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Introduction

Learning in the 215t century is designed to prepare

Abstract: This study aims to analyze the effect of Project-Based Learning (PjBL)
integrated with STEAM on the creative thinking skills of fifth-grade elementary school
students regarding the human respiratory system. The study employed a quantitative
approach using a quasi-experimental pretest-posttest control group design. The sample
consisted of 46 students divided into an experimental class (n = 21) and a control class (n
= 25) at a public elementary school in West Jakarta. The research instrument was a
creative thinking ability test comprising 20 items, analyzed using the Rasch model via
the Winsteps 4.8.2 application. The analysis results showed an improvement in ability in
both classes following the intervention. The control class improved from 1.51 logits on
the pretest to 2.48 logits on the posttest, with a gain of 0.97 logits. Meanwhile, the
experimental class showed a greater increase, rising from 2.48 logits to 4.82 logits, with a
gain of 2.34 logits. The Rasch analysis results also showed that all test items had a good
level of fit with the model (infit and outfit MNSQ values were in the range of 0.5-1.5), so
the data were deemed valid and suitable for use. Based on these results, it can be
concluded that PjBL-based STEAM learning is more effective in improving students’
creative thinking skills than conventional learning when teaching the human respiratory
system.
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thinking, critical thinking, problem-solving,
communication, and collaboration skills (Ahiri et al.,
2025). Such skills are increasingly important as students

students for the demands and challenges of a rapidly
changing world. This approach emphasizes the
development of 4C skills, namely critical thinking,
communication, collaboration, and creativity (Azzahrah
et al, 2022). These competencies are essential for
enabling students to compete in a globalized
environment and to develop higher-order thinking
skills. In addition, advances in technology,
globalization, and shifting social needs require
education systems to equip learners with creative
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are expected to adapt to the era of disruption, in which
many types of work are gradually being replaced by
machines, robotics, and artificial intelligence.

Creative thinking is a thought process that takes
place continuously and consistently in producing ideas
that are original and relevant to the needs or problems
faced (Wasahua, 2021). This ability is important to be
developed on an ongoing basis because it cannot be
acquired instantly (Wafiyah et al., 2025). These abilities
play an important role in helping students find solutions
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to the problems they face and prepare them to become
effective problem solvers in daily life (Prabawati &
Yamtinah, 2025). Education plays a strategic role in
preparing the next generation. While education used to
focus more on routine and basic cognitive skills, current
industrial developments now require mastery of higher-
order thinking skills that cannot easily be replaced by
technology (Mu'minah, 2021). Therefore, schools in the
era of the Fourth Industrial Revolution need to provide
learning experiences that foster critical thinking,
problem-solving, collaboration, communication, and
creativity (Febianti & Sukmawati, 2024; Izzati &
Sukmawati, 2024; Hartomo & Sukmawati, 2024; Putri &
Sukmawati, 2024; Saputri & Sukmawati, 2024; Fitria &
Sukmawati, 2024; Khairi & Sukmawati, 2025).

This study focuses on the IPAS -curriculum,
specifically the science component covering the human
respiratory system. This topic was chosen because it is
closely related to daily life and requires conceptual
understanding that goes beyond mere memorization; it
also demands creative thinking to comprehend organ
functions, the respiratory process, and health issues
related to the system (Ramadhanti & Sukmawati, 2025).
Science instruction within the IPAS curriculum should
be directed toward activities that provide students with
opportunities to think actively and creatively and to
connect concepts to real-world problems (Hayat et al.,
2024). Based on observations, the learning process
remains teacher-centered. This situation tends to make
students passive, as they primarily receive explanations
without active involvement. Furthermore, learning
places greater emphasis on final outcomes than on the
process itself, so students’” opportunities to construct
knowledge independently remain limited. This results
in the suboptimal development of students’ creative
thinking skills.

Developing creative thinking skills requires space
for students to express their ideas through various
learning activities (Mulder et al., 2023). These skills can
be measured through indicators such as fluency,
flexibility, originality, and elaboration (Ellianawati et al.,
2025). One approach that can support the development
of these skills is Project-Based Learning (PjBL), as it
engages students in experiments, problem-solving, and
the completion of science projects (Sucilestari et al.,
2023). Another relevant approach is STEAM (Science,
Technology, Engineering, Arts, and Mathematics).
STEAM-based learning has been shown to help students
understand scientific concepts more deeply through
hands-on experiences (Oktavia & Sukmawati, 2025). The
integration of various disciplines within STEAM enables
learning to be more comprehensive and contextual
(Kismawardani et al., 2022). In addition, STEAM also
emphasizes collaboration, communication, and active
student engagement (Hermanto & Sukmawati, 2025).
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The application of STEAM learning needs to be
supported by the use of technology that is able to
provide a more interactive and meaningful learning
experience (Sukmawati et al., 2026).

Science education needs to be developed through
contextual and problem-based approaches so that
students can relate concepts to real life (Tsabitah &
Sukmawati, 2025). The integration of STEAM and PjBL
can provide a more meaningful learning experience
because students are engaged in exploration,
investigation, collaboration, and problem-solving
(Wilujeng & Rahmawati, 2024). The PjBL model has also
been shown to improve learning outcomes, creativity,
and student motivation in science education at the
elementary school level (Pangestu et al., 2024). as well as
to have a significant impact on creative thinking skills
compared to direct instruction (Biazus & Mahtari, 2022).

STEAM-based learning encourages students to
build understanding independently through the
interconnection of various fields of study with real life
and the use of relevant technology (Sutisna et al., 2024).
The implementation of STEAM-integrated project-based
learning has the potential to improve the quality of the
learning process while developing the competencies
needed by students to face future challenges (Zaky et al.,
2024). Through creative thinking skills, students can find
innovative ways to solve problems and generate
meaningful ideas (Sutisna et al., 2024). The application
of STEAM in science learning can be a relevant strategy
for developing 21st century skills, particularly creativity
and problem-solving (Nadhiroh et al., 2023; Gracia et al.,
2024).

STEAM gives students the freedom to think
broadly, express ideas, feel safe in learning activities,
determine what to explore, and work collaboratively
(Habibi, 2023). The model that is in line with this
approach is Project Based Learning (PjBL), the PjBL
model has a significant influence on improving students'
creative thinking skills compared to direct learning so
that the integration of STEAM and PjBL is expected to be
able to create fun learning and optimize student
potential (Sutisna et al., 2024). This model is relevant to
the STEAM approach because it encourages students to
actively learn, work together in groups, and understand
science concepts through more fun activities (Septiani &
Sukmawati, 2025). Students are directed to produce
works or products related to solving real problems in the
surrounding environment (Sukmawati et al., 2025). The
Project Based Learning model can be an effective
learning strategy to develop the creative thinking skills
of elementary school students from an early age (Nita &
Irwandi, 2021). However, most studies still focus on
either STEAM or PjBL separately, and limited research
has examined their integration specifically in elementary

900



Jurnal Penelitian Pendidikan IPA (JPPIPA)

science learning, especially using Rasch model analysis
to measure creative thinking development.

Therefore, the novelty of this study lies in three
aspects. First, this study integrates STEAM-based
learning with the Project-Based Learning model in a
single instructional framework. Second, it focuses
specifically on creative thinking skills in the context of
the human respiratory system material in elementary
school science learning. Third, this study applies Rasch
model analysis to provide more objective measurement
of students’ creative thinking development through
logit-based evaluation. Thus, this research is expected to
contribute to the development of innovative learning
models that strengthen 21st-century skills in elementary
education.

Method

This study uses a quantitative approach with a
quasi-experiment design of the Pretest-Posttest control
group design to determine the effect of STEAM learning
based on the Project Based Learning model on the
creative thinking skills of grade V elementary school
students on the material of the human respiratory
system. The data analysis in this study uses the Rasch
Model approach because it is able to provide more
objective, accurate, and in-depth measurement results
on the ability of respondents and the quality of research
instruments.

The following is the pretest-posttest pattern used in
the study.

E O1 X1 02
K O3 X2 O4

Figure 1. Pattern of pretest-posttest control design

The research was carried out in one of the West
Jakarta public elementary schools in the even semester
of the 2025/2026 school year. The population in this
study is all students of class V consisting of two classes
with a total of 46 students.

The sampling technique used is non-probability
sampling with purposive sampling.

Table 1. Research sample

Classes Number of Pupils Remarks
V-A 25 Controls
V-B 21 Experiment

Class V-A is used as a control class that obtains
conventional learning, while class V-B is used as an
experimental class that obtains STEAM learning based
on the Project Based Learning model. The research
instrument was in the form of a multiple-choice test of
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20 questions prepared based on indicators of creative
thinking skills in human respiratory system material.
The instrument was developed based on the learning
outcomes of elementary school science which includes
the ability to understand the concept of the human
respiratory system, identify the function of the
respiratory organs, analyze the human respiratory
process, and develop creative ideas in solving problems
related to the material.

Figure 3. Application of STEAM learning with PjBI
(Experimental class)

Data collection was carried out through the
provision of creative thinking skills tests before learning
or pretest and after learning or posttest in experimental
classes and control classes. The data obtained was then
analyzed using the Rasch Model with the help of the
Winsteps application version 4.8.2. The analysis was
carried out to evaluate the quality of the instruments and
the ability of students based on the values of person
reliability, item reliability, separation, and the suitability
of the data to the measurement model.

Rasch analysis was also used to compare changes in
students' creative thinking skills before and after
learning through stacking techniques. This technique
allows the observation of the change in the value of each
student's measure between the pretest and posttest in
both research classes. The criteria for the suitability of
items and respondents refer to the INFIT MNSQ and
OUTFIT MNSQ values with an ideal range of 0.05-1.5.
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In addition, the results of the analysis were used to
identify the level of students' creative thinking skills and
the quality of question items in the human respiratory
system material after the application of STEAM learning
based on the Project Based Learning model.

Result and Discussion

Result
The Results of the Rasch Model Analysis

Data analysis in this study was carried out using the
Rasch Model with a stacking technique through the
Winsteps application. The Rasch method can be used to
analyze changes in students' abilities before and after
learning treatment (Arrauyani & Sukmawati, 2025). The
Rasch model has several advantages over classical
analysis, including being able to identify inappropriate

Volume 12, Issue 6, 899-907

responses, predict missing data, detect possible guesses
of learners, and provide more accurate information
about the quality of the instrument and the ability of the
respondent (Sulsilah et al., 2023). Therefore, the Rasch
Model is one of the effective approaches in the validation
process of educational research instruments (Sirait,
2023). The use of the Rasch Model in this study aims to
analyze the quality of instruments for measuring
students' creative thinking skills (Mulyanti et al., 2022).

The data analyzed was obtained from the results of
the pretest and posttest in two classes, namely class 5A
which consisted of 25 students and class 5B which
consisted of 21 students in one of the public elementary
schools in West Jakarta. Through the stacking technique,
each student has two measurements, namely during the
pretest and posttest. The results of the analysis are
presented as follows.

Table 2. Comparison of Person measure pretest and posttest results of control and experiment classes

Classes Measure Pretest S.E Pretest Measure Posttest S.E Posttest Measurement difference
Control 1.51 0.75 2.48 1.18 +0.97
Experiment 2.48 1.05 4.82 1.89 +2.34

Based on the results of the data analysis, in the
pretest phase, the control group scored an average of
1.51, while the experimental group scored an average of
248, indicating that before the treatment was
administered, the experimental group already had a
slightly higher initial score than the control group,
although the difference was not very significant. After
the treatment, both groups showed improvement: the
control group’s score increased to 2.48, a difference of
+0.97, while the experimental group’s score rose more
significantly to 4.82, a difference of +2.34. This
comparison shows that the increase in the experimental
group was much greater than that in the control group,
indicating a stronger effect of the treatment on the
change in scores in the experimental group compared to
the change observed in the control group. Additionally,
the data distribution in both groups also showed greater
variation after the final measurement, particularly in the
experimental group. Overall, these results show that
although both groups experienced an increase. These
results show that the improvement in students' abilities
in the experimental class using the Project Based
Learning (PjBL)-based STEAM approach is higher than
that of the control class.

Based on Figure 4, the relationship between pretest
and posttest values in the control class shows a shift in
the measure value that does not fully increase
consistently. Measurement scores in the posttest
condition tended to be higher than those in the pretest
condition. The average pretest score was 0.99, while the
average posttest score increased to 1.85. This indicates a
tendency toward improvement in the follow-up

measurement; thus, based on the descriptive data, the
changes that occurred were generally positive, although
the rate of improvement was not the same across all
observations.
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Figure 4. Empirical line plot results stacking control class

In terms of data distribution, the relatively large
standard deviation in both conditions indicates that the
variation between observations is quite high. This
suggests that the responses of each observation unit are
not homogeneous, so the observed increase in the mean
cannot be interpreted as a uniformly strong pattern
across the entire sample. Furthermore, the fact that the
estimation error in the post-measurement is slightly
higher than in the pre-measurement suggests that the
level of uncertainty in the post-measurement condition
has also increased.
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The results of the scatter plot visualization show
that some data points lie above the line of equality,
meaning there are observations that showed an increase
from the pre- to the post-measurement condition.
However, there are still a number of data points that
show small changes or inconsistent patterns, so the
relationship between the two measurements is not
entirely linear or uniform.
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Figure 5. Plot empirical line results stacking experimental class

Based on Figure 5, in the experimental class using
the PjBl-based STEAM approach it was found that there
was an increase in measurement values from the pre-test
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to the post-test. The mean value in the pre-test condition
was 1.16, while in the post-test condition it increased to
3.36. These findings indicate a trend toward higher
values following the treatment or follow-up condition
observed in the study. Descriptively, this difference in
means indicates a systematic pattern of change not
merely random variation since the direction of change
consistently shows an increase.

The magnitude of the change is also evident from
the average difference (delta measure), which reached
1.83. This reinforces the indication that the increase
occurred not only in the central values of the data but
was also reflected in the changes between observations.
However, the data distribution shows considerable
variation, with pre-values ranging from 3.98 to 4.35 and
post-values ranging from 0.34 to 6.23. This wide range
indicates that the responses across observations are not
homogeneous; thus, the observed increase is more
accurately understood as a general trend rather than a
uniform pattern across the entire sample.

In terms of estimation precision, there is a difference
in the level of uncertainty between the pre- and post-
conditions, with the uncertainty values in the post-
condition tending to be higher than those in the pre-
condition. This indicates that although there was an
increase in the mean value, the variation in the data in
the post-condition also increased, resulting in a wider
distribution of values.

Table 3. Summary of Rasch statistics control and experiment class model

Aspects N Measured Mean Measure Infit MNSQ Outfit MNSQ Separation Reliability
Person Control 50 50 1.00 0.90 1.38 0.66
Item Control 20 20 1.00 0.90 2.37 0.85
Person Experiment 42 42 1.00 0.97 1.05 0.53
Item Experiment 20 20 1.00 0.97 1.63 0.73

Based on the results of the Rasch model statistical
summary, the analysis was conducted on two groups the
control group and the experimental group each of which
consisted of person and item analyses. It should be noted
that the number of respondents (N measured) in the
control group analysis was 50 and in the experimental
group was 42. The value of 50 for the control group was
derived from the combined pretest and posttest data
analyzed as a single model; similarly, the value of 42 for
the experimental group represents the total number of
unique respondents analyzed within that group for both
the pretest and posttest measurements.

In the control group, the mean measure was 1.00,
with an Infit MNSQ of 0.90 and an Outfit MNSQ of 0.90.
These values indicate that the control group’s data
exhibits good model fit, as both the Infit and Outfit
values fall within the ideal Rasch range (approximately
0.5 to 1.5). A separation value of 1.38 with a reliability of
0.66 indicates that the ability of respondents in the

control group exhibits a relatively low to moderate level
of category separation, as well as reliability that is still
classified as moderate.

In the experimental group, the person value showed
a mean measure of 1.00 with an Infit MNSQ of 0.97 and
an Outfit MNSQ of 0.97. These values also indicate a
good model fit that is more stable than that of the control
group. However, a separation value of 1.05 with a
reliability of 0.53 indicates that the ability of respondents
in the experimental group exhibits a lower level of
differentiation, and reliability remains relatively low.
This suggests that the variation in ability among
respondents within the experimental group tends to be
more homogeneous.

At the item level, both the control and experimental
groups showed the same mean measure of 1.00, with
Infit and Outfit values of 0.90 for the control group and
0.97 for the experimental group. This indicates that, in
general, the items used in the research instrument fit the
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Rasch model well and do not show any statistically
problematic items.

In terms of item separation, the control group
showed a value of 2.37 with a reliability of 0.85,
indicating that the items had good and stable
discriminatory power in distinguishing respondents’
ability levels. Meanwhile, in the experimental group, the
item separation value of 1.63 with a reliability of 0.73
indicated that the items” discriminatory power was still
quite good, although slightly lower than that of the
control group.

Overall, the results of the Rasch analysis show that
the measurement model used has a good level of fit for
both the control and experimental groups, as indicated
by stable Infit and Outfit values. However, differences
were observed in terms of reliability and separation,
particularly in the person measure for the experimental
group, which showed a lower level of reliability. This
indicates that the variation in respondents’ abilities
within the experimental group was more homogeneous
than that in the control group.

Discussion

The results of this study indicate that the
implementation of a Project-Based Learning (PjBL)
model integrated with the STEAM approach has a more
effective impact on improving students’ creative
thinking skills compared to conventional learning. This
finding is evident from the higher average improvement
in the experimental class compared to the control class,
where the experimental class showed an increase of 2.34
logits, while the control class only increased by 0.97
logits. This difference indicates that project-based
learning combined with STEAM not only improves
learning outcomes but also more significantly fosters the
development of students” higher-order thinking skills.
(Ozkan & Umdu, 2021).

From a pedagogical perspective, these findings can
be explained by the characteristics of PjBL, which places
students at the center of the learning process (student-
centered learning). During the learning process,
students do not merely passively receive information
but are actively engaged in exploring, designing, and
completing  projects. These activities provide
opportunities for students to develop creative ideas,
conduct investigations, and connect scientific concepts
to real-life contexts. The integration of STEAM
reinforces this process by bringing together various
disciplines in an interdisciplinary manner, allowing
students to view scientific concepts in a broader, more
contextual, and practical way (Putri et al., 2023).

Furthermore, the results of the Rasch analysis
indicate that both the instrument and the research data
exhibit a good level of fit with the measurement model.
The MNSQ infit and outfit values fall within the ideal
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range (0.5-1.5), confirming that the data obtained are
valid and suitable for further analysis. This strengthens
the credibility of the research findings, as the results
regarding the improvement in ability are not merely
descriptive but are also supported by instruments with
good measurement quality (Tran et al., 2021).

The observed differences between the control and
experimental classes can also be understood from the
perspective of learning dynamics. In the control class,
the improvement in ability was limited and uneven
across students, indicating that conventional learning
does not provide sufficient stimulation to optimally
develop creative thinking skills. Conversely, in the
experimental class, the distribution of improvement was
more consistent, and many students showed score
increases above the identity line in the scatterplot
analysis, indicating a more stable and systematic change
in ability following the intervention.

Nevertheless, the results of the Rasch analysis also
revealed variations in student responses, as reflected by
the person reliability coefficients for both classes, which
fell into the moderate-to-low range. This suggests that,
despite an overall improvement, students” ability levels
remain heterogeneous. In the context of project-based
STEAM learning, this heterogeneity is to be expected, as
each student possesses different levels of creativity,
learning experiences, and problem-solving skills when
completing projects.

Theoretically, the results of this study align with
various previous studies stating that PjJBL and STEAM
make significant contributions to enhancing students’
creativity and higher-order thinking skills. The
integration of these two approaches provides a more
meaningful learning experience because students not
only understand concepts theoretically but also apply
them in the form of real products or solutions. This
reinforces the argument that project-based learning
integrated with STEAM is a relevant strategy for 21st-
century learning, particularly in enhancing creative
thinking skills at the elementary school level.

Thus, it can be concluded that the implementation
of STEAM-based PjBL is more effective than
conventional learning in enhancing students’ creative
thinking skills, particularly when teaching the human
respiratory system. However, the still-high level of
individual variation indicates that this learning
approach needs to be further optimized through
differentiated instruction so that every student can reach
their full creative potential.

Conclusion

Based on the research findings, it can be concluded
that the implementation of the Project-Based Learning

(PjBL) model integrated with the STEAM approach is
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more effective in enhancing students’ creative thinking
skills compared to conventional learning. This is
demonstrated by the higher score increase in the
experimental class (2.34 logits) compared to the control
class (0.97 logits), indicating a significant difference in
impact between the two learning approaches. The
results of the Rasch analysis also show that the research
instrument has good measurement quality, with infit
and outfit MNSQ values within the ideal range, so the
data are deemed valid and suitable for further analysis.
Additionally, the Rasch model provides a more objective
picture of changes in students’ abilities before and after
learning through a logit-based measurement approach.
Although both groups showed an increase in ability, the
experimental class demonstrated a more consistent and
higher pattern of improvement. However, the presence
of individual variation in the measurement results
indicates that students’ creative thinking abilities remain
heterogeneous, necessitating a more adaptive learning
approach to accommodate these differences in ability.
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