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Flood-related learning in elementary schools requires contextual and
engaging media that can connect scientific concepts with students’
local environmental experiences. However, digital learning media that
integrates local environmental wisdom into interactive flood learning
remains limited. This study aimed to develop and evaluate an
interactive digital \comic based on |local environmental wisdom for
flood-related social studies learning in elementary school. Using a
Research and Development approach with the ADDIE model, the
study involved elementary school students and teachers, supported by
three expert validators in material, media, and language. Data were
collected through validation sheets, teacher and student practicality
questionnaires, and pretest—posttest assessments. Data were analyzed
using descriptive statistics and N-gain analysis. The results showed
that the digital comic achieved an average validity score of 91%,
categorized as very valid, and an average practicality score of 91%,
categorized as very practical. Students’ average posttest score was
higher than the pretest score, increasing from 58.50 to 82.75, with an
N-gain of 0.58, categorized as moderate. The findings indicate that the
developed digital comic is feasible and practical for contextual flood
learning, while the observed score improvement provides preliminary
evidence for further effectiveness testing. The study contributes a
locally contextualized digital learning medium that integrates
environmental wisdom into interactive science learning.

This is an open-access article under the CC BY-SA license.
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1. INTRODUCTION

Learning at the elementary school level is not just about providing knowledge, but
also aimed at developing students’ abilities to understand information, think critically, and
connect learning materials to everyday life. In this context, environmental learning is

Journal homepage: https://journal-gehu.com/index.php/misro

Zl'—_l ‘tur’n|t|n Page 8 of 25 - Integrity Submission

Submission ID trn:oid:::1:3672512453


https://journal-gehu.com/index.php/misro
https://journal-gehu.com/index.php/misro
https://creativecommons.org/licenses/by-sa/4.0/
mailto:cutkumalasari79@unsam.ac.id

z"-.l turnltln Page 9 of 25 - Integrity Submission Submission ID  trn:oid:::1:3672512453

- ° 2510 https://doi.org/10.58421/misro.v5i3.2111

particularly important because students need to understand environmental phenomena that
are closely related to their daily lives. Learning about floods needs to be linked to students’
environmental conditions and real experiences so that they not only understand the concept
of floods but also can recognize the risks, impacts, and efforts [1]. Floods are environmental
problems that often occur and can affect people’s lives. Therefore, learning about floods

L @ needs to be delivered contextually so that students are encouraged not only to understand
flood-related concepts but also to identify causes, recognize potential impacts, and
understand appropriate prevention and preparedness efforts. The flood material that can be
provided to students includes discussions on the causes of floods, the impacts they cause, as
well as steps and preparedness that can be done before, during, and after a disaster [2].

According to [3], students’ knowledge and understanding of flood disasters need to
be improved because it is still commonly found that elementary school students do not have
knowledge about floods. In social studies lessons, materials about the environment can serve
as a means to foster students’ concern for the conditions of their surroundings. Social studies
lessons are already mandatory for students starting from elementary school [4]. However,
the delivery of material, which is still dominated by textbooks and teacher explanations, can
make students less interested and have difficulty relating the material to real-life situations.

- @ This condition indicates the need for learning media that can present environmental issues
in a form that is accessible, engaging, and closely connected to students’ experiences.
Choosing interesting media that fits students’ characteristics can support a more active
learning process that is meaningful for them.

Interactive digital comics can be a media option that supports delivering material to
students. Interactive digital comics present learning content through a combination of
narrative, images, text, and interactive activities, allowing students to engage with the

”» @ material more contextually and appealingly. According to [5], interactive digital comics can
help students understand the material because the information Is conveyed through visual,
text, and audiovisual elements. The presence of interactive components also gives students
the opportunity to be more actively involved during the learning process. Thus, interactive
digital comics have potential not only as a means of presenting information but also as a
learning environment that can encourage students to read, interpret visual information,
follow narratives, and respond to learning activities.

The digital comic developed in this study incorporates elements of local wisdom
found in the students’ surroundings. The local environmental wisdom incorporated into the
comic refers to locally familiar knowledge, values, practices, and environmental behaviors
that can be associated with how communities understand, respond to, and care for their
surrounding environment. These elements are presented through the context of the students’
local environment so that flood-related concepts are not presented as abstract information
but are connected to situations and environmental practices that students can recognize. The
use of this context is intended so that flood material can be connected to situations close to
the students’ experiences. Utilizing local wisdom in social studies learning can become a
source of contextual learning that is close to students’ lives, making learning more
meaningful and relevant to social and cultural environments [6]. In the context of flood
education, connecting local wisdom with environmental issues is relevant because students
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can recognize that community knowledge and environmental practices can be related to
awareness, preparedness, and responsible behavior toward flood risks. In this way, students
can see that environmental issues are not just material learned from books but can also be
found in everyday life. Integrating local wisdom into digital learning media can make the
material more engaging and help students understand lessons through cultural contexts they
are familiar with [7].

Besides understanding the material, learning also needs to support the improvement

”» Q of students’ literacy and science comprehension. Digital comics can also be used as an
innovative learning medium to support the development of literacy and creative thinking in
- @ elementary school students [8]. Students are expected to be able to read information,

understand environmental phenomena, connect cause and effect, and use the knowledge they
gain to solve simple problems related to the environment. Interactive digital comics that
present flooding issues through stories and learning activities are expected to help students
develop these skills. Therefore, integrating flood education, local environmental wisdom,

- @ and interactive digital media provides an opportunity to develop learning materials that

simultaneously address literacy, environmental understanding, and students’ ability to relate

learning content to real situations.

Although previous studies have established the potential of interactive digital comics
for supporting learning and have highlighted the relevance of local wisdom in contextual
learning, an important gap remains in the development of digital learning media that
specifically integrates flood education with local environmental wisdom in elementary social
studies. Previous discussions tend to emphasize the usefulness of digital comics as learning
media or the contextual value of local wisdom separately, while the combination of flood-
related content, local environmental wisdom, interactive digital comic features, and social
studies learning remains insufficiently addressed in the present context. This gap is
particularly relevant because flood education requires students to understand environmental
risks through situations that are meaningful and recognizable in their own surroundings.

- @ The novelty of this study lies in the integration of these elements into a single
interactive digital learning medium. Rather than presenting flood material only through
general explanations, the developed digital comic incorporates local environmental wisdom
into narratives and learning activities so that students can encounter flood-related concepts
through familiar environmental and cultural contexts. The study therefore positions local
wisdom not merely as an additional illustration or cultural element, but as part of the
contextual basis for presenting flood education in elementary social studies.

Based on these issues, this study focuses on the development of interactive digital

o comics that utilize local wisdom from the environment in social studies learning to support

- the improvement of literacy and students’ understanding of science in elementary schools.
g Specifically, this study aims to develop an interactive digital comic that integrates flood-

related learning content with local environmental wisdom and to examine its feasibility as a

learning medium for elementary school students. Using digital comics that integrate local

wisdom can be an alternative learning medium that connects the material with cultural and

- e environmental contexts close to students’ lives. The study is expected to contribute to the
development of contextual social studies learning media by demonstrating how local

L]

L]

L]

L]
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environmental wisdom can be integrated into interactive digital comics for flood education.
Practically, the developed medium is expected to provide teachers with an alternative
resource for presenting environmental and disaster-related content in a form that is more

.o relevant to students’ everyday experiences. In addition, the development of digital comics
pased on local wisdom in social studies learning also shows potential as an innovative

.@ learning medium that can be used to support the learning process: The developed products
are expected to be feasible in terms of validity, practicality, and effectiveness so that they

.@ can be used as an alternative learning medium for social studies at the elementary level.

O 2. METHOD

2.1. Research Design
This study uses a research and development (R&D) design aimed at producing and

®0 examining the feasibility, practicality, and preliminary effectiveness of interactive digital
comics based on local environmental wisdom for social studies learning on flood material.
®0 The product development uses the ADDIE model, which consists of five stages: analysis,

design, development, implementation, and evaluation. These five stages are carried out
systematically, starting from identifying learning needs and contextual problems, followed
by product design and development, implementation with students, and evaluation of the
developed product [11].

The ADDIE model is used because its development process is carried out through
systematic, sequential, and interconnected stages. The process starts with identifying
learning needs and student characteristics, continues with designing and developing the

.@ product, and is followed by implementation and evaluation to determine the quality and use
of the developed learning medium. [12] Explain that ADDIE can be used as one of the
models in development research because it provides clear stages from needs analysis to
product evaluation.

The development and evaluation procedures in this study were organized into five

®0 stages, as described in Sections 2.2-2.6.

The
ADDIE
Model

Develop

Figure 1. ADDIE Model
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2.2. Analysis Stage

- The analysis stage is carried out to identify the needs and learning problems related

- to the development of social studies learning media on flood material. The analysis includes

- @ needs analysis, student characteristics, curriculum analysis, material analysis, and learning

media analysis. This analysis IS conducted through observations and interviews with
teachers, as well as a study of the curriculum and learning materials. This stage is necessary
to ensure that the media developed matches the students’ needs, learning characteristics, and
issues found in the field [13].

L @ The results of the analysis also serve as the basis for determining the design of
interactive digital comics that fit the students’ characteristics, learning goals, and the
surrounding environmental conditions. The flood material will then be linked to local
environmental wisdom found in the students’ surrounding environment so that learning
becomes more contextual and closer to the students’ daily lives.

The local environmental wisdom content was selected based on its relevance to the
surrounding environmental context and its relationship to flood prevention, preparedness,
and responsible environmental behavior. The selected elements were incorporated into the
storyline and learning activities of the digital comic to provide students with contextual
examples that are close to their everyday experiences.

2.3 Design Stage

- @ In this design stage, the process starts with designing the product based on the results
of the analysis. This stage can be done by preparing the materials, layout designs, product
flow, and instruments that will be used in the research [14]. At this stage, the learning
objectives, flood materials, elements of local wisdom, storyline, characters, illustrations, and
interactive elements suitable for elementary school students are determined.

The product design includes the learning flow, storyline, presentation of flood-
related concepts, integration of local environmental wisdom, visual illustrations, characters,
navigation, and interactive learning activities. The design was developed to ensure that the
content, visual presentation, language, and interactive elements were appropriate for
elementary school students.

- @ In addition, validation instruments, teacher and student response questionnaires, as
wellas literacy and science comprehension tests, were also prepared as research instruments.

Figure 2. Preliminary design
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2.4. Development Stage

According to [15], this stage is the process of realizing the design into a usable
product. The product is then validated by experts to determine its feasibility and to get
suggestions for improvements. The development stage involves creating interactive digital
comics based on local wisdom, following the design from the design stage. The developed
prototype was reviewed and revised based on expert feedback before being implemented
with students.

The product is assessed by content experts and media experts to determine its level
of feasibility. The feedback given through the validation process is used as a reference for
making revisions before the media is applied to students.

Besides validating the content and media, the product will also be validated by a
language expert. Language validation aims to assess whether the language used in the
interactive digital comic is suitable for elementary school students. The aspects evaluated
include clarity of sentences, readability, use of communicative language, and whether the
language matches the students’ developmental level. Language expert validation is needed
to ensure that the language used in the comic media can be understood by students and suits
their characteristics [16].

- Q The validity score was calculated by comparing the obtained score with the
maximum possible score and expressing the result as a percentage. The validation results

2] were then interpreted according to the validity criteria used in the study.

(1]34] 2.5. Implementation Stage

The implementation stage is the process of applying the interactive digital comic
media that has been developed and validated by experts to the students. The product is tested

- @ to find out its practicality and the students’ responses to the media that has been developed.
According to [17], the implementation stage IS carried out by applying the product that has
- @ been developed and validated by experts to the students as users. The purpose of this stage

IS to obtain information regarding the use and response to the product when applied in
learning activities.
L @ Practicality was assessed through teacher and student response questionnaires. The
questionnaires were used to obtain information about the ease of use, attractiveness, clarity,
and usefulness of the developed interactive digital comic. The practicality scores were
calculated by comparing the obtained score with the maximum possible score and expressing
the result as a percentage. The results were then interpreted according to the practicality
criteria used in the study.
To examine changes in students’ literacy and science comprehension, this study used
a one-group pretest—posttest design, represented as O1—X—02, where O: represents the
pretest, X represents learning using the interactive digital comic, and Oz represents the
posttest. The tests were administered before and after the implementation of the learning
media.

- @ The normalized gain (N-gain) was calculated using the following formula:
posttest score — pretest score 1)

N-Gin=cwrrmr o
maximum score — pretest score

-

-
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The N-gain results were used to describe the level of improvement in students’
literacy and science comprehension following the implementation of the interactive digital
comic. Because this study used @ one-group pretest—posttest design without a control group,
any observed increase in scores was Interpreted as improvement following implementation
rather than definitive evidence that the digital comic alone caused the improvement.

2.6. Evaluation Stage

According to [17], the evaluation stage is conducted to assess the product based on
data obtained during the development and implementation process. The goal is to gather data
on how the product is used in learning. In this study, the evaluation stage integrates the
results of expert validation, teacher and student practicality responses, and the pretest—
posttest results.

This stage is about assessing the interactive digital comic that has been developed
based on the results of validation and testing to determine the feasibility and practicality of
the product. The evaluation also considers the preliminary effectiveness of the product based
on changes in students’ literacy and science comprehension scores. The results of validation,
practicality assessment, and pretest—posttest data are used to determine whether revisions
are required.

Thus, the evaluation stage examines three aspects of the developed product: validity,
practicality, and preliminary effectiveness. The findings from the evaluation are used as the
basis for improving the interactive digital comic and determining its suitability as an
alternative learning medium.

2.7. Research Instruments

The research instruments consisted of expert validation questionnaires, teacher and
student response questionnaires, observation and interview guidelines, and literacy and
science comprehension tests. The expert validation questionnaires were used to assess the
content, media, and language aspects of the product. The teacher and student questionnaires
were used to assess the practicality of the media, while the pretest and posttest were used to
measure changes in students’ literacy and science comprehension.

The validation, practicality, and learning assessment instruments were developed
based on the objectives and indicators of the study. The questionnaires used a Likert-type
scoring system, while the literacy and science comprehension tests were administered before
and after the implementation of the digital comic.

2.8. Data Collection Procedure

Data were collected through observation, teacher interviews, expert validation,
teacher and student response questionnaires, and pretest and posttest administration.
Observation and interviews were conducted during the analysis stage to identify learning
needs, student characteristics, learning conditions, and problems related to flood learning.

After the prototype was developed, expert validation was conducted to assess the
content, media, and language aspects. The product was revised based on the validation
results before being implemented in learning activities. During implementation, students
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used the interactive digital comic for social studies learning on flood material, followed by
the collection of teacher and student responses.
The pretest was administered before students used the digital comic, while the
- o posttest was administered after the learning activities. The pretest and posttest results were
used to identify changes in students’ literacy and science comprehension.

126 2.9. Data Analysis
The data were analyzed descriptively using percentages for the expert validation and
practicality assessments. The percentage was calculated by comparing the obtained score

- a with the maximum possible score. The resulting percentages were interpreted according to
the predetermined validity and practicality criteria.

- o Pretest and posttest scores were analyzed using descriptive statistics and N-gain to
identify changes in students’ literacy and science comprehension. The N-gain was calculated

- @ using the difference between the posttest and pretest scores relative to the maximum possible
improvement.

- @ If inferential analysis is conducted, the paired-sample t-test can be used when the

] 44 data meet the assumptions of parametric analysis, while the Wilcoxon signed-rank test can

» G be used when those assumptions are not met. Effect size can also be reported to describe the

magnitude of the observed pretest—posttest change.

Because the study does not include a control group, the statistical results are
interpreted as evidence of changes observed following the implementation of the digital
comic rather than definitive evidence of a causal effect of the intervention.

-
L]

2.10. Ethical Considerations

Because the study involved elementary school students, ethical procedures were
applied throughout the research. Permission to conduct the study was obtained from the
relevant school. Parents or legal guardians were informed about the study and provided
consent for student participation, while students were informed about the study using
language appropriate to their age. Participation was voluntary, and participant information
was kept confidential. The collected data were used only for research purposes, and students’
identities were not disclosed in reporting the research findings

L]

L]
L

-

3. RESULTS

This section presents the findings of the interactive digital comic development using
the ADDIE model. The results are presented according to the five development stages:
analysis, design, development, implementation, and evaluation. The findings include the
needs identified in the analysis stage, the characteristics of the developed product, expert
validation results, teacher and student responses, and changes in students’ literacy and
science comprehension following implementation.

L]

L]

L]

3.1. Analysis Stage Results
Needs analysis shows that there is a demand for learning media that can deliver flood
material in a contextual way with presentations that are engaging for students. Based on

Z"—.I turnltln Page 15 of 25 - Integrity Submission Submission ID  trn:oid:::1:3672512453



z"-.l turnltln Page 16 of 25 - Integrity Submission Submission ID  trn:oid:::1:3672512453

- ° https://doi.org/10.58421/misro.v5i3.2111 2517

observations and interviews with teachers, the identified learning needs included the need
for media that could connect flood-related concepts with students’ surrounding
environmental conditions, present information in a more engaging format, and provide
contextual examples that students could relate to. Learning about floods still requires digital
media that can connect the material with the actual conditions in students’ environments.

- @ The results of this analysis became the basis for developing interactive digital comics
based on local wisdom from students’ surroundings. The local environmental wisdom was
integrated into the learning context by presenting environmental situations, community
practices, and values related to environmental care and flood prevention. This integration
was intended to help students relate flood concepts to conditions and practices that are
familiar in their everyday lives. The comics are designed to include environmental situations
related to floods as well as the values contained within them. This aligns with research
conducted by [18], which found that at the analysis stage, the media used need to have
interesting and interactive elements and be adjusted to the characteristics of elementary
school students.

3.2. Design Stage Results

At this stage, an initial draft of the digital comic is produced, which includes the
opening page, user instructions, character introductions, stories about the environment,
presentation of flood-related material, integration of local wisdom, interactive questions,
exercises, reflections, and evaluations. The storyline was designed to connect the
presentation of flood material with environmental situations that are familiar to students. The
local environmental wisdom component was incorporated into the storyline and learning
activities rather than being presented only as an additional illustration.

The comic is designed using illustrations and language that suit the characteristics of
elementary school students. The interactive elements provide opportunities for students to
read the narrative, observe visual information, respond to questions, complete exercises, and
reflect on the material. These features were intended to support the presentation of flood
literacy through a combination of narrative, visual, and interactive information. In the study
conducted by [19], digital comic media was designed by adjusting the material, student
characteristics, learning objectives, and appealing visuals. Figure 2 presents the preliminary
design of the interactive digital comic, including its storyline, visual presentation, learning
content, and interactive components.

3.3. Development Stage Results

e The initial product was then further developed and validated by content experts and
- @ media experts. VValidation was conducted to determine the feasibility of the product based
on aspects of content, language, appearance, presentation, and interactivity. The validation
results were used as a basis for making improvements to the product before it was applied
to students.
- The product was evaluated by a material expert, a media expert, and a language

8 expert. The material expert assessed the suitability and accuracy of the learning content, the

L

L]
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.@ media expert assessed the visual and interactive aspects, and the language expert assessed
the clarity and appropriateness of the language for elementary school students.

Validation Results of the Interactive Digital Comic

I Content Expert

Media Expert
I Language Expert
I Average

92% L
T 9

920% 90.7% 92

I 90

Percentage (%)

I 88

" 86

Content

Expert Media

Expert

Language

Expert
P Average

Figure 3. Results of interactive digital comic validation

‘@ The assessment results from the validators showed that the media received a validity
score of 91% and falls into the very valid category. The material expert gave a score of 92%,
the media expert gave 90%, and the language expert gave 90%, resulting in an average
validity score of 91%. The validator also gave some feedback that was used as a basis for
making product improvements. The revisions focused on improving the product based on
the experts’ comments concerning the content, presentation, visual/media aspects, and
language. The revised product was subsequently used in the implementation stage.

Table 1. Product validation results

SN. Validator Percentage Category
1 Material Expert: Rapita Apriia 92% Very Valid
2. Media Expert: Maisarah 90% Very Valid
3. Language Expert: Ikrima Maulida 90% Very Valid

Average 91% Very Valid

In the implementation stage, interactive digital comic media was used directly in the
learning process [20]. The revised product was then implemented for 3rd-grade students,
carried out in the social studies class on the topic of floods using interactive digital comics.
During implementation, students interacted with the comic through its narrative,
illustrations, learning content, questions, exercises, and reflection activities. Afterwards,
teachers and students provided feedback on the use of the media.
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Figure 4. Teacher and student response

Practicality Test Results of the Interactive Digital Comic

91%
B Teacher
Student
I Average
89%

Teacher Student Average

Figure 5. Results of the practicality test of the interactive digital comic
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Based on the results of the teacher response survey, a percentage of 93% was
obtained, student responses reached 89%, and the average score was 91%, indicating that
the media is in the very practical category, with the responses indicating that the media was
easy to use, engaging, and supportive of learning flood material in social studies lessons.

These results align with the research [21], which showed that digital comics got a 94%
response from teachers and 93.25% from students, with an average practicality of 93.6%, in
the very practical category.

Table 2. Teacher and student response results

SN.  Respondent Persentage Category
1 Teacher 93% Very Practical
2. Student 89% Very Practical
Average 91% Very Practical

The preliminary effectiveness of the|product was examined by comparing students’

literacy and science comprehension scores before and after using the interactive digital
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.o comic. A one-group pretest—posttest design was used to identify changes in students’ scores
”» Q following implementation. The use of pretests and posttests is also applied in the

development research of digital comics based on local wisdom to find out the improvement
in students’ science literacy [22].

Pretest, Posttest, and N-gain Results

100 A

82.75
80

g 58.50 0.58 (Moderate)
& 60 B Pretest
@ Posttest
%ﬂ N N-gain
z

40

20

0

Pretest Posttest N-gain
.9 Figure 6. Results of pretest, posttest, and N=gain

Table 3. Results of pretest, posttest, and N-gain

Data Average Score
Pretest 58,50
Posttest 82,75
N-gain 0,58
Category Medium
®O0 O Based on the test results, the students’ average pretest score was 58.50, while the
.e average posttest score increased to 82.75. The N-gain calculation gave a value of 0.58, which

falls into the medium category. Thus, students showed higher posttest scores after using the
interactive digital comic, with a moderate N-gain. These results indicate an observed
improvement in students’ literacy and science comprehension following implementation of

®O the learning media. However, because the study used a one-group pretest—posttest design
without a comparison group, the increase cannot be interpreted as definitive evidence that
the digital comic alone caused the improvement. This aligns with research conducted by
[23], which shows that using science comic media can improve elementary students’ science
literacy.

3.6. Evaluation Stage Results
The evaluation stage was carried out by reviewing all the results obtained during the
development process, starting from analysis, design, development, up to product
.@ implementation. The evaluation integrated the findings from gxpert validation, teacher and
student responses, and pretest—posttest results. Validation results showed that the interactive
digital comic based on local environmental wisdom is in the very valid category, while the
responses from teachers and students indicated it is very practical.
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- @ Additionally, the results from the pretest and posttest showed an increase in students’
- @ literacy and science understanding, with an N-gain score of 0.58, which is in the moderate

category. Taken together, these findings indicate that the developed interactive digital comic
met the predetermined indicators of validity and practicality and showed an observed
”» Q improvement in students’ scores after implementation. According to [19], the evaluation
stage Is carried out to identify the strengths and weaknesses of the product after it is used in
learning.
The evaluation results provide a basis for further refinement of the media,
particularly in relation to the presentation of local environmental wisdom, interactive
learning activities, and the clarity of flood-related content.

3.7. Summary of Key Findings

Overall, the findings indicate that the interactive digital comic based on local
environmental wisdom obtained a very valid assessment, with an average validation score
of 91%. Teacher and student responses produced an average practicality score of 91%,
categorized as very practical. The average student score increased from 58.50 in the pretest
to 82.75 In the posttest, with an N-gain of 0.58 in the medium category. These findings
provide evidence of product feasibility and practicality and indicate an observed
improvement in learning scores following implementation.

-
-

4. DISCUSSION

The development of interactive digital comics based on local environmental wisdom
was carried out in five ADDIE stages: analysis, design, development, implementation, and
evaluation. Rather than functioning only as a sequence of product-development procedures,
the five stages provided a systematic process for connecting students’ learning needs, flood-
related content, local environmental context, and interactive digital features. The
development process was carried out through structured stages with the aim of producing
learning media that is relevant to students’ needs and suitable for use in the learning process
[24].

m m

In the analysis stage, it was found that there is a need for more engaging and
contextual learning media. The need for contextualization is particularly relevant to flood
learning because students can encounter environmental risks and conditions directly in their
surroundings. Presenting flood material through familiar environmental situations can
therefore provide a bridge between conceptual information and students’ everyday
experiences. This situation became the basis for developing digital media that integrates
flood materials with the environment around the students. In the study [25], analysis findings
showed that presenting material through interactive digital comics can help students
understand learning concepts, especially because the material is packaged in a narrative that
relates to everyday life situations.

Next, in the design stage, the comic is created by taking into account the learning
material, student characteristics, story flow, visual appearance, and interactive elements.
Using images and stories makes the material easier for students to follow, while elements of
local wisdom provide a contextual layer that connects the learning content with students’
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surrounding environmental and cultural experiences. The interactive digital comic media is
” Q designed based on the results of a needs analysis, and its design covers topics like flooding,
story flow, storyboard, characters, and their appearance [26].

The integration of local environmental wisdom is particularly important because it
distinguishes the developed product from a digital comic that presents flood material only
through general environmental information. In this product, local wisdom is positioned
within the learning narrative and activities so that students can encounter environmental
values and practices while learning about floods. This approach allows flood education to
be connected not only with scientific information about environmental phenomena but also
with students’ understanding of how people interact with and care for their environment.

At the implementation stage, the product is used in the learning process, and feedback
is gathered from teachers and students. This feedback is used to determine how practical the
product is. Furthermore, integrating local environmental wisdom into the comic provides a
context that is close to students’ lives. Students not only learn about floods as a concept, but
also understand the relationship between environmental conditions, human activities, and
efforts to take care of the environment. According to [27], integrating environmental context

”» @ into learning media can help students understand the lessons better, in a contextual and
meaningful way.

The research results show that interactive digital comics based on local

- @ environmental wisdom developed for flood material have a good level of feasibility for use
in_elementary school social studies learning. Validation results on content/material,
DO language, and format/display all fall into the very valid category. This indicates that the

material presented aligns with the learning objectives, the language is understandable for
students, and the comic’s appearance supports the delivery of the material. According to the
research conducted by [28], the media, material, and language validation results are declared
very valid and suitable for use.

The high validation scores suggest that the product components were generally
aligned with the criteria assessed by the three validators. Nevertheless, validation primarily
indicates the appropriateness of the developed product according to expert judgment and
should be distinguished from evidence of learning effectiveness.

From a practical standpoint, teacher and student responses show a very practical
category. Interactive digital comics can be easily used in the learning process and provide a
more contextual and engaging learning experience. The combination of narrative, visual
presentation, and interactive activities may make the learning process more accessible to
elementary school students because information is presented through multiple forms rather
than through text-based explanation alone. The use of local environmental wisdom elements
also helps in connecting flood material with the environmental conditions close to students’
daily lives. This aligns with research conducted by [29], which shows that interactive digital
comics can be practically used in teaching about the environment in elementary schools.

- Furthermore, the results of the pretest and posttest show an improvement in students’

8 abilities. The average score increased from 58.50 to 82.75, with an [N-gain score of 0.58,
which falls into the medium category. This moderate N-gain indicates that the improvement
was not in the highest category and suggests that there remains room for further improvement

L}
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in the learning process and media design. Factors such as students’ familiarity with digital

learning, the duration of implementation, opportunities for interaction, and the complexity

of flood-related concepts may influence the extent of observed improvement. These results

e also indicate that the use of interactive digital comics was associated with higher posttest

scores in students’ scientific literacy and understanding in flood-related materials. These

” findings align with research [30] showing that the use of digital comics in instruction can

8 improve the learning outcomes of elementary school students, with an N-gain score of
0.663—falling into the medium category—and demonstrating a difference in results.

The findings can be understood through the complementary functions of narrative,
visual information, interactivity, and contextual content. The narrative structure can help
organize flood-related information into a sequence that students can follow, while
illustrations can provide visual representations of environmental situations. Interactive
questions and exercises can provide opportunities for students to respond to the content,
whereas local environmental wisdom can make the learning context more familiar and
meaningful. These components may work together to support students’ engagement with
flood-related information, although the present design does not allow their individual
contributions to be isolated.

The role of local environmental wisdom is also important in interpreting the findings.
- e Its integration provides a contextual connection between flood concepts and students’

surrounding environment, allowing environmental responsibility and flood-related practices
to be presented through situations that are closer to students’ experiences. In this sense, local
wisdom functions not simply as a cultural decoration but as a contextual resource for
presenting environmental learning.
The observed improvement should nevertheless be interpreted cautiously. The study
- Q used a single-group pretest—posttest design without a control group, so changes in scores
may also be influenced by factors other than the digital comic, such as students’ prior
learning, classroom interaction, teacher support, repeated exposure to the material, or normal
learning progression. Therefore, the present findings provide preliminary evidence of
improvement following implementation rather than conclusive evidence of a causal effect.
Several limitations should also be considered. First, the study was conducted in a
- @ limited educational context, which restricts the generalizability of the findings to other
- @ elementary schools and student populations. Second, the absence of a control or comparison
group prevents a strong causal interpretation of the pretest—posttest improvement. Third, the
use of N-gain as a primary indicator of change provides information about score
- a improvement but does not fully explain the mechanisms underlying the observed learning
changes. Future studies could involve a larger and more diverse sample, include a
comparison group, apply the media over a longer period, and examine literacy and science
comprehension as separate outcomes using more comprehensive inferential analyses.
Overall, the findings suggest that the interactive digital comic provides a feasible and
practical medium for presenting flood-related social studies content through a combination
of digital narrative, visual information, interactive activities, and local environmental
wisdom. The contribution of the study lies particularly in integrating these elements into a

L]
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contextual learning medium rather than presenting flood material solely through
conventional digital content.

5. CONCLUSION

This study developed an interactive digital comic based on local environmental
wisdom for flood-related social studies learning in elementary school using the ADDIE
model. The developed product was rated very valid with an average validation score of 91%
and very practical with an average teacher and student response score of 91%. Students also
showed higher posttest scores after implementation, increasing from an average of 58.50 to

- ° 82.75, with an N-gain of 0.58 In the moderate category. These findings indicate that the

- o product met the assessed criteria of feasibility and practicality and was associated with an
observed improvement in students’ learning scores.

- @ The study contributes to the development of contextual digital learning media by

integrating digital narrative, visual presentation, interactive activities, and local

environmental wisdom into flood-related learning. This approach can provide elementary

school teachers with an additional learning resource for connecting environmental concepts

- with students’ everyday contexts. However, the findings should be interpreted within the
g context of the participating elementary school and students. The use of a one-group pretest—
posttest design without a control or comparison group limits causal interpretation, and the

DO limited educational context restricts the generalizability of the findings.
Future research should involve larger and more diverse elementary-school samples,
- G comparison groups, and longer implementation periods to provide stronger evidence of

learning changes. Further studies should also examine separately whether the digital comic
supports flood literacy, science literacy, environmental awareness, and disaster
preparedness, as well as investigate the specific contribution of local environmental wisdom
to these outcomes.
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