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Published: October 15, 2023 students to solve various kinds of problems and explain scientific
phenomena scientifically. Work and energy are physics materials
closely related to students' daily lives. The method used for this

research is to use research and development research and development

Keywords: methods. Based on the results of the latest and contextual material
Scientific Literacy, validation on the suitability of the material with the latest scientific
ig’gg‘:gks' developments, validator one scores four, and validator two scores 4.

The 100% percentage results that meet the criteria are very valid. From
the results of the validation assessment in terms of the average rating
*Correspondence Author: of each vaI[dator fpr the t_wo vaIidato_rs, an av_erage_percentage result
afidahzidan7@gmail.com of 87.49% is obtained with very valid criteria. This shows that the
TPACK-based physics textbook on the subject matter of work and
energy is appropriate to be used as an Electronic School Book aid for
students in understanding and mastering material about work and
energy.

Work and Energy

INTRODUCTION

The 21st century is a century of globalization and information technology. Humans
must have skills in technology, critical thinking, creativity, and the capability to find
solutions. Therefore, education is expected to bridge individuals and the environment in
the era of globalization so that individuals can play a role in becoming a generation of
quality human resources (Defrianti & Iskandar, 2022; Riantoni & Yelianti, 2023).

Science learning, especially physics learning, especially in Indonesia, still needs to
apply technology. Therefore, it is necessary to instill a sense of technological literacy in
science so that today's knowledge can innovate in science, technology, and economics.
This literacy to science can be called science literacy.The results of research by PISA and
TIMSS on science literacy are a reference for improving the learning system in Indonesia.
The results of PISA research in 2018 ranked Indonesia 70 out of 78 countries, while the
effects of TIMSS research ranked 44 out of 49 countries. (Hadi & Novaliyosi, 2019 in
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Suparya I. K et al., 2022). According to UNESCO 2012, this was motivated by the low
interest in reading Indonesian.

Some other things that cause low science literacy in students are learning models,
facilities, facilities, and learning resources. One of them is in teaching aids in the form of
textbooks. Textbooks have an essential role in learning physics in schools. According to
(Adisendjaja, 2009), existing textbooks have emphasized the content dimension compared
to the process and context dimensions as recommended by PISA, the content of science
literacy is still minimal in the context of science as the way of thinking. (Rahmawati et al.,
2019).

Teachers are encouraged to use innovative learning strategies to increase science
literacy in physics learning (Rachmatina et al., 2020). It takes teacher creativity to modify
and improve quality by developing textbooks that integrate technology, materials, and
effective learning methods tailored to the needs of the 21st century and the characteristics
of students.

THEORETICAL SUPPORT

TPACK-Based Textbooks

Textbooks are one of the instruments in teaching and learning activities. The
textbook itself is a book that discusses an aspect of study or unique science that is compiled
to make it easier for teachers and students to achieve learning goals. Therefore, textbooks,
as a source students use, should have an exciting presentation method and language easily
understood by students, which will later be used continuously as a learning support book.
In the regulations of the Ministry of National Education of Indonesia, Number 11 of 2005,
it is stipulated that textbooks are mandatory reference books to be used in schools. These
textbooks contain learning materials aimed at enhancing faith and piety, ethics and
character, competence and mastery of science and technology, sensitivity and aesthetic
abilities, physical potential, and health. They are designed based on national educational
standards. According to this ministerial regulation, student textbooks should be engaging
and innovative, enabling students to grasp knowledge effectively.

This is what underlies researchers to compile TPACK-based textbooks. TPACK
(Technological Pedagogical Content Knowledge) is a learning approach combining
technology, pedagogics, and content applied according to the context of learning (Amelia,
Ayu et al., 2021). In addition, on the material of effort and energy, students often
experience misconceptions related to the physical meaning of their effort and energy. Thus,
TPACK-based textbooks on works and Energy materials have greater effectiveness as
essential knowledge development when students learn work and energy materials and
understand how technology can ease and increase opportunities and learning experiences
for students while knowing the correct pedagogy to improve the content of the learning
(Rasilah et al., 2021).
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Material Accuracy and Textbook Up-to-Date

The material contained in the book includes explanations related to concepts,
definitions, principles, procedures, examples, and training so that students can recognize
ideas or ideas, identify statements, explain the characteristics of an image or picture, can
define, and formulate formulas/formulas/rules, construct new knowledge, and apply new
knowledge, and apply knowledge by the KI and KD that have been developed. Thus, the
concepts used in textbooks must be clear and precise. Dim and security must be avoided
so that students or readers are also clear about their understanding, understanding, and
arrest (Ocvtaviani et al., 2019).

In addition to accuracy, textbooks must meet the up-to-date information in learning
materials. The up-to-date textbooks can be known from when the literature referenced was
published. By understanding the up-to-date literature, the development of publications or
information in the discipline concerned will be known. Thus, textbooks can be used as
material to support student learning in the digital era of the 21st century. With the presence
of this research, it can provide critical evaluation and refinement of the instructional
content found in the textbook, ensuring its continued relevance. Additionally, the
researcher aims for the sustainability of this TPACK-based instructional material, enabling
this journal to provide the necessary information.

METHOD

This research utilized the Research and Development (R&D) methodology. The
research and development method is employed for designing, producing, and validating
the validity of a specific product. Research and development serve as the validator and
enhancer of the resulting product. The Physics Teaching Material Based on TPACK in the
Topic of Work and Energy is the product generated and validated in this study (Rahmawati
et al., 2019).

Scheme of Work

This research and development refer to the 4-D teaching material development
model (four D model), which Semmel and Thiagarajan proposed in 1974. The four stages
of research and plot are the defining stage (define), the design stage (design), the
development stage (develop), and the distribution or dissemination stage (disseminate).
However, this paper is only limited to the third stage, namely development with the end
validated.

Define ] Design ] Develop ] Validation]

Figure 1. Research flow

Validation Instrument

The validity sheet for the TPACK-based physics teaching materials used in this
research data collection tool on the topic of work and energy will be validated by two
experts. The Likert scale used for this validity instrument ranges from 1 to 4. Analysis of
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the expert responses’ outcomes The outcomes of expert reactions were examined in two
stages, with the sum of each expert's total scores for all indicators and validity scores
determined using the procedure. The number of scores acquired was divided by the highest
score, multiplied by 100%, and the results were then interpreted using the following
criteria.

Table 1. Likert Scale validation criteria

Percentage (%) Criteria
0-20 Invalid
21-40 Less Valid
41-60 Moderately Valid
61-80 Valid
81-100 Very Valid

From the above presentation table, it can be determined that if the instructional
material has a percentage of <20, then the instructional material is considered invalid and
should not be applied to prospective learners. If the validity percentage falls within the
range of 21-40%, the instructional material is considered to be of low validity and if the
validity percentage is within the range of 41-60%, then the instructional material is
classified as moderately valid. In both cases, it is not recommended for application to
prospective learners. Instructional materials that obtain a validity percentage within the
range of 61-80% are considered valid and are allowed for application to prospective
learners with the condition of being revised or not based on the validator's assessment. On
the other hand, if the instructional material has a validity percentage of 81-100%, it falls
under the category of highly valid and can be directly applied to prospective learners
without revisions. This assessment is based on the accuracy of concepts and definitions,
accuracy of reference sources, alignment of material with the latest developments in the
field, incorporation of current images, and the up-to-dateness of references present within
the instructional material.

RESULT AND DISCUSSION
Characteristics of Textbooks

The textbook entitled "TPACK-Based Physics Textbook: Work and Energy" is
printed using A4 paper size, with paper length specifications of 29.7 cm and a width of 21
cm. The typography of the writing uses Times New Roman font with a size of 12 points.
The works and energy materials for grade X high school in the textbook are arranged based
on the core competencies and basic competencies of the 2013 curriculum

This textbook consists of 44 pages because it includes various materials and there
are practice questions that allow the number of pages to be able to facilitate students in
understanding the book. The making of this book integrates Technological Pedagogical
Content Knowledge (TPACK), which combines aspects of knowledge, ways of learning,
and mastery of learning materials by utilizing information and communication technology.
In this book, TPACK aspects are presented in barcode form. Barcodes will go to materials
links, quizzes, and interactive worksheets. So learning requires technological devices to
access it. On the other hand, when students use technological devices to access, there must
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be direct supervision from a teacher and parents for the sake of safe, effective and efficient
learning. The TPACK-based physics textbook is structured into three parts, namely
introduction, content, and closing.

The first section is the Introduction section, where in the introduction section there
are several components, namely the cover page, foreword, table of contents, concept map,
core competencies, basic competencies, learning objectives, and material details. The
textbook cover design is shown in Figure 2.

2 RN

RS TA% N

Buku Ajar Fisika

Berbasis TPACK

In the introductory section, a concept map is provided which includes a network of
material from the textbook as well as learning material covered in the textbook. Concept
maps are made in the form of flow diagrams or images. then there is another content section
called let's hypothesize like figure 3

Figure 3. Let's Hypothesize desing

In the Let's Hypothesize feature, readers are invited to provide opinions to solve a
problem in real life. Readers will be given several choices so that readers can reason by
being given real examples that occur in everyday life. then there is also a design section
with the title Let's Observe which has been designed as shown in figure 4.

Mari Mengamati!
Figure 4. Let's Observe design

The Let's Observe section is a form where readers can increase understanding by
observing the video. In Let's Observe there is a barcode that readers can scan and will take
the reader to watch a video on the appropriate topic. Then there is also the design section,
do you know, to provide reinforcement and increase students' interest in learning, like
Figure 5.
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D )
=
Figure 5. Did you know design

In the known feature, you are given knowledge accompanied by images that readers
need to know. This feature provides interesting facts accompanied by illustrations so that
readers can find points that are not explained in the material. then continued with the let's
experiment section, as a forum for students to carry out the process of investigating the
material being discussed as in Figure 6.

(0 >

Figure 6. Let's Experiment design

In the Let's Experiment section, there is a feature that provides readers with a link
to do practicums using a virtual laboratory. This feature offers scannable barcodes and will
take readers to the web, which provides a virtual laboratory so readers can conduct
independent experiments. After students experiment, there is also a special practice
section, where in the practice section there are example questions which are features of
applying concepts that are already known. In this feature there are examples of questions
that readers can do to improve their ability to understand what they have read. The last
section is the closing section, where the closing section includes a summary, evaluation
and bibliography. The summary presents important concepts more concisely than the
material description, then continues with the evaluation which includes practice questions
used by teachers and students to measure understanding and scientific literacy after
learning. This is done to find out the extent to which the learning objectives have been
achieved and can be used as a reference for improvements in the next textbook.

In this textbook, students are directed to acquire the skills of seeking information,
analyzing data, obtaining and presenting data in various forms, and drawing conclusions
from observations. After using the textbook, students are expected to be able to
communicate the results of their analysis in the form of experimental conclusions, fostering
a sense of responsibility for the results obtained. In addition, apart from increasing mastery
of concepts, this textbook aims to develop students' character and improve their learning
achievement. Students at the high school level (SMA) need character development when
viewed in general, which is related to students' initial abilities as well as intellectual
abilities, on the other hand there are characteristics related to differences in student
personality, for example there are differences in attitudes or behavior and students' interest
in improving Achievements, of course, have different ways.

The author strives to enable students to think critically and independently seek out
data. The book provides exercises and self-guided experiments using PhET simulations.
Students have the opportunity to gather data to input into the designated experimental
variables, thereby engaging in hands-on experimentation that hones their skills in
information retrieval, data analysis, and drawing independent conclusions.
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The integration of the TPACK approach is not the only way to innovate learning,
but it can be an alternative for developing technology-based learning methods that are more
effective (Dayanti & Hamid, 2021). Some aspects of TPACK contained in the textbook
are as follows, The first is Technology Knowledge (TK). Technology knowledge
encompasses the fundamental understanding of technology utilized to enhance the learning
process. For instance, it includes the use of software, internet access, animation programs,
molecular models, virtual laboratories, and other tools (Purnawati et al., 2020). In this
textbook, various technologies are employed, such as the utilization of barcodes that link
to YouTube videos for material comprehension, the integration of PhET Simulations as
virtual laboratories, the implementation of Life Worksheet as an interactive worksheet, and
the incorporation of Quizizz for practice problems. The second is Pedagogy Knowledge
(PK), Pedagogical knowledge encompasses the implementation process and learning
methods employed. Textbooks developed with science literacy as a reference incorporate
various aspects, including the body of science, science as a means of investigation, science
as a way of thinking, and the interplay between science, technology, and society
(Rahmawati et al., 2019). Then the third is Content Knowledge (CK), Content knowledge
refers to the understanding of the subject matter being studied. In this textbook, the content
focuses on the topics of work and Energy specifically designed for high school students in
the tenth grade. the fourth is Technology Pedagogy Knowledge (TPK), Technology
Pedagogy Knowledge encompasses an understanding of the changes in learning that occur
and the utilization of technology to facilitate student-centered learning. This textbook
combines the elements of science literacy in its implementation. The fifth is Technology
Content Knowledge (TCK), where Technology Content Knowledge refers to how
technology facilitates the creation of representations of material, enabling students to
explore new ways of understanding concepts within the subject matter through the use of
technology. and finally the sixth is Pedagogical Content Knowledge (PCK), where
Pedagogical Content Knowledge encompasses the understanding of how to effectively
combine subject matter with pedagogical strategies in the learning process. In textbooks,
the integration of effort and energy materials with the TPACK (Technological Pedagogical
Content Knowledge) approach is employed to enhance students' science literacy.

Textbook Validity
Material Accuracy

Test the accuracy of TPACK-based physics textbook material using validation
instruments with assessment indicator items including 1) accuracy of concepts and
definitions, and 2) accuracy of library references.

Table 2. Table of material accuracy

Point Precentage Criteria
Accuracy of concepts and definitions 87,5% Very valid
Accuracy of library references 100% Very valid
Average 93,75% Very valid
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Based on the assessment of the accuracy of concepts and definitions, a result of
87.5% was obtained, which falls within the "very valid" criteria. This indicates that
TPACK-based physics textbooks successfully meet the accuracy requirements for
concepts and definitions. The presented material aligns with the basic competencies and
learning objectives. The topics of matter, work, and energy are covered extensively, as
indicated by the inclusion of numerous sub-materials for study. Furthermore, the textbooks
are supplemented with activities such as "let's think," "let's hypothesize,” and "let's
observe," which aim to enhance students' critical thinking and process skills.

The variation in percentages arises due to the presentation of certain concepts and
definitions being somewhat incomplete, thus necessitating the teacher's role to provide
further explanation to prevent misconceptions. The incompleteness of definitions is
attributed to the book’s emphasis on offering everyday examples, enhancing the learning
process with meaningful context.

Test the validity of TPACK-based physics textbooks using validation instrument
sheets in terms of the content of science literacy material and its integration with the
TPACK approach. The assessment is carried out by material expert validators, namely
lecturers of Physics Education, at Jember University. The validation instrument sheet used
consists of material accuracy and is up-to-date and contextual. The description of these
aspects is as follows.

Material and Contextual Updates

Test the up-to-date material and contextual TPACK-based physics textbooks using
validation instruments with assessment indicator items including 1) material conformity
with the latest scientific developments, 2) image actualization, and 3) library up-to-date.

Table 3. Table of Material and Contextual Updates
Point Precentage Criteria
Compatibility of the
material with the

latest scientific 100% Very Valid
developments
Image actualization 75% Valid
Library updates 87,5% Very Valid
Avarage 87,5% VeryValid

Based on Table-3, the results of the validation of the material are up-to-date and
contextual, the item of conformity of the material with the latest scientific developments
is 100% which meets the criteria of being very valid. This shows that the teaching materials
presented in TPACK-based physics textbooks meet the indicators of material suitability
with the latest scientific developments. The material presented about work and energy in
accordance with the latest scientific developments is supported by existing libraries.

In this instructional book, several material examples are presented with visualized
images. The provided images employ straightforward visualizations depicting scenarios
commonly encountered in the present, thereby aiding in enhancing student comprehension.
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However, these images do not encompass the contemporary application of work and
energy concepts in current technology, thus failing to depict more intricate occurrences.

In the image actualization item, the validation results are 75% that meet the valid
criteria. The material presented has actual illustrative images in accordance with physical
phenomena in everyday life. However, this percentage yield is the lowest compared to
other indicator items. That is, the TPACK-based physics textbook meets the indicators of
image actualization but still needs improvement for the image to be more actual following
the latest developments by applying the cases discussed today. In the literature update item,
the percentage result obtained is 87.5% which meets the very valid criteria. This shows
that TPACK-based physics textbooks meet the latest items in the library. The library used
is a reference source for 10 years, so the information obtained still follows the development
of science today.

Based on the results of the assessment of each validation item, an average
percentage of 87.5% fulfilled the "very valid" criteria. This shows that the TPACK-based
physics textbook is effective in fulfilling current and contextual aspects. Learning that is
currently developing with the help of technology that is useful for supporting continuity in
the teaching and learning process. Learning is a process of interaction between students
and teachers and involves the existence of learning resources in a learning environment,
the sources used in textbooks include materials from textbooks, the internet, and the
surrounding environment, such as real-life phenomena. This allows content to be adapted
to advances in science and technology. According to Tupsai et al. (2015), linking physics
learning with everyday life can encourage students to actively discuss, ask questions, and
express their opinions and suggestions. This supports the idea that incorporating real-life
applications in physics education increases student participation and engagement. The
existence of learning using technology can facilitate interaction between teachers and
students with material, students can exchange information and can access learning
materials at any time and repeatedly. With this situation students can further explore or
master the learning material.

100,00%

75,00%

50,00%

25,00%

0,00%

Materlal Accuracy Materlal and Contextual Updates Avarage

Figure 7. Graphs of Conclusion

The validation results of the accuracy of the material and the up-to-date material and
conceptual presented in the textbook obtained a percentage of 90.625% with very valid
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criteria. This is supported by features that support the development of TPACK-based
textbooks. The integration of technology in the presentation of material makes it easier for
students to access learning materials. So it is expected that students can increase their
knowledge. In addition, the activities designed in the textbook also stimulate students to
develop science literacy including 1) facts presented with illustrations of daily events, 2)
concepts presented with narration, video visualization, and mathematical equations, 3)
principles presented with drawing, 4) theories presented with visualizations in the form of
pictures and graphs about the laws that apply in the subject of work and energy:-

CONCLUSION

Based on the validation assessment results from each validator, namely, the accuracy
of concepts and definitions at 87.5%, accuracy of reference sources at 100%, alignment of
material with the latest developments in the field at 100%, incorporation of current images
at 75%, and up-to-dateness of references at 87.5%, the average percentage for the
indicators of material accuracy and currency obtained from both validators is 87.49%,
indicating a highly valid criterion. This demonstrates that the Physics teaching material
based on TPACK in the topic of work and energy is suitable for use as a supportive tool
for Textbook (BTP) or Electronic School Book for students to comprehend and master the
subject matter of work and energy. The researcher hopes that this article can serve as a
reference for future researchers to further develop the material up to the distribution or
implementation phase of the instructional material in the targeted schools.
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