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Abstract

Most education systems have not fully supported the development of students’
critical thinking skills, partly due to the limitations of teaching materials that only
refer to textbooks. Complex material such as Earth Structure requires a more
contextual and meaningful approach. One strategy that can be used is the devel-
opment of ethnoscience-laden e-supplementary teaching materials that link the
material with local wisdom. This study aims to analyze the validity, practicality,
effectiveness, and characteristics of Ethnoscience-Laden E-Supplement Teaching
Materials to improve students’ critical thinking skills and cognitive learning out-
comes. The research used the ADDIE development model with instruments in
the form of questionnaires, validation sheets, pretests, and posttests. The results
showed that the E-Supplement was feasible to use in learning, with material va-
lidity of 94% and media of 95% (very valid category). The E-Supplement was
also effective in improving critical thinking skills (average 69%, high category)
and cognitive learning outcomes (N-Gain 61%, moderately effective category).
Practicality was rated very well by teachers (97.67%) and students (85%). The
characteristics of the E-Supplement are contextual, practical, and easy to use, and
they raise the ethnoscience of the Sikidang Crater legend to increase student in-
volvement and understanding in learning.
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INTRODUCTION

The 21 century skills are demanded in
the curriculum at all levels of education to pre-
pare students for the world of work (Muttaqiin,
2023). In formal education, students are expected
to master the 4C skills: critical thinking, commu-
nication, collaboration, and creativity (Subarkah
et al., 2024). Understanding the concept of the
21 century is closely related to social changes in
the Information Age and the Industrial Revolu-
tion 4.0 (Saputra et al., 2024). This revolution has
brought major changes, including in the field of
education (Yanti et al., 2024). Technology opens
up new opportunities in learning, expanding ac-
cess to information, increasing teacher-student
interaction, and encouraging active, creative, and
interesting learning (Rahayu et al., 2023). There-
fore, the use of technology is an important tool in
supporting learning while developing 21 century
skills, especially critical thinking.

It is important for students to have 21
century competencies, one of which is the abil-
ity to think critically. Nantara (2021) mentioned
that this ability involves analyzing ideas in depth
based on evidence and facts. However, most
education systems have not fully supported its
development (Mirfaka & Kumala, 2023). The
observation results show that students’ critical
thinking skills are still low, with an average pretest
score of class VIII G of 40% and VIII H of 35%.
Maslakhatunni’'mah et al., (2019) also found
that 40% of students were still confused about
understanding the material. Many students still
tend to memorize, so they consider science a dif-
ficult subject. This is reinforced by Allanta & Pus-
pita (2021), who stated that the biology learning
model at school is not optimal in training critical
thinking skills.

Research by Hesy et al., (2023) shows that
many students do not understand science mate-
rial, so it has an impact on low critical thinking
skills, characterized by scores below KKM 75. A
similar thing was found by Sarip et al., (2022),
who reported that students’ critical thinking skills
were still low, with an inference indicator of
only 23.98%. This low ability is due to the lack
of critical thinking-based question practice and
unsupportive learning habits. Fajari & Chum-
dari, (2021) also found that only 10% of students
scored above the passing score. The contribut-
ing factors include errors in answering questions
and ineffective teaching methods. (Kartika et al.,
2020). added that the teacher’s dominance in
learning also contributed to students’ weak criti-
cal thinking skills.

The low critical thinking ability of students
is caused by ineffective teaching materials, such
as LKS and printed books with conventional ap-
proaches (Suryaningsih & Nurlita, 2021). Inter-
views with three science teachers showed that
learning resources were still limited to the Min-
istry of Education and Culture’s package books.
The questionnaire results also show that learning
is still dominated by the teacher and the use of
the blackboard. Conventional textbooks are con-
sidered less relevant to real life, so they do not
train the application of critical thinking Anggi-
tasari & Widyaningrum (2021). For this reason,
innovative teaching materials are needed, one of
which is an ethnoscience-laden e-supplement that
integrates science with local wisdom.

Zaky et al., (2023) argue that e-supple-
mentary teaching materials are digital learning
materials that support the teaching and learning
process. According to Arfianawati et al., (2016),
the use of local culture can improve the qual-
ity of learning. E-supplement with ethnoscience
content is an innovation that combines scientific
knowledge with local wisdom. The material is
presented digitally so that it is easily accessible,
flexible, and interactive. E-supplements also func-
tion as a complement to conventional teaching
materials to deepen and strengthen student un-
derstanding (Nafi’ah, 2021).

Ethnoscience e-supplements not only pro-
vide easy access, but also integrate cultural con-
text and daily life into the learning process. This
approach plays a role in increasing the relevance
and interconnectedness of science concepts,
and has proven effective in developing students’
critical thinking skills (Sunaryo et al., 2023). Eth-
noscience refers to the transformation of local
knowledge that is passed down from generation
to generation, although still influenced by mythi-
cal elements, and covers various fields such as
agriculture, ecology, medicine, and knowledge of
flora and fauna (Ahmad et al., 2020; Khoiri &
Sunarno, 2018). The application of ethnoscience
in learning aims to bridge abstract science con-
cepts, such as Earth Structure material, with local
facts and phenomena in society.

Earth structure material is complex, cov-
ering topics such as the layers of the earth, the
movement of tectonic plates, and their impact on
natural phenomena, which are often considered
abstract and difficult to understand (Costarica &
Vebrianto, 2022). The legend of Sikidang Crater
from Banjarnegara, which tells the story of Shin-
ta Dewi and Kidang Garungan, can be a contex-
tual introduction to science learning. Based on an
interview with Mr. Rohmat, Dieng Kulon Village
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Administration staff, the legend tells of Shinta
Dewi’s rejection of King Kidang Garungan’s pro-
posal, who was then trapped in a well. The erup-
tion of hot mud in the crater is believed to sym-
bolize the god’s anger and reflect local geothermal
activity. Connecting legends with science helps
students understand natural phenomena contex-
tually while appreciating local culture (Williams
& Rudge, 2019). The integration of scientific con-
cepts into cultural contexts makes learning more
relevant and meaningful. Ethnoscience not only
increases student engagement but also trains criti-
cal thinking in solving culture-based problems
(Gummah et al., 2023). Therefore, it is necessary
to develop ethnoscience-infused e-supplement
teaching materials on Earth structure material
to improve students’ critical thinking skills and
cognitive learning outcomes. The purpose of this
study was to analyze the validity, effectiveness,
practicality, and characteristics of ethnoscience-
loaded e-supplement teaching materials on Earth
structure material. Previous research tends to fo-
cus on ethnoscience integration without develop-
ing critical thinking skills. This research presents
a novelty by integrating the legend of Sikidang
Crater in Earth Structure material through eth-
noscience-loaded e-supplements designed at the
same time to train critical thinking indicators in
learning.

METHOD

This research employs the ADDIE deve-
lopment model, originally developed by Dick
and Carey, which consists of five stages: Analy-
sis, Design, Development, Implementation, and
Evaluation Pitriani et al, (2021). This model was
selected due to its detailed and flexible structure,
allowing for evaluation and revision at each stage,
thereby enabling the ethnoscience e-supplement
to be adapted to students’ needs.

Figure 1. ADDIE Approach Dick & Carey (Pitri-
ani, et al., 2021)

The product developed in this research is
E-Supplementary Teaching Materials with Eth-
noscience Content on Earth Structure Material
to Improve Critical Thinking Ability and Cogni-

tive Learning Outcomes. Critical thinking skills
include interpretation, inference, analysis, eva-
luation, and argument (Ennis, 2018). Cognitive
learning outcomes include remembering, under-
standing, applying, analyzing, evaluating, and
creating (Anderson and Krathwohl in Setyawati
et al., 2021).

This study was conducted on VIII grade
students of SMP Negeri 1 Bawang with a total
sample of 67 students selected randomly (random
sampling). Data were obtained through cognitive
learning outcomes test (pretest-posttest), critical
thinking ability test, as well as questionnaires and
interviews to students, teachers, and experts. The
independent variable is ethnoscience E-Supple-
ment, while the dependent variable is critical
thinking ability and cognitive learning outcomes.

The initial stage of development was car-
ried out through a needs analysis of teaching ma-
terials. Interviews with three science teachers at
SMP Negeri 1 Bawang showed limited learning
resources, which only relied on textbooks and
optional worksheets, making it less contextuali-
zed and not training students’ critical thinking,
especially on Earth Structure material. In addi-
tion, the questionnaire results showed that 61%
of students considered the material difficult, 88%
needed ethnoscience teaching materials, and 95%
agreed that e-supplements were applied in lear-
ning. These findings confirm the importance of
developing teaching materials that are interes-
ting, contextualized, and relevant to the students’
environment.
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Figure 1. Results of Teaching Material Needs
Questionnaire

The design stage is the planning process
before product development. Researchers de-
veloped ethnoscience-laden e-supplements for
Earth Structure materials using Canva to make
them appear attractive and contextualized. The e-
supplement was designed in flipbook format with
the Heyzine application and divided into three
parts: introduction, core, and cover. The con-
tent includes a cover, instructions, ethnoscience
definitions, critical thinking skills, and learning
outcomes, with harmonious layout, colors, and
fonts.
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Figure 2. Results of Teaching Material Needs
Questionnaire

The development stage is the process of
making e-supplements based on the design that
has been prepared. At this stage, the ethnoscience
e-supplement for Earth Structure material is de-
veloped thoroughly. First step is validity testing
by material and media experts, including con-
tent, completeness, presentation, language, eth-
noscience content, and visual appearance. Input
from experts was used for product improvement.

After valid, readability test was conducted
by VIII F class students who were not included
in the experimental or control groups to avoid
data bias. This test assessed the extent to which
students understood the content of the e-supple-
ment, including language clarity and delivery
structure. The results showed an average score of
88% (very good category). Each test item received
a high score, with an average above 3, indicating
that the e-supplement was easy to understand.

The implementation stage is a large-scale
trial of ethnoscience e-supplements to assess
their effectiveness and practicality. Effectiveness
is tested through improving students’ critical
thinking skills and cognitive learning outcomes
using statistical analysis, such as homogeneity
tests, normality tests, t-tests, and N-Gain. Prac-
ticality was assessed through teacher and student
response questionnaires, which included ease of
use, understandability, and usefulness in learning.
The trial used a one-group pretest. Post-test de-
sign, which included giving a pre-test to measure
initial ability, treatment in the form of learning
with e-supplements, and a post-test to assess lear-
ning outcomes. Through this stage, an overview
of the impact of using e-supplements on student
understanding of Earth structure material was
obtained.

The evaluation stage aims to assess the final
quality of the ethnoscience e-supplement through
formative and summative evaluation. Formative
evaluation is conducted during the development
process through material and media expert vali-

dation to improve the product. Meanwhile, sum-
mative evaluation is carried out after implemen-
tation to assess the effectiveness of e-supplements
in improving critical thinking skills and cognitive
learning outcomes, as well as their practicality
based on teacher and student responses.

RESULT AND DISCUSSION

Validity of E-Supplement Teaching Materials

The results of validation by five science ex-
perts showed the level of validity of the e-supple-
ment to be 94%, including a very valid category.
The material is considered to fulfill the aspects of
content, language, completeness, and ethnoscien-
ce content. However, the presentation score was
the lowest (average 3 out of 4), so revisions were
made by adding interactive digital quizzes to in-
crease student attractiveness and understanding
Ghifary et al., (2024).

Table 1. Revisions Based on Material Validation

Before Revision After Revision

=

mr e

—

[, ]

The material comes

Display material in the
form of text and learn-
ing videos

with interactive digital
quizzes

The ethnoscience content in the material is
considered relevant and supports contextual lear-
ning based on local culture. This is in line with
the principles of the Merdeka Curriculum and
has been proven to increase student engagement
and understanding (Mukti et al., 2022; Septina et
al., 2025).

The validation of media resulted in a high
score of 95%, indicating that the visual design
and presentation of the e-supplement were con-
sidered suitable and effective for use in learning.
This score reflects the quality of the layout, co-
lor combinations, and organization of content in
supporting student engagement. However, seve-
ral improvements were made based on validator
suggestions to further enhance its effectiveness.
These included adding a culturally relevant ima-
ge of the Sikidang Crater on the cover to strengt-
hen the local wisdom aspect, revising the title to
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better reflect the full scope of the material, and
unifying the font style across pages to maintain
consistency and readability. In addition, general
videos were replaced with local traditional ritu-
als to provide a deeper contextual experience for
students. These revisions aimed not only to imp-
rove the media aesthetically but also to enrich its
cultural and educational value through stronger
ethnoscience integration.

Table 2. Revisions Based on Media Validation

Before Revision After Revision

Strukinr !
Bumi

The cover features an
image of Sikidang Cra-
ter as a representation of
ethnoscience content.

The cover of the e-
supplement has not
displayed elements of
local wisdom.

- Sapiemen Sjar T E-laplena M
BT LR Tl T Fmpma P

- == =

STRUKTUR
BUMIDAN

The title only reflects
one of the submaterials
covered

F—\—
Etnosains

The title font between
pages (III, IV, V) incon-
sistent, distracting from
the visual impression.

Title adjusted to cover
the entire scope of e-
supplement content

'—
Elnosains %

The type and size of
fonts are homogenized
to improve consistency
and reading comfort.

‘—

!

Video on traditional ritu-
als around Sikidang Cra-
ter added to strengthen
ethnoscience context

Video showing the pro-
cess of volcanic eruption
in general.

These revisions aim to strengthen the pre-
sentation aspect and ethnoscience integration.
The addition of cultural elements and contex-
tual visuals is believed to support students’ un-
derstanding of scientific concepts Kumalasari et
al., 2025; Wahyudin & Permatasari (2024). The
revised media is not only academically valid but
also more interactive, contextual, and effective to
use in science learning in junior high school.

The practicality of e-supplements refers to
the ease and efficiency of their use in learning,
both by teachers and students. The questionnai-
re results show an average practicality score of
97.67% from teachers and 85% from students,
both of which are in the very good category. This
reflects that the e-supplement is easy to use, sup-
ports the learning process, and is in accordance
with user needs. From the aspect of attractive-
ness, students considered the appearance of the
e-supplement attractive because the design har-
moniously combines letters, colors, text, and
images, and is presented in the form of a flipbook
which increases learning motivation. In terms
of material, the content is considered complete,
accurate, relevant to daily life, and encourages
critical thinking. The materials are organized in
a coherent, systematic, and easy-to-understand
manner in the form of text, images, and videos,
and are equipped with ethnoscience elements and
evaluation. The language used is simple, easy to
understand, and in accordance with Indonesian
language rules.

From the aspect of helpfulness, e-supple-
ments are considered practical, cost-effective, add
learning resources, and help students understand
science material and develop critical thinking
skills. This finding is in line with the opinion of
Fernando & Sarkity (2023) and Hidayat et al.,
(2024) who stated that practical products should
be easy to use and effective in learning. In ad-
dition, the direct involvement of teachers and
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students in the evaluation shows a user-centered
design approach that is important to increase pro-
duct effectiveness (Andriana et al., 2022).

Based on the results of questionnaires from
teachers and students, the ethnoscience e-supple-
ment obtained an average score in the Very Good
category across all indicators, indicating that this
product is effective and in accordance with lear-
ning needs. The first characteristic that stands out
is practicality and ease of use. E-supplements are
considered practical, portable, economical, and
flexible because they are available in digital form
that can be accessed at any time. Based on the
results of questionnaires from teachers and stu-
dents, the ethnoscience e-supplement obtained an
average score in the Very Good category across
all indicators, indicating that this product is effec-
tive and in accordance with learning needs. The
first characteristic that stands out is practicality
and ease of use.

E-supplements are considered practical,
portable, economical, and flexible because they
are available in digital form that can be accessed
at any time. Pardede et al., (2025) asserted that
good teaching materials should be flexible, cost-
effective, and support students’ learning indepen-
dence which is reflected in this e-supplement.
The next characteristic is its ability to expand
learning resources. Teachers and students rated
this e-supplement as an effective and interesting
alternative in delivering the material. Kuway et
al., (2023) stated that e-supplements are able to
enrich the variety of learning resources tailored
to student characteristics, as well as expand ac-
cess to learning beyond conventional teaching
materials. It also supports equal access to educa-
tion, especially for students who have difficulty
buying textbooks (Ningsih & Ulya, 2024; Bring-
man-Rodenbarger & Hortsch, 2020).

From the material aspect, the e-supple-
ment presents content that is relevant to daily
life, arranged systematically, easy to understand,
and equipped with ethnoscience elements in the
form of the legend of Sikidang Crater. This ma-
kes learning more contextual, interesting, and
meaningful for students. Research shows that
ethnoscience can strengthen the understanding
of scientific concepts while instilling local cultu-
ral values (Gumilar et al., 2024; Supriatna et al.,
2025; (Ogegbo & Ramnarain, 2024). In additi-
on, e-supplements encourage independent and
student-centred learning, as they invite them to
explore the linkages between science and socio-
cultural contexts (Suryani et al., 2023; Besonia et
al., 2023; Firmani & Wardani, 2022). However,
device and internet connection limitations are

still a challenge, but can be overcome through
the provision of printed versions or offline files as
well as school Wi-Fi facilities.

After applying the Ethnoscience-Infused
E-Supplement, there was a significant increase
in the experimental class compared to the control
class, both in critical thinking skills and cognitive
learning outcomes. Learning that involves the Si-
kidang Crater myth video, scientific analysis, and
evidence-based argumentative discussions encou-
rages students to think deeply and systematically.

Based on the pretest results, students’ criti-
cal thinking skills in the experimental class only
reached 40% and an average cognitive score of
60, while the control class was 35% and an avera-
ge score of 58, all of which were classified as low.
This is due to the limitations of teaching materi-
als, learning approaches that have not trained cri-
tical thinking, and the lack of connection of ma-
terial with everyday contexts (Chakampai, 2024).

The earlier research states that the ethnos-
cience approach can increase motivation, facili-
tate understanding of concepts, and encourage
active learning because the material feels relevant
to local culture and student life (Hidayati & Ju-
lianto 2025; Kharisma et al., 2023; Khoiriyah et
al., 2021).

In addition, critical thinking skills have
been shown to be positively correlated with cog-
nitive learning outcomes (Raturoma & Laisnima
2023; Hamdani et al., 2022). In the control class,
the increase in critical thinking was only mode-
rate because it still used conventional methods.
Meanwhile, the experimental class showed signi-
ficant improvement thanks to contextual, interac-
tive, and local culture-based learning.

The increase in critical thinking skills and
cognitive learning outcomes in the experimental
class shows that the ethnoscience-laden e-supple-
ment effectively trains students’ critical thinking
skills. These skills do not appear instantly but
through continuous practice (Putri et al., 2024).
In contrast to the control class, which only ex-
perienced an average increase, the experimental
class was trained to compile logical arguments
and draw evidence-based conclusions in the dis-
cussion stage, in accordance with the findings of
Wahdabh et al., (2023)

The lack of variety and relevance of teach-
ing materials in the control class causes students
to be passive and less trained in critical thinking
(Siahaan & Meilani, 2019; Dixit et al., 2021). In
contrast, contextualized learning that is relevant
to students’ lives encourages active engagement
and deep understanding. The support of diver-
se and meaningful learning resources is proven
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to significantly strengthen critical thinking skills
(Tanjung et al., 2023; Nur et al., 2023).

CONCLUSION

Based on the results of the study, it can
be concluded that the E-Supplement of Ethnos-
cience-Infused Teaching Materials is feasible,
effective, and practical to use in science learning
on Earth Structure material. This product shows
a very high level of validity, both from the ma-
terial (94%) and media (95%) aspects. The use
of e-supplements can significantly improve stu-
dents’ critical thinking skills and cognitive lear-
ning outcomes, with an average achievement of
critical thinking skills of 69%, which is included
in the high category, and an average N-Gain of
61% (moderately effective category). In terms of
practicality, the e-supplement received excellent
responses from teachers (97.67%) and students
(85%), indicating that this product is easy to use,
economical, and supports active student invol-
vement. The characteristics of the e-supplement
that integrates the local wisdom of the Sikidang
Crater legend make learning more contextual, en-
rich the variety of learning resources, and encou-
rage students to think critically in understanding
science concepts that are close to their lives.
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