical perspective, the findings suggest
that educational institutions should adopt a more
integrated approach to disaster risk reduction education
by emphasizing risk communication, collaborative
learning, simulation-based instruction, problem-based
learning, and stronger partnerships between schools and
local communities. Educator development programmes
should therefore extend beyond the delivery of disaster-
related content to include pedagogical strategies that
facilitate experiential learning as well as social
competencies that strengthen coordination,
participation, and collective preparedness. Furthermore,
professional competence should be reconceptualized to
explicitly incorporate disaster safety, preparedness, and
disaster risk reduction (DRR) responsibilities as integral
components of professional educational practice rather
than treating them as complementary activities.

Future research should seek to expand the proposed
model by incorporating additional determinants of
mitigation ability, including disaster experience, school
safety culture, institutional support, and participation in
disaster risk reduction training. Examining mediating
and indirect relationships among  academic,
pedagogical, professional, and social competencies may
also provide a more comprehensive understanding of the
mechanisms through which educator competencies
contribute to mitigation ability. Such developments
would strengthen both the predictive capability and the
theoretical robustness of competency-based models for
disaster risk reduction education.
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