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Abstract - This study aims to describe the characteristics, analyze validity, analyze practicality, and
analyze the effectiveness of ethno-STEM integrated teaching materials of light wave materials to
improve students' science literacy. This study uses the Research and Development (R&D) method with
the ADDIE model, namely five stages: analysis, design, development, implementation, and evaluation.
The population of this study is class XI students at SMAN 1 Cepiring with the research subjects of 68
students selected using purposive sampling techniques. The data collection technique used in this study
used a test method in the form of a science literacy description test and a non-test method in the form of
questionnaires and interviews. The data analysis techniques used in this study are in the form of the
validity test of teaching materials, the practicality test of teaching materials, and the N-Gain test to
analyze the effectiveness of teaching materials. The results of the study show that the teaching materials
developed have characteristics that are presented in the features of "Let's Get to Know Culture", "Let's
Observe", "Let's Think", "Let's Try", "Let's Solve", and "Let's Be Technological". Furthermore, the
teaching material obtained validity with a score of 87.5% which was in the very valid category.
Furthermore, based on the practicality test, a score of 96% was obtained where the teaching material
was considered very practical to use, and was able to improve the science literacy of students in the
medium category with an N-Gain score of 0.4571. Therefore, it can be concluded that the teaching
materials are valid, practical, and can be used as a learning resource to improve students' science
literacy.

Keywords: Teaching Materials, Ethno-STEM, Science Literacy.

INTRODUCTION

Physics is a science that consists of
various facts, natural phenomena, thought
results, and experiments. However, some
concepts in physics are often abstract, so
students find it difficult to understand them
(Rizaldi et al., 2020). In line with research
conducted by Ady (2022), it shows that
74.19% of students have difficulty
understanding physics concepts because
they consider physics difficult and struggle
with formulas and numbers. In fact, physics
does not only focus on formulas, but the
concept of physics can be applied in
phenomena in everyday life. Other research
also shows that students have difficulty
understanding physics concepts because
they tend to memorize formulas without

understanding the concepts of the material
(Mardiana et al.,, 2022). Obstacles in
learning physics will make it difficult to
achieve the learning objectives that have
been designed.

Efforts to help achieve physics
learning goals can be supported by high
science learning ability. One of the abilities
that can support science learning is science
literacy. The importance of science literacy
in physics learning makes science literacy
the main goal in science learning in several
countries (Valladares, 2021). This is also
supported by research that states that
intellectual ability and scientific perspective
play a major role in the success of science
learning, one of which is physics learning
(Khurma et al., 2025). Based on the OECD
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(Organization for Economic Co-operation
and Development) in 2024, it is explained
that science literacy is a person's ability to
scientific knowledge to identify
questions in obtaining new knowledge, so
that they can explain scientific phenomena
based on the scientific evidence they obtain
(OECD, 2024).

The importance of science literacy is
not in line with the PISA results of students
in Indonesia. Based on the PISA 2022 report
released in December 2023, it states that
Indonesia is still lagging behind in terms of
science literacy with a score of 383, this

use

score is still far below the global average of
485 (OECD, 2023). The low level of science
literacy of students is also proven based on
the results of needs analysis through initial
diagnostic tests conducted at SMAN 1
Cepiring. Based on the results of the test, it
was shown that the science literacy level of
students was in the very low category with
an average score of 47.74 (Murti & Sunarti,
2021). The factor of low science ability
values can be derived from internal factors
from students who consider science difficult
and also external factors such as methods,
models, strategies, and approaches
learning (Novita et al., 2017), learning that

n

does not support students in developing
science literacy, for example by rarely
providing questions in the form of discourse
(Suroso et al., 2021), and the use of learning
resources that do not support science literacy
(Fuadi et al., 2020).

Learning resources are one of the
important aspects that can improve students'
science literacy. Teaching materials are
learning resources that can be used by
students both in print and non-print form
(Kosasih, 2020). Based on the results of the
needs analysis, it is known that teachers have
not developed many teaching materials in
the physics learning process. This is also
supported by the results of observations that
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show that the teaching materials used in
physics subjects have not integrated the
aspects of science literacy as a whole.
Therefore, researchers are interested in
developing teaching materials that integrate
ethno-STEM. The ethno-STEM approach is
learning that integrates five disciplines,
namely local wisdom, science, technology,
engineering, and mathematical calculations
(Qori et al., 2020).

The integration of the five disciplines
is closely related to the context aspect, the
knowledge aspect, and the scientific attitude
aspect of science literacy. This is expected to
improve science literacy competence.
Previous research has focused on developing
physics learning materials to improve
scientific literacy, but the integration of local
cultural wisdom such as wayang, batik,
fireworks celebrations, and kuda lumping
into light wave topics remains limited.
(Lisdawati et al., 2025; Mufidah et al., 2025;
Saddia et al., 2025). Accordingly, this study
contributes novelty by developing Ethno-
STEM based teaching materials to
improving scientific literacy through the
integration of Indonesian cultural practices,
including  wayang, batik, fireworks
celebrations, and kuda lumping, into light
wave topics. Therefore, this study aims to
the characteristics, validity,
practicality, and effectiveness of ethno-
STEM integrated teaching materials in
improving the science literacy of students in
grade XI on light wave topic.

describe

RESEARCH METHODS

This study uses the Research and
Development (R&D) method with the ADDIE
model, namely five stages: analysis, design,
development, implementation, and evaluation
(Robert Maribe Branch, 2009). This research
was carried out at SMAN 1 Cepiring with 68
samples selected by purposive sampling.
The data collection techniques used in this
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study are the test method in the form of
science literacy description questions and
the non-test method in the form of validity
questionnaires and questionnaires on the
practicality of teaching materials.

The data analysis technique used in
this study consisted of a validity test using a
likert scale consisting of five answer
choices. The results of the assessment given
by the validator will then be analyzed using
the following formula.

P = %x 100%

Description:

P : Percentage of Assessment
f :the score obtained

N : maximum score

Furthermore, the results are interpreted
based on the following categories.

Table 1. Category of Teaching Material

Validity
Percentage (%) Category
0-20 Very Invalid
21-40 Less Valid
41-60 QuiteValid
61-80 Valid
81-100 Very Valid

In addition to the validity test, the teaching
materials were also analyzed for readability
using the rumpang test. The results of the test
are then analyzed with the following
formula.

(P) = . 100
maximum score
The results are then presented using the

criteria in Table 2 as follows.

obtained score

Table 2. Category Readability Teaching

Materials
Interval (%) Category
P <37 Low
37 <x <57 Midle
P >57 High

(Zidatunnur & Rusilowati, 2021)
Furthermore, the practicality of the teaching

materials is analyzed using the same formula
as the validity of the teaching materials,
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which is then interpreted using Table 3 as
follows.

Table 3. Interpretation of Practical Results

Persentase (%) Category
0-20 Very Impractical
21-40 Less Practical
41-60 Quite Practical
61-80 Practical
81-100 Very Practical

(Nuryasana & Desiningrum, 2020)

The effectiveness of the teaching
materials was analyzed by comparing
control classes and experiments through
pretest and posttest scores. The score was
then analyzed using IMB SPSS Statistic 27.
The tests used are the data normality test,
homogeneity test, and N-Gain Test. The N-
Gain results are then interpreted based on
Table 4 as follows.

Table 4. N-Gain Test Results

Value Category
(g9)<03 Low
03<(g)<07 Midle
(g)>0,7 High
(Sudarmin et al., 2019)
RESULTS AND DISCUSSION

Based on the research that has been
conducted, results and discussions were

obtained in answering the research
objectives, namely  describing  the
characteristics, analyzing the validity,

practicality, and effectiveness of ethno-
STEM integrated teaching materials in
improving students' science literacy.

Results

The teaching materials developed are
teaching materials that integrate ethno-
STEM in an effort to improve students'
science literacy. The teaching materials
developed have characteristics  that
distinguish them from other teaching
materials. The characteristics of the teaching
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materials developed are presented in the
instructions for the use of teaching materials,
around teaching materials, and several
features of student activities that are
integrated with ethno-STEM in supporting
their science literacy competencies.

The first part of the teaching material
is the introduction. In this section, the
teaching  materials  developed  have
characteristics as a differentiator from other
teaching materials presented the
instructions for use and around teaching
materials. Instructions for use are guidelines
that must be done in using teaching

in

materials, while teaching materials explain
the overview of ethno-STEM integration
contained in teaching materials to improve
students' science literacy.

The second part of the teaching
material is part of the content, this part is the
description of light wave material. This
section is the distinguishing part from other
teaching materials. The teaching materials
developed contain features that integrate
ethno-STEM in supporting learning to
improve students' science literacy. These
features include "Let's Get to Know
Culture", "Let's Observe", "Let's Think",
"Let's Try", "Let's Solve", and "Let's Be
Technological". In addition, there are also
practice questions that integrate science
literacy competencies in it.

The results of the validity show that
the teaching materials are in the category of
being very valid. The validity results are
shown in Table 4 as follows.

Table 4. Validity Test Results

No  Validator Score Category
()
1 D-01 90.0 Very Valid
2 G-01 85.0 Very Valid
Average 87.5 Very Valid

Furthermore, in the practicality test of
teaching materials, a practicality score of
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95% was obtained, which showed that the
teaching developed
practically used by students. The results of
the practicality test are shown in Table 5. as
follows.

materials were

Table 5. Practicality Test Results

No Aspects Score Category
(%)
1 Convenience 98 Very
practical
2 Efficiency 95 Very
practical
3 Discrimination 95 Very
practical
Average 96 Very
practical

In the effectiveness test of teaching
materials, the N-Gain test was obtained in
the experimental class and the control class

as shown in Table 6 as follows.

Table 6. N-Gain Test Results

Group N-Gain Category
Experiment 0.4571 Medium
Control 0.2359 Low
These  results show that in

experimental classes that use ethno-STEM
teaching materials in learning, they are able
to increase the science literacy of students in
the medium category. Different results were
obtained by the control class that did not use
ethno-STEM teaching materials in learning
only able to increase the science literacy of
students in the low category.

Discussion

The teaching materials developed are
teaching materials that integrate five
disciplines, culture,
technology, engineering, and mathematical
calculations (Wahyuni et al., 2023). The
integration of the five disciplines is
presented in the features or activities of

namely science,

students. The content section in the teaching
materials focuses on integrating ethno-
STEM to support the mastery of science
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literacy, both in terms of personal, local, and
global contexts. Students are expected to be
able to develop the three science literacy
competencies,
phenomena scientifically, designing and
evaluating investigations, and utilizing
scientific evidence for decision-making
(Thomas, 2023). The preparation of content
in this teaching material prioritizes aspects

namely explaining

of local context and science knowledge so
that learning is more meaningful and in
accordance with Indonesian culture.

In the first feature, namely "Let's Get
to Know Culture", students were presented
with local cultural information that was
directly related to the concept of light waves.
This feature contains practical examples
such as puppet performances, batik dips, and
folklore, so that it is able to bridge the
knowledge of concepts and scientific facts.
In addition, this feature serves to train the
competence  to phenomena
scientifically while strengthening content

explain

knowledge according to science literacy.
Furthermore, the "Let's Observe" feature
provides an ethnoscience-based learning
experience to train students' procedural
skills. Through the addition of images and
videos, students are directed to make
empirical observations and understand the
principles  of investigation,
including the repetition of measurement and
control of variables. This feature aims to
hone students' ability to design and evaluate
inquiry designs critically.

The "Let's Think" and "Let's Try"
features were developed to stimulate critical
thinking and creativity. The "Let's Think"
feature directs ethnoscience-based
discussions so that students are able to

scientific

formulate arguments and make scientific
conclusions. Meanwhile, the "Let's Try"
feature facilitates simple experimentation
and the application of technology, so that
learners learn to prove concepts practically
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and strengthen their science identity as
innovators in learning. Finally, the "Let's
Solve" and "Let's Technology" features
complement learning with practice questions
and  introduction to  science-based
technology. The practice question feature
serves to deepen conceptual understanding
and improve competence in explaining
phenomena scientifically, while the "Let's
Be Technological" feature introduces the use
of light properties in the latest technology.
Based on this, this teaching material fully
equips students to think scientifically, solve
problems, and innovate based on science in
the context of culture and daily life.

Based on the results of validation by
two subject matter experts, the teaching
materials developed obtained a validity
score of 87.5%, which is included in the very
valid category. Validation is carried out
using assessment instruments that include
four main aspects, content,
presentation, language, and graphics in

namely

accordance with the National Education
Standards Agency (BSNP). In terms of
content and teaching materials, the validity
value is at 86%, which is included in the very
valid category (Rismawati & Purwaningsih,
2024). This proves that the teaching
materials are in accordance with the basic
competencies and learning outcomes of the
Independent  Curriculum, contain the
concepts of light waves completely and
accurately, and are associated with local
cultural phenomena and values. Various
examples of application, such as fireworks
performances, shadow puppets, dyed batik,
rainbow folklore, and lumping horse
performances are used to explain the
concepts of  reflection, refraction,
diffraction, dispersion, interference, and
polarization of light. Teaching materials are
also arranged with a systematic and logical
flow, in accordance with the steps of the
STEM approach which consists of problem
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identification, technology  exploration,
design, and strengthening scientific concepts
to hone students' critical thinking and
problem-solving skills (Nalasari et al.,
2021).

In addition to testing the validity of
teaching materials on four aspects, teaching
materials were also tested for readability
using the rumpang test. Readability is a
natural and natural reading process that is
reflected through the ability to fill in the
parts that are deliberately blanked in the
rumpang test (Choeriyah et al., 2021). The
group test has a uniform format, using the
original text without modification, except
for the omission of certain words used as
filler items. This type of test does not require
question item analysis and is known to have
a high level of reliability. In this study,
researchers omitted every 8th word from
each sentence in the text as part of the test
construct (Fatkhurrohman & Astuti, 2020).
This test was tested on 35 students in an
experimental class. This test is carried out to
find out how easy or difficult the teaching
material is understood by students. The
results of the readability test in this study
showed a very high readability level with an
average score of 95%. This shows that the
teaching materials developed are easy to
understand by students.

The practicality of teaching materials
is an important aspect in determining the
quality and success of the implementation of
teaching materials in the field. The results of
the practicality test of the development of
ethno-STEM integrated teaching materials
on light wave materials show that the
developed products can be used very easily
to use, efficiently, and attractive to students
(Wati etal., 2022). Involving 35 learners, the
test resulted in an average score of 96%, with
a breakdown of 98% ease of use thanks to
communicative language, clear instructions,

and relevant illustrations. The attraction
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aspect also obtained a high score of 95%,
supported with images, graphics, photos of
local culture, and STEM exploration
activities that make abstract concepts easier
to understand and learning more meaningful.

In addition, the efficiency of the
teaching materials also received a very
practical score of 95%, which allows
students to learn independently, anytime and
anywhere according to their needs and
learning speed (Akmal & Saputra, 2020).
The existence of these teaching materials
also makes it easier for teachers to manage
the learning process and help students
understand  abstract  concepts  more
concretely and applicatively. Based on this
high level of practicality, ethno-STEM
integrated teaching materials not only meet
the quality standards of good teaching
materials,but also have significant potential
in optimizing the learning experience and
improving students' overall science literacy.

The ethno-STEM integrated teaching
materials developed have met the criteria for
validity and practicality, so that they can be
used in the learning process (Lastri, 2023).
Furthermore, an effectiveness test was
carried out to measure the increase in
students' science literacy, especially in light
wave materials. This test compares the
increase in the level of science literacy of
students in the experimental and control
classes, with questions consisting of 10
questions described from level 1a to level 6
of science literacy. The results of the
normality and homogeneity test with the
help of SPSS showed that the data were
distributed normally and homogeneously,
and the Paired Sample T-Test showed that
there was a significant difference in the
increase in the science literacy score of
students in both classes. However, based on
the N-Gain test, it showed that the increase
in science literacy ability in the experimental
class obtained a score of 0.4571 which
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indicates that it was in the medium category,
while the control class only obtained a score
of 0.2359 in the low category. These results
indicate that ethno-STEM teaching materials
are effective in increasing the science
literacy of students in the medium category
(Guntara, 2021).

This teaching material utilizes the
local cultural context that is close to students
to facilitate the formation of meaningful and
relevant scientific understanding (Wibowo
& Ariyatun, 2020). Various features such as
"Let's Get to Know Culture", "Let's Think",
"Let's Try", "Let's Solve", "Let's Observe",
and "Let's Technology" provide
opportunities for students to actively build
knowledge, make predictions, design
experiments, evidence, and
conclude answers based on scientific data.
This is in line with the theory of
constructivism which emphasizes that
students form their own knowledge based on
real and familiar cultural

evaluate

experiences
contexts, making science literacy more
meaningful and applicable in daily life
(Masfufah & Ellianawati, 2020).

The results of the analysis also show
that this teaching material has a positive
impact on three aspects of science literacy,
namely aspects of knowledge, competence,
and scientific attitudes.
scores was significant, such as the value of
level 1a questions increased by 17%, level 2
questions increased by 30%, level 3
questions increased by 40%, and level 4
questions increased by 33%. However, in
questions with higher levels of difficulty
(levels 5 and 6), students' achievements are

The increase in

not optimal, especially in the aspects of
epistemic knowledge and the ability to
research, evaluate, and draw conclusions
from scientific data. This can be caused by
the limited time for learning
implementation, students' initial abilities,
and the lack of optimal design of teaching
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materials for the needs
thinking.

Therefore, this study concludes that
the implementation of ethno-STEM
integrated teaching materials can improve
students' science literacy, especially in the
aspects of content and procedural
knowledge, as well as some aspects of

scientific competence and attitudes. Despite

of high-level

being in the medium category, this increase
remains significant and makes this teaching
material a potential alternative to be used in
science learning that is relevant to the local
context of students (Rahmawati et al., 2020).
It is hoped that the developer of teaching
materials can expand the scope of activities
and extend the duration of implementation to
optimize the mastery of aspects of epistemic
knowledge and high-level thinking skills of
students.

CONCLUSION

Based on the results of the research
and discussions that have been carried out,
in this study it can be concluded that the

teaching  materials developed have
characteristics that are presented in the
instructions for wuse, around teaching

materials, features of student activities such
as "Let's Get to Know Culture", "Let's
Observe", "Let's Think", "Let's Try", "Let's
Technology", and "Let's Solve".
Furthermore, the teaching materials
developed obtained a validity level of 87.5%
which shows that it is in the category of very
valid.

The teaching materials developed have
a very practical level of practicality with a
score of 96%. The effectiveness of teaching
materials in improving science literacy is in
the medium category with an N-Gain of
0.4571.
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