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ABSTRACT

This research was motivated by the fact that the teaching materials used in
physics learning are still largely dominated by conventional textbooks,
teacher’s books, and Student Worksheets (SWS). The aim of this study is
to develop guided inquiry-based Student Worksheets that can enhance

Correspondence students' critical thinking skills in the topics of temperature and heat. The
Email developed Student Worksheets are expected to be not only valid in terms of
Wulandahri616@gmail.com content and structure but also effective in facilitating a more meaningful
Phone : 083187354322 learning experience for students. This study employs a Research and

Development (R&D) approach. The validation process was carried out by
KEYWORDS : three physics lecturers from the State University of Padang (UNP). The
Guided inquiry model, analysis of the validation instrument results showed that the developed
Critical thinking, Student Worksheets obtained a validation score of 0.95, which falls into
Liveworksheet, the "very valid" category. Therefore, the product developed in this study a

Temperature and heat

quided inquiry-based Student Worksheet is considered valid and suitable

for use as an innovative teaching material to improve students' critical
thinking skills in understanding the concepts of temperature and heat.

® This is an open access article distributed under the Creative Commons 4.0 Attribution License, which permits unrestricted use, distribution, and
= reproduction in any medium, provided the original work is properly cited. ©2025 by author and Universitas Negeri Padang.

In the 21st century, the development of digital information has become a major feature
that marks major changes in various aspects of life. Society is now massively connected
through information technology networks, giving rise to a new industrial revolution,
especially in the information and communication sector. The digital era has brought
significant impacts in various fields, including in the world of education, where 21st century
learning must be able to prepare the next generation to be ready to face rapid developments in
information and communication technology (Rahayu, Iskandar, and Abidin 2022). In the
technological disruption era, education goals have evolved to emphasize students to possess
21st-Century Skills(Novitra et al. 2021).

In this 21st century, everyone is required to be able to adapt and adjust to the
sophistication of technology and Human Resources. Competence is needed so that learners
have the competence to innovate and create, so that they can create new ideas and results
with their innovation and creativity (Ahzari, 2024). Education will continue to develop by the
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demands of the 21st century. This is marked by the use of science and technology in all
aspects of life. The demand one must have in life in the 21st century is to master a variety of
skills one important aspect that must be prepared in facing the challenges of the 21st century
is the development of learner skills (Fernando et al. 2021). These skills are known as "The
4Cs," namely critical thinking, creativity, communication, and collaboration (Winarmo,
2024). 4C skills are soft skills that can be used in everyday situations(Sari et al. 2023).

The 21st-century skills help students reason, understand, analyze, and solve problems
through critical thinking(Sari et al. 2020). This principle is in line with the educational
concept applied by the Ministry of Education and Culture of the Republic of Indonesia in
curriculum development, which emphasis the importance of 21st century skills in the
national education system. The transformation from the 2013 Curriculum (K13) to the
Independent Curriculum is one of the concrete steps in an effort to improve the quality of
education and adapt to the demands of the times. The Independent Curriculum is designed
to provide learning experiences that are more flexible, support exploration, and adapt to the
individual needs of students in facing the challenges of the 21st century (Sartini and
Mulyono 2022).

In the context of 21st century education, students need to be trained to think creatively
and indicatively and build their own understanding through a scientific process based on
student-centred learning. This is confirmed by the Minister of Education, Culture, Research
and Technology Regulation Number 12 of 2024 which stipulates the Independent
Curriculum as the basic framework and curriculum structure for all levels of education in
Indonesia. The Independent Curriculum emphasis student-centred learning, fosters
curiosity, and develops critical thinking skills. In this case, the inquiry approach is very
relevant because it involves students actively in exploration, discovery, and problem solving.
Therefore, the inquiry-based learning model is one of the highly recommended methods in
implementing the Independent Curriculum in order to achieve the expected educational
goals. The Independent Curriculum aims to provide a more holistic and inclusive approach
that emphasis character development, creativity, and critical thinking skills, in addition to
academic knowledge (Herdila et al., 2024).

The guided inquiry learning model is one approach that is very effective in improving
students' understanding of a concept. This model emphasis the process of actively seeking
knowledge, where learners are directed to find their own learning material through scientific
methods. In this model, the teacher plays a more active role in guiding students in finding
answers to the problems given. The advantages of the guided inquiry learning model are
that it can arouse motivation and passion for learning for students to learn more actively,
provide opportunities to develop and advance according to their respective abilities and
interests, help students to develop readiness and mastery of skills in the cognitive process
(Yuzan & Jahro, 2022) . Thus, conclusions can be obtained more quickly and students'
understanding of the material becomes deeper (Nurdyansyah and Fahyuni 2016).

In order for guided inquiry-based learning to run optimally, interesting teaching
materials are needed and in accordance with current technological developments. Teaching
materials used in learning should be designed in such a way as to improve students' critical
thinking skills. Students need teaching materials that are relevant to the needs and
development of the times. The teacher's ability to design and develop effective teaching
materials is an important factor in optimist learning (Dwi Ummu and Herlina Usman 2023).
There are various types of teaching materials used in the learning process, both in printed
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form such as books, modules, and SWS, as well as non-print teaching materials such as film
media, PowerPoint presentations, and E-SWS (Sati and Mutmainnah 2023).

According to Pribadi, Sholeh, and Auliaty (2021), E-SWS is a type of SWS that can be
accessed digitally via the internet network. E-SWS is designed in a digital worksheet format
that can be filled in directly by students and has the potential to improve their critical
thinking skills. Critical thinking ability is a crucial aspect in building 21st century skills,
considering the challenges of the glocalization era are increasingly complex and require
individuals to be able to solve problems independently (Arman Cahyanto, Lesmono, and
Handayani 2022). Critical thinking skills not only help learners in understanding academic
concepts, but also equip them with skills that are useful in social and professional life (Sri
Adhi Endaryati, St. Y. Slamet, and Kartika Chrysti Suryandari 2023). Ennis (2011) defines
critical thinking as reflective and reasonable thinking that focuses on decisions about what to
believe or do. Critical thinking includes skills such as analysis, evaluating, and concluding
based on logical reasoning and strong evidence. Critical thinking is needed for problem
solving in everyday life (Devi, 2022). Previous research shows that E-SWS based on guided
inquiry has been proven valid in improving students' critical thinking skills. Aritonang
(2023) stated that the development of E-SWS based on guided inquiry can increase the
validity of learning based on critical thinking skills. In addition, research by Riski Safitri et al.
(2023) found that the developed guided inquiry-based physics E-SWS was declared valid
and practical in improving students' critical thinking skills. Therefore, the application of E-
SWS based on guided inquiry is an innovative solution in supporting effective learning and
in accordance with the demands of the 21st century.

According to research conducted by Hufri, Dwiridal, and Yulia Sari (2021), the
teacher's ability to develop technology-based learning scenarios is still not optimal, so that
the utilization of digital learning media is not optimal. This is reinforced by the results of a
case study conducted at UNP Laboratory Development High School, which shows that
physics teachers at the school still tend to rely on conventional teaching materials such as
teacher books, student books, and printed SWS. The use of technology in learning is still
limited, and teachers have not fully utilized digital media and interactive learning platforms
available. This condition is one of the main reasons why technology-based learning cannot
be implemented effectively, even though the supporting facilities and infrastructure are
already in place.

Therefore, this study aims to develop and test the validity of guided inquiry-based E-
SWS products as an alternative teaching material that is more innovative and effective in
improving students' critical thinking skills. With the presence of E-SWS based on guided
inquiry, it is expected that teachers can more easily integrate digital media in learning, so
that students have access to teaching materials that are more interesting, interactive, and able
to improve their critical thinking skills. In addition, this research is also expected to be the
first step in encouraging teachers to be more active in developing and using technology-
based teaching materials, so that physics learning becomes more contextual, interesting, and
in accordance with the demands of 21st century learning.

METHODS

This study employs the Research and Development (R&D) method using Sugiyono’s
development model. This model consists of ten stages: identifying potential and problems,
data collection, product design, product validation, product revision, product trials, product
revision, trial use, product revision, and mass production. However, this research is limited
to the validation stage of the E-SWS. Therefore, the research steps include identifying
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potential and problems, data collection, product design, and product validation to assess the
validity of the developed E-SWS.

The research process begins with identifying potential and problems, followed by data
collection conducted at the UNP Laboratory Development High School. Next, the product
design stage involves structuring the E-SWS, including components such as the title,
learning instructions, expected competencies, supporting information, guided inquiry-based
task steps, evaluation, and bibliography. After the product is designed, it undergoes
validation by experts using a per-validated validation instrument. The validation process
assesses several aspects, including E-SWS components, material content, visual
communication, instructional design, software utilization, guided inquiry model alignment,
and its contribution to developing critical thinking skills.

The validity of the product is assessed based on seven key indicators: E-SWS
components, material content, visual communication, instructional design, software
utilization, alignment with the guided inquiry model, and enhancement of critical thinking
skills. Each aspect is evaluated using a Likert scale ranging from 1 to 5, with higher scores
indicating a higher level of validity. The validity of the product is determined using Aiken’s
validity index, and a product is considered valid if it meets the minimum criterion of 2 0.92,
as established by Aiken (1985).

The data collection instrument used in this study consists of a validation sheet
completed by three physics lecturers from Padang State University (UNP). The validation
sheet includes various evaluation aspects such as material content, visual design,
instructional feasibility, and the product’s effectiveness in enhancing critical thinking skills.
Before being used, the validation instrument is tested to ensure its reliability and accuracy.
The data obtained from the validation sheet serve as the basis for determining the validity
level of the developed product.

The data obtained from the validation process were analyzed using Aiken’s validity
index to determine the appropriateness and validity of the developed E-SWS. The scores
provided by the validators were converted into a scale of 1 to 5 (Sugiyono, 2012) and
processed using Aiken’s formula to obtain the validity coefficient. The Aiken’s V formula is

as follows:
s
V= n(c—-1) (1)

The final calculation results determine whether the E-SWS meets the predetermined
validity criteria. If the validity score reaches or exceeds the minimum threshold of 0.92
(Aiken 1985), the product is considered highly valid and suitable for use as an innovative
teaching material in guided inquiry-based physics learning.

RESULTS AND DISCUSSION

Result

The main objective of this research is to develop and produce valid guided inquiry-
based E-SWS to improve students' critical thinking skills on temperature and heat material.
This E-SWS development aims to provide digital teaching materials that are more interactive
and in accordance with the needs of technology-based learning. In the potential and problem
identification stage, an analysis of the learning conditions at UNP Laboratory Development
High School was carried out. Based on the results of observations, this school has great
potential in the utilization of technology in the learning process, given the adequate
infrastructure and supporting facilities. However, the problem faced is that the utilization of
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technology by teachers in learning is still limited. Many teachers have not fully utilized
technology optimally, so the use of digital media in learning is still minimal.

The next stage, data collection, was conducted to obtain more information about the
learning conditions at the school. The analysis of the collected data revealed that E-SWS had
not been fully utilized in the learning process. Most teachers still relied on textbooks,
teacher's books, and printed worksheets as the primary teaching materials. This finding
highlights the need to develop more innovative digital teaching materials that can enhance
students' engagement in learning. To address this issue, at the product design stage, the
development of E-SWS was carried out using Canva as the design platform, and the
resulting product was made accessible to students through the Live worksheets site.

In designing the E-SWS, its structure was carefully developed to include several key
components: title, learning instructions, competencies achieved, supporting information,
tasks or work steps based on guided inquiry syntax, evaluation, and bibliography. Each of
these components was structured to ensure that the E-SWS effectively supports the learning
process and improves students' understanding of physics concepts. Once the development
process was completed, the next crucial step was product validation, which aimed to assess
whether the E-SWS met the required feasibility standards for use in learning. This validation
process involved a thorough evaluation of several essential aspects to determine its
suitability for classroom implementation. The key components assessed included E-SWS
structure, material substance, visual communication display, learning design, software
utilization, guided inquiry model, and critical thinking skills. The feedback obtained from
this validation stage was essential for refining the E-SWS before its final implementation.

The first component assessed in the validity instrument is the E-SWS component. The
feasibility assessment of the E-SWS focuses on four key aspects: 1) material presentation, 2)
language use, 3) usability, and 4) graphic design. The material presentation is analyzed to
ensure the clarity and accuracy of the content, verifying its alignment with the learning
objectives. The language use is evaluated to assess the readability and appropriateness of the
text, ensuring that it is easily understood by students. Usability is measured to determine
how effectively the E-SWS supports learning activities and enhances students' conceptual
understanding. Lastly, the graphic design is reviewed to confirm that the visual elements
contribute to a more engaging and interactive learning experience. The validity analysis
results for these components in the developed E-SWS are presented in Figure 1.
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Figure 1. Feasibility Component of the E-SWS
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Based on Figure 1, the validity results of the E-SWS, particularly in the feasibility
component, show a score range between 0.92 and 1.00. In more detail, the material
presentation component received a score of 0.97, placing it in the valid category. The
language component achieved the highest score of 1.00, confirming its validity. The usability
aspect obtained a score of 0.94, also categorized as valid. Lastly, the graphic design
component received a score of 0.97, indicating its valid status. Overall, the average validity
score based on the content suitability component is 0.97, classifying it within the valid
category.

The second component of the validity instrument is the material substance, which
consists of four key aspects: 1) accuracy of content, 2) material coverage, 3) relevance to
learning objectives, and 4) readability. This component is essential in ensuring that the
information presented in the E-SWS is scientifically accurate, comprehensive, and aligned
with the curriculum. Additionally, evaluating readability helps determine whether the
language used is clear and understandable for students, allowing for effective learning. The
analysis of the validity scores for the material substance component is presented in Figure 2.
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Figure 2. The Validation Component for Material Substance

Based on Figure 2, the validity results of the E-SWS, particularly in the material
substance component, show a score range between 0.86 and 1.00. In more detail, the accuracy
of the content received a score of 0.96, which falls into the valid category. The material
coverage component obtained the lowest score of 0.86, indicating that it requires further
improvement to meet validity standards. Meanwhile, the current's aspect, which ensures the
relevance and up-to-date nature of the material, scored 0.97, placing it in the valid category.
Lastly, the readability aspect achieved the highest score of 1.00, confirming that the text is
clear and easily understandable for students. Overall, the average validity score for the
material substance component is 0.94, which is categorized as valid.

The third component of the validity instrument is the visual communication display,
which plays a crucial role in ensuring that the E-SWS effectively conveys information in a
clear, engaging, and accessible manner. This component consists of five key aspects: (1)
navigation, (2) font, (3) media, (4) color, and (5) layout. Each of these aspects contributes to
the overall effectiveness of the digital learning material by enhancing readability, ease of use,
and visual appeal. A well-structured visual communication design not only supports the
scientific accuracy and comprehensiveness of the content but also ensures alignment with the
curriculum. Additionally, an intuitive and visually appealing interface can significantly
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improve students' comprehension and engagement, making the learning experience more
interactive and immersive. The analysis of the validity scores for the visual communication
display component, as presented in Figure 3, provides insights into the effectiveness of these
design elements in supporting the learning process.
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Figure 3. The Validity Of The Visual Communication Display Component

Based on Figure 3, the validity results of the E-SWS, specifically in the visual
communication display component, show a score range between 0.96 and 1.00. This indicates
that the visual presentation of the worksheet meets high standards in terms of clarity and
effectiveness. In more detail, the navigation aspect obtained a perfect score of 1.00,
categorizing it as valid, which suggests that users can easily navigate through the content.
The font component received a score of 0.96, ensuring that the text is legible and
appropriately formatted for readability. Additionally, the media component achieved a score
of 1.00, indicating that multimedia elements effectively support the learning process.
Furthermore, the color component was rated 0.96, confirming that the color scheme enhances
visual appeal without causing distraction. The layout aspect also achieved a score of 1.00,
meaning that the arrangement of content is well-structured and organized for ease of
understanding. A well-designed layout is essential for ensuring that students can efficiently
process the provided information. Overall, the average validity score for the visual
communication display component is 0.98, which falls into the valid category. This suggests
that the design elements of the E-SWS effectively contribute to an engaging and accessible
learning experience.

The fourth component of the validity instrument is learning design, which serves as a
critical framework for structuring the E-SWS to ensure clarity, coherence, and alignment
with instructional goals. This component comprises eleven key aspects: (1) title, (2) compiler,
(3) learning outcomes, (4) learning objectives, (5) learning objective flow, (6) learning
achievement indicators, (7) learning instructions, (8) supporting information, (9) tasks and
work steps, (10) assessment/evaluation, and (11) references. Each of these elements plays a
fundamental role in guiding both students and educators through a well-organized and
systematic learning process. A well-structured learning design enhances the effectiveness of
content delivery, ensuring that students can easily follow and comprehend the material.
Clear learning objectives and structured instructions provide a logical progression of
knowledge, facilitating deeper understanding and meaningful engagement with the subject
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matter. Additionally, a well-designed E-SWS supports educators in planning and
implementing lessons that foster active learning, critical thinking, and student-centered
exploration. The validity score analysis for the learning design component, as presented in
Figure 4.

Value

1 2 3 4 5 6 7 8 9 10 11
Validity Of The Learning Design Component

Figure 4. The Validity of the learning design component

Based on Figure 4, the validity results of the E-SWS, particularly in the learning design
component, show a score range between 0.83 and 1.00. This component ensures that the
learning structure aligns with educational objectives and enhances students' comprehension.
In more detail, the title, compiler, learning outcomes, learning objectives, and learning
objective flow each received a score of 1.00, indicating their strong validity in guiding the
learning process. These elements help provide clear learning targets, ensuring that students
understand what they are expected to achieve. However, the achievement indicators of
learning objectives received a score of 0.83, which places it in the invalid category. This
suggests a need for improvement in defining measurable learning outcomes. The learning
instructions scored 0.96, while the supporting information received 0.92, both of which fall
into the valid category. Clear learning instructions help students navigate the activities
effectively, while supporting information provides additional context for better
understanding. Additionally, the tasks and work steps obtained a perfect score of 1.00,
ensuring that they are well-structured and aligned with the guided inquiry model. The
assessment/evaluation component received a score of 0.92, verifying its validity in
measuring student progress. Lastly, the reference aspect also achieved a score of 1.00,
confirming that credible sources support the worksheet's content. The overall average
validity score for the learning design component is 0.97, classifying it as valid.

The fifth component of the validity instrument is software utilization, which includes
three essential aspects: interactivity, supporting software, and originality. Interactivity
ensures that students receive immediate feedback, allowing them to correct mistakes and
reinforce their understanding in real time. This aspect plays a crucial role in enhancing
student engagement and fostering a more dynamic learning experience. Supporting software
refers to the technological tools used to create and deliver E-SWS, which must be designed to
ensure ease of access, smooth navigation, and overall user-friendliness. The availability of
well-integrated supporting software enhances the effectiveness of digital learning by
minimizing technical difficulties that may hinder the learning process. Meanwhile,
originality assesses the uniqueness and authenticity of digital learning materials, ensuring
that they are free from plagiarism and promote creative and innovative content
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development. Maintaining originality in educational software is essential to providing high-
quality, credible resources that support meaningful learning. To evaluate the effectiveness of
software utilization, a validity score analysis was conducted, highlighting the strengths and
areas for improvement in this component. The results of this analysis are presented in Figure
5, providing a comprehensive overview of how software utilization contributes to the overall
validity of the instrument.
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Figure 5. The Validity of the software utilisation component

Based on Figure 5, the validity results of the E-SWS in the software utilization
component show a score range between 0.92 and 1.00. This component assesses the
effectiveness of the software tools used to deliver the learning material. The interactivity
aspect, which refers to system feedback for users, received a perfect score of 1.00, confirming
that the E-SWS provides a responsive and engaging user experience. The supporting
software component obtained a score of 0.92, indicating that the software used is appropriate
and effectively supports the worksheet's interactive features. The originality component,
which evaluates the uniqueness of the content and design, also received a perfect score of
1.00. This suggests that the materials were developed without plagiarism and provide
innovative ways to enhance student learning. By ensuring interactivity, appropriate software
selection, and originality, the E-SWS effectively supports digital learning experiences. These
aspects are crucial in maintaining engagement and accessibility for students. The overall
average validity score for the software utilization component is 0.96, which is classified as
valid, confirming that the digital aspects of the E-SWS contribute positively to the learning
process.

The sixth component of the validity instrument is the guided inquiry model, which
plays a crucial role in fostering active learning and critical thinking among students. This
model is assessed based on seven key aspects: (1) identifying problems and making
observations, (2) asking questions, (3) planning investigations, (4) collecting
data/information and conducting investigations, (5) analyzing data, (6) drawing
conclusions, and (7) communicating results. These steps provide a structured framework
that guides students through the inquiry process, enabling them to explore scientific
concepts in a meaningful and systematic manner. The guided inquiry model promotes
student-centered learning, where learners take an active role in constructing knowledge
rather than passively receiving information. By engaging in problem identification, data
collection, and analysis, students develop essential problem-solving, analytical, and critical
thinking skills. Furthermore, this approach fosters independent and reflective thinking, as
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students are encouraged to explore, question, and derive conclusions based on empirical
evidence.By following these structured steps, students not only enhance their investigative
skills but also improve their ability to communicate scientific findings effectively. This
method aligns with the objectives of modern education, which emphasize inquiry-based
learning to develop scientific literacy and higher-order thinking skills. The validity score
analysis for the guided inquiry model component, as presented in Figure 6.
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Figure 6. The Validity Of The Guided Inquiry Model Component

Based on Figure 6, the validity results of the E-SWS, particularly in the guided inquiry
model component, show a score range between 0.83 and 1.00. The guided inquiry model is
crucial for fostering students' investigative and problem-solving skills. However, some
aspects require further refinement. In more detail, the identification of problems and making
observations received a score of 0.80, indicating room for improvement in providing clearer
inquiry-based activities. Similarly, the planning investigations component obtained a score
of 0.83, suggesting the need for better-structured investigative guidance. Additionally, the
data analysis component received 0.83, signifying that enhancements are needed in
supporting students' ability to interpret information effectively. On the other hand,
components such as asking questions, collecting data/information and conducting
investigations, making conclusions, and learning instructions all received a score of 1.00,
categorizing them as valid. This highlights that students are effectively guided in
formulating inquiries, gathering information, and drawing conclusions. The communicating
results aspect received a score of 0.92, ensuring that students are encouraged to share their
findings effectively. Despite a few areas for improvement, the overall average validity score
for the guided inquiry model component is 0.94, placing it in the valid category. This
confirms that the E-SWS effectively supports an inquiry-based learning approach.

The seventh component of the validity instrument is critical thinking, which is
evaluated based on five main aspects: 1) elementary clarification, 2) basic support, 3)
inference, 4) advanced clarification, and 5) strategies and tactics. Critical thinking is an
essential skill that enables students to analyze information logically and make reasoned
judgments. Elementary clarification involves understanding and defining concepts, while
basic support focuses on evaluating the credibility of information sources. Inference refers to
drawing logical conclusions based on evidence, while advanced clarification enhances
deeper analytical reasoning. Strategies and tactics involve applying critical thinking
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techniques to solve complex problems effectively. The validity score analysis for the critical
thinking component is presented in Figure 7.
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Figure 7. The Validity of the Critical Thinking Indicator Component

Based on Figure 7, the validity results of the E-SWS, specifically in the critical thinking
component, demonstrate consistent scores across all aspects. Critical thinking is essential for
developing students' analytical and reasoning skills, and the worksheet effectively supports
this objective. In more detail, the elementary clarification, basic support, inference, advanced
clarification, and strategy and tactics components each received a score of 0.92, indicating
that they are all classified as valid. These components ensure that students engage in
reasoning processes that encourage deeper understanding and problem-solving abilities.
Elementary clarification helps students define concepts and recognize assumptions, while
basic support ensures that students rely on credible sources for their arguments. The
inference component focuses on drawing logical conclusions based on provided data,
enhancing students' ability to interpret information effectively. Additionally, advanced
clarification refines students' analytical skills, helping them assess the validity of claims and
arguments. The strategy and tactics aspect ensures that students develop structured
approaches to solving problems and making decisions. The overall average validity score for
the critical thinking component is 0.92, categorizing it as valid. This confirms that the E-SWS
successfully enhances students' critical thinking skills in a structured and meaningful way.

To assess the overall quality and effectiveness of the guided inquiry-based E-SWS, the
average score of each validation component was calculated. This evaluation encompassed
seven key components, namely: (1) E-SWS feasibility, (2) material substance, (3) visual
communication display, (4) learning design, (5) software utilization, (6) guided inquiry
model, and (7) critical thinking skills. Each of these components plays a vital role in ensuring
that the E-SWS meets academic and pedagogical standards, offering an engaging and
effective digital learning experience. The assessment process aimed to determine the validity
and feasibility of the E-SWS in supporting student learning outcomes, particularly in
enhancing critical thinking skills through an inquiry-based approach. A high validity score
across these components indicates that the E-SWS is well-structured, scientifically accurate,
visually engaging, pedagogically sound, and technologically effective. Furthermore, it
confirms that the E-SWS aligns with curriculum objectives, providing a comprehensive and
interactive digital learning resource for students. The average validity score for these
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components, which serves as a measure of the overall feasibility and effectiveness of the
guided inquiry-based E-SWS, is presented in Figure 8.
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Figure 8. The Validation Score For Each Component Of E-SWS

Based on Figure 8, it can be concluded that the guided inquiry-based E-SWS developed
to improve students' critical thinking skills obtained high validity scores on each component.
In detail, The feasibility component of the E-SWS scored 0.97 %, which is categorized as valid;
the material substance component scored 0.94%, which is categorized as valid; the visual
communication display component scored 0.98%, which is categorized as valid; the learning
design component scored 0.97%, which is categorized as valid; the software utilization
component scored 0.97%, which is categorized as valid; the guided inquiry model
component scored 0.94%, which is categorized as valid; and the critical thinking ability
component scored 0.92%, which is also categorized as valid.

Based on the assessment of all components, the overall average validity score of the
guided inquiry-based E-SWS was 0.95, placing it in the valid category. This indicates that the
developed E-SWS meets the necessary eligibility standards for use in physics learning,
particularly in fostering students' critical thinking skills. The validation process not only
confirmed the content accuracy, instructional design, and technological feasibility of the E-
SWS but also included constructive feedback from expert validators. These experts provided
valuable insights and suggestions to address potential weaknesses in the initial version of the
product, ensuring that the E-SWS was refined for optimal classroom implementation. Based
on the feedback received, several improvements and revisions were made to enhance the
quality and effectiveness of the E-SWS. The visual design was refined to create a more
engaging and user-friendly interface, ensuring better accessibility for students. Additionally,
the learning materials were restructured systematically to improve content flow, coherence,
and readability. Further refinements were made to the guided inquiry-based tasks, where
instructions were clarified to ensure that students could follow them with ease and
confidence. These modifications aimed not only to enhance the theoretical validity of the E-
SWS but also to make it more interactive, practical, and student-centered. By integrating
these improvements, the final version of the E-SWS is expected to provide a richer and more
engaging learning experience, encouraging students to take an active role in their learning
process. With its interactive features and well-structured inquiry-based framework, the E-

Wilandahri B Al



Joumal of Physics Learming Research (JPPF) - VOL11 NO1 2025, 35 - 51

SWS has the potential to significantly enhance students’ conceptual understanding and

critical thinking abilities in physics education.
I. g:i:::: m:m:-mn to Improve I.

Guided Inquiry-Based E-LKPD to Improve
Critical Thinking Skills

i Competence

Indicators of Achievement

Learning Objectives d:: y

1. Learners can explain the concept of temperature correctly
2.Learners can compare temperature scales appropriately
3.Learners can design simple related to and
scales to solve physics problems in everyday life correctly
4.Learners can explain the concept of heat correctly
5.Leamners can analyse the effect of heat on changes in temperature and the physical
state of substances appropriately
6.Learners can design simple experiments related to the effect of heat on changes in
temperature and the physical state of substances to correctly solve physics
problems in everyday life.
7.Leamers can correctly explain the concept of expansion
8.Learners can correctly distil between the
volume
9.Leamners can design simple experiments related to expansion to solve physics
problems in everyday life correctly
10.Learners can correctly distinguish between heat transfer by conduction, convection,
and radiation
11.Leamners can correctly analyse heat transfer by conduction, convection and
radiation
12.Leamers can design simple experiments related to the principle of heat transfer to
correctly solve physics problems in everyday life

of length, area, and

i Competence

Indicators of Achievement

Learning Objectives 2 :a

1.Through a simple experiment, learners can explain the concept of temperature
correctly.

2.Through a simple experiment, learners can compare temperature scales correctly.

3.Given a physics problem related to temperature in everyday life, learners can

scales to solve

related to and

design a simple
the problem correctly.
4.Through a simple experiment, learners can explain the concept of heat correctly.
5. Through simple experiments, students can analyse the effect of heat on changes in
temperature and the form of substances correctly.
6.Given a physics problem related to heat in everyday life, students can design a
simple experiment related to the effect of heat on changes in temperature and the
form of substances to solve the problem correctly.
7.Through simple experiments, students can explain the concept of expansion
correctly.
8.Through simple experiments, students can correctly distinguish between the
expansion of length, area, and volume.
9.Given a physics problem related to expansion in everyday life, students can design
a simple experiment related to expansion to solve the problem correctly.
10.Through simple experiments, students can correctly distinguish between the
transfer of heat by conduction, convection, and radiation.
11.Through simple experiments, students can correctly analyse heat transfer by
conduction, convection, and radiation.
12.Given a physics problem related to heat transfer in everyday life, students can

design a simple experiment related to the principle of heat transfer to solve the
problem correctly.
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Figure 2. Revised Indicators of Achievement of Learning Objectives

Based on Figure 8, the revision made by the researcher is adding conditions to the
indicators of achievement of learning objectives adjusted using the ABCD technique. Then,
improvements to the E-SWS description by adding an explanation of the guided inquiry
syntax. Then add critical thinking indicators in the evaluation section. The next suggestion is
that the concept map is separated between temperature and heat. The last suggestion is to
add instructions on the evaluation on how to submit the answer.

Discussion

This research focuses on the validity of E-SWS for temperature and heat materials.
Product validity was assessed by three experts using seven assessment components. The
assessment components are referred to Perpendicular No 8 of 2016, teaching materials used
in educational units must meet the standards of content, language, presentation, and
graphic feasibility. These standards aim to ensure that teaching materials can be used
effectively in the learning process (Peraturan Menteri Pendidikan dan Kebudayaan 2016)
and refer to the Directorate of High School Development in 2010, these aspects include
material substance, visual appearance, learning design and software utilization. The
substance of the material must be in accordance with the curriculum and be able to improve
students' understanding, while the visual display plays a role in attracting attention and
facilitating the delivery of information. In addition, a good learning design and the use of
appropriate software will support interactivity and active involvement of students in
learning (Syabrina 2018), and is complemented by an assessment of the syntax of the guided
inquiry model, where the guided inquiry model is a learning model that emphasis the
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process of students and encourages students to find their own learning material through
scientific processes to gather facts and answers to questions or problems given by the
teacher (Nurdyansyah and Fahyuni 2016) and critical thinking indicators, where according
to Ennis (2011), critical thinking ability is a process that is believed or done. So, humans who
have critical abilities will believe more in something produced by reasoning that is obtained
by unclear sources.

The first component is the E-SWS component. The results of E-SWS component
assessment showed a validity value categorized as "valid". This result shows that E-SWS has
fulfilled the criteria of a well-developed E-SWS. The second component is the substance of
the material. The assessment results show a validity value categorized as "valid". This result
shows that E-SWS has fulfilled the criteria of a well-developed E-SWS. The third component
is the visual communication display. The results of E-SWS component assessment show a
validity value categorized as "valid". This result shows that E-SWS has fulfilled the criteria
of a well-developed E-SWS.

The fourth component is learning design, where an attractive learning design can
increase students' motivation in the learning process. The results of the E-SWS component
assessment show a validity value categorized as "valid". This result shows that E-SWS has
fulfilled the criteria of a well-developed E-SWS. The fifth component is software utilization.
The results of the E-SWS component assessment show a validity value categorized as
"valid". This result shows that the software used to access E-SWS is easily accessed by
students. This is in line with what was stated by Lathifa (2021), E-SWS is a type of SWS that
can be accessed via the internet network easily by students. Overall, the validity results for
the software utilization component fall into the "valid" category. The sixth component is the
guided inquiry learning model. Guided inquiry is a learning in which the teacher provides
problems, tools and materials for investigation with students making their own designs for
their investigations (Masruhah et al., 2022). According to Nurdyansyah & Fahyuni (2016),
the guided inquiry model has 7 syntax's, namely: 1) identifying problems and making
observations; 2) asking questions; 3) planning investigations; 4) collecting data/information
and carrying out investigations; 5) analysis data; 6) making conclusions; 7) communicating
results. The validity results for the guided inquiry model component are classified as
"valid", which means that the learning activities in E-SWS are designed in accordance with
the guided inquiry model syntax.

The seventh component is the ability to think critically, critical thinking is a reflective
thinking ability that focuses on decision-making patterns about what to believe, to do and
can be accounted for (Susilawati et al. 2020) . According to Ennis (2011), some indicators of
critical thinking are 1) providing simple explanations; 2) building basic skills; 3) conclusions;
4) making further explanations; 5) strategies and tactics. The results of the critical thinking
component assessment showed a validity value categorized as "valid". These results indicate
that E-SWS can improve students' critical thinking skills. In this study, there were several
suggestions given by the liquidators to improve the E-SWS. These suggestions were used to
revise E-SWS with the aim of improving its quality.

Based on the results of the research that has been conducted, the validity value of the
guided inquiry-based E-SWS developed to improve students' critical thinking skills is 0.95,
which is categorized as "valid". These results indicate that the designed E-SWS has met the
eligibility standards required for use in physics learning. These findings are in line with
research conducted by (Payu, Hermanto, and Yunus 2023), which showed that guided
inquiry-based E-SWS that integrate critical thinking skills were also declared valid based on
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the validation results obtained. In addition, research conducted by Permata (2020), also
strengthened these findings, where the results of their research showed that the guided
inquiry-based physics E-SWS that had been developed were not only declared valid, but also
practical in improving students' critical thinking skills.

Although the validation results show that this E-SWS is suitable for use in learning,
there are some weaknesses that need to be considered. One of the main obstacles found is the
dependence on the internet network. Since it is electronic-based, this E-SWS allows learners
to access it anytime and anywhere, but optimal use requires a stable internet connection.
This can be a challenge, especially for learners in areas with limited internet access

CONCLUSION

Based on the results of the research conducted, the guided inquiry-based E-SWS
developed to improve students' critical thinking skills obtained a validation score of 0.95,
which is included in the valid category. This value indicates that E-SWS that has been
designed meets the eligibility standards set and can be used as teaching materials in physics
learning. The validity obtained proves that this guided inquiry-based E-SWS has fulfilled
various aspects of assessment, such as material suitability, quality of learning design, visual
appearance, effectiveness of the guided inquiry model, and contribution to the development
of students' critical thinking skills. With a high level of validity, this E-SWS is suitable to be
used as a tool in the physics learning process, especially on temperature and heat materials.

In addition, the success in developing this E-SWS also indicates that the guided inquiry
model is able to encourage students to be more active in exploring physics concepts, honing
critical thinking skills, and increasing their understanding of the material more deeply.
Therefore, the developed guided inquiry-based E-SWS can be an innovative alternative in
technology-based physics learning, which not only improves learning effectiveness but also
supports 21st century skills that are needed by students.

REFERENCES

Ahzari, Serli. 2024. “Effects Of Physics Teaching Materials On Student ” Critical Thinking
And Creative Thinking Skills : A Meta-Analysis.” 9(1):150-60.

Aiken, Lewis R. 1985. “Three Coefficients For Analyzing The Reliability And Validity Of
Ratings, Educational And Psychological Measurument.” Educational And Psychological
Measurement 45(1):131-42.

Arman Cahyanto, Albertus Djoko Lesmono, And Rif'ati Dina Handayani. 2022.
“Pengembangan E-Modul Interaktif Berbasis Articulate Storyline 3 Untuk Melatihkan
Kemampuan Berpikir Kritis Pada Pokok Bahasan Gelombang Bunyi.” Jurnal Literasi
Pendidikan Fisika (JLPF) 3(2):154-64.

Devi, Romadhona Millenia. 2022. “Pengembangan E-LKPD Berbasis Inkuiri Terbimbing
Untuk Meningkatkan Keterampilan Berpikir Kritis Siswa SMP.” Jurnal Eduscience
9(2):405-17.

Dwi Ummu, Aulia, And Herlina Usman. 2023. “Analisis Kebutuhan Guru Dan Siswa
Terhadap Pengembangan Bahan Ajar Lembar Kerja Peserta Didik Elektronik (E-Lkpd)
Ipa Berbasis Liveworksheet Dengan Model Problem Based Learning.” Jurnal Pendidikan
Dan Kebudayaan (JURDIKBUD) 3(3):156-65.

Ennis, R. H. 2011. The Nature Of Critical Thinking: An Outline Of Critical Thinking
Dispositions And Abilities. University Of Illinois.

Wilandahri B Al



Jounal of Physics Learming Research (JPPF) - VOL11 N1 2025, 35 - 51

Fernando, Trio Junira, Yenni Darvina, Silvi Yulia Sari, Letmi Dwiridal, And Fanny
Rahmatina Rahim. 2021. “The Effect Of Hots-Oriented Worksheets With Barcode
Assistance In Online Learning On Critical Thinking And Creatives Of Students Of Class
XISMAN 1 HARAU.” Pillar Of Physics Education 14(1):15.

Hasanah, K. D., Wahab, D. A. S., Nawali, ]., Savika, H. I., & Yaqin, M. Z. N. 2024. The Role
and Variety of Relevant Teaching Materials (Print and Non-Print) in Language and
Cultural Arts Learning at SDI Surya Buana Malang. Journal of Islamic Basic Education,
5(1), 361-378.

Herdila, Preti, Kartini Herlina, And Anggreini. 2024. “Development Of Problem Based E-
Module To Train Higher Order Thinking Skills On Temperature And Heat Material.”
Jurnal Penelitian Pembelajaran Fisika 15(3):293-300.

Hufri, Hufri, Letmi Dwiridal, And Silvi Yulia Sari. 2021. “Peningkatan Kompetensi Guru-
Guru IPA SMP/Mtsn Lubuk Sikaping Melalui Pelatihan.” Jurnal Pengapdian Pada
Masyarakat 6(1):170-77.

Masruhah, Galih Dian, Rusdianto Rusdianto, And Sri Wahyuni. 2022. “Pengembangan E-
LKPD Berbasis Inkuiri Terbimbing Untuk Meningkatkan Keterampilan Proses Sains
Siswa SMP.” SAP (Susunan Artikel Pendidikan) 7(1).

Novitra, Fuja, Festiyed, Yohandri, And Asrizal. 2021. “Development Of Online-Based
Inquiry Learning Model To Improve 21st-Century Skills Of Physics Students In Senior
High School.” Eurasia Journal Of Mathematics, Science And Technology Education 17(9):1-
20.

Nurdyansyah, And Eni Fariyatul Fahyuni. 2016. Inovasi Model.

Payu, Citron S, 1. Made Hermanto, And Muhammad Yunus. 2023. “Validating An
Innovative Guided Inquiry Learning Model For Critical Thinking In Temperature And
Heat Concepts.” Jurnal Ilmiah Profesi Pendidikan 8(4):2605-13.

Peraturan Menteri Pendidikan Dan Kebudayaan. 2016. “Peraturan Menteri Pendidikan Dan
Kebudayaan Nomor 20 Tahun 2016 Tentang Buku Yang Digunakan Oleh Satuan
Pendidikan.” Resma 3(2):13-22.

Permata, Endi. 2020. “Pemanfaatan Multimedia Interaktif Dalam Mata Kuliah Fisika Dasar
Di Program Studi Pendidikan Vokasional Teknik Elektro Universitas Sultan Ageng
Tirtayasa.” Prosiding Seminar Nasional Pendidikan Fisika 3(1):256.

Pribadi, Yunita Triwiyanti, Dudung Amir Sholeh, And Yetty Auliaty. 2021. “Pengembangan
E-Lkpd Materi Bilangan Pecahan Berbasis Problem Based Learning Pada Kelas Iv
Sekolah Dasar.” Prima Magistra: Jurnal Ilmiah Kependidikan 2(2):264-79.

Rahayu, Restu, Sofyan Iskandar, And Yunus Abidin. 2022. “Inovasi Pembelajaran Abad 21
Dan Penerapannya Di Indonesia.” Jurnal Basicedu  6(2):2099-2104. Doi:
10.31004/ Basicedu.V6i2.2082.

Sari, Silvi Yulia, Atifah Hirahmah, Hidayati Hidayati, And Fanny Rahmatina Rahim. 2023.
“Validity Of Interactive Learning Media Integrated Critical And Creative Thinking
Skills Aided By The Lectora Inspire Application.” Jurnal Ilmiah Pendidikan Fisika 7(2):204.

Sari, Silvi Yulia, Putri Dwi Sundari, Fadhila Ulfa Jhora, And Hidayati Hidayati. 2020. “Studi
Hasil Bimbingan Teknis Pengembangan Perangkat Pembelajaran Berbasis Keterampilan
Abad-21 Dalam Rangka Penerapan Program Merdeka Belajar.” Jurnal Eksakta Pendidikan
(Jep) 4(2):189.

Wilandahri B Al



Jounal of Physics Learming Research (JPPF) - VOL11 N1 2025, 35 - 51

Sartini, And Rahmat Mulyono. 2022. “Analisis Implementasi Kurikulum Merdeka Belajar
Untuk Mempersiapkan Pembelajaran Abad 21.” Didaktik : Jurnal Ilmiah PGSD STKIP
Subang 8(2):1348-63.

Sati, Sati, And Iin Mutmainnah. 2023. “Pengembangan Lembar Kerja Peserta Didik (LKPD)
Berbasis Inkuiri Untuk Meningkatkan Sikap Ilmiah Peserta Didik Sekolah Dasar.” Jurnal
Basicedu 7(1):1041-51.

Sri Adhi Endaryati, St. Y. Slamet, And Kartika Chrysti Suryandari. 2023. “Problem-Based
Learning Flipbook E-Module In Improving Students” Critical Thinking Skills In *Always

Save Energy’ Thematic Learning.” International Journal Of Elementary Education 7(1):115-
23.

Sugiyonni. 2012. Metode Penelitian Kuantitatif, Kualitatif, dan R&D. Bandung: Alfabeta.

Susilawati, Endang, Agustinasari Agustinasari, Achmad Samsudin, And Parsaoran Siahaan.
2020. “Analisis Tingkat Keterampilan Berpikir Kritis Siswa SMA.” Jurnal Pendidikan
Fisika Dan Teknologi 6(1):11-16.

Syabrina, Muhammad. 2018. “Pengembangan Bahan Ajar Tahapan Pengembangan Bahan
Ajar.” Universitas Atma Jaya Yogyakarta.

Winarmo, Nanang. 2024. “Pengembangan E - Lkpd Berbasis Project Based Learning Untuk
Meningkatkan Keterampilan.” 4(11).

Yuzan, Intan Fahira, And Iis Siti Jahro. 2022. “Pengembangan E-LKPD Berbasis Inkuiri
Terbimbing Pada Pokok Bahasan Ikatan Kimia Untuk Mengukur Kemampuan Berpikir
Kritis Siswa.” Ensiklopedia: Jurnal Pendidikan Dan Inovasi Pembelajaran Saburai 2(01):54-65.

Wilandahri B Al

51



