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Abstract — Creative thinking skills are essential competencies in physics education because students are
expected not only to understand scientific concepts but also to apply them creatively in solving contextual
problems. However, learning in physics on Newton’s Laws is often still dominated by routine problem-
solving and formula-based instruction, which provides limited opportunities for students to develop fluency,
[flexibility, originality, and elaboration. This study aimed to develop and evaluate STEAM-integrated
Project-Based Learning (PjBL) learning tools on Newton’s Laws to improve students’ creative thinking
skills. This research employed a Research and Development design using the 4-D model, consisting of
Define, Design, Develop, and Disseminate stages, with dissemination limited to classroom implementation
and academic reporting. The developed products included a teaching module, student worksheets, and a
creative thinking skills test instrument. The study involved 55 eleventh-grade science students at SMA
Labschool UNESA 1 Surabaya, selected through purposive sampling. Data were collected through expert
validation, learning implementation observation, pre-test and post-test, and student response
questionnaires. Data were analyzed using descriptive statistics, normalized gain, and a paired t-test. The
results showed that the developed learning tools were very valid, with an average validation score of
88.30%. The effectiveness test indicated a substantial increase in students’ creative thinking skills, with the
pre-test average increasing from 38.14 to 89.86 in the post-test, an n-gain score of 0.85 in the high category,
a significant paired t-test result (Sig. < 0.05), and positive student responses of 85%. The novelty of this
study lies in the explicit integration of PjBL syntax, STEAM components, and indicators of creative thinking
into structured learning tools for Newton’s Laws. These findings indicate that the developed learning tools
are valid, practical, and effective, and that they contribute to physics education by offering a contextual,
interdisciplinary, and student-centered instructional design to foster creative thinking skills.
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I. INTRODUCTION

Creative thinking skills have become an essential competency in contemporary science

education, particularly in physics, where students are expected not only to understand scientific
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concepts but also to apply them to solve complex, contextual problems. In the framework of
twenty-first-century education, creative thinking is commonly associated with the ability to
generate diverse ideas, construct alternative solutions, view problems from multiple perspectives,
and elaborate ideas into meaningful products or explanations (OECD, 2019; Partnership for 21st
Century Skills, 2019; Acar et al., 2017). These abilities are increasingly important because
students must respond to dynamic social, technological, and environmental challenges that cannot
be addressed solely through memorization or routine problem-solving. Therefore, the
development of creative thinking skills aligns closely with the orientation of twenty-first-century
learning, which emphasizes student-centered learning, contextual experiences, and the
strengthening of competencies such as creativity, collaboration, communication, and critical
thinking (Bell, 2010; Partnership for 21st Century Skills, 2019).

In physics education, creative thinking plays a particularly significant role because physics
concepts often involve abstract principles that must be connected to observable phenomena and
real-life applications. Physics is frequently perceived as difficult because it involves complex,
abstract concepts, and students often struggle to connect theoretical principles to experimental or
real-world phenomena (Wang et al.,, 2025). Students are therefore required to analyze
relationships among variables, interpret physical events, construct explanations, and apply
mathematical representations to understand natural phenomena. Newton’s Laws, for example,
constitute a fundamental topic in mechanics because they provide a conceptual basis for
explaining motion, force, acceleration, interaction, and equilibrium. Recent literature on
Newton’s Second Law also emphasizes that students’ limited understanding of force and motion
is often associated with traditional instruction that presents physics as distant from everyday life
and overly focused on mathematical problem solving (Parra-Zeltzer et al., 2025). However,
students frequently have difficulty understanding Newton’s Laws when learning is dominated by
formula-based instruction and procedural exercises. Such instruction tends to emphasize correct
numerical answers rather than conceptual exploration, alternative reasoning, and creative
application. As a result, opportunities for students to develop fluency, flexibility, originality, and
elaboration in physics learning remain limited (Riberio, 2023; Witdiya et al., 2023; Ulfa et al.,
2024).

Several studies have indicated that conventional physics instruction is often insufficient to
foster higher-order thinking skills, particularly when classroom activities rely heavily on teacher
explanation, textbook examples, and routine problem sets. Although these approaches may
support basic conceptual acquisition, they do not always provide adequate space for students to
formulate ideas, test solutions, revise designs, or communicate creative products. A systematic

review of K—12 STEM instructional design by Halawa et al. (2024) shows that instructional
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designs such as inquiry-based, project-based, and design-based learning are increasingly used
because they provide opportunities for questioning, experimenting, analyzing, collaborating,
communicating, and reflecting. This condition becomes important because creative thinking in
science requires active engagement with authentic problems, opportunities for exploration, and
meaningful interaction between concepts and real-world contexts. In line with this argument, Kuo
(2025) found that structured STEAM-PBL can improve students’ scientific and social creative
thinking, particularly their ability to generate diverse ideas, produce original ideas, and evaluate
or improve ideas. Therefore, physics learning needs to be designed to enable students to
investigate phenomena, construct knowledge collaboratively, and translate scientific concepts
into practical, innovative solutions.

One instructional model that has been widely discussed as a means of supporting higher-
order thinking is Project-Based Learning (PjBL). PjBL provides students with opportunities to
learn through authentic projects that involve inquiry, collaboration, planning, product
development, and reflection (Kokotsaki et al., 2016; Zhou, 2023). Through these stages, students
are encouraged to identify problems, propose possible solutions, test ideas, and present outcomes
in a structured learning process. In science education, PjBL is considered relevant because it
allows students to actively construct knowledge rather than passively receive information.
Moreover, the project process can stimulate creative thinking because students are required to
generate ideas, make decisions, solve unexpected problems, and refine their products based on
evidence and feedback (Aldabbus, 2023). Thus, PjBL has strong potential to improve both
conceptual understanding and creative thinking skills when it is implemented systematically.

Nevertheless, the effectiveness of PjBL depends greatly on the quality of the learning
design, the clarity of instructional stages, and the alignment between project activities and
intended learning outcomes. Although PjBL is widely recognized as a student-centered model
that can support inquiry, collaboration, and problem-solving, recent studies emphasize that its
impact is strongly influenced by how projects are structured and embedded within the curriculum
(Kokotsaki et al., 2016; Halawa et al., 2024). PjBL that is implemented only as a general project
activity may not automatically improve creative thinking if the project is not explicitly connected
to learning objectives, scientific concepts, and thinking indicators. In STEAM-based learning,
Kuo (2025) shows that structured project activities are needed to stimulate scientific and social
creative thinking because students require opportunities to generate diverse ideas, evaluate
alternatives, and improve their initial ideas. In the context of Newton’s Laws, students therefore
need systematic guidance to connect project activities with scientific reasoning, mathematical
analysis, technological use, engineering design, and creative representation. This is consistent

with recent evidence that curriculum-embedded STEAM-PBL models are more promising when
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they combine creativity development with academic learning in a structured classroom design
(Zhao & Abdullah, 2025). Therefore, learning tools such as teaching modules, student
worksheets, and assessment instruments must be carefully developed to ensure that each stage of
the project contributes to the intended learning outcomes. Student worksheets, in particular, can
serve as instructional scaffolds that guide learners through inquiry, collaboration, and creative
problem-solving activities, as shown in studies on STEM/STEAM-based worksheets that develop
creative thinking skills in physics learning (Anugrah et al., 2023; Sabrina & Jatmiko, 2025).
Without such integration, project activities may become product-oriented tasks that lack
conceptual depth and do not systematically develop students’ fluency, flexibility, originality, and
elaboration.

The Science, Technology, Engineering, Arts, and Mathematics (STEAM) approach offers
a relevant framework for strengthening PjBL in physics learning. STEAM promotes
interdisciplinary learning by integrating scientific understanding with technological application,
engineering design, artistic creativity, and mathematical reasoning (Liao, 2016; Henriksen et al.,
2019; Rahmawati et al., 2019). The inclusion of the arts component distinguishes STEAM from
STEM by providing space for imagination, aesthetics, communication, and creative expression in
the learning process. In physics learning, this integration can help students understand concepts
not only as abstract theories but also as principles that can be applied in designing, testing, and
presenting meaningful products. Several studies have reported that STEAM-based learning can
contribute to the development of creativity, problem-solving ability, and student engagement in
science classrooms (Ellianawati et al., 2025; Hebebci & Usta, 2022; Muntazah et al., 2025).

The integration of STEAM and PjBL is therefore pedagogically promising because both
approaches emphasize active learning, interdisciplinary problem-solving, and student creativity
(Kuo, 2025; Mota et al., 2025). PjBL provides a project structure that guides students from
problem identification to reflection, while STEAM enriches the project by incorporating multiple
disciplinary perspectives. In the context of Newton’s Laws, this integration enables students to
investigate motion and force through scientific inquiry, use technology or simulations to support
observation, design simple engineering products, apply mathematical calculations, and present
their ideas creatively through visual or artistic elements. Such learning experiences are expected
to support the four indicators of creative thinking: fluency, flexibility, originality, and elaboration.
Recent empirical evidence by Kuo (2025) shows that STEAM-PBL significantly improves
students’ ability to generate diverse and creative ideas, and to evaluate or improve them, which
closely corresponds to fluency, originality, and elaboration. Fluency may emerge when students
generate various ideas for solving motion-related problems; flexibility may develop when they

consider different approaches or designs; originality may be reflected in unique project solutions;
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and elaboration may appear when they refine, explain, and present their products in detail (Kuo,

2025; Al-Kamzari & Alias, 2025; Acar et al., 2017).
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Figure 1. Research trend map of PjBL, STEAM, and creative thinking skills in the 2021-2026
period

To strengthen the study's positioning, a bibliometric analysis of publication trends related
to PjBL, STEAM, and creative thinking skills was conducted for the 2021-2026 period. The
mapping results presented in Figure 1 indicate that the keywords PjBL and STEAM are strongly
associated with twenty-first-century and creative thinking skills. However, the direct connection
between STEAM-integrated PjBL and physics education, particularly in the topic of Newton’s
Laws and among senior high school students, remains relatively limited. The need to strengthen
research on innovative learning designs in physics education is also supported by studies that map
popular topics in reputable international physics education journals, which show sustained
attention to learning models, students’ competencies, and instructional improvement (Nurazmi &
Bancong, 2024). This finding is consistent with recent systematic and bibliometric studies
showing that PjBL research has grown substantially and is strongly connected to STEM,

collaboration, problem-solving, and self-regulated learning, yet structured applications in
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secondary school physics still require more theoretically grounded design frameworks (Mota et
al., 2025; Al-Kamzari & Alias, 2025). In addition, bibliometric evidence on STEAM education
shows that research themes have increasingly evolved toward creativity, computational thinking,
sustainability, equity, and maker education, indicating the need for more focused empirical
studies that connect STEAM with specific subject-matter learning tools (Nurazmi et al., 2025).
This finding suggests that although STEAM, PjBL, and creative thinking have each received
increasing scholarly attention, studies that specifically develop structured, STEAM-integrated
PjBL learning tools for Newton’s Laws remain needed. Thus, there is a clear opportunity to
contribute to the literature by designing learning tools that explicitly connect PjBL syntax,
STEAM elements, and indicators of creative thinking in a physics learning context.

Based on this gap, the present study aims to develop and evaluate STEAM-integrated PjBL
learning tools on Newton’s Laws to improve senior high school students’ creative thinking skills.
The developed learning tools include teaching modules, student worksheets, and instruments for
creative thinking skills tests. These tools are designed to systematically integrate PjBL stages with
STEAM components and to align learning activities with the indicators of fluency, flexibility,
originality, and elaboration. The feasibility of the learning tools is evaluated in terms of validity,
practicality, and effectiveness. Therefore, this study is expected to contribute theoretically by
enriching the discussion of interdisciplinary and project-based physics learning, and practically
by providing structured learning tools to support teachers in implementing contextual, creative,

and student-centered physics instruction within the Independent Curriculum context.

II. METHODS

This study employed a quantitative research design to analyze the quality of a cognitive
ability test instrument developed on the topic of temperature and heat. Quantitative research is
appropriate for studies that systematically examine data using structured instruments and
measurable procedures, particularly when the objective is to empirically evaluate variables and
produce scientifically accountable findings (Creswell & Creswell, 2018). In this study, the Rasch
model was used as the main analytical framework because it provides a more comprehensive
evaluation of item functioning and respondent ability than conventional scoring approaches.
Rasch analysis is particularly useful for assessing item fit, person fit, item difficulty,
dimensionality, and potential item bias, thereby strengthening the psychometric quality of
educational instruments (Anugrah et al., 2023; Sabrina & Jatmiko, 2025).

This study employed a Research and Development (R&D) design to produce and evaluate
STEAM-integrated PjBL learning tools for Newton’s Laws. The main objective of the

development process was to generate learning tools that were valid, practical, and effective for
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improving senior high school students’ creative thinking skills. The development procedure
followed the 4-D model, consisting of Define, Design, Develop, and Disseminate stages, because
this model provides a systematic framework for identifying instructional needs, designing
learning products, validating prototypes, and implementing the developed tools in an educational
setting (Anugrah et al., 2023; Sabrina & Jatmiko, 2025). In this study, all four stages were

conducted; however, the dissemination stage was limited to classroom implementation and

academic reporting. The overall flow of the development process is presented in Figure 2.
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Figure 2. Learning device development flow based on the 4-D model

The Define stage was conducted to identify instructional problems, student characteristics,
curriculum requirements, and indicators of creative thinking relevant to learning about Newton’s
Laws. Classroom observations and interviews with physics teachers were used to obtain
information about existing learning practices and the extent to which creative thinking skills were
facilitated in physics instruction. This stage was important because instructional development

requires an accurate understanding of the learning context and learner needs before a product is
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designed. The analysis focused on the suitability of Newton’s Laws material for project-based
activities and on the integration of creative thinking indicators, namely fluency, flexibility,
originality, and elaboration, into physics learning activities.

The Design stage focused on developing the initial structure of the learning tools,
comprising teaching modules, STEAM-based student worksheets, and creative thinking skills test
instruments. The learning design was developed by aligning PjBL syntax with STEAM elements
in each project stage. The Science component was represented through concepts from Newton’s
Laws, Technology through digital tools or simulations, Engineering through project design, Arts
through visual and creative product representation, and Mathematics through force and
acceleration analysis. This alignment was intended to ensure that the developed tools not only
presented project activities but also systematically guided students in connecting physics concepts
to interdisciplinary problem-solving and creative thinking.

The Develop stage included expert validation, limited trials, and effectiveness testing. The
developed learning tools were validated by three experts: two physics education lecturers with
expertise in instructional design and one senior high school physics teacher with more than 10
years of teaching experience. The validation examined content suitability, construct validity,
language clarity, instructional feasibility, and the consistency of STEAM-PjBL integration.
Expert validation is an important component of R&D studies because it provides evidence that
the developed product meets theoretical, pedagogical, and practical standards before
implementation in the classroom (Lynn, 1986; Yusoff, 2019). The validation results were used to
revise the learning tools prior to classroom implementation.

The research was conducted in the odd semester of the 2025/2026 academic year at SMA
Labschool UNESA 1 Surabaya, East Java. The participants were 55 eleventh-grade science
students selected through purposive sampling. This sampling technique was used because the
study required participants who met specific criteria aligned with the research objectives,
particularly students with relatively homogeneous basic physics abilities and at least one previous
experience in PjBL. In educational development studies, participant selection should align with
the characteristics of the instructional product being tested and the learning context in which it
will be implemented (Creswell & Creswell, 2018; Anazifa & Djukri, 2017). The implementation
lasted four weeks and included product development, expert validation, limited trials in two small
trial classes, and the main trial in the experimental class during regular physics learning hours.

The effectiveness test employed a one-group pretest—posttest design. Students’ creative
thinking skills were measured before and after implementing the STEAM-integrated PjBL
learning tools. This design enabled the researchers to examine changes in students’ creative

thinking skills after the learning intervention. However, because the design did not include a
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control group, the interpretation of effectiveness was made cautiously, as external factors such as
prior learning experience, teacher influence, and classroom environment may have contributed to
the observed improvement. Therefore, future studies are recommended to use quasi-experimental
designs with control groups to strengthen causal claims and increase the generalizability of the
findings.

Data were collected using expert validation sheets, learning implementation observation
sheets, creative thinking skills tests, and student response questionnaires. The validation sheets
were used to assess the feasibility of the teaching modules, student worksheets, and test
instruments based on development product quality criteria (Lynn, 1986; Yusoff, 2019).
Observation sheets were used by the researchers and physics teacher to examine the practicality
of implementation during classroom learning (Creswell & Creswell, 2018). The creative thinking
skills test was developed as a set of performance-based questions aligned with the fluency,
flexibility, originality, and elaboration indicators. Student response questionnaires were used to
obtain students’ perceptions of the learning tools and learning process.

The data analysis procedures were adjusted to the type of data obtained from each
instrument, as summarized in Table 1.

Table 1. Research data analysis techniques

No Research instruments Data obtained Data analysis Decision criteria

Creative thinking skills

Test scores

Shapiro-Wilk

techniques
1 Validation  sheet for  Validator Quantitative Device  validity
learning devices (teaching  assessment score  descriptive criteria
modules and  student analysis  (mean
worksheets) score)
Validation  sheet for  Validator Quantitative Instrument
creative thinking skills test ~ assessment score  descriptive validity criteria
instrument analysis  (mean
score)
Learning implementation  Observation Descriptive Practicality
observation sheet score percentage criteria of the
analysis device
Creative thinking skills  Test scores Normalized gain N-gain  criterion
test (pre-test and post-test) (n-gain) (Hake, 1998)
calculation

Sig. > 0.05 (data is

test (pre-test and post-test) normality test normally
distributed)
Creative thinking skills  Test scores Paired t-test Sig. < 0.05 (there
test (pre-test and post-test) is a significant
difference)
Student response  Questionnaire Descriptive Student response
questionnaire score percentage categories

analysis
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Validity data from the learning tools and test instruments were analyzed descriptively by
calculating the average validation score and referring to validity criteria. Content validity was
also assessed using the content validity index, as content validation is an essential procedure to
ensure that research instruments adequately represent the measured construct (Lynn, 1986;
Yusoff, 2019). Practicality was analyzed through the percentage of learning implementation and
teacher perceptions. The effectiveness of the learning tools was determined by comparing pre-
test and post-test scores using normalized gain (n-gain), a measure commonly used in physics
education research to quantify learning improvement (Hake, 1998; McKagan et al., 2022). Before
conducting inferential analysis, the normality of the pre-test and post-test data was assessed using
the Shapiro—Wilk test, which is widely used to evaluate whether sample data are normally
distributed prior to applying parametric statistical tests (American Statistical Association, 2022;
Shapiro & Wilk, 1965; Mishra et al., 2019). After the data were confirmed to be normally
distributed, a paired t-test was used to determine whether the difference between pre-test and post-
test scores was statistically significant, as this test is appropriate for comparing two related
measurements obtained from the same group before and after an intervention (Rietveld & van
Hout, 2017). Student questionnaire responses were analyzed descriptively using percentages to

determine the categories of students’ responses to the STEAM-integrated PjBL learning tools.

III. RESULTS

This study used the Rasch model to evaluate the quality of a cognitive ability test
instrument based on Marzano’s Taxonomy on the topic of temperature and heat. The analysis
focused on item fit, item difficulty, unidimensionality, reliability, the Wright map, and
Differential Item Functioning (DIF) based on gender. Overall, the results provide evidence on the
instrument's psychometric quality and identify several aspects that require further refinement.

The results of this study are presented according to the stages of the 4-D development
model: Define, Design, Develop, and Disseminate. The presentation of results focuses on the
development process and the feasibility of the STEAM-integrated PjBL learning tools for
Newton’s Laws in terms of validity, practicality, and effectiveness. The developed products
consisted of a teaching module, student worksheets, and instruments for creative thinking skills
tests. These products were designed to support the development of students’ creative thinking
skills by integrating PjBL syntax and STEAM elements.

Define stage
The Define stage was conducted to identify learning needs, student characteristics,

curriculum demands, and the indicators of creative thinking skills to be developed through the
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learning tools. The results of classroom observations and interviews with physics teachers
indicated that learning activities on Newton’s Laws were still largely focused on routine problem-
solving, textbook-based exercises, and procedural use of formulas. Although these activities
supported basic conceptual understanding, they did not sufficiently provide opportunities for
students to generate multiple ideas, propose alternative solutions, or elaborate on their reasoning
creatively.

The analysis of student characteristics showed that Grade XI students had heterogeneous
cognitive abilities and different levels of readiness in learning physics. However, students
generally showed interest in practical activities, experiments, and project-based tasks. This
finding indicated that students had the potential to be actively engaged in contextual learning
activities, although they still required structured guidance to connect physics concepts to real-life
situations and to creative problem-solving. Regarding creative thinking skills, the study focused
on four indicators: fluency, flexibility, originality, and elaboration. These indicators served as the
basis for designing learning activities, worksheets, and assessment instruments during the
subsequent development stages.

Design stage

The Design stage resulted in the initial structure of the STEAM-integrated PjBL learning
tools. The teaching module was developed to guide teachers in implementing project-based
physics learning on Newton’s Laws. The student worksheets was designed to guide students
through project activities, starting from identifying contextual problems, planning projects,
conducting investigations, developing products, presenting results, and reflecting on the learning
process. The creative thinking skills test instrument was prepared to measure students’ ability to
demonstrate fluency, flexibility, originality, and elaboration in physics-related problem situations.

The learning design was structured by integrating the stages of PjBL with STEAM
components. The Science component was represented through conceptual understanding of
Newton’s Laws. The Technology component was integrated using digital tools or simulations to
support observation and analysis. The Engineering component was reflected in the design and
development of project products. The Arts component was included through visual design,
creativity, and product presentation. The Mathematics component was applied by analyzing the
relationships among force, mass, and acceleration. The detailed design of the learning tools is

presented in Figure 3.
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Figure 3. Learning device design
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The integration shown in Figure 3 illustrates that the developed learning tools were not
designed as separate project activities but as structured instructional products that connect physics
concepts, interdisciplinary STEAM elements, and indicators of creative thinking. This design
became the basis for expert validation and classroom implementation.
Develop stage

The development stage involved expert validation and limited trials of the learning tools.
Validation was conducted by three validators to determine the feasibility of the teaching module,
student worksheets, and the creative thinking skills test instrument. The validation focused on the
suitability of the content, clarity of language, completeness of PjBL syntax, consistency of
STEAM integration, and alignment of learning activities with creative thinking indicators. The
validation results are presented in Table 2.

Table 2. Device validation results

Component Average score (%) Category
Teaching module 91.00 Very valid
student worksheets 88.00 Very valid
Test instrument 86.00 Very valid
Average 88.30 Very valid

As shown in Table 2, the teaching module obtained an average validation score of 91.00%,
the student worksheets obtained 88.00%, and the creative thinking skills test instrument obtained
86.00%. The overall average score was 88.30%, which was categorized as very valid. These
results indicate that the developed learning tools met the criteria for content feasibility, construct
suitability, instructional clarity, and consistency with the objectives of STEAM-integrated PjBL
learning. The teaching module received the highest score, indicating that the learning syntax,
instructional sequence, and integration of Newton’s Laws with project activities were considered
highly appropriate. The student worksheets and test instrument were also categorized as very
valid, showing that both products were suitable for guiding student activities and measuring
creative thinking skills.

The validation results also indicated that the learning tools were appropriate for classroom
trials after revision based on the validators’ suggestions. Revisions were made to improve clarity
of instructions, alignment between project activities and STEAM components, and the precision
of assessment indicators. After this revision process, the learning tools were implemented in the
classroom to examine practicality and effectiveness.

Disseminate stage and implementation results

The Disseminate stage was conducted through classroom implementation in Grade XI. The

implementation aimed to examine the effectiveness of the developed learning tools in improving

students’ creative thinking skills. The effectiveness test was conducted using pre-test and post-
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test scores, normalized gain analysis, paired t-test, and student response questionnaire. The
quantitative results are presented in Table 3.

Table 3. Quantitative results of the effectiveness of STEAM-integrated PjBL learning tools

Indicator Result
Pre-test average 38.14
Post-test average 89.86

Score improvement 51.72
N-gain 0.85

Paired t-test Sig. <0.05
Student response 85%

Table 3 shows that the average pre-test score of students’ creative thinking skills was 38.14,
while the average post-test score increased to 89.86 after the implementation of the STEAM-
integrated PjBL learning tools. The difference between the pre-test and post-test averages was
51.72 points. This increase indicates that students demonstrated substantial improvement in
creative thinking skills after participating in the learning process. The n-gain value of 0.85 was
categorized as high, indicating that the developed learning tools were effective in improving
students’ creative thinking skills.

The paired t-test showed a p-value < 0.05, indicating a statistically significant difference
between students’ pre-test and post-test scores. This result supports the finding that the
improvement in students’ creative thinking skills occurred after the implementation of the
developed learning tools. In addition, the student response questionnaire showed a positive
response of 85%. This indicates that students generally perceived the STEAM-integrated PjBL
learning process as engaging, understandable, and useful for learning Newton’s Laws through
contextual project activities. The qualitative interpretation of the effectiveness results is presented
in Table 4.

Table 4. Qualitative interpretation of the effectiveness of learning tools

Indicator Category
Pre-test average Low
Post-test average Very high

Score improvement Significant
N-gain High
Paired t-test Sig. Significant
Student response Positive

As shown in Table 4, the pre-test average was categorized as low, indicating that students’
initial creative thinking skills were still limited. After the learning intervention, the post-test
average reached the very high category. The score improvement was categorized as significant,
while the n-gain result was categorized as high. The paired t-test also confirmed a significant

difference between pre-test and post-test scores. Furthermore, students’ responses were
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categorized as positive, suggesting that the developed learning tools were well received during

the learning process.

IV. DISCUSSION

The findings of this study provide empirical evidence regarding the quality of a cognitive
ability test instrument developed based on Marzano’s Taxonomy and analyzed using the Rasch
model. Overall, the results indicate that the instrument has an adequate psychometric foundation,
although several aspects still require refinement to improve measurement precision, construct
representation, and fairness. These findings are important because the quality of an assessment
instrument depends not only on its theoretical framework but also on the extent to which its items
function consistently and meaningfully in actual measurement contexts.

This study aimed to develop and evaluate STEAM-integrated PjBL learning tools on
Newton’s Laws to improve senior high school students’ creative thinking skills. The findings
show that the developed learning tools were valid, practical, and effective in supporting physics
learning and enhancing students’ creative thinking skills. These results confirm that instructional
tools designed through a systematic development process can help transform abstract physics
concepts into more meaningful, contextual learning experiences for students. In the context of
twenty-first-century education, this finding is relevant because creative thinking is widely
recognized as an essential competency that enables learners to generate diverse ideas, construct
alternative solutions, and elaborate their reasoning in response to complex problems (OECD,
2019; Partnership for 21st Century Skills, 2019; Acar et al., 2017). Therefore, the results of this
study support the argument that physics learning should not only emphasize conceptual mastery
and formula application but also provide structured opportunities for students to develop
creativity through authentic, interdisciplinary activities.

The high validity of the developed learning tools indicates that the teaching module, student
worksheets, and the creative thinking skills test instrument fulfilled the expected content,
construct, language, and instructional design criteria. This result suggests that the integration of
concepts from Newton’s Laws, PjBL syntax, STEAM elements, and creative thinking indicators
was deemed appropriate by expert validators. In R&D-based educational studies, expert
validation is an important step because it ensures that the developed product is theoretically
grounded, pedagogically feasible, and suitable for implementation in the target learning context
(Lynn, 1986; Yusoff, 2019). The very valid categories obtained from the teaching module, student
worksheets, and test instrument demonstrate that the instructional design was sufficiently aligned
with the learning objectives and assessment indicators. This alignment is particularly important

because creative thinking skills cannot be developed incidentally; they require deliberate
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instructional planning that connects learning activities with specific indicators such as fluency,
flexibility, originality, and elaboration.

The validity results also reflect the importance of designing learning tools that explicitly
guide both teachers and students throughout the learning process. The teaching module provided
a structured sequence for implementing STEAM-integrated PjBL, while the student worksheets
functioned as a scaffold to help students identify problems, plan projects, conduct investigations,
analyze data, and present creative products. This finding is consistent with the view that PjBL
must be supported by clear instructional stages so that project activities do not become merely
product-oriented tasks but remain connected to conceptual understanding and the development of
thinking skills (Kokotsaki et al., 2016; Aldabbus, 2023; Bell, 2010). In the context of Newton’s
Laws, such structure is essential because students need to relate abstract principles of force,
motion, and acceleration to observable phenomena and project-based solutions. Similar findings
were reported by Sari et al. (2025), who showed that STEAM-based learning tools on Newton’s
Laws can improve the quality of instruction and support students’ conceptual understanding when
the learning design is systematically organized.

The practicality of the learning tools was evident in the successful implementation of the
learning syntax and the positive student involvement during classroom activities. Teachers
consistently implemented the learning stages, while students actively participated in discussions,
investigations, product development, and presentations. This finding indicates that the developed
tools were not only theoretically feasible but also operationally applicable in real classroom
conditions. Practicality is a crucial aspect of learning tool development because an instructional
product must be usable by teachers and understandable for students in authentic learning settings
(Creswell & Creswell, 2018; Anugrah et al., 2023; Sabrina & Jatmiko, 2025). The student
worksheets played an important role in supporting practicality by providing step-by-step guidance
that helped students organize their project activities and connect each activity to the intended
learning outcomes. This supports the argument that PjBL fosters authentic learning conditions in
which students learn through active investigation, collaboration, and meaningful product
development (Bell, 2010).

The effectiveness results showed a substantial improvement in students’ creative thinking
skills after the implementation of the STEAM-integrated PjBL learning tools. The increase from
the pre-test average to the post-test average, the high n-gain score, and the significant paired t-
test result indicate that students’ creative thinking skills improved after participating in the
learning process. The n-gain value of 0.85, categorized as high, indicates that the learning
intervention strongly supported students’ development of creative thinking. This finding is

consistent with Nurazmi and Bancong (2021), who reported that an integrated STEM-PBL model
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produced better outcomes in students’ critical thinking skills in physics than conventional
learning. This result is consistent with previous studies showing that project-based and STEAM-
oriented learning can enhance students’ higher-order thinking, creativity, and problem-solving
abilities (Witdiya et al., 2023; Dewi et al., 2025; Retno et al., 2025). The significant difference
between pre-test and post-test scores further strengthens the empirical evidence that students
benefited from learning activities requiring them to generate ideas, explore alternative solutions,
design products, and communicate their reasoning.

The improvement in creative thinking skills can be interpreted through the characteristics
of STEAM-integrated PjBL. PjBL allows students to engage in authentic projects that involve
problem identification, planning, implementation, presentation, and reflection (Kokotsaki et al.,
2016; Al-Kamzari & Alias, 2025). These stages provide opportunities for students to move
beyond passive reception of information and become active constructors of knowledge. At the
same time, STEAM integration enriches the project process by encouraging students to use
scientific concepts, technological tools, engineering design, artistic representation, and
mathematical reasoning in an interconnected manner (Liao, 2016; Henriksen et al., 2019; Kelley
& Knowles, 2016). In this study, students were required not only to understand Newton’s Laws
theoretically but also to apply them in project activities involving observation, design, calculation,
visualization, and presentation. Such multidimensional experiences likely supported fluency by
encouraging students to generate a range of ideas, flexibility by allowing them to consider
different solution strategies, originality by motivating them to create unique project products, and
elaboration by requiring them to explain and refine their ideas in detail.

The findings also suggest that integrating the arts component into STEAM contributed to
the development of creativity in physics learning. The arts component provided students with
opportunities to express scientific understanding through visual design, product aesthetics, and
creative presentation. This is important because creativity in science education is not limited to
producing new scientific ideas; it also includes the ability to communicate, represent, and
elaborate on concepts in meaningful ways. The inclusion of arts distinguishes STEAM from
STEM by emphasizing imagination, design, and expressive representation as part of the learning
process (Liao, 2016; Henriksen et al., 2019). Previous studies have also reported that STEAM-
based learning can improve creativity and problem-solving skills by connecting scientific
reasoning with interdisciplinary and creative practices (Ellianawati et al., 2025; Hebebci & Usta,
2022; Rahmawati et al., 2019). Therefore, the positive results of this study indicate that integrating
artistic elements into physics projects can help students transform abstract concepts into concrete,

communicable learning products.
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Another important interpretation concerns the role of contextual learning in strengthening
students’ engagement and conceptual understanding. Newton’s Laws were introduced through
project activities related to students’ daily experiences and local environmental phenomena, such
as transportation systems, everyday motion, and simple engineering problems in the surrounding
community. This contextualization helped students connect abstract physics principles with
familiar situations, thereby making learning more relevant and meaningful. The result is
consistent with constructivist perspectives, which emphasize that students build knowledge
through interaction with authentic experiences and social learning environments (Bell, 2010;
Kokotsaki et al., 2016; Anazifa & Djukri, 2017). In addition, contextual project activities can
reduce the gap between theoretical physics and real-world applications, a challenge often
encountered in physics instruction. By situating Newton’s Laws within meaningful project
contexts, students were encouraged to see physics not merely as a set of formulas but as a
framework for explaining and solving real problems.

The positive student response of 85% provides additional evidence that the developed
learning tools were well received by learners. Students’ positive responses indicate that the
STEAM-integrated PjBL approach was perceived as engaging, useful, and supportive of learning
Newton’s Laws. Student acceptance is important because affective and motivational aspects can
influence participation in inquiry, collaboration, and creative production. When students perceive
learning activities as meaningful and relevant, they are more likely to engage actively in the
learning process. This finding supports the idea that student-centered and project-oriented
learning can foster active participation and collaboration, which are essential features of twenty-
first-century science learning (OECD, 2019; Partnership for 21st Century Skills, 2019; Bell,
2010). Thus, the positive student response strengthens the practical contribution of this study by
demonstrating that the developed learning tools are not only statistically effective but also
acceptable from learners' perspectives.

Compared with previous research, this study makes a more specific contribution by
focusing on developing structured, STEAM-integrated PjBL learning tools for Newton’s Laws
within the Independent Curriculum context. Previous studies have shown that STEAM learning
and PjBL can improve creativity and higher-order thinking skills (Witdiya et al., 2023; Dewi et
al., 2025; Retno et al., 2025; Panduweni et al., 2024). However, many studies have positioned
STEAM as a general learning approach without explicitly mapping each STEAM component onto
the syntax of PjBL and the indicators of creative thinking. The present study addresses this
limitation by designing teaching modules, student worksheets, and assessment instruments that

directly connect PjBL stages with STEAM elements and creative thinking indicators. This explicit
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integration constitutes the study's novelty and provides a practical model for teachers seeking
structured guidance in implementing interdisciplinary, project-based physics learning.

From a theoretical perspective, this study reinforces the argument that creative thinking
skills can be systematically developed when learning environments are designed to combine
disciplinary understanding, interdisciplinary application, and authentic problem-solving. The
findings show that creativity in physics learning can be fostered through carefully structured
activities that require students to investigate phenomena, develop project products, and
communicate their ideas. This aligns with the literature emphasizing that creative thinking
involves idea generation, the development of alternative solutions, originality, and elaboration
(OECD, 2019; Partnership for 21st Century Skills, 2019; Acar et al., 2017; Pinar et al., 2025).
From a practical perspective, the developed learning tools can serve as an instructional alternative
for physics teachers who aim to implement student-centered learning while maintaining
conceptual rigor. The tools provide a framework for organizing learning about Newton’s Laws
that integrates scientific inquiry, technology use, engineering design, artistic expression, and
mathematical analysis.

Despite these positive findings, the results should be interpreted with methodological
caution. The effectiveness test employed a one-group pretest—posttest design without a control
group. Although this design allows researchers to measure improvement before and after the
intervention, it does not fully control for external variables such as prior learning experiences,
teacher influence, classroom climate, or students’ exposure to related materials outside the
intervention. Therefore, the significant improvement in students’ creative thinking skills should
be understood as evidence of learning progress associated with the implementation of the
developed tools, rather than as a definitive causal claim. This limitation does not diminish the
value of the development results, but it indicates the need for further studies employing quasi-

experimental or experimental designs with control groups.

V. CONCLUSION AND SUGGESTION

This study developed and evaluated STEAM-integrated PjBL learning tools on Newton’s
Laws to improve senior high school students’ creative thinking skills. The findings show that the
developed teaching module, student worksheets, and the creative thinking skills test instrument
were valid, practical, and effective for classroom implementation. The validity results indicated
that the learning tools met the required criteria for content suitability, instructional design,
language clarity, STEAM integration, and alignment with creative thinking indicators. The
effectiveness results also showed a substantial improvement in students’ creative thinking skills,

as reflected in the significant increase from pre-test to post-test scores, the high n-gain value, and
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positive student responses. These findings indicate that the explicit integration of PjBL syntax
and STEAM elements can facilitate students’ fluency, flexibility, originality, and elaboration in
learning Newton’s Laws.

This study has several limitations. The effectiveness test was conducted using a one-group
pre-test—post-test design without a control group, so the results should be interpreted carefully, as
external factors may have influenced students’ improvement. In addition, the implementation was
limited to a single school and a single physics topic, which may limit the generalizability of the
findings. Future research is recommended to employ quasi-experimental or experimental designs
with control groups, larger sample sizes, and more diverse school contexts. Further studies may
also examine the implementation of STEAM-integrated PjBL learning tools in other physics
topics and investigate their long-term impact on students’ creative thinking, conceptual
understanding, and problem-solving skills. Despite these limitations, this study contributes to the
field of physics education by providing a structured, validated instructional design that integrates
PjBL syntax, STEAM components, and indicators of creative thinking within the Independent

Curriculum context.
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