Contemporary Educational Technology, 2024, 16(3), ep521
ISSN: 1309-517X (Online) ‘

Research Article

Strengthening student empathy in GeoCapabilities: Digital
learning innovations and pedagogical strategies for disaster
mitigation

Sugiyanto "
0000-0002-7864-6704

Chatarina Muryani '
0000-0002-8077-6305

Dannis Ni‘'matussyahara’
0000-0001-8295-9079

' Department of Geography Education, Sebelas Maret University, Surakarta, Central Java, INDONESIA
* Corresponding author: sugiyanto60@staff.uns.ac.id

Citation: Sugiyanto, Muryani, C., & Ni'matussyahara, D. (2024). Strengthening student empathy in GeoCapabilities: Digital
learning innovations and pedagogical strategies for disaster mitigation. Contemporary Educational Technology, 16(3), ep521.
https://doi.org/10.30935/cedtech/14913

ARTICLE INFO ABSTRACT
Received: 16 May 2024  Indonesia’'s geographical positioning along the ‘Ring of Fire’ exposes it to frequent seismic
Accepted: 6 Jul 2024 activities, making effective disaster mitigation education crucial. Current educational strategies

may not adequately foster the necessary empathy and understanding among students
regarding the socio-environmental impacts of disasters. This study aims to develop and evaluate
adigital learning platform designed to enhance GeoCapabilities in students, particularly focusing
on the social-environmental empathy dimension. The objective is to improve students’
empathetic responses to disaster scenarios through integrated disaster mitigation pedagogy.
Utilizing the design-based research method, this research involved a systematic blend of
iterative development and evaluation phases to refine educational interventions. Data collection
was achieved through a combination of qualitative feedback from students and quantitative pre-
and post-test measures to assess empathy levels. Data analysis involved statistical testing to
determine the effectiveness of the digital learning platform in enhancing empathetic capabilities
among learners. The research reveals that the digital learning platform (D-Learning), significantly
improves students’ empathy towards disaster impacts. Students demonstrated a deeper
understanding and emotional engagement with the content, highlighting an increase in their
ability to empathize with affected communities. The findings suggest that the scalability of D-
Learning can be tailored to different regions, providing a valuable tool for enhancing disaster
preparedness worldwide. The integration of technology and empathy-focused pedagogy in
disaster education could serve as a model for developing similar educational programs globally,
aiming to foster a more resilient and empathetic future generation.
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INTRODUCTION

GeoCapabilities, a structured approach to enhancing students’ understanding of geographical concepts
and their practical application in addressing global issues, has attracted considerable attention from
researchers focused on geography curricula and teacher development worldwide (Bladh, 2020). Integrating
GeoCapabilities into the educational curriculum is crucial for fostering students’ geographical understanding
and their ability to navigate and address global challenges (Biddulph et al., 2020). The positive impact of this
approach includes the development of critical thinking (Maude, 2020), spatial awareness (Mitchell et al., 2022),
and global citizenship skills (Franklin et al., 2022; Labianca, 2021; Vega, 2022). Despite its proven benefits in
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fostering geographical understanding and critical thinking, there remains a significant gap in integrating
empathy and digital learning platforms into GeoCapabilities, especially for enhancing disaster preparedness
among students.

GeoCapabilities is intrinsically linked to the enhancement of student empathy by enriching their
understanding of diverse cultures, environments, and the interconnectedness of global communities
(Biddulph et al., 2020). According to Bustin et al. (2020), GeoCapabilities provides a valuable framework for
incorporating geography into educational curricula, facilitating the development of empathy among students
through exposure to various cultural and environmental contexts and global interdependencies. By
enhancing students’ empathetic abilities, GeoCapabilities prepares them to act with compassion and
responsibility in a globally interconnected world, highlighting the importance of its inclusion in educational
programs (Seremet et al., 2021). The GeoCapabilities framework within the dimension of social-environmental
empathy encompasses knowledge of issues, knowledge of action strategies, locus of control, attitudes, and a
sense of individual responsibility (Siddiqua et al., 2022).

Geography has the potential to train students to think critically about the earth and global infrastructure
by emphasizing perspectives on place and space, socio-environmental relationships, and future
environmental scenarios (Skarstein & Wolff, 2022). This potential can be realized through empathy (Sheppard,
2022), which involves the capacity to emotionally perceive and understand nature, especially when it is under
threat. Empathy merges cognitive and emotional faculties with environmental awareness, fostering a
reciprocal relationship (Brown et al., 2019; Fido & Richardson, 2019). It supports learner pedagogy by
contributing to the development of geographical competence (Tracey & Hutchinson, 2019). Effective delivery
and application of empathy in education can be achieved through both synchronous and asynchronous
approaches, enhancing learner engagement (i.e., behavioral, cognitive, affective, and social) and considering
the learning context (i.e., physical, technological, and social environmental features) to create meaningful
learning experiences (Morel, 2021; Walker & Weidenbenner, 2019). Creating meaningful learning has been a
challenge for educators long before the advent of digital learning (Bagoly-Simé et al., 2020).

Numerous studies focus on integrating extensive geographical knowledge into educational curricula and
enhancing GeoCapabilities. Research by Ryan and Aasetre (2020) illustrates that digital learning systems can
improve learning experiences, critical thinking, and problem-solving by offering immersive and interactive
environments. Similarly, Peter and Sprenger (2022) also elucidate that digitalization is critical to geography
education as it contributes to opportunities and challenges from a subject- and education-specific
perspective. Sonrum and Worapun (2023) discovered that problem-based learning activities simulating real-
world disaster scenarios enable students to develop critical thinking skills and respond effectively under
pressure. Similarly, Collins et al. (2022) emphasized the importance of collaboration and communication
among students, which are essential skills in disaster response.

In addition to these approaches, gamification has emerged as a powerful tool in education, leveraging
game design elements to enhance learner engagement and motivation (Hellin et al., 2023). Incorporating
gamification into GeoCapabilities can provide a more interactive and engaging learning experience, fostering
a deeper understanding of geographical concepts and empathy through immersive simulations (Saleem et
al., 2021). Studies have shown that gamification can significantly improve student motivation and learning
outcomes by making educational content more engaging and relevant (Lampropoulos & Sidiropoulos, 2024).

Mitchell (2022) addresses curriculum development in geography education by emphasizing holistic
student development, integrating geographical skills and competencies into practical applications. In teacher
training, Mitchell et al. (2022) highlight diverse methods, including project-based learning (PjBL) and digital
teaching adaptation. Social justice in geography education, as detailed by Biddulph et al. (2020), integrates
equity and advocacy into teaching practices, emphasizing critical pedagogy and the role of educators in
promoting inclusive, responsive education. Many studies focus on integrating substantial geographical
knowledge into educational curricula and enhancing GeoCapabilities, yet they do not explicitly address the
incorporation of technology-integrated empathy within their research methodologies. The absence of
comprehensive empathy-based digital learning systems, despite the use of various technological tools, limits
students’ geographical capabilities, such as disaster mitigation, while platforms that incorporate empathy-
based learning improve interaction, teamwork, and emotional support during simulations. Embedding digital
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Figure 1. Disaster risk management (Source: Authors)

technologies in geography curricula can enhance spatial thinking and structured exploration, enabling
students to better understand and respond to environmental challenges (Kerski, 2023).

The critical need for this research is highlighted by the increasing frequency and intensity of natural
disasters globally, with disaster-prone regions such as Indonesia being particularly affected. Indonesia's
location on the ‘Ring of Fire’' renders it highly vulnerable to natural disasters, emphasizing the necessity for
early education on disaster management (Prawoto & Octavia, 2021). Due to geological, geomorphological,
climatological, and anthropogenic factors, the archipelago has experienced numerous natural disasters,
impacting millions and underscoring the essential requirement for comprehensive disaster preparedness
(Amri et al., 2021; Ayuningtyas et al., 2021). Current geography education in Indonesia has not yet developed
the necessary competencies to adequately prepare students for these challenges. Therefore, there is an
urgent need for innovative educational approaches that incorporate digital technologies and empathy to
enhance disaster preparedness and resilience from an early age.

Digital tools that incorporate empathy can provide realistic disaster simulations, enabling students to
comprehend the dynamics of disasters and think critically about potential solutions (Sim et al., 2020).
Research indicates that using technology to simulate disaster scenarios helps students develop a deeper
understanding and preparedness for real-life events. Experts have found that realistic simulations can
enhance the cognitive and practical skills needed for effective disaster response (Luzi et al., 2021). Embedding
these simulations in the curriculum provides students with practical insights and readiness for emergencies,
significantly improving their ability to manage real-world disaster situations (Drumhiller, 2021). Furthermore,
integrating digital simulations in geography education allows for a more engaging and immersive learning
environment, fostering essential skills in disaster preparedness and response (Perpifia-Galvafi et al., 2021).
Early disaster education is essential as it fosters a culture of preparedness and resilience from a young age,
significantly enhancing community response to disasters (Krishna, 2021). This method not only improves
students’ cognitive skills but also builds empathetic and proactive citizens capable of managing crises
effectively (Ree et al., 2022).

To further understand the role of education in disaster preparedness, it is essential to consider the
interconnectedness of various concepts in disaster risk reduction. Figure 1 depicts the interconnectedness of
the three principal concepts in disaster risk reduction, underscoring their mutual relationship. Effective
disaster risk reduction management requires a balanced integration of these concepts (Nohrstedt et al.,
2021). Preparedness, as a critical element of disaster mitigation, plays a pivotal role. Establishing equilibrium
among these concepts ensures a comprehensive and resilient approach to disaster risk management, with
each concept reinforcing the others (Shi et al., 2020). This balanced framework is crucial for enhancing
community resilience and reducing the adverse impacts of disasters. The limited disaster preparedness and
mitigation knowledge among the Indonesian population, which predominantly focuses on adults, exacerbates
disaster impacts. Consequently, education plays a vital role in enhancing disaster mitigation capabilities
through improved technology and information quality, and by strengthening the disaster preparedness
education system in schools (Ayuningtyas et al., 2021; Hoffmann & Blecha, 2020; Satchwell et al., 2024).
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The current state of geography education in Indonesia has not yet achieved the desired capabilities, as
this level of learning development has primarily been attained by several European countries (Uhlenwinkel et
al., 2017). European countries, particularly those with a strong emphasis on education, have made significant
advancements in the level of learning development in geography education. These advancements include
comprehensive curricula that integrate modern teaching methods, technology, and up-to-date information.
According to a study by Granados-Sanchez (2022), geography educators in Europe are actively integrating
sustainability into their curricula, which has a transformative impact on students’ understanding of geography
and its applications. In contrast, the geography education system in Indonesia has not yet achieved the
desired capabilities. This is partly due to limited resources, less emphasis on geography in the educational
curriculum, and insufficient integration of modern technology and teaching methodologies. Kamil et al. (2020)
highlight the limited disaster preparedness and mitigation knowledge among the Indonesian population,
which exacerbates the impacts of disasters.

To address these challenges, it is essential to focus on developing GeoCapabilities, which encompass a
combination of behaviors, skills, processes, and knowledge that influence competency outcomes in both
educational settings and daily life (Bladh, 2020; Banfield & Dovidio, 2012; Gouramanis & MoralesRamirez,
2020; Maude, 2020; Su, 2014). According to Walkington et al. (2018), GeoCapabilities comprise five essential
components that geography educators and learners must possess:

(1) geographic imagination,

(2) empathy and caring,

(3) integrative thinking,

(4) spatial thinking, and

(5) structured exploration of place.

These capabilities are particularly vital for students in a geologically active region like Indonesia (Thouret
et al.,, 2022). Thus, there is a pressing need for geography learning resources aimed at fostering students'’
social-environmental empathy through spatial knowledge (Sebastidn-Lépez & Gonzalez, 2020). Such
educational resources can cultivate students into active citizens with resilient disaster preparedness
capabilities (Hosseini & Izadkhah, 2020).

Previous research on GeoCapabilities in geography education has several limitations. These studies
emphasize integrating geographical knowledge into curricula and developing GeoCapabilities but fail to
incorporate technology-integrated empathy. The lack of empathy-based digital learning systems restricts
students’ ability to develop crucial geographical skills, such as disaster mitigation. Additionally, most research
has focused on adult disaster preparedness education, neglecting the vital role of younger demographics in
disaster response and resilience (Kamil et al., 2020). This gap results in a lack of pedagogical content aimed at
enhancing students’ social-environmental empathy, essential for effective disaster management and
mitigation (Satchwell et al., 2024; Tkachuck et al., 2018).

This study addresses the gap in traditional geography education by developing a Digital Learning (D-
Learning) platform to enhance students’ GeoCapabilities, particularly in the dimension of social-
environmental empathy. D-Learning serves as a disaster mitigation support system designed to strengthen
students’ pedagogical and affective behaviors (Di Fabio & Kenny, 2021) through content feedback and
adaptive empathy acquisition (Wu et al., 2020). The implementation of D-Learning as a digital technology
platform aims to improve students’ educational experiences by addressing the limitations and weaknesses of
conventional learning methods (Khanal et al., 2022; Song et al., 2023). This comprehensive digital media-based
disaster mitigation learning support system provides an effective approach to fostering empathy and
enhancing pedagogical outcomes.

D-Learning encompasses various elements such as in-depth material, e-modules, individual and group
activities, case studies, analytical exercises, sample images, videos, assessments, and reflections (Bereczki &
Karpati, 2021; Keengwe & Georgina, 2012). This platform utilizes both national and international disaster case
studies to encourage the development of GeoCapabilities, particularly in the social empathy dimension, within
students’ environments (Sakurai & Shaw, 2022). The D-Learning platform is underpinned by advanced
learning technology, facilitating multi-sensory interactions and human relational responses (Shulga, 2023).
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Table 1. Percentage analysis validity criteria (Arikunto, 2010)

Percentage Criteria

0% - 20% Not feasible
21% - 40% Not worth it
41% - 60% Decent enough
61% - 80% Worthy
81% - 100% Very worthy

These features are crucial in fostering essential empathy characteristics among students, thereby enhancing
their overall learning experience and effectiveness in disaster mitigation education.

In this study, the researchers developed D-Learning integrated with disaster mitigation pedagogical
content to enhance GeoCapabilities in students, specifically focusing on the social-environmental empathy
dimension related to disaster mitigation capability. This integration aims to cultivate a deep understanding of
disaster mitigation among students, thereby improving their ability to empathize with affected communities
and environments. D-Learning, combined with disaster pedagogy, facilitates students’ comprehension of local
disasters and mitigation strategies. The development integrates disaster mitigation pedagogy with students’
empathy dimension, yielding a significant moral and transformative impact through quality learning. The D-
Learning innovation is an effective solution to enhance GeoCapabilities in students’ empathy towards disaster
mitigation. Therefore, the D-Learning innovation developed in this research is expected to increase social-
environmental empathy in students’ disaster mitigation activities from an early age.

The research question guiding this study is: “How can the design and implementation of D-Learning
enhance students’ GeoCapabilities, particularly in the social-environmental empathy dimension, as a disaster
mitigation support system?”

METHOD

This research was conducted under the framework of design-based research, incorporating both
qualitative and quantitative methodologies as recommended by Goff and Getenet (2017). Design-based
research, a collaborative endeavor between researchers and practitioners, emphasizes practical innovation
in educational environments (Cochrane et al., 2023). By utilizing this framework, the research can
systematically design, implement, and evaluate the digital-learning platform, ensuring that it effectively
enhances students’ social-environmental empathy.

The participant of this research comprised 72 eleventh-grade students from an Indonesian public high
school, specifically chosen based on a needs analysis which highlighted low environmental empathy and
recurring flood occurrences within the vicinity of the school. This selection was strategically made to target
particular educational deficits and to gather empirical evidence concerning the impact of educational
interventions. The methodologies employed for data collection encompassed observations, examinations,
questionnaires, document reviews, and interviews. The research adopted qualitative and quantitative
analyses to scrutinize the data, with a focus on evaluating the feasibility of the D-Learning model. This
evaluation involved conducting tests for normality and homogeneity, as well as an independent sample t-test
utilizing SPSS version 22, to determine statistical variances in empathy skills prior to and following the
intervention.

The feasibility of the D-Learning framework was assessed based on two main dimensions: content quality
and design quality, each comprising various indicators, as outlined in Table 1. The effectiveness of this
platform was measured by comparing the empathy skill scores of students from the pre- to the post-test,
employing statistical tests to ensure the integrity of the data. The results were classified according to Cohen's
effect size standard, enabling a determination of the effectiveness level of the D-Learning platform when
amalgamated with educational content on disaster mitigation (Ellis, 2010).

The methodology employed followed a structured four-stage process. The initial stage involved a need
analysis focusing on the prevalent learning models utilized by teacher within the geography subject.
Subsequently, an assessment of the requirements of both teachers and students was conducted to ascertain
the necessity for an effective geography learning model aimed at fostering empathy in students within the
context of disaster preparedness. This phase of practical problem analysis served as the foundation for

Contemporary Educational Technology, 16(3), ep521 5722



Sugiyanto et al.

developing an initial prototype model as a viable solution to real-world challenges (Amiel & Reeves, 2008;
Plomp & Nieveen, 2010). Employing a qualitative approach, the research subjects included teachers, and
students, with data collection techniques encompassing in-depth interviews, classroom observations, and
document analyses. Data analysis utilized the constant comparative method (Babbie, 2010). This stage
focused on understanding the specific needs related to fostering empathy in students within the context of
disaster preparedness. By identifying these gaps and challenges, the researchers ensured that the D-Learning
platform addresses the real and practical needs of geography education.

The second stage was development of alternative solutions. This stage focused on designing the D-
Learning platform using innovative educational technology and pedagogical principles. The methodology
involved literature review and consultation with competent experts. Expert judgments were analyzed using
constant comparative and descriptive statistical methods. The researcher prepared the prototype, conducted
expert assessments, tested the model, and refined it accordingly. The design incorporated elements aimed
at improving empathy and disaster mitigation understanding. The development of the D-Learning platform
based on innovative educational technology and pedagogical principles ensures that the solution is tailored
to effectively enhance students’ empathy. This stage addresses how the platform can be structured to meet
the educational objectives related to GeoCapabilities.

The third stage was implementation and testing. This stage involved deploying the D-Learning platform in
a real-world classroom setting and collecting data through pre- and post-tests to measure its impact on
students’ empathy. By implementing and testing the platform in a real-world setting, the study gathers
empirical evidence on its effectiveness. This stage directly answers the research question by showing how the
platform influences students’ GeoCapabilities, specifically their social-environmental empathy, through
measurable changes in their empathy levels.

The last stage was reflection and evaluation. This stage involved analyzing the outcomes to refine the D-
Learning platform further and evaluate its effectiveness based on design principles. Reflection and evaluation
ensure that the D-Learning platform is continually improved based on feedback and data. The stages of
development are shown in Figure 2.

FINDINGS AND DISCUSSION

The Analysis of Practical Problems

To initiate the development of D-Learning platform, designed in alignment with pedagogical content
knowledge (PCK) concerning disaster mitigation, the first step undertaken by the researchers was to conduct
a needs analysis to understand the specific requirements and gaps in the current educational practices. This
stage involves evaluating the necessity for digital technology in the learning system by examining the
characteristics of geography education related to the empathy dimension applied by teachers and identifying
students’ learning styles. This comprehensive evaluation ensures that the product development is tailored to
the specific needs of both teachers and students. The analysis phase directs the development of the product,
focusing on three aspects:

(1) product type,
(2) concept, and
(3) product characteristics.

Regarding the product type, the development of the product type stemmed from the outcomes of a media
needs analysis questionnaire that evaluated the current utilization of D-Learning tools. The survey disclosed
that 88.24% of students rarely interact with digital learning during their classroom sessions. Furthermore,
educators noted the absence of prior implementation of disaster education through D-Learning, contributing
to students’ limited grasp of disaster concepts.

Regarding the product concept, the analysis determined that the instructional approaches used by
educators to foster socio-environmental empathy in geography classes are inadequate. Specifically, the data
showed that 45.16% of students expressed uncertainty, while 39.16% disagreed with the assertion that
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teachers effectively imparted these skills. This underscores the necessity for innovative teaching
methodologies that can more effectively incorporate empathy into geography education.

Regarding the product characteristics, the development of D-Learning was guided by a survey that
identified students’ preferred learning styles, revealing that 73% favor visual learning methods. This finding
ensures that the platform is tailored to accommodate the predominant learning preferences of students,
thereby enhancing its effectiveness and appeal. The initial data analysis indicates that students’ empathy in
disaster mitigation remains relatively low. To address this, researchers have developed a D-Learning resource
accessible to both teachers and students via all types of digital devices, at any time and from any location.

To determine the pedagogical content of the D-Learning platform, an investigation into students' disaster
knowledge and mitigation strategies was conducted. The results from a questionnaire administered to 72
students at a public senior high school revealed a significant need to enhance disaster knowledge through
more comprehensive disaster mitigation content. Consequently, the D-Learning platform incorporates PCK
on disaster mitigation, presented in a more detailed and practical manner.

These data highlight several critical points. Firstly, the limited interaction with digital learning tools
suggests a significant opportunity for the integration of D-Learning in geography education, particularly in
disaster mitigation. This gap indicates a need for enhancing digital engagement in educational practices.
Secondly, the considerable percentage of students expressing uncertainty or disagreement with the
effectiveness of their teachers in fostering empathy through current instructional approaches points to the
necessity for innovative teaching strategies. This gap underscores the potential for D-Learning platforms to
address these deficiencies by providing more engaging and effective instructional content. The last, the

Contemporary Educational Technology, 16(3), ep521 7/22



Sugiyanto et al.

INTRODUCTION

STUDENT PAGE [—

MATERIAL

POWER POINT

T

MAPS

Presence

Lesson plan

Disaster Risk

i

Disaster Concept

Types of Earthquakes
}7# Earthquake Mitigation & Adaptation
Distribution of Earthquake Disasters

Tsunami Mitigation & Adaptation

Flood Tvoe |

Flood Mitigation and Adaptation |

4|

Flood

Distribution of Flood Disasters |

Earthquake

4|

Tsunamis

Erupting volcano

Local Wisdom
Disaster Mitigation

COMPETENCE

ASSESSMENT

Personality ‘

Capability

Student Worksheet

Profil Pelajar Pancasila

Landslide I andslide Mitigation and Adantation

Drought

an
i ion of Drought Risk

Types of Forestand Land Fires

Forest fires

|

Forest Fire Mitization & Adantation

Distribution of Forest Fire Risk
}—[ istribution of the Tornado Disaster

o

Tornado

REFLECTION

Figure 3. D-Learning design and structure (Source: Authors)

preference for visual learning methods among 73% of students indicates that the D-Learning platform should
heavily incorporate visual elements to cater to these preferences, thereby enhancing learning outcomes and
student engagement.

The development of a D-Learning platform aligns with the contemporary shift in education towards digital
and interactive learning environments. According to Tursinbaevna et al. (2023), the use of digital learning
platforms in education significantly improves student engagement and understanding of complex subjects.
Similarly, Lian et al. (2022) emphasize that visual learning tools are essential in making abstract concepts more
tangible and understandable for students. Furthermore, the importance of empathy in education, particularly
in socio-environmental contexts, is well-documented. Rach (2024) suggests that teaching empathy through
innovative digital platforms can significantly enhance students’ socio-environmental awareness and
responsiveness. This finding underscores the necessity of the D-Learning platform’s focus on fostering
empathy through disaster mitigation education.

The Development of Alternative Solutions

The primary outcome of this study is the formulation of a D-Learning platform, meticulously crafted to
align with PCK related to disaster mitigation, with the aim of augmenting students’ socio-environmental
empathy. The development of the D-Learning platform commences with a rigorous analysis phase, evaluating
factors such as geographical location, natural environmental conditions, and the socio-cultural context of the
community. The pedagogical content integrates disaster mitigation materials focused on comprehending
disaster issues, formulating action plans, enhancing internal locus of control, cultivating appropriate attitudes,
and nurturing a sense of individual responsibility towards the social environment.

Subsequent to the needs analysis, the researchers progressed to the stages of design and product
development. The D-Learning resources were designed to encompass rich content comprising images, videos,
spatial data, digital maps, modules, learner worksheets, assessments, and reflective exercises. The
comprehensive design and structure of the D-Learning platform ensure it meets identified requirements and
effectively supports the enhancement of students’ knowledge in disaster mitigation and socio-environmental
empathy. Figure 3 illustrates the detailed design and structure of the D-Learning platform.
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The flowchart design, integrated into the D-Learning structure, embodies the design stage within the
product development process. This initial design evolves into the D-Learning platform, slated for expert and
user testing during its development phase.

The outcomes of this product development effort are showcased in Figures 4-8.
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Table 2. Media expert validation

Assessment components Assessment criteria/scale Total Average
Very less (1) Not enough (2) Enough (3) Good (4) Very good (5) score

Website introduction 0 0 0 2 1 13 4.30

User control 0 0 0 3 0 12 4.00

Website appearance 0 0 0 13 7 87 4.35

Multimedia design principles 0 0 0 3 2 22 4.40

F 0 0 0 21 10 134 4.42

% 0 0 0 67.74 32.26 88.4%

Category Very worth it

Table 3. Material expert validation

Assessment components Assessment criteria/scale Total Average
Very less (1) Not enough (2) Enough (3) Good (4) Very good (5) score

Introductory aspects 0 0 0 3 1 17 4.25

Content aspect 0 0 0 8 3 47 4.27

Evaluation aspect 0 0 2 1 2 20 4.00

Empathy aspect 0 0 0 5 0 20 4.00

F 0 0 2 17 6 104 4.16

% 0 0 8 68 24 83.2%

Category Very worth it

Table 4. User validation

No Assessmentitems Website criteria Number of questions Percentage (%) Category

1 Media Ease of website operation 7 81.6 Very worthy

Website appearance design 15 79.6 Worthy
2 Material Ease of website for studying its content 9 85.4 Very worthy
Average eligibility 82.2 Very worthy

As a foundation for guiding revisions to the D-Learning product, the validity criteria for percentage
analysis, adapted from Arikunto (2010), are outlined in Table 1.

Prior to the implementation of the D-Learning platform for end-users, a comprehensive feasibility
assessment was conducted through product validation by both material and media experts. The feasibility
assessment involved geography education specialists, who possess extensive expertise in content
development, as well as media development experts. This dual-faceted evaluation aimed to ensure the
robustness and educational efficacy of the D-Learning platform. The validation process was executed offline,
utilizing the Our Space website as the access point for the assessment. The results from the expert validation
process are detailed, as follows.

Based on data from Tables 1-4, varying perceptions on D-Learning's feasibility emerged from expert and
user validations.

The consistency test showed an average score of 84.4%, indicating strong support for its “very feasible”
application. This validates D-Learning's potential to enhance socio-environmental empathy in disaster
mitigation among students.

Expert endorsement emphasized educational efficacy and content integrity, while user feedback
highlighted practical usability and engagement. The platform’'s multimedia resources, and interactive modules
cater to diverse learning styles, ensuring comprehensive disaster education. These insights affirm D-
Learning's readiness for implementation, bridging educational gaps and fostering proactive attitudes towards
environmental challenges.

Learners exhibited positive and enthusiastic responses to the D-Learning approach, attributed to several
key factors: comprehensive material on disaster topics within D-Learning; availability of modules and activity
sheets for both individual and group work; inclusion of relevant images and videos related to disasters in
Indonesia; provision of evaluations designed to assess the development of learners’ socio-environmental
empathy; and a socio-technical scenario-based design of D-Learning that enhances empathy learning.
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Figure 9. D-Learning feasibility graph (Source: Authors)

The primary outcome of this study was the successful development of a D-Learning platform aimed at
enhancing students’ socio-environmental empathy, particularly in disaster mitigation contexts. The analysis
phase revealed a significant gap in the use of digital learning tools, with 88.24% of students rarely engaging
in such activities, and a substantial portion perceiving that current teaching methods inadequately addressed
socio-environmental empathy. To bridge this gap, the D-Learning platform incorporated comprehensive
pedagogical content focused on disaster mitigation. The platform’s design, shaped by students’ preference
for visual learning methods, included a variety of multimedia resources such as images, videos, digital maps,
and interactive modules. This approach aligns with Abdulrahaman et al. (2020), who highlight the
effectiveness of multimedia in enhancing learning outcomes and providing unrestricted access to quality
education.

The feasibility assessment conducted by material and media experts yielded positive outcomes, with the
platform being rated as “very worthy” with an average score of 4.42 out of 5 (Figure 9). User validation also
indicated high feasibility, with an average eligibility score of 82.2%, suggesting that users found the platform
highly effective and engaging. The expert and user feedback underscored the platform’s educational efficacy,
practical usability, and engaging content. This is consistent with findings by researchers such as Tursinbaevna
et al. (2023), who emphasize the importance of integrating digital tools in education to improve learner
engagement and performance. The D-Learning platform’s multimedia resources and interactive modules
cater to diverse learning styles, ensuring comprehensive disaster education and fostering proactive attitudes
towards environmental challenges. These insights affirm the platform’s readiness for implementation,
bridging educational gaps and enhancing socio-environmental empathy in students.

The Implementation and Testing of D-Learning for Disaster Mitigation

D-Learning was implemented between August and November 2023 with 72 eleventh-grade students at a
Senior High School in Indonesia. The curriculum employed PjBL to impart disaster education and mitigation
strategies. Topics covered included disaster concepts and analysis, types of disasters prevalent in Indonesia,
disaster distribution patterns, and effective natural disaster mitigation strategies. Throughout the project,
students focused on gaining comprehensive cognitive and emotional-affective understanding of specific local
disasters. Group discussions were facilitated to encourage active student engagement and the exchange of
ideas.

A comparison of pre- and post-test data between the experimental class, which utilized the D-Learning
system, and the control class, which employed PowerPoint for learning purposes, is depicted in Figure 10 and
Figure 11.
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Figure 10. Students’ empathy in control class (Source: Authors)
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Figure 11. Students’ empathy in experimental class (Source: Authors)

Based on the average scores from pre- and post-tests in both the experimental and control groups, it is
evident that there was improvement in test results following the implementation of D-Learning (experimental
group) and PowerPoint (control group) in the educational process. The experimental group showed the
highest enhancement in empathy skills, with a notable increase of 46.58%, while the control group
demonstrated a 42.71% improvement in empathy skills.

Throughout the D-Learning implementation phase, we evaluated students’ empathy capabilities in
disaster mitigation. The progress in students’ empathy was assessed by comparing pre- and post-test data
concerning their pedagogical and affective competencies before and after utilizing D-Learning. The evaluation
of D-Learning's efficacy employed a quasi-experimental design on a limited scale, with data analysis
conducted using IBM SPSS Statistics 22. Preliminary tests included parametric assessments of normality,
homogeneity, and independent sample T-tests. The normality test utilized the Kolmogorov-Smirnov Z test
with a significance level of 5% (a = 0.05), detailed in Table 5.
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Table 5. Tests of normality

Kolmogorov-Smirnov? Shapiro-Wilk
Item Class — - — -
Statistics df Sig.  Statistics  df Sig.
Student disaster empathy Pre-test control (PPT+PjBL) 21 36  .200* .978 36 .684
Post-test control (PPT+PjBL) .107 36 .200* .961 36 223
Pre-test experiment (D-Learning+PjBL) 122 36 192 .947 36 .082
Post-test experiment(D-Learning+PjBL) .105 36  .200* .970 36 426

* This is a lower bound of the true significance
aLilliefors significance correction

Table 6. Test of homogeneity of variances of student empathy capability
Levene statistics df1 df2 Sig.
1.986 3 140 119

Table 7. Independent sample t-test
Levene's test for
equality of variances

t-test for equality of means

F Sig. t g 8@ yp  gpp —2HCD

tailed) Lower Upper

Student disaster  Equal variances .287 .594  -2.896 70.000 .005 -6.361 2.197 -10.743 -1.980
empathy assumed

Equal variances -2.896 69.263 .005 -6.361 2.197 -10.743 -1.979

are not assumed
Note. MD: Mean difference; SED: Standard error difference; CID: Confidence interval of difference

The analysis indicates that D-Learning significantly enhances students’ empathy towards disaster
mitigation compared to conventional methods like PowerPoint. These findings underscore D-Learning’s
effectiveness in fostering socio-environmental empathy among students, emphasizing the integration of
digital learning technologies in education to tackle complex social and environmental challenges.

Based on the findings presented in Table 5, the pre-test scores reflecting students’ empathy capabilities
exhibit normal distribution patterns, with significance values of 0.684 for the control group and 0.082 for the
experimental group. Similarly, the post-test scores concerning students’ empathy capabilities also
demonstrate normal distribution, with significance values of 0.223 for the control group and 0.426 for the
experimental group. These results indicate that both the initial and final assessments of students’ empathy
capabilities adhere to a normal distribution.

Subsequently, a homogeneity test was conducted to ascertain whether the sample data used in the study
were homogeneous or heterogeneous. Levene's test for equality of variances, employing a significance level
of 5% (a = 0.05), was employed for this purpose. The outcomes of the homogeneity test are detailed in Table 6.

The homogeneity test yielded a value of 0.119 for students’ empathy capabilities, which exceeds the
significance level of 0.05. This indicates that both the pre- and post-test data concerning students’ empathy
capabilities in disaster mitigation exhibit homogeneous distribution. For the final implementation test, we
utilized the Independent Sample t-test analysis method with a significance level of a = 0.05. The detailed
results of this analysis are provided in Table 7.

Based on the outcomes of the independent samples t-test, the statistical significance (Sig. [2-tailed]) is
0.005, with a corresponding t-value of -2.896. Analysis of the t-test data supports the conclusion that the
significance level (Sig. [2-tailed]) of 0.005 is below the conventional threshold of 0.05. Moreover, the computed
t-value of -2.896 exceeds the critical value derived from the t-distribution table, which is -2.030. These results
suggest a notable disparity in mean test scores between students who engaged with D-Learning and those
exposed to PowerPoint-based instruction.

Consequently, it is postulated that D-Learning demonstrates superior efficacy in fostering students’
empathy capabilities for disaster mitigation, compared to conventional PowerPoint-based methods.
Subsequently, an efficacy assessment was undertaken to appraise the impact of the Volcano Disaster
Mitigation Module on enhancing students’ disaster preparedness.
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Table 8. D-Learning effectiveness test using Cohen’s standards

Empathy indicator Effect size Category
Knowledge of issues -0.30 Small
Knowledge of action strategies 0.22 Small
Locus of control 0.22 Small
Attitudes 0.82 Big
Verbal commitment 0.89 Big
Individual sense of responsibility 0.59 Currently

Based on Cohen'’s analysis, the average effect size derived from the D-Learning effectiveness test is 0.41,
indicating a “medium” effect size. This suggests that while D-Learning positively impacts students’ empathy
capabilities, there remains significant potential for enhancing the quality of its educational content. Given this
medium effect size, it is evident that the current pedagogical content of D-Learning does not fully encompass
all facets of empathy capability. Therefore, further refinement and development of D-Learning content are
imperative to comprehensively address all dimensions of empathy (Table 8).

Improving the pedagogical content holds promise for enhancing the effectiveness of D-Learning in
cultivating deeper socio-environmental empathy among students, particularly in disaster mitigation
education contexts. The analysis underscores that D-Learning notably enhances students' empathy towards
disaster mitigation more effectively than traditional PowerPoint methods. The results of the Independent
Samples t-test reveal a substantial disparity in empathy enhancement between the experimental and control
groups, affirming the efficacy of D-Learning.

These findings align with those of Wahyuningtyas et al. (2021), who similarly demonstrated that their
developed application for disaster mitigation education significantly enhanced attention, interactivity,
presentation quality, feedback mechanisms, and overall learning experience compared to conventional
PowerPoint approaches. Moreover, their study established that the application not only improved these
educational aspects but also fostered students’ empathy towards disaster mitigation.

Reflection and Evaluation of Students’ Empathy Activities towards Neighborhood Disaster
Mitigation

Environmental and social empathy refer to learners’ comprehension of their ecological surroundings on
the earth’s surface, fostering a profound sense of accountability, empathy, and awareness as local, national,
and global citizens with a holistic perspective. The D-Learning platform, which has been developed,
incorporates educational resources meticulously crafted to cultivate learners' cognitive disposition towards
environmental and social stewardship, often denoted as empathy capability.

D-Learning modules offer versatile approaches for disaster preparedness, combining virtual simulations
with hands-on learning experiences. Students can engage in immersive activities, such as simulating disaster
scenarios and participating in virtual practical exercises. These interactive tools not only deepen theoretical
understanding but also cultivate practical skills essential for responding to real-world emergencies effectively.
By integrating virtual and hands-on components, D-Learning enables students to develop comprehensive
disaster mitigation strategies and enhances their readiness to tackle diverse challenges in emergency
situations. The students’ activities in hands-on activities can be seen in Figure 12.

This cognitive orientation towards environmental and social stewardship is underpinned by several key
indicators: knowledge of pertinent issues, familiarity with actionable strategies, locus of control, attitudinal
orientation, and individual sense of accountability. Educational content aimed at inculcating the concept of
environmental and social empathy in learners is prominently featured on the platform’'s personality
development page, encompassing aspects of social responsibility and behavioral conditioning.

Furthermore, initiatives geared towards nurturing and enhancing students’ environmental and social
empathy in a comprehensive and structured manner are prominently highlighted on the Pancasila Student
Profile (a set of characteristics that embody the values and principles of Pancasila within the context of
student development in Indonesia) page in the form of e-modules. These initiatives offer a methodical
approach to fostering empathy through practical and experiential learning endeavors. Similar to
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Figure 12. Students’ environmental empathy activities (Source: Authors)

Kalogiannakis et al. (2018) who found that Hands-on activities in natural science enhance skills like problem-
solving and teamwork, while interactive mobile applications can simulate real-world scenarios.

The empathy module engaged students in proposing solutions and taking tangible actions in real-life
scenarios, specifically focusing on addressing the local issue of flood disasters. By using familiar and relevant
challenges from their surroundings, the module aimed to stimulate critical thinking, proactive behavior, and
problem-solving skills among learners.

The efficacy of this approach is evidenced by the practical projects undertaken by students. These
initiatives empowered them to identify and implement specific measures for disaster mitigation, devise
innovative solutions for environmental issues, demonstrate confidence in their ability to positively impact
environmental conservation efforts, and make informed decisions reflecting environmental stewardship.
These outcomes underscore how the empathy module enhanced both practical and cognitive skills among
students, preparing them to engage effectively in meaningful environmental initiatives.

Through its emphasis on fostering a deep understanding of students’ environments and cultivating a
sense of responsibility, empathy, and global citizenship, the D-Learning platform contributes to shaping
students’ attitudes towards environmental and social responsibility. This aligns with findings from Sebastian-
Lopez and Gonzalez (2020), who highlight the positive impact of digital learning in environmental education
on students’ attitudes and behaviors related to environmental and social care. The platform achieves this
through a comprehensive curriculum that addresses issues, action strategies, locus of control, attitudes, and
individual responsibility.

IMPLICATION AND SUGGESTION

The findings of this study have several implications for both theory and practice in the field of digital
learning and geography education. Firstly, the identification of a significant gap in students’ interaction with
digital learning tools highlights a crucial opportunity for educational institutions and policymakers to enhance
digital engagement in geography education, particularly in disaster mitigation contexts. By integrating the D-
Learning platform developed in this study, which caters to students’ visual learning preferences and
incorporates comprehensive disaster content, educators can bridge this gap effectively. This not only
addresses current deficiencies in disaster education but also prepares students more adequately to
understand and respond to disaster scenarios.

Secondly, the study underscores the need for innovative teaching methodologies that foster socio-
environmental empathy among students. The dissatisfaction expressed by a substantial percentage of
students regarding the effectiveness of current instructional approaches in imparting empathy skills suggests
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that traditional methods may be inadequate. The D-Learning platform, with its multimedia-rich content and
interactive modules designed to enhance empathy through disaster education, offers a promising alternative.
Educators can leverage these tools to create engaging learning experiences that cultivate not only knowledge
but also attitudes and values crucial for responsible citizenship and environmental stewardship.

Furthermore, the positive outcomes of the feasibility assessment, including high ratings from both
material and media experts, affirm the readiness of the D-Learning platform for implementation in
educational settings. The platform’s robust validation underscores its potential to improve educational
outcomes by providing accessible, engaging, and effective learning experiences. Moving forward, educational
institutions can use these findings to guide the integration of digital technologies in curriculum development,
ensuring that future generations are better equipped to address complex societal challenges like disaster
mitigation.

Based on the findings and limitations identified, the study suggests several avenues for future research in
digital learning for disaster mitigation education. These include longitudinal studies to assess long-term
impacts, comparative research to evaluate different digital tools, and investigations into policy frameworks.
These research directions aim to enhance understanding, effectiveness, and sustainability of digital learning
interventions in preparing learners for disaster resilience, thereby advancing educational technology and
disaster preparedness efforts.

Limitation and Future Work

This study on digital learning for disaster mitigation education has several limitations that should be
acknowledged. Firstly, the research focused predominantly on a specific demographic group, potentially
limiting the generalizability of findings across diverse populations. Secondly, the study’s reliance on self-
reported data and surveys may introduce response bias and affect the accuracy of results. Additionally, the
time frame of the study might not capture long-term behavioral changes or impacts of digital interventions.
Finally, technological constraints or variations in digital infrastructure across regions could influence the
implementation and effectiveness of digital learning tools.

Future research in this area could address these limitations and further advance the field of digital learning
for disaster mitigation education. Firstly, longitudinal studies could be conducted to explore sustained
impacts and effectiveness over time. Secondly, comparative research across different demographic groups
or geographic regions could provide insights into contextual variations and effectiveness of digital tools.
Additionally, qualitative studies focusing on user experiences and perceptions could offer nuanced
understanding of engagement and learning outcomes. Furthermore, interdisciplinary collaborations
integrating education, technology, and disaster management fields could foster innovative approaches and
tools. Lastly, policy-oriented research could investigate frameworks and strategies for integrating digital
learning into formal education systems and disaster preparedness initiatives effectively.

CONCLUSION

This research aimed to explore the effectiveness of D-Learning in enhancing students’ socio-
environmental empathy, particularly in the context of disaster mitigation. The study investigated whether
learners’ knowledge, perception, behavior, and actions could influence their decision-making and lead to
more relevant actions in developing social-environmental empathy. The results indicated that D-Learning
positively impacts students’ ability to process waste and reduce flood risks in their environment, thus fostering
a greater sense of social-environmental empathy. Students demonstrated improved disaster preparedness
and a more profound emotional and cognitive connection to nature, leading to more responsible
environmental behaviors and attitudes. These findings suggest that integrating empathy-based digital
learning tools can significantly enhance environmental stewardship and disaster preparedness among
students. However, the study acknowledges limitations in the development of D-Learning, particularly in
addressing all indicators of socio-environmental empathy. Future research should focus on refining these
digital learning tools to cover a broader range of empathy indicators and further investigate their long-term
impact on students’ environmental actions and preparedness.
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