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Abstract

This study aimed to develop a physics worksheet based on STEM integrating Engineering
Design Process (EDP) through the guided inquiry model to improve students' critical thinking
in learning physics. The research approach used R&D using the ADDIE model, namely: 1)
analysis, 2) design, 3) development, 4) implementation, and 5) evaluation. The data collected
was in the form of worksheet eligibility data and critical thinking instruments by experts, and
response questionnaires given to five physics teachers at a senior high school in Kutacane. Data
analysis using percentage descriptive analysis. The results of the worksheet eligibility test by
experts show a percentage score of 79.5%, which is the feasible category, and a critical thinking
instrument score of 83.3%, which is the very feasible category. Teachers’ response results show
the percentage of suitability indicators of the worksheet with the EDP model step through the
guided inquiry model was 91.6% and the EDP model step suitability indicator with critical
thinking ability was 93.6%, both of which were included in very valid qualifications. It could be
concluded that a worksheet based on STEM integrating the Engineering Design Process (EDP)
through the Guided Inquiry Model is appropriate for use to improve students' critical thinking
skills in learning physics.

Keywords: worksheet, STEM, EDP, critical thinking
INTRODUCTION

The process of education has the ability to shape the way students think. According to Article 3 of
Law No. 20 of 2003, which pertains to the national education system, the main purpose of national
education is to foster students' abilities and cultivate a sense of honorable national identity and
civilization within the framework of national life. This aims to unlock the potential of students to
become individuals who have faith in and show reverence towards God almighty (Alawiyah 2017).
Developing the potential of students in the 21st century so they can compete in the world of work is
emphasized on 3 types of competencies, namely: 1) learning skills (creativity and innovation, critical
thinking, and problem-solving; communication and collaboration); 2) literacy skills (information
literacy; media literacy; ICT literacy), and 3) life skills (flexibility and adaptability; initiative and self-
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direction; social and intercultural skills; productivity and accountability; leadership and responsibility)
(Gonzalez-Pérez and Ramirez-Montoya 2022)

The fact is that currently there are still many students in Indonesia who are low in terms of critical,
creative thinking skills, and scientific process abilities. The results of PISA (Program for International
Student Assessment) and TIMSS (Trend in Mathematics and Science Study) show that students'
thinking skills are still low. According to the TIMSS (Trend in Mathematics and Science Study) survey
by the IEA (The International Association for The Evaluation of Educational Achievement) in 2015,
Indonesia’s position in science is ranked 44th out of 47 countries with an average score of 397. Low
scientific ability is also seen in the PISA (Program for International Student Assessment) study
conducted by the OECD (Organization for Economic Cooperation and Development) Indonesia is
ranked 73 out of 75 countries (Schleicher 2021). The data above shows that Indonesian students' three
21st-century competencies are still low compared to other countries. The formation of these three
competencies in students is interrelated with one another. Fostering critical thinking in students is a
highly important skill to cultivate. It is vital because this empowers them to independently assess,
analyze, and draw logical conclusions from information. This, in turn, prepares them for making
informed decisions and solving problems effectively. A learning process that involves students directly
in critical thinking is very necessary in its implementation (Chalkiadaki 2018) It is crucial to apply an
instructional approach that promotes the cultivation of critical thinking skills during the learning
process.

The STEM approach refers to an educational method that combines four main disciplines: science,
technology, engineering, and mathematics. This approach centers on applying these subjects to address
practical challenges in daily life (Syukri et al. 2021). By integrating the four disciplines in the learning
process, STEM can develop 21st-century skills competencies because the STEM learning environment
provides opportunities for students to build their understanding directly with a student-centered
approach. (Kriger Mariano and Chiappe 2021; Hacioglu 2021). The integration of STEM in learning
can increase student activity and creativity which is quite high and students can understand concepts
well. Learning that integrates the STEM approach requires students to analyze the engineering of a
technology by using various representations so that students will understand the concept well and
students are accustomed to using various representations which has implications for increasing
students' multi-representational skills (Mulyana et al. 2018). The Engineering Design Process (EDP)
is a systematic approach to problem-solving, where a concrete and functional creation is developed
through a series of step-by-step procedures. This is a problem-solving strategy used in STEM-based
education and in real-world engineering (Linh 2021). The EDP is employed to foster a problem-solving
learning environment, encouraging students to envision solutions for design challenges, gather relevant
information, and address real-world problems through an engineering design process. By incorporating
EDP into STEM education, students have the opportunity to enhance their critical thinking and
problem-solving abilities while participating in inquiry-based learning approach (Lin et al. 2021).

A learning approach requires a learning model in the application of the process because the learning
model assists in the learning process by providing a clear and structured frame or plan for designing
and implementing effective learning (Pajrin et al. 2019). The learning model provides clear directions
and guidelines for teachers in designing and implementing effective and meaningful learning for
students. STEM is a learning approach that enables student-centered teaching and learning processes
and involves inquiry processes in problem-solving (Wilujeng and Zulaikha 2023). The inquiry process
in the STEM approach can be structured using the guided inquiry learning model. Guided Inquiry is an
educational approach that emphasizes the active involvement of students in the learning process.
Through the application of this model, students are provided with the chance to independently develop
procedures, analyze results, and draw conclusions. Meanwhile, the teacher takes on the role of a
facilitator, assisting in the selection of topics, questions, and supporting materials (Kuhlthau et al.
2015). The characteristics of the guided inquiry model are in line with the STEM approach, allowing
the guided inquiry model to be integrated with the STEM approach in the learning process to improve
students' 21st-century competencies, one of which is critical thinking skills (Sutoyo et al. 2019).
Nevertheless, cultivating critical thinking abilities using STEM approach poses a challenge. Obstacles
to teaching critical thinking that were reported ranged from challenges related to teacher work
requirements, student habits, and what is expected of students in the future (Dwyer 2023). In STEM-
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based learning, teachers require support from instructional tools or appropriate learning resources to
transform students' learning habits that do not foster critical thinking skills (Evangelisto 2023). The
instructional tools that must be prepared according Permendikbud No. 22 of 2016 is included the
syllabus, lesson plans, and worksheets (Permendikbud No. 22., 2016). The worksheet is a student
worksheet that includes student activities in the learning process. Active and interesting worksheets
can make students more enthusiastic about participating in the learning process (Furgoniyah et al.
2022). In addition, worksheet which has been developed based on STEM can improve students' critical
thinking skills (Hartini et al. 2020; Syuksri et al. 2021).

Based on these problems, efforts to overcome obstacles experienced to develop critical thinking
skills, Worksheet based STEM integrating Engineering Design Process (EDP) through Guided Inquiry
Model to Improve Students’ Critical Thinking needs to be developed. It is expected that students will
be able to build their knowledge through an active learning process and have an impact on increasing
critical thinking skills in learning physics.

METHODS

The type of research used is R&D (Research and Development) with the ADDIE model (Analyze,
Design, Develop, Implement, and Evaluate) (Sugiyono 2015). However, due to time and cost
limitations in the research process, it can only be carried out until the development stage. The
instruments used in this study were worksheet validation, critical thinking skills validation, and teacher
response guestionnaire.

The worksheet validation instrument tests the suitability of the worksheet with the lesson plan and
STEM aspects. This instrument refers to the BSNP assessment criteria for the development of LKPD,
namely content feasibility, presentation feasibility, language feasibility, and contextual assessment
(Poerwanti 2008). Data collection used a questionnaire with a Likert scale from 1-5 with a choice of
answers from strongly agree to strongly disagree. While the validation instrument for critical thinking
skills refers to 5 critical thinking skills, namely Elementary Clarification, Basic Support, Inference,
Advance Clarification, Strategy and Tactics (Ennis 2015). The teacher's response instrument tested the
suitability of the worksheet with guided inquiry model steps and STEM aspects, as well as the
suitability of the worksheet using EDP steps with aspects of critical thinking skills. Validation is carried
out by expert validators in their fields, there are expert in the field of STEM and expert in the field of
lesson planning. The data generated from this study is the result of expert validation for worksheets
and critical thinking skills, as well as teacher responses to EDP-integrated STEM-based worksheets
through guided inquiry models in physics learning, especially work and energy material. The subjects
in this study were class X physics teachers at SMA Negeri 1 Kutacane. Teacher response questionnaires
were given to physics teachers at SMAN Negeri 1 Kutacane as practitioners. Data analysis in this study
used percentage analysis which was then interpreted using a questionnaire score interpretation table
(Sudjana 2005).

TABLE 1. Interpretation table of expert validation test questionnaire results

Range of score Qualification
82% < x < 100% Highly Valid
63% <x <81% Valid

44% < X < 62% Not Valid enough
25% < x <43% Not Valid

RESULTS AND DISCUSSION

The results of this study indicate that the Worksheet based on STEM integrating Engineering Design
Process (EDP) through the Guided Inquiry Model that has been developed is feasible to use to improve
student's critical thinking skills. These results were obtained through several processes that have been
carried out, namely analysis, design, and development. At the analysis stage, observations of learning
activities and direct interviews were carried out with teachers and students at SMAN 1 Kutacane. The
results of this analysis stage show that physics learning activities at SMAN 1 Kutacane are still teacher-
centered so student learning activities are very minimal. In addition, the learning process is not
equipped with worksheets that can guide student learning activities. Therefore, the learning process
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takes place in one direction where there is a lack of interaction between students and teachers as well
as between fellow students. This causes the learning process to tend to be boring so that students cannot
develop their thinking skills, including critical thinking skills. Critical thinking skills are strongly
influenced by student learning activities (Shcheglova et al. 2019). If students are directly involved in
the learning process, students can build their understanding so that their critical thinking skills can
improve (Lv et al. 2022). Therefore, it is necessary to develop a Worksheet based on STEM integrating
Engineering Design Process (EDP) through the Guided Inquiry Model to support the physics learning
process so that the learning process takes place in two directions and students are more active in
learning. With the Worksheet based on STEM integrating Engineering Design Process (EDP) through
the Guided Inquiry Model, it is expected that students can be active in the learning process and their
critical thinking skills can improve.

In the design phase compile a draft worksheet containing the guided inquiry steps of the STEM-
based integrated EDP model. The preparation of the worksheet is carried out on the basis of elements,
there are 1) cover, 2) worksheet identity, 3) worksheet learning objectives, 4) work instructions, 5)
worksheet activities, 6) conclusions (Furgoniyah et al. 2022). This worksheet was prepared using the
guided inquiry model steps adapted to the EDP steps, where the Engineering Design Process (EDP) is
an engineering aspect that is always integrated and also a characteristic of learning science (physics)
based on the STEM approach (Sudjana 2005). The EDP follows a fundamental structure of analysis,
synthesis, and evaluation, which necessitates students, as designers, to progress through the stages of
problem analysis, combining various sources and information to devise solutions, and then assessing
those solutions. The five steps of the engineering design process are; ask, imagine, plan, create, and
improve (Shahali et al. 2016; Syukri 2020). The five EDP steps are implemented through the guided
inquiry model steps as follows: 1) formulating a problem, 2) making a hypothesis, 3) designing an
experiment, 4) conducting an experiment and collecting data, 5) analyzing the data, and 6) making a
conclusion (Kuhlthau et al. 2015).

In the early part of this worksheet, students are given problems by carrying out simple experiments
related to the concepts of work and energy on a simple roller coaster. This section can be seen in the
FIGURE 1.
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FIGURE 1. Step of “Ask” through formulating a problem

In this section, the "ask" step of the EDP model is applied through the activity of formulating
problems from the guided inquiry model where students have the chance to investigate problems and
apply their knowledge of scientific concepts gained from experiments to create their most effective
products (Syukri et al. 2018). By conducting this simple experiment, students are given the experience
of conducting simple experiments as initial knowledge regarding the concepts of work and energy, then
are trained to identify things that happen in these experimental activities. With this activity, it is hoped
that the indicator of "elementary clarification” of critical thinking skills can increase.

Next is the section that contains the "imagine" step of the EDP model which is integrated with the
step of making a hypothesis from the guided inquiry model. In this section, Students are required to
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engage in thinking and imagination to devise products that can effectively address problems by
hypothesizing what concepts are needed in compiling a simple roller coaster product where this product
is the application of the concepts of work and energy. In a study conducted by Maryati et al., it was
shown that students' ability when imagining what was obtained from simple pictures was very low,
namely only 39% (Maryati et al. 2022). This proves that students' critical thinking skills are still low
so they need further training. By making a hypothesis, students are expected to be able to imagine what
products can be made related to the concept of work and energy as well as indicators of "basic support"
of critical thinking skills that can improve. This section of the worksheet can be seen in the FIGURE
2.
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FIGURE 2. Step of “Imagine” through making a hypothesis.

Next is the section that contains the “plan” step of the EDP model through the experimental design
step of the guided inquiry model. In the plan step, students design a possible solution in the form of a
diagrammatic solution that they imagined in the previous activity by sequencing the experimental steps
in accordance with the hypothesis that was made before. Many studies find that alignment tasks
involving designing and carrying out scientific investigations improve students' critical thinking skills,
including advanced clarification (Van Huynh et al. 2022). With the experimental design activities, it is
expected that the "Advance Clarification" indicator of critical thinking skills can improve where
implicit reasoning is greatly influenced by the experimental design activities. This section of the
worksheet can be seen in the FIGURE 3.
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FIGURE 3. Step of “plan” through designing an experiment.

The "create” step of the EDP model is applied through the steps of conducting an experiment and
collecting data from the guided inquiry model, where the student's activities develop scientific-
technical products into the exact form of plans they have made to solve problems through the steps of
obtaining information through experiments and conveying the results of data processing collected. By
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creating a product, students can learn how to clarify the advantages of the product. These skills can
help students develop their strategic and tactical abilities, which can be useful in a variety of fields
(Putra et al. 2021). With this activity, it is expected that the indicator "Strategy and Tactics" of critical
thinking skills can increase. This section of the worksheet can be seen in the FIGURE 4.

FIGURE 4. Step of “create” through conducting an experiment and collecting data.

The final section in this worksheet is "improve" the EDP model which is through the step of making
conclusions from the guided inquiry model. In this section, With guidance from the teacher, students
enhance the technical science products they have created by addressing weaknesses and deficiencies
identified by their peers in other groups, leading to concluding remarks. The teacher's role as a
facilitator in this section is very important to train students in drawing conclusions (Ulum et al. 2021)
With this activity, it is expected that the "inference" indicator of critical thinking skills can increase.
This section of the worksheet can be seen in the FIGURE 5.

FIGURE 5. Step of “improve” through drawing conclusions.

The worksheet that has been designed is then carried out by an expert validation test to test the
feasibility of the worksheet that has been developed in terms of 3 aspects, namely aspects of
presentation, content feasibility, and language. The results of the expert validation test show a
percentage score of 79.5% which states that the Physics Worksheet based on STEM integrating
Engineering Design Process (EDP) through Guided Inquiry Model has valid qualifications, in detail
per aspect can be seen in FIGURE 6.
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FIGURE 6. Worksheet expert validation results per aspect.

These results indicate that the worksheet has good content feasibility and language aspects because
the activity steps contained in the worksheet are in accordance with the EDP Steps through the STEM-
based guided inquiry model. In addition, the activities provided can also achieve competency
achievement indicators because competency achievement indicators can be achieved maximally, if
learning activities are clearly structured and structured according to the specific skills and knowledge
reflected in the indicators (Bistari 2017) so that this worksheet can help students in the learning process
using the EDP model through the STEM-based guided inquiry model. However, the presentation aspect
is qualified as valid but the score is not maximized due to the lack of attractive design on the worksheet
where no pictures are displayed. Worksheets only contain material explanations and instructions that
students need to do so that it can reduce student motivation (Arifin and Abduh 2021) and have an
impact on learning outcomes (Herliana et al. 2022). From the results of this validation, the worksheet
was redeveloped by adding pictures on each page so that it can attract students' attention to learning
because the presence of attractive images has a big effect on students' interest in learning (Daryanto et
al. 2022).

While the critical thinking skills test instrument that has been validated by experts gets a percentage
score of 83.3% with very valid qualifications. The validation of this instrument when viewed from each
aspect shows that the presentation aspect has the highest score of 100% and the content eligibility
aspect has the lowest score of 75%, but both are qualified as valid as shown in FIGURE 7.
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FIGURE 7. Critical Thinking skills expert validation results per aspect.

After validation by experts, 5 questions were found to be feasible out of 8 validated questions. These
five questions cover aspects of critical thinking from Ennis (2002) including: elementary clarification,
basic support, inference, advance clarification, strategy and tactics. In the presentation aspect, this
instrument is very good because the instrument is arranged with numbering and there are clear
instructions for solving the problem so that students have no difficulty understanding the instrument
given. However, the content feasibility aspect of this instrument has the lowest score compared to other
aspects. The expert assessed each question given in accordance with the aspects of critical thinking
skills to be developed, but had not deeply measured each aspect so that the expert could not give the
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maximum value. Then a practicality test was carried out for worksheets by 5 teachers at SMAN 1
Kutacane. The percentage of suitability indicators of worksheet with the EDP model step through the

guided inquiry model was 91.6% as shown in FIGURE 8.
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FIGURE 8. The percentage of suitability indicators of worksheet with the EDP model step through the guided inquiry
model.

And the indicator of the suitability of the EDP model steps with critical thinking skills was 93.6%
as shown in FIGURE 9.
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FIGURE 9. The percentage of the EDP model step suitability indicator with critical thinking ability.

Both of which were included in very valid qualifications. Agustina, NS supports the notion that
teaching materials created with a foundation in STEM for elementary schools are practicable and
suitable for implementation (Ulum et al. 2021). Therefore, This data shows that the Worksheet based
on STEM integrating Engineering Design Process (EDP) through the Guided Inquiry Model is valid
and feasible to use to increase students’ critical thinking.

CONCLUSION

Based on the data from expert validation, the worksheet is considered valid with an average
percentage score of 79.5%. The instrument for critical thinking skills is highly valid with an average
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percentage score of 83.3%. Additionally, the teacher's feasibility test results revealed that the worksheet
aligns well with the EDP steps and the indicators of critical thinking skills, indicating a high level of
suitability with an average percentage score of 91.6% and the EDP model step suitability indicator with
critical thinking ability was very valid qualifications with an average percentage score of 93.6%.
Consequently, it can be concluded that a STEM-based worksheet that integrates the Engineering
Design Process (EDP) using the Guided Inquiry Model is suitable for enhancing students' critical
thinking skills in physics learning. These research findings serve as essential information for
researchers and educators to develop worksheets based on STEM, integrating the EDP approach
through other suitable learning models to promote students' critical thinking skills in physics education.
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