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Abstract: This research lays the groundwork for developing an integrated STEM-
based science e-module on energy material for Grade VIII students. The study
aims to analyze the presence of STEM components—science, technology,
engineering, and mathematics—and scientific literacy in Grade VIII science
textbooks covering energy topics. Using a qualitative case study approach, the
research examines the energy material presented in the Grade VIII science
textbook published by the Center for Books, Ministry of Education, Culture,
Research, and Technology. The analysis reveals that the science component
dominates the discussion, while technology, engineering, and mathematics are
largely absent. Regarding scientific literacy, the textbook presents energy
concepts primarily by explaining science as knowledge and its applications in
society. However, elements related to scientific inquiry, historical contributions,
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Introduction

In the 21st century, six basic literacies need to be
mastered by students, one of which is scientific literacy
(S. N. Pratiwi , C Cari, 2019). Scientific literacy refers to
the ability to apply knowledge to identify questions,
generate new understanding, provide scientific
explanations, draw conclusions based on evidence, and
cultivate a reflective mindset for engaging in science-
related issues. It plays a crucial role in accurately
interpreting and explaining phenomena using scientific
principles (Wulandari & Sholihin, 2016). Moreover, it
motivates students to design the procedures based on
their investigations (Lestari & Siskandar, 2020).
Furthermore, scientific literacy is a central focus of 21st-
century education.

Science consists of three interrelated components:
the scientific process, scientific attitude, and scientific
product (Rusilowati, 2018). Therefore, science education
should integrate all these components. A scientifically
literate individual is prepared to engage in science- and
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and science as a way of thinking are not integrated into the material.
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technology-related activities, possessing the skills to
explain phenomena scientifically, evaluate and design
scientific investigations, and interpret data through
scientific methods (OECD, 2017). Therefore, educational
reforms are essential to strengthen students' scientific
literacy and prepare them for 21st-century challenges.
One effective approach is incorporating scientific literacy
into teaching materials. To fully grasp the nature of
science, students must actively develop scientific skills,
which in turn enhances their awareness of the natural
environment (Septiani & Rustaman, 2017).

Practically, enhancing scientific literacy is essential
for helping students grasp scientific concepts. However,
many junior high school students in Indonesia have yet
to recognize its importance (Pertiwi et al., 2018). As a
consequence, a learning approach that embeds scientific
literacy is necessary to equip students with scientific
knowledge, technological awareness, critical thinking
skills, creativity, and a scientific perspective (Rakhmawan
etal., 2015).

One of the learning approaches is STEM which
facilitates learning by bringing real-world experiences
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into science education (Subramaniam et al., 2012). STEM-
based learning is designed to equip students with 21st-
century competencies.

On the other hand, textbooks play a vital role in
education by presenting material ranging from
definitions and theories to concepts, principles, and real-
world applications. (Sukaesih & Kartijono, 2014). As a key
learning resource, textbooks are essential for motivating,
enriching, and educating students. Considering the
importance of scientific literacy and the frequent reliance
on textbooks in education, incorporating scientific
literacy elements into science textbooks is crucial for
enhancing students' understanding and skills in science.

Moreover, research findings (Listiana et al., 2023)
show that implementing a STEM learning approach
effectively improves scientific literacy skills. Therefore,
integrating STEM into textbook content is essential. As
primary learning resources for both teachers and
students, textbooks play a crucial role in shaping and
supporting curriculum goals (Lipovec et al, 2020).
Integrating these components into textbooks is crucial for
promoting scientific literacy (Darling-Hammond et al,,
2020). Therefore, this study seeks to examine STEM
components and the scope of scientific literacy in Grade
VIII science textbooks, with a focus on energy material.

Method

This study utilizes a qualitative case study approach.
Document analysis was carried out to identify STEM
components and assess the extent of scientific literacy in
energy material. The selection of energy material was
guided by concepts from PISA and TIMSS. The research
subjects were Grade VIII science textbooks based on the
independent curriculum, published by the Center for
Books, Agency for Standards, Curriculum, and
Educational Assessment, Ministry of Education, Culture,
Research, and Technology. The textbooks were selected
based on recommendations from junior high school
science teachers, who identified them as the primary
learning resources in schools implementing the
independent curriculum. Data collection was conducted
through observation using document analysis
instruments.

A content analysis guideline sheet was used to assess
STEM components and scientific literacy, with clearly
defined indicators for each category. These indicators
were evaluated by validators to determine:
(a) STEM components, including Science, Technology,
Engineering, and Mathematics, and
(b) Scientific literacy components, covering knowledge of
science, the investigative nature of science, science as a
way of thinking, and the interaction of science,
technology, and society.
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In the STEM and scientific literacy analysis sheet,
validators reached agreements on the presence of these
components within the analyzed textbooks. The data
analysis followed these steps:

1. Marking a checklist in the score column (1 if the
content matched the STEM and scientific literacy
indicators, 0 if it did not).

2. Determining the analysis results using the Rater
Agreement Percentage.

Result and Discussion
STEM Component Analysis in Science Textbooks

The STEM components, which include science,
technology, engineering, and mathematics, are presented

in Table 1 (Torlakson, 2014).

Table 1. Definition of STEM

STEM content Definition

Science Understanding the principles and laws that
govern natural phenomena.

Technology A set of skills or systems used to manage
society, organizations, and knowledge, or
to design and apply artificial tools that
enhance efficiency and productivity.

Engineering The knowledge required to implement or
design procedures for problem-solving.

Mathematics A branch of science that explores
quantities, numbers, and space, relying
solely on logical reasoning, with or without
empirical evidence.

The science component pertains to natural

phenomena, encompassing knowledge from disciplines
such as biology, physics, and chemistry, and enabling
direct observation. The technology component includes
knowledge about technology, its applications, and its
development. The engineering component involves
applying  conceptual = understanding,  fostering
innovation, and designing and creating products. The
mathematics component focuses on the ability to
analyze, formulate, and interpret solutions to
mathematical problems.

Based on these definitions, the science component
in textbooks includes learning materials related to
nature, visual representations such as images, graphs, or
tables, explanations of complex concepts derived from
facts, principles, or laws, and activities that promote
student engagement, such as questioning, decision-
making, and experimentation.

The technology component in textbooks is
identified through the inclusion of technology use, real-
life applications, software implementation, and online
research. The engineering component is analyzed based
on project-based assignments, opportunities for
students to present creative ideas, and real-world
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problem-solving tasks. The mathematics component
includes the presence of formulas leading to
mathematical calculations, higher-order thinking
(HOTS) questions, problem-solving exercises, and data
interpretation using images, tables, or graphs.

Based on these descriptions, science learning
resources in STEM education must incorporate all four
aspects—science,  technology, engineering, and
mathematics—as outlined in Table 1. The STEM
components identified in the analyzed science
textbooks, as evaluated by validators, are presented in
Table 2.

Table 3. Component of STEM
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Table 2. Analysis Results

Component Validator Agreement
1 2

Science 1 1 1

Technology 0 0 1

Engineering 0 0 1

Mathematics 1 1 1

Based on the results in Table 2, all four assessments
are in agreement, yielding an inter-validator agreement
percentage of 100%. These findings indicate that both
validators concur that the STEM components present in
the analyzed textbooks align with the indicators,
specifically the Science and Mathematics components, as
detailed in Table 3.

Science Technology  Engineering Mathematics
Factual: - - Calculation
1. Pushing a cart loaded with cargo over a certain distance results in physical formulas:

exhaustion. 1. Kinetic energy
2. The faster a person pushes the cart while running, the greater their (page 88

fatigue. 2. Potential energy
Conceptual: (page 89
1. Definition: Potential energy (page 88) 3. Mechanical
2. Kinetic energy (page 88) energy (page
3. Mechanical energy (page 89) 90)

Procedural:
Identifying objects that possess mechanical energy (page 92).

Based on the validator's assessment results in Table
3, the Science component is the most prominent in the
analyzed eighth-grade science textbook. The
introduction encourages students to examine the
connection between the studied material and real-life
scenarios, such as how an object's weight, travel
distance, and required energy are related.

In the learning activities, the Science component is
reinforced through relevant visuals and comprehensive
explanations that build upon facts, concepts, principles,
and laws, particularly concerning kinetic energy,
potential energy, and mechanical energy. Additionally,
the textbook encourages students to analyze problems
critically. However, it does not include activities that
actively engage students in conducting experiments,
limiting the opportunity to develop investigative skills.
The science component is also reflected in the "Test Your
Skills" section, which guides students in identifying and
answering questions related to mechanical energy.

The second STEM component, technology, is not
integrated into the analyzed textbook. There are no
technological tools included to support students'
understanding or enhance learning effectiveness. This
absence may stem from the lack of experimental
activities and the omission of prompts for students to
explore information online. Additionally, the textbook
does not incorporate instructional videos as a learning

aid. The use of technology in education is crucial for
achieving learning objectives, encompassing both
advanced tools and simple technological applications
that facilitate the learning process.

Likewise, the engineering component is not
represented in the eighth-grade science textbook.
Engineering involves project-based tasks that promote
problem-solving and product development, yet such
assignments are not included. Incorporating project-
based tasks would encourage students to take
responsibility for their work and engage actively in
solving  real-world problems (Pratama &
Prastyaningrum, 2016). Whether working individually
or in groups, students should be encouraged to plan,
organize, test, and present their project results.

The mathematics component appears only in the
form of mathematical expressions, such as formulas for
potential energy, kinetic energy, and mechanical energy.
However, it is not utilized for problem-solving or real-
world applications. A student demonstrates problem-
solving ability when they can analyze a situation and
apply their knowledge to new contexts effectively
(Fitriani et al., 2022). This can be accomplished if the
mathematics component in the analyzed textbook is
integrated with real-life applications and problem-
solving activities.
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Analysis of Science Literacy Components in Science
Textbooks

The analysis of scientific literacy content is based on
four observed categories: knowledge of science, the
investigative nature of science, science as a way of
thinking, and the interaction of science, technology, and
society (Chiappetta et al., 1991). The knowledge of the
science category includes activities that foster discussion
and actively involve students in understanding facts,
concepts, principles, laws, theories, hypotheses, and
models. This category represents the transfer of scientific
knowledge as students acquire and process information.

The investigative nature of the science category is
reflected in activities that stimulate critical thinking and
engage students in conducting investigations or
experiments. The science as a way of thinking category
highlights how scientists approach inquiries and
conduct investigations using scientific reasoning. The
interaction of science, technology, and society category
explores the impact and influence of scientific and
technological advancements on society. Based on these
categories, the scientific literacy components identified
in the analyzed textbook are summarized in Table 4.

Table 4. Category of Science Literacy
Science literacy Validator Agreement

indicators 1 2 Statement

The knowledge 1 1 1 Definition and formula

of science of kinetic, potential,
and mechanic energy.

The 0 0 1 -

investigative

nature of

science

Science as a 0 0 1 -

way of thinking

Interaction of 1 1 Scientific Fact: Water

science, as a Renewable Energy

technology, Source.

and society

Based on the results in Table 4, all four assessments
showed agreement, yielding a 100% consensus between
the validators. This indicates that both validators
concurred that the components aligning with scientific
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literacy indicators in the analyzed textbook are the
knowledge of science and the interaction of science,
technology, and society.

The knowledge of science category is prominently
presented, particularly in the energy topic, where the
textbook primarily conveys scientific knowledge
through definitions and formulas related to potential,
kinetic, and mechanical energy.

However, the categories of the investigative nature
of science and science as a way of thinking were not
identified in the textbook. The absence of investigative
activities means students are not encouraged to conduct
experiments or scientific inquiries. Additionally, the
science as a way of thinking category is lacking, as the
textbook does not include historical accounts of
scientists conducting experiments, examples illustrating
the empirical and objective nature of science, or
applications of the scientific method for problem-
solving.

Students develop strong problem-solving skills
when scientific knowledge is complemented by hands-
on experiences, such as investigative activities or
experiments (Lailatul et al., 2015). The interaction of
science, technology, and society category is reflected in
the textbook through the "Scientific Facts" section, which
emphasizes the role of science and technology in
everyday life. A well-structured science textbook should
establish clear connections between each topic and its
real-world applications, illustrating the relationship
between science, technology, and society (RN et al,
2016). In addition, textbooks should incorporate diverse
questions, investigative activities, experiments, and
discussions that actively engage students in applying
scientific and technological concepts to real-world
situations (Maryati, 2018). Based on the analysis of
STEM components and scientific literacy, it is essential
to develop an integrated STEM-based science textbook
for Grade VIII, focusing on the energy topic. This
development should enhance content that strengthens
the interconnection between STEM components. A
STEM project, such as designing and building a simple
water wheel, can effectively demonstrate these
connections, as outlined in Table 5.

Table 5. The Relationship Between STEM Components in Water Wheel Construction

Science

Factual:

Example of an energy source (water).

Conceptual:

Water has potential energy due to its height, which is
converted into kinetic energy as it flows and spins the blades.

Procedural:
- Steps to construct a simple water wheel.
- Steps to test a simple water wheel.

Technology

- Internet for researching information about simple water

wheel technology.

- Tools and materials for constructing a simple water wheel.
- Computer for creating tables, graphs, and diagrams of

observation results and reporting the construction of the
simple water wheel.
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Metacognitive:

- Designing a simple water wheel.

+ Building a simple water wheel.

+ Evaluating the water wheel design.

Engineering
- Designing a Simple Water Wheel
- Building a Simple Water Wheel
- Testing the Simple Water Wheel
- Evaluating the Simple Water Wheel

Mathematics
+ Calculating potential energy
- Calculating kinetic energy
+ Calculating mechanical energy

Conclusion

Based on the research findings and discussion, the
analyzed Grade VIII science textbook on the energy
topic has not yet fully integrated scientific literacy and
STEM components. An effective textbook should align
with students' needs and the school environment.
Selecting an appropriate textbook can enhance students'
understanding of science and improve their scientific
literacy. Therefore, developing a STEM-integrated and
science literacy-based Grade VIII science textbook on
energy is essential.
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