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Introduction

Abstract: The critical need for effective pedagogical interventions to address
Indonesia's declining scientific literacy, especially within its disaster-prone
context, drives this study, which aims to investigate the effectiveness of the
discovery learning model in enhancing the scientific literacy of elementary
school teacher education (PGSD) students within disaster mitigation
contexts. Employing a mixed-methods sequential explanatory design with
32 participants, data were collected via a pretest-posttest using a validated
scientific literacy test measuring three PISA competencies and analyzed
descriptively, with paired t-tests, N-gain scores, and thematic analysis.
Results indicated a significant quantitative improvement (p < 0.05) as mean
scores rose from 53.28 to 72.50 with a moderate N-gain of 0.411, while
qualitative findings revealed enhanced engagement and critical thinking,
albeit with persistent challenges in translating theoretical knowledge into
practical application, particularly in the competencies of explaining
phenomena and using evidence. It is concluded that structured discovery
learning significantly enhances scientific literacy among pre-service teachers
when contextualized within authentic scenarios, underscoring its essential
role in teacher education for disaster-prone regions like Indonesia and
recommending the incorporation of applied learning experiences to
effectively bridge the theory-practice gap in science education.

Keywords: Active learning; Disaster mitigation education; Discovery
learning model; Scientific literacy; Teacher education

Schleicher, 2019; Susongko et al., 2024). In Indonesia, the
importance of scientific literacy is underscored by the

The 21t century has brought significant changes to
the educational paradigm, emphasizing the need for
students to develop skills that enable them to thrive in a
rapidly evolving world. Among these skills, scientific
literacy stands out as a critical competency, particularly
in the context of natural disaster mitigation. Scientific
literacy refers to the ability to apply scientific
knowledge, formulate relevant questions, and draw
evidence-based conclusions to understand the natural
world and make informed decisions (Haviz et al., 2024;
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country's vulnerability to various natural disasters, such
as earthquakes, tsunamis, and volcanic eruptions, which
necessitate a population that is well-informed and
capable of responding effectively to such events.
However, Indonesia's declining scientific literacy
performance, as evidenced by the PISA score drop from
403 (2015) to 386 (2018) (Hartono et al., 2022; Tohir,
2019), reveals a critical gap in applying scientific
knowledge to real-world contexts particularly alarming
in a disaster-prone nation where scientific literacy
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directly impacts survival capabilities. This regression
underscores an urgent need for pedagogical innovations
that not only address conceptual understanding but also
foster applied competencies in disaster mitigation
contexts. As future educators, pre-service teachers,
especially those in Elementary School Teacher
Education, must possess a high level of scientific literacy
to effectively teach and prepare their students for the
challenges of the 215t century.

The 215t century presents science educators with a
dual challenge: to build conceptual scientific knowledge
while also nurturing learners’ capabilities to apply that
knowledge to real-life, often urgent, situations (Carney,
2022). One such situation is disaster mitigation, where
individuals must comprehend natural phenomena,
assess risks, and make informed decisions. In disaster-
prone countries such as Indonesia, these competencies
become not only desirable but necessary, particularly for
future educators tasked with preparing students for
such realities (Asrizal et al., 2023; Desilia et al., 2023)

Scientific literacy in this context is broadly defined
as the capacity to explain phenomena scientifically,
evaluate and design scientific inquiry, and interpret data
and evidence scientifically (Lederman et al., 2023; Lestari
et al., 2020; Osborne, 2023). According to (Friedrichsen
et al., 2021), integrating real-world socio-scientific issues
(SSI) into science learning significantly enhances
students' engagement and their ability to reason
critically and ethically. Disaster mitigation offers an
ideal SSI context, where content knowledge, reasoning
skills, and moral decision-making converge, providing
an authentic platform to foster scientific literacy among
pre-service teachers (Lederman et al., 2023; Saregar et al.,
2025; Zeidler & Sadler, 2023).

Despite its recognized importance, numerous
studies report that Indonesian students still struggle
with transferring theoretical scientific understanding to
practical contexts, including disaster-related ones (Da
Silva & Helnywati, 2021; Dwiningrum et al., 2021). These
gaps suggest that science education must evolve from
traditional content-delivery models to active, context-
rich approaches. One such model is discovery learning,
which emphasizes active student engagement in
constructing knowledge through problem-solving,
experimentation, and reflection (Chusni et al., 2022;
Karan, 2023; Styers et al., 2018).

The novelty of this research lies in its specific
examination of discovery learning within disaster
mitigation education an understudied intersection in
teacher preparation programs. While discovery learning
has been explored in general science education (Diana
Vivanti Sigit et al., 2024; Ozdem-Yilmaz & Bilican, 2020;
Saab et al.,, 2005), its targeted application to develop
disaster-specific scientific literacy among pre-service
teachers remains virtually unexamined. This study
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breaks new ground by: (1) implementing a disaster-
themed discovery learning model specifically designed
for teacher education, (2) measuring its impact on all
three PISA scientific literacy competencies (identifying
issues, explaining phenomena, and using evidence)
within disaster contexts, and (3) addressing Indonesia's
unique vulnerability to natural disasters through
pedagogical innovation.

The research importance is threefold. First, it
addresses a national priority by responding to
Indonesia's declining scientific literacy and high disaster
vulnerability simultaneously. Second, it offers a scalable
model for integrating disaster education into teacher
training programs a critical need identified but
insufficiently addressed in current curricula (Desilia et
al., 2023). Third, it provides empirical evidence on how
discovery learning specifically enhances different
dimensions of scientific literacy (Berliana et al., 2023;
Karabulut et al., 2025)

One of the key challenges in improving scientific
literacy is the lack of effective teaching models that
engage students in active learning and critical thinking.
Traditional teaching methods often fail to foster the deep
understanding and application of scientific concepts
required for scientific literacy. In response to this,
the discovery learning model has emerged as a promising
approach. Discovery learningis a student-centered
instructional model that encourages learners to
construct their own knowledge through exploration,
experimentation, and problem-solving (Bruner, 1961,
1966, 2009). This model aligns with the principles of
scientific inquiry, making it particularly suitable for
enhancing scientific literacy.

Discovery learning aligns well with constructivist
principles and scientific inquiry, but its implementation
within disaster mitigation themes in teacher education is
under-explored. It holds promise for not only improving
conceptual understanding but also fostering the ability
to use scientific evidence in complex, uncertain
situations. Recent studies suggest that discovery-based
models, when combined with situational contexts and
inquiry elements, can elevate scientific literacy outcomes
in both school and higher education settings
(Friedrichsen et al., 2021; Jufri et al., 2019; Saputra et al.,
2022)

The discovery learning model consists of six key
steps: stimulation, problem statement, data collection,
data processing, verification, and generalization
(Arends, 2012). These steps encourage students to
engage in active learning, where they are required to
observe, analyze, and draw conclusions based on
evidence. By integrating these steps into the curriculum,
educators can create a learning environment that
promotes critical thinking and scientific reasoning.
Moreover, discovery learning has been shown to improve
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students' ability to retain and transfer knowledge,
making it an effective tool for enhancing scientific
literacy (Saab et al., 2005).

In the context of disaster mitigation, scientific
literacy is not only about understanding scientific
concepts but also about applying this knowledge to real-
world situations. Disaster mitigation literacy involves
the ability to identify potential risks, understand the
scientific principles behind natural disasters, and take
appropriate actions to reduce their impact (Sung-Chin
Chung & Cherng-Jyh Yen, 2016). For pre-service
teachers, developing this type of literacy is crucial, as
they will be responsible for educating future generations
about disaster preparedness and response. Therefore,
integrating discovery learning into the curriculum of
Elementary School Teacher Education programs can
help bridge the gap between theoretical knowledge and
practical application.

Several studies have demonstrated the
effectiveness of discovery learning in improving students'
scientific  literacy. For example, research by
Fathurrohman & Astuti (2017) found that the use of
science modules based on discovery learning significantly
enhanced students' understanding of scientific concepts.
Similarly, a study by Ulfa & Oktaviana (2021) showed
that discovery learning improved students' ability to
analyze and solve scientific problems. These findings
suggest that discovery learning can be an effective
strategy for enhancing scientific literacy, particularly in
the context of disaster mitigation.

Despite the potential benefits of discovery learning,
its implementation in Elementary School Teacher
Education programs remains limited. Many pre-service
teachers lack the necessary skills and knowledge to
effectively apply this model in their teaching practices.
This highlights the need for further research and
development of instructional strategies that can support
the integration of discovery learning into teacher
education programs. By doing so, educators can better
prepare pre-service teachers to foster scientific literacy
among their students, particularly in the context of
disaster mitigation.

Previous studies have established the effectiveness
of discovery learning in general science education
(Choirunnisa et al, 2024; Iskandar, 2025; Ulfa &
Oktaviana, 2021) and highlighted the challenges
Indonesian students face in applying scientific
knowledge (Da Silva & Helnywati, 2021). However,
none have specifically examined how structured
discovery learning develops disaster mitigation
competencies among future educators. This gap is
particularly significant given that pre-service teachers
must not only master scientific concepts but also learn to
teach them in life-saving contexts.
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Therefore, this study investigates the effectiveness
of a tailored discovery learning model in enhancing
three dimensions of scientific literacy within disaster
mitigation contexts among elementary teacher
education students. It addresses two critical gaps: (1) the
lack of disaster-themed pedagogical models in teacher
education, and (2) the need for nuanced understanding
of how discovery learning specifically develops different
scientific ~ literacy = competencies in  high-risk
environmental contexts.

The findings will contribute to both theoretical
understanding of discovery learning in specialized
contexts and practical applications for teacher education
in disaster-prone regions, ultimately supporting the
development of scientifically literate educators who can
foster resilience in future generations.

Method

This study employed a mixed-methods research
design with  an explanatory sequential approach
(Creswell, 2021). This design was chosen to allow for a
thorough exploration of the research problem, as it
enables the collection of both numerical data and in-
depth insights. The quantitative phase, utilizing a pre-
experimental design with a one-group pretest-posttest
approach (Fraenkel et al., 2012), was conducted first to
measure the intervention's effectiveness. This was
followed by a qualitative phase to provide a deeper
understanding and elaboration of the quantitative
findings through thematic analysis of interview
responses.

Time and Place of Research

The research was conducted during the 2024/2025
academic year at the Elementary School Teacher
Education Program (PGSD) of Universitas Slamet
Riyadi (UNISRI) in Surakarta, Indonesia. The study was
integrated into the Basic Natural Sciences course,
providing an authentic context for the intervention. The
participants were 32 first-semester students enrolled in
the aforementioned course. Participants were selected
using purposive sampling (Sugiyono, 2013), as they
were deemed suitable for the study due to their
enrollment in a course that aligns directly with the
research objectives and their scheduled exposure to
foundational disaster mitigation topics within the
curriculum.

Tools and Materials
The primary instrument for quantitative data
collection was a scientific literacy test adapted from
the Minimum Competency Assessment (AKM) for high
school students (Direktorat Jenderal Pendidikan Tinggi,
2020), which has been validated and deemed reliable for
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measuring scientific literacy. The test consisted of five
two-tier multiple-choice questions designed to measure
three core competencies based on the PISA framework:
(1) identifying scientific questions or issues, (2)
explaining scientific phenomena, and (3) using scientific
evidence (Roberts & Bybee, 2014; Schleicher, 2019;
Thomson et al.,, 2013). For qualitative data, a semi-
structured interview guide was used to gather in-depth
insights into students' experiences and perceptions of
the discovery learning model. The learning materials
included lesson plans, disaster mitigation case studies,
data sets for analysis, and simulation scenarios tailored
to the discovery learning stages.

Research Stages

The implementation of the research followed a
structured sequence: (1) pretest: administered to
measure students' baseline scientific literacy before the
intervention; (2) intervention (implementation of
discovery learning model): the treatment was carried
out over several sessions using the six steps of the
discovery learning model (Arends, 2012): stimulation
(presenting disaster scenarios), problem statement
(identifying key questions), data collection (gathering
information from provided materials), data processing
(analyzing and interpreting data), verification
(comparing findings with scientific concepts), and
generalization (formulating conclusions and applying
knowledge to new mitigation contexts); (3)
posttest: administered after the intervention to assess
the impact on students' scientific literacy scores; and (4)
interviews: Conducted following the quantitative
analysis with a subset of participants to elaborate on the
statistical ~findings and explore their learning
experiences in depth.

Data Analysis

Quantitative data from the pretest and posttest
were analyzed using descriptive statistics (mean,
standard deviation) and inferential statistics, specifically
a paired sample t-test to determine the significance of
the difference between scores. The effectiveness of the
intervention was further measured by calculating
the normalized gain (N-gain) score using Formula 1:

. Posttest Score—Pretest Score
N — gain = - @
Maximum Score—Pretest Score
The N-gain score was categorized

as high (=0.7), medium (0.3-0.7), or low (<0.3) based on
established criteria (Hake, 2002). Qualitative data from
transcripts were analyzed using thematic analysis
(Braun & Clarke, 2006) to identify, analyze, and report
recurring themes and patterns related to the students'
experiences. The validity of the scientific literacy test
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was ensured through expert validation, where the
instrument was reviewed by experts in science
education and disaster mitigation. The reliability of the
test was assessed using Cronbach's alpha, which yielded
a value of 0,85, indicating high internal consistency
(Field, 2024). The credibility of the qualitative data was
ensured through triangulation, where findings from
interviews were cross-checked with observational notes
and test results to ensure consistency and
trustworthiness (Creswell, 2021).

Result and Discussion

Profile of Students' Scientific Literacy in Disaster
Mitigation Context

The pretest results revealed that the average
scientific literacy score of Elementary School Teacher
Education students in the context of disaster mitigation
was 53,28, indicating a low level of scientific literacy. The
scores for the three indicators of scientific literacy were
as follows (see Table 1).

Table 1. The scores for indicators of scientific literacy

Indicators of scientific literacy Avglfﬁz Category
Identifying scientific questions 52.50 Low
or issues

Explaining scientific 54.29 Low
phenomena

Using scientific evidence 48.28 Low

Based on Table 1, it can be illustrated in Figure 1 as
follows:

56 54,29
54 52,5
52
50 48,28
48
: n
44
Identifying Explaining Using scientific
scientific questions scientific evidence
or issues phenomena

Figure 1. Graph of Students' Average Scientific Literacy
Ability Scores

These results suggest that students found using
scientific evidence the most challenging to support their
conclusions, which aligns with previous findings that
students often lack the ability to analyze and interpret
data effectively (Erduran et al., 2004; Hadiprayitno et al.,
2021).

The low pretest scores reflect the challenges faced
by Indonesian students in developing scientific literacy,
as evidenced by the declining PISA scores in recent years
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(Hadiprayitno et al., 2022; Tohir, 2019). The students'
difficulties in using scientific evidence suggests a gap in
their ability to analyze and interpret data, which is a
critical component of scientific literacy (Parmin &
Khusniati, 2021; Rozi et al., 2025; Schleicher, 2019). This
finding wunderscores the need for educational
interventions that focus on enhancing students' ability to
engage with scientific evidence and apply it to authentic
contexts.

Effectiveness of the Discovery Learning Model

The posttest results showed a significant
improvement in students' scientific literacy, with the
average score increasing to 72,50. The paired sample t-
test revealed a significant difference between the pretest
and posttest scores (t = -28,62, p < 0,05), indicating that
the discovery learning model positively impacted on
students' scientific literacy. The N-gain score of 0,411
further confirmed that the intervention was moderately
effective in enhancing students' scientific literacy (Hake,
2002).

The significant improvement in posttest scores
demonstrates  the effectiveness  of  the discovery
learning model in enhancing students' scientific literacy.
The model's emphasis on active learning, exploration,
and problem-solving aligns with the principles of
scientific inquiry, making it particularly suitable for
fostering scientific literacy (Mashudi et al., 2024;
Rosnidar et al., 2021). The moderate N-gain score (0,411)
suggests that while the model was effective, there is still
room for improvement, particularly in helping
students master complex scientific concepts and apply
them to disaster mitigation scenarios.

The six steps of the discovery learning model —
stimulation, problem statement, data collection, data
processing, verification, and generalization played a
crucial role in improving students' scientific literacy. For
example, during the data collection and
processing stages, students were able to develop
analytical skills by gathering and interpreting data
related to disaster mitigation (Basyah et al., 2023;
Gunada et al., 2020). Similarly, the verification and
generalization stages helped students validate their
findings and apply their knowledge to new situations,
which are essential components of scientific literacy
(Arends, 2012; Widiartini et al., 2025)

Qualitative Findings from Interviews

The qualitative data from interviews provided
deeper insights into students' experiences with the
discovery learning model. Students reported that the
model helped them engage more actively in the learning
process and develop critical thinking skills. However,
some students expressed difficulties in connecting
theoretical knowledge to real-world applications,
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particularly in wunderstanding complex scientific
concepts related to disaster mitigation. These findings
are consistent with previous studies that highlight the
challenges students face in applying scientific
knowledge to practical situations (Vosniadou, 2019).

The qualitative findings highlight the challenges
students face in connecting theoretical knowledge to
practical applications. This is particularly evident in
their difficulty understanding complex scientific
concepts, such as the mechanisms of early warning
systems for floods or the factors contributing to
landslides. These challenges are consistent with
previous research, which suggests that students often
struggle with transferring knowledge from one context
to another (Vosniadou, 2019). To address this, future
implementations of the discovery learning model could
incorporate more experiential learning activities
and real-world case studiesto facilitate students'
transition from theory to practice.

The quantitative analysis showed facilitate
students' transition from theory to practice a moderate
yet statistically significant improvement in students’
scientific literacy, aligning with global trends in active
learning-based instruction. Similar studies by Sam
(2024) dan Kotsis (2024) report that discovery-based and
inquiry-based learning approaches increase students’
conceptual clarity and evidence-based reasoning in
science education, especially when paired with
contextual themes like environmental hazards. In our
study, the largest gains were observed in the domains of
explaining scientific phenomena and using scientific
evidence, suggesting that the iterative learning cycles
within discovery learning foster deeper cognitive
engagement.

However, the qualitative data indicate that the
translation of theory into practice remains a significant
challenge. Students often reported difficulty applying
their understanding of disaster mechanisms such as
tectonic shifts or flood dynamics to decision-making
scenarios like risk mapping or community preparedness
planning. This finding resonates with the observations
of van Merriénboer (2023), who assert that conceptual
understanding must be supported by cognitive scaffolds
and real-world simulations for effective knowledge
transfer to occur.

Emerging pedagogical frameworks propose the
integration of discovery learning with digital
simulations or experiential community projects to close
the theory-practice divide. For instance, studies by
Wiese et al. (2021) dan Khanal et al. (2022) demonstrate
that the use of virtual disaster labs and role-play
activities in teacher education significantly enhance pre-
service teachers’ disaster response skills and their ability
to evaluate scientific information critically. These
approaches encourage the application of knowledge in

366



Jurnal Penelitian Pendidikan IPA (JPPIPA)

uncertain, complex environments one of the core aims of
scientific literacy.

Moreover, it is essential to recognize the role of
metacognition in facilitating meaningful discovery
learning. Students who actively plan, monitor, and
evaluate their own learning are better equipped to adapt
scientific reasoning in unfamiliar contexts (Nusantari et
al., 2021). Integrating metacognitive prompts into each
phase of discovery learning may further enhance
students’ scientific reasoning and resilience, particularly
in relation to disaster readiness.

In summary, while the discovery learning model
demonstrated positive outcomes in improving scientific
literacy among pre-service teachers, its effectiveness
could be significantly amplified by integrating
simulation technologies, metacognitive supports, and
authentic case studies. Future studies should explore
longitudinal impacts and scalability in diverse settings.
Furthermore, curriculum developers should consider
embedding these innovations within national teacher
training frameworks to cultivate scientifically literate
educators capable of addressing Indonesia’s unique
disaster education needs.

Conclusion

This study conclusively demonstrates that the
discovery learning model is an effective pedagogical
strategy for enhancing the scientific literacy of
elementary school teacher education students,
particularly within the context of disaster mitigation.
The quantitative findings revealed a moderate yet
significant improvement in overall scientific literacy,
with the normalized gain (N-gain) score of 0,411.
Notably, the most substantial gains were observed in the
competencies of explaining scientific phenomena and using
scientific evidence, underscoring the model's strength in
fostering deeper cognitive engagement and evidence-
based reasoning. However, the study also identified
persistent challenges, particularly in students' ability
to translate theoretical knowledge into practical
applications, such as designing disaster mitigation plans
or interpreting early warning systems. This indicates a
need for more scaffolded, experiential learning
components within the discovery learning framework.
Generalization of these findings suggests that the
discovery learning model is a adaptable and effective
approach for improving scientific literacy in teacher
education programs, especially in disaster-prone
regions like Indonesia. Its structured, inquiry-based
phases —stimulation, data processing, verification, and
generalization—provide a replicable framework that
can be contextualized to various socio-scientific themes.
Practical implications of this research include 1) the
integration  of simulation-based learning or virtual
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disaster scenarios to bridge the theory-practice gap; 2)
the need for metacognitive strategies and real-world
case studies to support knowledge transfer; and 3) the
adoption of discovery learning innational teacher
training curricula to build a generation of educators
capable of fostering disaster-resilient communities. For
future research, it is recommended to explore the
longitudinal effects of this model, its scalability across
different educational levels and regions, and its
integration with digital tools for more immersive
learning experiences. By addressing these areas,
educator preparation programs can more effectively
cultivate scientifically literate teachers who are
equipped to navigate and teach about complex, real-
world challenges.
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