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 Critical thinking skills are essential competencies in 21st-century physics 

education, yet conventional instruction still tends to emphasize 

memorization and procedural learning. This study aimed to develop 

STEAM-based physics learning kits as instructional media to improve 

high school students’ critical thinking skills. The study employed a 

Research and Development (R&D) approach using the ADDIE model 

consisting of analysis, design, development, implementation, and 

evaluation stages. The participants were 35 eleventh-grade students at 

SMA Negeri 1 Sidoarjo selected through purposive sampling. The 

developed learning kits integrated Science, Technology, Engineering, 

Arts, and Mathematics (STEAM) components with critical thinking 

indicators, including analysis, inference, evaluation, interpretation, and 

explanation. Validation conducted by an experienced physics teacher 

indicated that the developed learning kits were categorized as very valid 

with an average score of 4.57. The implementation results showed a 

significant improvement in students’ critical thinking skills, reflected by 

the increase in average scores from 56.43 on the pretest to 82.17 on the 

posttest. The average N-gain score was 0.68, categorized as moderate 

improvement, while the paired sample t-test showed a statistically 

significant difference between pretest and posttest scores (p < 0.05). 

Students also responded positively toward the developed learning kits in 

terms of attractiveness, usability, and support for conceptual 

understanding and collaborative learning. The findings indicate that the 

developed STEAM-based physics learning kits effectively facilitate 

meaningful physics learning and support students’ critical thinking 

development aligned with the demands of 21st-century education. 
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INTRODUCTION 

The improvement of educational quality remains a central priority in preparing 

competitive human resources in the 21st century (Saepurokhman et al., 2025). Quality 

education functions as the foundation for developing human resources capable of adapting to 

rapid social and technological changes (Cong, 2025; Dwikoranto et al., 2025). Along with the 

rapid advancement of science and technology, educational systems are required to continuously 
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transform to ensure that learning processes remain relevant to societal and industrial demands 

(Latifah et al., 2024). Consequently, 21st-century education increasingly emphasizes 

competencies such as communication, collaboration, creativity, and critical thinking as 

essential skills for future work and lifelong learning (Foster, 2023; Thornhill-Miller et al., 

2023). Learning is therefore no longer limited to the transmission of knowledge but is directed 

toward the development of higher-order thinking skills through meaningful, student-centered, 

and technology-integrated learning environments (González-Pérez & Ramírez-Montoya, 2022; 

van Laar et al., 2022; Aires et al., 2025). 

Among the competencies emphasized in 21st-century education, critical thinking is 

particularly  important  because  it  enables  students  to  analyze  information,  evaluate  

evidence,  and  make logical decisions grounded inscientific reasoning (Puspawati et al, 2021; 

Mubarok et al., 2026). Critical thinking is not only an academic competence but also a 

fundamental cognitive process that supports reasoning, decision-making, and problem-solving 

in uncertain situations (Riva et al., 2023; Rothinam et al., 2025). It involves the ability to 

analyze information, evaluate evidence, make logical inferences, and construct well-reasoned 

arguments (Kayani & Tariq, 2023; Vieira et al., 2023). Accordingly, the development of critical 

thinking has become a major indicator of successful learning, particularly in science and 

physics education, where students are expected to actively construct knowledge through 

inquiry and analytical reasoning (Bazarbayeva & Aitbayeva, 2023; Ng et al., 2024). Previous 

studies have demonstrated that instructional models specifically designed to promote higher-

order thinking significantly improve students’ critical thinking performance and cognitive 

engagement (Kwangmuang et al., 2021; Fuad et al., 2019). 

The importance of critical thinking becomes increasingly evident in physics education 

because students are required not only to understand theoretical concepts but also to interpret 

phenomena, analyze relationships, and apply principles in various contexts (Ma et al., 2023). 

Physics learning demands conceptual reasoning and analytical thinking since many phenomena 

are interconnected and represented through abstract mathematical models (Docktor & Mestre, 

2019; Pospiech & Fischer, 2022). However, despite its recognized importance, the 

development of students’ critical thinking skills in physics learning remains suboptimal. One 

major contributing factor is the persistence of conventional instructional practices that 

emphasize memorization and procedural problem-solving rather than inquiry and conceptual 

exploration (Musengimana et al., 2025). In such learning environments, students often function 

as passive recipients of information instead of active constructors of knowledge (Sekwena, 

2023). As a result, learning tends to focus on surface-level understanding, while opportunities 

to develop deeper cognitive processes are limited. Several studies have reported that teacher-

centered instruction restricts students’ engagement in inquiry, reflection, and argumentation 

processes that are essential for critical thinking development (Fitriani et al., 2019). 

This issue becomes more challenging because many physics concepts are inherently 

abstract and difficult to visualize. Topics such as energy transformation, fluid dynamics, and 

force interactions cannot always be directly observed, causing students to experience 

conceptual difficulties and misconceptions (Garg et al., 2025). These misconceptions often lead 

to fragmented understanding and limit students’ ability to apply concepts in problem-solving 

situations (Soeharto et al., 2019). Research in physics education consistently identifies 

misconceptions and conceptual difficulties as major barriers to meaningful learning outcomes 

(Krijtenburg-Lewerissa et al., 2019; Mulhall et al., 2018). Therefore, innovative instructional 

approaches are needed to bridge the gap between abstract theories and observable phenomena 

while simultaneously facilitating the development of students’ critical thinking skills. 

To address these challenges, learning media have become increasingly important in 

creating meaningful and interactive learning experiences. Instructional media such as teaching 

aids, experimental tools, and physics kits provide opportunities for students to directly engage with 

concepts through observation, experimentation, and manipulation of variables (Girwidz et al., 2022; 
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Anselmo, 2024). Through these hands-on experiences, students are better able to connect 

abstract concepts with real-world phenomena, which supports deeper conceptual understanding 

and critical thinking development (Shanta, 2022). Previous studies have shown that interactive 

and technology-supported learning media improve students’ motivation, engagement, and 

conceptual retention in science learning (Ibáñez & Delgado-Kloos, 2018; Cheng, 2021). In 

addition, virtual laboratories and simulation-based environments allow students to conduct 

exploratory learning activities that support inquiry and analytical thinking processes 

(Potkonjak et al., 2018). 

In this context, the STEAM (Science, Technology, Engineering, Arts, and Mathematics) 

approach has emerged as a promising framework for designing innovative learning experiences 

(Wannapiroon & Pimdee, 2022; Papadopoulou, 2024). STEAM emphasizes interdisciplinary 

integration and encourages students to apply scientific concepts through creative and problem-

solving activities (Perignat & Katz-Buonincontro, 2019). In physics education, STEAM-based 

learning kits enable students to explore concepts not only theoretically but also practically 

through structured experimental and engineering design activities (Rahmayanti & Rahardjo, 

2024). This approach has been shown to enhance engagement, conceptual understanding, 

creativity, and active participation in learning (Herro et al., 2019; Ozkan & Umdu Topsakal, 

2021). Furthermore, interdisciplinary STEAM projects positively influence students’ 

motivation and scientific literacy by providing authentic learning experiences (Aguilera et al., 

2021). 

Although previous studies have demonstrated the positive impact of STEAM-based 

instructional media on learning outcomes, most studies primarily focus on conceptual mastery, 

engagement, or technological innovation rather than explicitly fostering critical thinking skills 

(Rosyida et al., 2025). Existing physics kits are generally designed as experimental tools that 

facilitate concept demonstration and procedural activities, but they rarely integrate structured 

cognitive processes into the learning design. Critical thinking indicators such as analysis, 

evaluation, inference, and explanation are often not explicitly embedded within student 

activities, resulting in learning experiences that are practical but not cognitively guided. 

Furthermore, many existing STEAM-based learning media are merely adaptations or 

modifications of conventional kits without systematic pedagogical structuring aimed at higher-

order thinking development (Conradty & Bogner, 2020). This condition indicates a clear 

research gap regarding the development of pedagogically structured STEAM-based learning 

media specifically designed to facilitate critical thinking skills in physics learning. 

To address this gap, the present study develops a STEAM-based physics learning kit 

specifically designed to integrate critical thinking indicators into every stage of learning 

activities. Unlike conventional physics kits that primarily function as experimental tools, the 

proposed STEAM-KIT combines hands-on experimentation, engineering design activities, 

problem-solving tasks, artistic visualization, and guided inquiry processes within a unified 

instructional framework. The developed product is not merely a modification of existing kits, 

but a pedagogically structured learning system consisting of experimental apparatus, student 

worksheets, inquiry-based activities, and critical thinking-oriented tasks. Each activity is 

systematically designed to train students’ abilities in analyzing phenomena, evaluating 

evidence, constructing explanations, and drawing logical conclusions during physics learning 

activities. Therefore, the novelty of this study lies in the systematic integration of explicit 

critical thinking indicators into the design of a STEAM-based physics learning kit and its 

implementation in real classroom contexts. This study is expected to contribute both 

theoretically and practically to physics education by providing a pedagogically grounded, 

empirically tested, and practically applicable learning innovation aligned with the demands of 

21st-century education. 
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METHODS 

This study employed a Research and Development (R&D) approach aimed at developing 

and evaluating STEAM-based physics learning kits as instructional media to improve high 

school students’ critical thinking skills. The development process adopted the ADDIE model, 

consisting of Analysis, Design, Development, Implementation, and Evaluation stages. The 

ADDIE model was selected because it provides a systematic and structured framework for 

developing instructional products that are pedagogically relevant and empirically validated. In 

addition to the development process, this study also applied a pre-experimental method using 

a one-group pretest–posttest design to examine the effectiveness of the developed learning kits 

in improving students’ critical thinking skills. 

The overall research procedure followed the ADDIE development stages consisting of 

analysis, design, development, implementation, and evaluation. The detailed research 

procedure is presented in Figure 1. 

 
Figure 1. ADDIE Development Stages 

The research was conducted at SMA Negeri 1 Sidoarjo during the 2025/2026 academic 

year. The participants consisted of one class of eleventh-grade students selected through 

purposive sampling techniques. The sample comprised 35 students who participated in all 

stages of the implementation process. The selection of participants was based on several 

considerations, including the availability of physics learning facilities, the implementation of 

the independent curriculum, and the school’s readiness to support STEAM-oriented learning 

activities. 

At the analysis stage, preliminary observations and interviews with physics teachers were 

conducted to identify problems encountered during physics learning, particularly those related 

to students’ critical thinking skills and conceptual understanding. The analysis revealed that 

students tended to experience difficulties in understanding abstract physics concepts and rarely 

engaged in learning activities that encouraged analytical and evaluative thinking. Curriculum 

analysis was also conducted to ensure that the developed learning kits aligned with the intended 

learning outcomes and competencies in the physics curriculum. 

Based on the results of the needs analysis, the design stage focused on developing 

STEAM-based physics learning kits that integrated Science, Technology, Engineering, Arts, 

and Mathematics (STEAM) components into structured learning activities. The developed kits 

consisted of lesson plans, student worksheets, experimental tools and materials, learning 

instructions, and assessment instruments. The learning activities were designed to explicitly 

incorporate critical thinking indicators, including analysis, inference, evaluation, explanation, 

and interpretation. Inquiry-based and problem-solving approaches were integrated into the 

activities to encourage students to actively construct knowledge through experimentation, 

discussion, and reflection. 

During the development stage, the prototype of the STEAM-based physics learning kits 

was validated by an experienced physics teacher to ensure the appropriateness and feasibility 
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of the developed instructional media before classroom implementation. The instruments 

validated in this study included lesson plans, student worksheets, critical thinking test items, 

observation sheets, and student response questionnaires. Validation was conducted using a 

five-point Likert scale ranging from 1 (very poor) to 5 (excellent). 

The validation process assessed several aspects, including content suitability, language 

clarity, instructional feasibility, media presentation, and the integration of STEAM components 

and critical thinking indicators. The average validation score was interpreted using the 

following criteria in Table 1:  
Table 1. Validation Criteria 

Score Criteria 

1.00 – 1.80 Invalid 

1.81 – 2.60 Less Valid 

2.61 – 3.40 Moderately Valid 

3.41 – 4.20 Valid 

4.21 – 5.00 Very Valid 

Suggestions and feedback obtained from the validator were used to revise and improve 

the developed learning kits prior to implementation. 

Instrument reliability was analyzed using Cronbach’s Alpha coefficient to determine the 

internal consistency of the instruments. A Cronbach’s Alpha coefficient greater than 0.70 

indicated that the instruments were reliable and suitable for research implementation. 

Reliability analysis and descriptive statistical calculations were conducted using Microsoft 

Excel. 

The implementation stage involved the application of the validated STEAM-based 

physics learning kits in physics learning activities conducted in one class consisting of 35 

students. The learning process was carried out over several meetings on physics topics related 

to motion and energy. During the learning activities, students participated in collaborative 

investigations, experimental activities, engineering design tasks, and reflective discussions 

designed to stimulate critical thinking processes. Students were encouraged to analyze 

problems, formulate hypotheses, interpret data, evaluate findings, and communicate their 

conclusions through interdisciplinary learning experiences. 

The evaluation stage aimed to determine the effectiveness and practicality of the 

developed learning kits. Evaluation was conducted through critical thinking tests, classroom 

observations, student response questionnaires, and teacher feedback. The critical thinking skills 

test was administered before and after the implementation of the learning kits to measure 

students’ improvement. The test consisted of essay and problem-solving questions developed 

based on critical thinking indicators. Observation sheets were used to evaluate the 

implementation of learning activities and student participation during the learning process, 

while questionnaires were distributed to obtain students’ perceptions regarding the 

attractiveness, usability, and effectiveness of the developed instructional media. 

The effectiveness of the STEAM-based physics learning kits was analyzed using 

normalized gain (N-gain) scores calculated using the following formula: 

𝑁 − 𝐺𝑎𝑖𝑛 =
𝑃𝑜𝑠𝑡𝑡𝑒𝑠𝑡 − 𝑃𝑟𝑒𝑡𝑒𝑠𝑡

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑆𝑐𝑜𝑟𝑒 − 𝑃𝑟𝑒𝑡𝑒𝑠𝑡
 

The N-gain results were categorized as follows: 

• High  : g ≥ 0.70 

• Moderate : 0.30 < g ≤ 0.70 

• Low  : g ≤ 0.30 

A paired sample t-test was also conducted to determine whether there was a statistically 

significant difference between students’ pretest and posttest scores at a significance level of 

0.05. Validation data, questionnaire results, reliability analysis, descriptive statistics, and N-

gain calculations were analyzed using Microsoft Excel. 
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Prior to conducting the research, permission was obtained from the school administration 

and the physics teacher at SMA Negeri 1 Sidoarjo. All students participated voluntarily, and 

the collected data were used solely for research purposes while maintaining participant 

confidentiality. 

 

RESULTS AND DISCUSSION 

The development of the STEAM-based physics learning kits was conducted 

systematically using the ADDIE model consisting of analysis, design, development, 

implementation, and evaluation stages. The developed product included lesson plans, student 

worksheets, experimental tools, instructional guides, and critical thinking assessment 

instruments integrated into STEAM-oriented learning activities. The learning kits focused on 

physics topics related to motion and energy and were implemented in one class consisting of 

35 eleventh-grade students at SMA Negeri 1 Sidoarjo. 

Analysis Stage 

The analysis stage was conducted through classroom observations and interviews with 

the physics teacher to identify problems encountered during physics learning. The findings 

indicated that students experienced difficulties in understanding abstract physics concepts and 

were rarely involved in learning activities that stimulated analytical and evaluative thinking 

processes. Learning activities were still dominated by teacher-centered instruction and 

procedural problem-solving approaches, causing students to become passive recipients of 

information. As a result, opportunities to develop critical thinking skills through inquiry, 

experimentation, and discussion were limited. 

In addition, the analysis revealed that existing instructional media had not fully facilitated 

interdisciplinary and hands-on learning experiences. Most learning activities focused primarily 

on conceptual explanation without integrating problem-solving and engineering design 

activities that could encourage students to think critically. Therefore, the development of 

STEAM-based physics learning kits was considered necessary to support more meaningful, 

interactive, and student-centered learning processes aligned with the demands of 21st-century 

education. 

Design Stage 

Based on the results of the needs analysis, the design stage focused on developing 

learning activities that integrated Science, Technology, Engineering, Arts, and Mathematics 

components into physics learning. The developed STEAM-based learning kits consisted of 

lesson plans, student worksheets, experimental tools, learning instructions, and critical thinking 

assessment instruments. The learning activities were systematically designed to facilitate 

students’ critical thinking skills through inquiry-based experiments, collaborative 

investigations, engineering design projects, and reflective discussions. 

The integration of STEAM components was explicitly embedded within each learning 

activity. Science components were integrated through conceptual investigations and 

experimentation processes, while technology components involved the use of instructional 

media and simple experimental tools. Engineering components were represented through 

design-based problem-solving activities that encouraged students to construct and evaluate 

solutions. Arts components were integrated through visualization, creativity, and presentation 

activities, whereas mathematics components supported quantitative analysis and interpretation 

of experimental data. 

In addition, the learning activities were designed to explicitly incorporate critical thinking 

indicators, including analysis, inference, evaluation, interpretation, and explanation. Students 

were encouraged not only to conduct experiments but also to analyze phenomena, interpret 

findings, evaluate evidence, and communicate conclusions logically during collaborative 

learning activities 
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Development Stage 

During the development stage, the prototype of the STEAM-based physics learning kits 

was validated by an experienced physics teacher to ensure the feasibility and appropriateness 

of the developed instructional media before classroom implementation. The validation process 

assessed several aspects, including content suitability, language clarity, instructional feasibility, 

media presentation, and the integration of STEAM components and critical thinking indicators. 

Figure 2 presents the validation results of the developed learning kits. 

 

 
Figure 2. Validation Results of STEAM-Based Physics Learning Kits 

The validation results indicate that the developed learning kits fulfilled the feasibility 

criteria and were categorized as very valid for classroom implementation. The highest 

validation score was obtained in the integration of STEAM components aspect, indicating that 

the developed learning activities successfully combined interdisciplinary learning experiences 

involving science, technology, engineering, arts, and mathematics within physics instruction. 

This aspect is important because interdisciplinary integration allows students to connect 

theoretical concepts with real-world applications through inquiry and problem-solving 

activities. 

The high score obtained in the critical thinking integration aspect also demonstrates that 

the developed learning kits successfully embedded analytical and evaluative thinking processes 

into learning activities. Students were guided not only to conduct experiments but also to 

analyze data, evaluate findings, formulate explanations, and draw logical conclusions. This 

finding indicates that the developed learning kits functioned not only as experimental media 

but also as pedagogically structured instructional tools specifically designed to facilitate 

higher-order thinking development. 

Several revisions were made based on the validator’s suggestions before the 

implementation stage. Improvements included simplifying instructional language in the student 

worksheets, refining the sequence of inquiry activities, clarifying experimental procedures, and 

strengthening engineering design tasks within learning activities. In addition, several critical 

thinking questions were revised to better align with the indicators of analysis, inference, 

evaluation, interpretation, and explanation. These revisions improved the clarity, practicality, 

and pedagogical quality of the developed learning kits. 

The findings of this study are consistent with previous studies reporting that STEAM-

oriented instructional media promote meaningful learning experiences and improve higher-

order thinking skills through interdisciplinary and inquiry-based learning environments. 
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However, unlike many previous STEAM-based learning products that mainly emphasized 

technological innovation and practical activities, the present study explicitly integrated critical 

thinking indicators into every stage of learning activities. Therefore, the developed learning 

kits contributed not only to experiential learning but also to the systematic development of 

students’ critical thinking skills. 

Implementation Stage 

The implementation stage involved the application of the validated STEAM-based 

physics learning kits in physics learning activities conducted in one class consisting of 35 

students. During the learning process, students participated in collaborative investigations, 

inquiry-based experiments, engineering design tasks, and reflective discussions designed to 

stimulate critical thinking processes. Students were actively involved in identifying problems, 

formulating hypotheses, analyzing experimental results, evaluating findings, and 

communicating conclusions through interdisciplinary learning experiences. 

Students’ critical thinking skills were measured using pretest and posttest assessments 

consisting of essay and problem-solving questions developed based on critical thinking 

indicators. The implementation results showed a significant improvement in students’ critical 

thinking skills after participating in STEAM-based learning activities. 
Table 2. Descriptive Statistics of Critical Thinking Skills Scores 

Test Mean Score Minimum Maximum 

Pretest 56.43 42.0 71.0 

Posttest 82.17 68.0 95.0 

The data indicate that the average score increased from 56.43 on the pretest to 82.17 on 

the posttest, demonstrating substantial improvement after implementation of the STEAM-

based physics learning kits. This improvement indicates that the developed instructional media 

effectively facilitated students’ higher-order thinking development through interdisciplinary 

and inquiry-oriented learning activities. 

The improvement in students’ critical thinking skills was closely related to the 

characteristics of STEAM-based learning activities integrated within the developed learning 

kits. STEAM learning encourages students to actively engage in inquiry, problem-solving, 

engineering design, and collaborative investigations, all of which require analytical and 

evaluative thinking processes. During experiments and engineering activities, students were 

required to identify problems, formulate hypotheses, analyze data, evaluate alternative 

solutions, and communicate findings logically. These processes directly support the 

development of critical thinking skills, particularly analysis, inference, evaluation, and 

explanation abilities. 

The integration of Science, Technology, Engineering, Arts, and Mathematics also created 

interdisciplinary learning experiences that encouraged students to connect theoretical concepts 

with real-world applications. Such contextual and hands-on learning activities support 

meaningful learning and stimulate higher-order thinking processes. This finding aligns with 

previous studies reporting that STEAM-oriented learning environments improve students’ 

critical thinking, creativity, and problem-solving abilities because students are actively 

involved in reflective and inquiry-based learning processes. 

Observation results also showed that students actively participated during learning 

activities. Students demonstrated enthusiasm during experiments, collaborative discussions, 

and engineering design tasks. Most students became more confident in expressing opinions, 

defending arguments, and communicating conclusions during classroom discussions. These 

findings indicate that the developed learning kits successfully created student-centered learning 

environments that encouraged active participation and reflective thinking processes. 
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Evaluation Stage 

The evaluation stage aimed to determine the effectiveness and practicality of the 

developed learning kits through N-gain analysis, paired sample t-test analysis, classroom 

observations, and student response questionnaires. 
Table 3. Distribution of Students’ N-Gain Categories 

N-Gain Category Criteria Number of Students Percentage 

High g > 0.70 14 40.0% 

Moderate 0.30 < g < 0.70 19 54.3% 

Low g < 0.30 2 5.7% 

Total 35 100% 

The results show that most students achieved moderate and high N-gain categories. A 

total of 40.0% of students achieved high improvement, while 54.3% achieved moderate 

improvement. Only 5.7% of students were categorized in the low improvement category. The 

average N-gain score obtained in this study was 0.68, categorized as moderate improvement, 

indicating that the developed learning kits effectively improved students’ critical thinking skills. 

To determine the statistical significance of the improvement, a paired sample t-test was 

conducted. 
Table 4. Paired Sample t-Test Results 

Variable t-value Sig. (2-tailed) Interpretation 

Pretest-Posttest 14.27 0.000 Significant 

The significance value obtained was lower than 0.05, indicating a statistically significant 

difference between students’ pretest and posttest scores. Therefore, the implementation of the 

STEAM-based physics learning kits significantly improved students’ critical thinking skills. 

Student responses toward the developed learning kits were also highly positive. 

 
Figure 3. Student Responses Questionnaire Results 

The questionnaire results indicate that students perceived the developed learning kits as 

engaging, interactive, and supportive of conceptual understanding and critical thinking 

development. The collaborative and inquiry-based learning activities encouraged students to 

become more actively involved in physics learning processes. 

The findings demonstrate that the developed STEAM-based physics learning kits 

effectively improved students’ critical thinking skills and supported meaningful learning 

experiences aligned with the demands of 21st-century education. The novelty of this study lies 

in the systematic integration of explicit critical thinking indicators within STEAM-oriented 

learning activities. Unlike many previous STEAM-based instructional products that mainly 
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focused on practical experimentation and technological innovation, the developed learning kits 

intentionally embedded analytical, evaluative, and reflective thinking processes into every 

stage of learning activities. Therefore, the developed instructional media contributed not only 

to experiential learning but also to the pedagogical facilitation of higher-order thinking 

development in physics education. 

The improvement in critical thinking skills was influenced by the structure of the learning 

activities, which explicitly integrated analysis, inference, evaluation, interpretation, and 

explanation into STEAM-oriented instruction. Through inquiry-based experiments, 

collaborative problem-solving, and engineering design tasks, students were encouraged to 

actively construct knowledge and evaluate information critically. These findings support 

previous studies emphasizing that STEAM learning environments promote higher-order 

thinking and meaningful learning experiences (Perignat & Katz-Buonincontro, 2019; Ozkan & 

Umdu Topsakal, 2021). 

The hands-on experimental activities also played an important role in helping students 

visualize abstract physics concepts more concretely. This finding aligns with previous studies 

reporting that interactive learning media and experiment-based instruction improve conceptual 

understanding and student engagement in science learning (Ibáñez & Delgado-Kloos, 2018; 

Potkonjak et al., 2018). Furthermore, collaborative discussions and project-based activities 

created opportunities for students to communicate ideas, defend arguments, and evaluate 

alternative solutions, which are essential components of critical thinking development. 

Another important finding is that the developed learning kits embedded critical thinking 

indicators systematically within learning activities. Unlike many previous STEAM-based 

instructional products that mainly emphasized technological innovation, this study focused on 

pedagogical structuring that intentionally facilitated cognitive skill development. As a result, 

students were not only engaged in practical activities but also guided to develop analytical and 

reflective thinking processes throughout the learning experience. 

The positive student responses further indicate that the developed learning kits were 

practical and engaging for classroom implementation. Students perceived that STEAM-based 

learning activities increased motivation, improved conceptual understanding, and encouraged 

active participation in physics learning. Therefore, the developed learning kits can serve as an 

effective instructional innovation aligned with the demands of 21st-century education. 

 

CONCLUSION 

This study successfully developed STEAM-based physics learning kits as instructional 

media to improve high school students’ critical thinking skills through the systematic 

integration of Science, Technology, Engineering, Arts, and Mathematics (STEAM) 

components within physics learning activities. The development process followed the ADDIE 

model consisting of analysis, design, development, implementation, and evaluation stages. The 

validation results indicated that the developed learning kits were categorized as very valid and 

feasible for classroom implementation. Revisions based on validator feedback improved the 

clarity of instructional language, inquiry activity sequences, experimental procedures, and the 

alignment of critical thinking indicators within learning activities. The developed learning kits 

also demonstrated strong integration of STEAM elements and critical thinking processes, 

particularly analysis, inference, evaluation, interpretation, and explanation skills. 

The implementation results demonstrated that the STEAM-based physics learning kits 

effectively improved students’ critical thinking skills, as indicated by the significant increase 

between pretest and posttest scores, moderate average N-gain results, and statistically 

significant paired sample t-test findings. The interdisciplinary, inquiry-based, and engineering-

oriented learning activities encouraged students to actively participate in experimentation, 

collaborative investigations, problem-solving, and reflective discussions, which supported 

higher-order thinking development. In addition, students responded positively toward the 
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developed learning kits in terms of attractiveness, usability, collaborative learning experiences, 

and support for conceptual understanding. Therefore, the developed STEAM-based physics 

learning kits can serve as an effective and innovative instructional medium for creating 

meaningful physics learning experiences aligned with the demands of 21st-century education. 

Future studies are recommended to involve larger samples, different physics topics, and more 

rigorous experimental designs to further examine the effectiveness of STEAM-based 

instructional media in various educational contexts 

. 
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