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Abstract. This study aims to assess the effectiveness of the STEM-based project
learning model on the scientific literacy and creative thinking skills of eighth-
grade junior high school students. Using a quasi-experimental approach, the
study compared the results between the group using the STEM model and the
group with direct learning. The instruments used included a PISA-based scien-
tific literacy test and a creative thinking test based on the Torrance indicators.
The analysis results showed significant differences between the two groups,
where students who participated in STEM-based learning showed higher im-
provements in both aspects. These findings confirm that the project-based and
STEM-based learning models are effective in developing student competencies,
especially in the context of 21st-century learning. Therefore, it is important for
educators to apply innovative, contextual and cross-disciplinary approaches to
optimize student potential.
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1 Introduction

Literacy in the world of education is a very important skill for students, not only
including reading and writing skills, but also critical and creative thinking skills
(Siregar et al., 2025). Literacy serves as the main foundation for students to understand
the subject matter and actively participate in the learning process. Without good literacy
skills, students will struggle to learn and face academic challenges. In addition, literacy
helps students develop analytical and creative thinking skills, which are indispensable
in today's information age. Literacy is not just the ability to read and write, but also
includes the ability to think critically, analyze information, and use knowledge in the
context of daily life (Holm, 2024; Siregar et al., 2025). In the context of science
learning, science literacy is so important to pay attention to.

Literacy in education is defined as a set of skills that includes the ability to read,
write, think critically, and process information reflectively. In an operational context,
literacy is understood as the ability to use language and symbols to understand and
participate in academic and social life. Science literacy is a special form of literacy,
which emphasizes understanding the concepts, processes, and implications of science
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in real life. Operationally, science literacy can be measured through indicators of the
ability to connect science knowledge with personal, social, and global issues. On the
other hand, creative thinking is the ability to generate original, flexible, and useful ideas
in solving problems. Creative thinking in education can be operationalized through in-
dicators such as fluency, flexibility, novelty, and elaboration. Although these three con-
structions are different, they are interconnected in equipping students to face the chal-
lenges of the 21st century. General literacy provides a cognitive foundation, science
literacy expands its application in scientific contexts, while creative thinking enriches
the problem-solving process. Thus, the three are positioned as separate competencies
that complement each other and need to be measured systematically in education.

However, the main problem in the implementation of science literacy is confusion
in educational policies and practices related to the competencies taught in literacy
achievement (Osborne & Allchin, 2024). The learning process that is carried out em-
phasizes more on mastering scientific knowledge, while the implications of science on
daily life are neglected even though not all students will work as scientists (Rudolph,
2024). In addition, the concept of science literacy is often vague, not translated into
concrete and measurable competencies in educational standards. As a result, students
do not have the resources to distinguish between legitimate science and the disinfor-
mation that is widely circulated on social media. This is due to low attention to local
environmental issues (Kumar et al., 2024). In addition, many teachers are still not
trained to effectively integrate science literacy into the curriculum, particularly in the
context of local culture and values that are often at odds with modern science. The
current science learning process is considered to still need reform, including in the pro-
vision of teaching materials, assessment methods, and learning processes that are able
to educate students to become science-literate citizens while being responsible for the
environment.

In addition to science literacy, creative thinking skills are an important part of society
5.0. Creative thinking skills are the capacity to generate diverse, flexible, and original
ideas in solving problems (Babalola & Keku, 2024). Meanwhile, according to Sama-
niego et al. (2024) Creative thinking ability is defined as a complex mental process that
allows individuals to think, imagine, and act differently to create new ideas, solve prob-
lems, and give new meaning to a situation or task. In the context of education, creative
thinking reflects an original and innovative way of understanding and facing reality.
Creative activities involve unusual but still practical and rewarding solutions. Wilkie
(2024) more emphasis on the ability in the process to produce new, unusual, and valu-
able ideas or solutions, both for the person himself and in the context of his group.
Creative thinking is shown through students' ability to solve problems (problem solv-
ing) and design new problems (problem posing). The importance of this ability for stu-
dents lies in its benefits in increasing metacognitive awareness, confidence, and readi-
ness to face creative challenges in education and the world of work. Samaniego et al.
(2024) Emphasizing the importance of this ability for students lies in its role in prepar-
ing them for the complex and ever-changing challenges of the 21st century. Creative
thinking skills not only enrich academic learning, but also support personal growth,
innovative decision-making, and active engagement in the social, cultural, and techno-
logical worlds.
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Based on the identification of obstacles in efforts to build science literacy and crea-
tive thinking skills in students, the root of the problem is in the design of the curriculum
that is not optimal in realizing these skills. Curriculum design in schools cannot be
separated from the implementation of the learning process, one of which is the use of
learning innovations. Learning innovations can be carried out using innovative learning
models such as project learning models (MPP).

The project learning model is an inquiry-based learning approach that actively en-
gages students in building knowledge through real project work and the creation of
authentic products (Guo et al., 2020). In this process, students not only learn theory,
but also apply it in real-life contexts (Abidin et al., 2020; Guo et al., 2020; Rahmania,
2021). Teachers and outsiders act as facilitators who provide support and feedback dur-
ing the learning process. According to Rahmania (2021), The project learning model is
a learning approach that emphasizes contextual and meaningful learning experiences
for students through engagement in complex project activities. This learning places stu-
dents as student-centered, where they not only learn theory, but also apply it in real-
world activities (Fiteriani et al., 2021; Guo et al., 2020; Rahmania, 2021). Project learn-
ing encourages students to make decisions, design solutions, solve problems, and pro-
duce products as a result of learning.

The main characteristics of project learning are the presence of challenging trigger
questions, focus on learning objectives, involvement in educational activities, collabo-
ration between students, the use of technology as scaffolding, and the creation of real
artifacts (Guo et al., 2020). This process requires students to work together, integrate
knowledge, and create solutions to complex problems. According to Rahmania (2021)
Problems or challenges are the main drivers of students in designing collaborative prob-
lem-solving processes and continuous evaluations. In addition, this learning is flexible
to mistakes, mistakes found in the learning process are steps to make improvements
and refine the next learning process (Adriyawati et al., 2020; Chen et al., 2022).

The main problem of science literacy in educational practice is the confusion in
policies regarding competency standards that must be achieved. Education policies of-
ten emphasize the mastery of scientific knowledge alone, while aspects of its applica-
tion in daily life are neglected. This gap persists because evaluation standards are still
based on memorizing concepts, not applying knowledge. The curriculum also rarely
integrates the ability to distinguish valid scientific information from disinformation that
is widely circulated on social media. This is exacerbated by the lack of training for
teachers in integrating science literacy contextually. Project-based learning can be a
solution because it emphasizes real-world experiences, application of concepts, and
student involvement in problem-solving. In this model, students not only understand
the theory, but also use it to design practical solutions. Thus, project learning provides
space to reduce policy gaps by connecting science, life skills, and community needs.
This solution emphasizes that science literacy is not just knowledge, but a competence
that is relevant to social and technological life.

The framework proposed by this study emphasizes the integration of local cultures,
values, and environmental issues in science literacy education. This integration is im-
portant because there are tensions between modern science and local traditions that are
often considered to be at odds. A project-based approach allows students to bridge those
tensions through activities rooted in local contexts. For example, students can study
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their local environmental problems, then design solutions that combine scientific
knowledge with local wisdom. This process makes science literacy not only relevant,
but also more accepted by the public. Thus, students are trained to become citizens who
are sensitive to culture, values, and environmental issues. The framework also empha-
sizes the importance of collaboration between teachers, students, and communities in
building solutions. Technology serves as a tool to broaden students' horizons while
documenting locally-based innovations. Ultimately, this integration results in science
literacy that is not only academic, but also contextual, culturally rooted, and oriented
towards environmental sustainability.

2 Method

Quasi-experimental research design is essential in evaluating the effects of treat-
ment when full individual randomization is not possible (Kenny & Kenny, 1994). A
commonly used quasi-experimental design is the Nonequivalent Control Group Design,
in which samples are not randomly assigned to the treatment and control groups. In-
stead, groups are formed based on pre-existing characteristics or conditions. This de-
sign typically involves pre-test and post-test measurements of dependent variables,
which allows researchers to assess the effects of the treatment. So in this study the
Pretest-Posttest Nonequivalent Control Group Design presented in Figure 3.1 was used.

O X1 O
O3 X2 Oy
Bryk & Weisberg (1977)

Figure 1. Research Design

The population in this study is grade 8 students at SMP Negeri 3 Singojuruh which
consists of two classes, namely class 8A and class 8B. This study required two groups
so that the entire population was used as a sample in the study. The instruments pre-
pared in this study are science literacy tests and creative thinking ability tests. The sci-
ence literacy test that is compiled refers to the indicators issued by the OECD (2022)
which consists of: 1) Science Context; 2) Scientific knowledge; and 3) Science Com-
petence. The creative thinking ability test refers to Torrance's theory which consists of
a number of indicators, namely: fluency, flexibility, originality, and elaboration. The
materials used are the same as the science literacy tests, namely vibration, waves, and
light. The data collected in this study are primary data collected directly by the re-
searcher during the research period. The test is given at the beginning to find out the
initial ability and the final test to find out the student's learning achievements. The value
of the reliability coefficient of the science literacy test was 0.716 with a high category.
The value of the reliability coefficient of the creative thinking ability test was 0.767
with a high category. Data analysis techniques in this study include: 1) descriptive
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analysis; 2) Assumption testing; and 3) hypothesis testing. The statistics used in this
study are parametric statistics. Science literacy data and critical thinking skills must
meet the criteria as a parameter which includes: normality test, multivariate normality,
homogeneity, multivariate homogeneity, linearity, and collinearity test. Hypothesis
testing using the MANCOV A multivariate statistical test. These statistics test the main
influence of the learning model on both bound variables at once. This hypothesis test
pays attention to multivariate statistical values, namely Pillae Trace, Wilk Lambda, Ho-
telling Trace, Roy's Largest Root (Candiasa, 2010). If the value of the multivariate sta-
tistical significance is less than 0.05, then the null hypothesis is rejected and the alter-
native hypothesis is accepted. All statistical tests use SPSS version 25.0.

3 Result and Discussion

3.1 Result

This study shows that the STEM-BASED PROJECT LEARNING (MPP-STEM)
model is superior to the direct learning model (MPL) in improving students' science
literacy and creative thinking skills. In science literacy, the MPP-STEM group achieved
an average score of 17.26 (SD = 1.60), higher than the MPL group with an average of
15.90 (SD = 1.71). As many as 85% of MPP-STEM students are in the Very Good
category, while only 59% of MPL students are in that category. For creative thinking
skills, all MPP-STEM students (100%) were in the Good category, with an average
score of 32.77 (SD = 1.84), while the MPL group had an average of 30.69 (SD = 1.66)
with 90% in the Good category and 10% in the Fairly Good category. No participants
from the MPP-STEM group were under the Good category. In general, MPP-STEM
showed a more even distribution of outcomes, higher average achievements, and no
participants with low achievements, indicating the effectiveness of this model in en-
couraging academic achievement and equitable distribution of learning outcomes.

Table 1. Comparison of MPP-STEM and MPL Data Descriptions

MPP-STEM o Standard
Aspects Category (%) MPL (%) Average Deviation
Science Excellent  85% 59% 17,26 1,60
Literacy
Good 15% 41% 15,90 1,71
Creative ¢ cellent 0% 0% 32,77 1,84
Thinking
Good 100% 90% 30,69 1,66
Enough/ < o 0
Enough 0% 10%
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Before further statistical analysis is carried out, a series of assumption tests are first
carried out to ensure the feasibility of the data. The normality test was carried out on
the pretest and posttest scores of science literacy (LS) and creative thinking skills
(KBK) in both groups, namely MPP-STEM and MPL, using the Kolmogorov-Smirnov
and Shapiro-Wilk methods. The results showed that the overall significance value was
above 0.05, in both univariate and multivariate tests, indicating that the data was dis-
tributed normally. Multivariate normality is also supported by scatterplot results be-
tween the Mahalanobis distance and chi-squared values which show that the distribu-
tion of data mostly follows a linear line, both in the control group (Figure 2a) and the
experiment (Figure 2b). Deviant points can be ignored because they are very few in
number and are considered multivariate biases that do not affect the overall pattern. See
figure 2.

1000 600

Mahalanobis Distance
Mahalanobis Distance

qi qi

(@) (b)
Figure 2. Scatterplots of distance mahalanobis and chi-squares

Furthermore, a variance homogeneity test was carried out with Levene's Test on the
KBK and LS posttest scores. The results showed that all significance values were well
above 0.05, either based on the mean, median, median with adjusted df, or trimmed
mean. This shows that the variance between groups is homogeneous. The homogeneity
test of the variance-covariance matrix with Box's M yielded a significance value of
0.895 which is also greater than 0.05, indicating that there is no significant difference
between the variance-covariance matrix of the two groups, so this assumption is also
met. The linearity test is carried out to ensure that there is a linear relationship between
the initial score (pretest) and the final score (posttest) in science literacy and creative
thinking ability. The results showed that the significance value for linearity was 0.000
(p < 0.05) and the significance value for deviation from linearity was above 0.05,
namely 0.927 for science literacy and 0.580 for creative thinking ability. This means
that the relationship between pretest and posttest is linear and there is no deviation from
linearity, so the pretest score can be used as a covariate in the follow-up analysis. Fi-
nally, the collinearity test was carried out through the Pearson correlation between the
final score of science literacy and the ability to think creatively. The results showed a
correlation value of 0.320 with a significance of 0.004. Although this relationship is
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significant, the relatively low correlation value and far from the limit of collinearity
(0.80) indicates that there is no problem of collinearity between dependent variables.
Based on the results of all these tests, it can be concluded that all the data in this study
meet the basic assumptions of parametric analysis, both univariate and multivariate.
Therefore, the data is worth further analysis using the MANCOV A statistical technique.

Simultaneous hypothesis testing showed that there were differences in science liter-
acy and creative thinking skills simultaneously between students who followed the
MPP-STEM and MPL models.

Table 2. Summary of the First Hypothesis Testing

. Wilks’ . .
Variable Lambda F Sig. Conclusion
pre Is (kovariat) 0,249 109,884 0,000 Significant effect
pre_ki‘;)g (kovar-— 679 8,032 0,001 Significant effect
model 0,296 86,852 0,000 Significant effect

Since the significance value < 0.05, Ho is rejected. This means that there are simul-
taneous differences between the MPP-STEM and MPL groups regarding science liter-
acy and students' creative thinking skills.

Furthermore, the second hypothesis test showed that there was a difference in sci-
ence literacy between the MPP-STEM and MPL student groups through the results of
the Between-Subjects Effects Test (science literacy posttest) as shown in Table 3. Stu-
dents who took MPP-STEM showed significantly higher average science literacy com-
pared to students with the MPL model. The difference of 2.909 is stated to be significant
at the level of 0.000.

Table 3. Significance of the difference in the average of science literacy data between
the two groups

Model Average Differ- Sig.
ence

MPP-STEM 17,26 2,909 0,000
MPL 15,90

Furthermore, the third hypothesis test showed that there was a difference in creative
thinking ability between the MPP-STEM and MPL student groups through the Be-
tween-Subjects Effects Test Results (posttest of creative thinking ability) as shown in
Table 4. The students' creative thinking abilities in the MPP-STEM model are signifi-
cantly higher than those of MPL. The difference of 1.875 with a significance of 0.000
shows the advantages of project-based and STEM models.
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Table 4. Significance of the difference in the average of science literacy data between
the two groups

Model Average Differ- Sig.
ence

MPP-STEM 32,77 1,875 0,000
MPL 30,69

3.2 Discussion

MPP-STEM is designed to place students at the center of learning through authentic
problem-solving activities, demands active involvement, and emphasizes the integra-
tion of concepts from the fields of science, technology, engineering, and mathematics
(Afriana et al., 2016; H. Lestari & Rahmawati, 2020; T. P. Lestari et al., 2018). The
five operational stages in MPP-STEM: defining problems, analyzing and gathering in-
formation, designing solutions, executing plans, and communicating results directly
train students to develop science literacy through the interconnectedness between sci-
entific knowledge and real-world contexts. This activity requires students to use science
knowledge in identifying and analyzing problems, as well as draw conclusions based
on evidence, as emphasized in the definition of science literacy (Alabbasi et al., 2022;
Domenici, 2022). In addition, the process of designing and implementing solutions en-
courages students to think originally, flexibly, and elaboratively, which is an indicator
of creative thinking ability. A comparison of the steps between the STEM-based Project
Learning Model (MPP-STEM) and the Direct Learning Model (MPL) shows that the
simultaneous advantages of science literacy and creative thinking skills in the MPP-
STEM group are strongly influenced by their more complex, contextual, and problem-
solving oriented learning stages (Huang et al., 2020; Ritter et al., 2020; Zhou, 2021). In
MPP-STEM, the initial stage is to determine and analyze the problem directly involving
students in the process of identifying contextual issues and collecting relevant scientific
information, which is in line with the indicators of the science context and science
knowledge. The stages of designing solutions and implementing plans provide oppor-
tunities for students to develop science competencies through experimental activities
and practical application of concepts. Simultaneously, this stage also stimulates fluency
and flexibility of thinking, as students are encouraged to come up with various solution
ideas and choose the most effective strategies. The final stage, which is to communicate
the results, encourages elaboration and originality, as students must present their prod-
ucts and reasoning in a clear, creative, and scientifically evidence-based manner (Ritter
et al., 2020).

The root of the problem identified in this study is the design of the national curric-
ulum that has not fully aligned the goals of literacy with the development of creativity.
The curriculum still tends to emphasize mastery of factual content rather than critical,
analytical, and creative thinking skills. This imbalance makes the achievement of sci-
ence literacy limited to memorizing concepts, not applying them to real-life contexts.
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Critical evaluation shows the need for a paradigm shift from outcome-oriented learning
towards process-based, experiential learning, and student active engagement. Concrete
recommendations include the integration of science literacy and creative thinking indi-
cators into core competency standards, as well as the development of contextual pro-
ject-based teaching tools. With this step, the curriculum can be more aligned with the
needs of the 21st century society that demands high literacy and sustainable creativity.

The simultaneous process of increasing science literacy and creative thinking skills
in MPP-STEM learning can be explained more strongly through the fundamental rela-
tionship between the two variables. Science literacy not only requires an understanding
of scientific concepts, but also the ability to identify problems, evaluate information,
and draw conclusions based on evidence, all of which require a high-level creative
thinking process (Aristeidou & Herodotou, 2020; Fortus et al., 2022; Queiruga-Dios et
al., 2020). In this context, the ability to think creatively is an important element in de-
veloping science literacy, because a deep understanding of science often arises from
the ability to look at problems from multiple perspectives (flexibility), come up with
various alternative solutions (fluency), and find unique and effective approaches (orig-
inality and elaboration). MPP-STEM, through stages such as designing solutions and
executing plans, creates space for these two abilities to develop simultaneously as stu-
dents use science knowledge to solve real problems, they are also trained to think im-
aginatively, openly, and innovatively. Thus, the reciprocal relationship between science
literacy and creative thinking in STEM-based project learning explains why this model
is able to provide simultaneous advantages, in contrast to MPL which separates the
process of mastering concepts from developing students' creative potential.

Within a conceptual framework, STEM-based project learning is aligned with a
cross-disciplinary approach that demands the integration of science, technology, engi-
neering, and mathematics in authentic problem-solving (Chang & Chen, 2022; Craw-
ford et al., 2024), While in-person learning is fragmented and less contextual. Opera-
tionally in the field, STEM-based project learning provides a more challenging learning
experience and involves the active participation of students in all stages of activities,
from planning to presentation of results, which encourages the development of science
literacy more comprehensively. Meanwhile, hands-on learning is often limited to lec-
tures and practice questions, which while efficient for factual knowledge transfer, are
less able to foster deep understanding and scientific thinking skills. Therefore, the ad-
vantages of STEM-based project learning in improving science literacy can be under-
stood as a result of the integrity of the pedagogical approach, contextual relevance, and
active involvement of students in the learning process.

This study provides strong empirical evidence regarding the effectiveness of PjBL-
STEM in improving students' science literacy and creative thinking. The data showed
significant differences in average scores between the experimental and control groups,
both in science literacy and creative thinking skills. In addition, the distribution of
learning outcomes in the PjBL-STEM group is more even, without students in the low
category, which reinforces the claim of superiority of this model. These findings go
beyond mere citations of the literature, as statistical analyses such as MANCOVA, ho-
mogeneity tests, and intervariable correlations are used to reinforce the validity of con-
clusions. Thus, this study confirms that PjBL is not only theoretically relevant, but also
measurably proven in improving two important competencies. This empirical evidence
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provides a foundation for wider adoption of project learning models in formal education
systems.

Regarding the assessment strategy, this study uses a quantitative approach through
a science literacy test and creativity measurement instruments based on fluency, flexi-
bility, originality, and elaboration indicators. However, the manuscript has not explic-
itly mentioned the use of rubrics or performance-based assessments in more detail. This
is important because science literacy and creativity are multidimensional, so they re-
quire more holistic measurement tools. Project-based assessments with descriptive ru-
brics can help assess the quality of ideas, collaborative processes, and relevance of so-
lutions to real-world contexts. Likewise, performance-based tasks such as experimental
products or presentations can showcase students' abilities more authentically. There-
fore, the development of a comprehensive assessment strategy is a follow-up recom-
mendation so that the excellence of PjBL can be measured validly and reliably.

A recognized limitation is that many teachers have not been trained in literacy inte-
gration and the implementation of PjBL. This research emphasizes the importance of
professional development programs that focus on innovative pedagogy, STEM integra-
tion, and authentic assessments. Teachers need to be trained on how to design contex-
tual projects, manage student collaboration, and utilize technology as a learning sup-
port. In addition, support in the form of modules, rubric guides, and learning commu-
nities between teachers can increase implementation capacity. This study also shows
that the success of PjJBL-STEM is highly determined by the readiness of teachers to act
as facilitators, not just material presenters. Thus, improving teacher competence is an
absolute requirement so that PjBL can be implemented effectively and sustainably in
schools.

Although STEM-based Project Learning has been shown to improve science liter-
acy, there are some challenges that can make it difficult to fully understand this im-
provement. First, integrating STEM concepts into projects can be tricky. Students may
have trouble seeing the connections between different STEM fields and how they apply
to real-world problems. This complexity can hinder their ability to understand science
concepts effectively, making it difficult to measure literacy improvement. Second,
some students find it difficult to visualize engineering concepts in a framework. These
difficulties can lead to misunderstandings and a lack of confidence in their science abil-
ities, which can obscure the actual literacy gains that occur through the MPP-STEM
approach. Third, the successful implementation of MPP-STEM requires teachers to be
ready and knowledgeable about the content and pedagogical strategies involved. If
teachers do not have the necessary training or resources, it can hinder the effectiveness
of the approach and make it difficult to achieve the desired increase in science literacy.

Operationally, MPP-STEM integrates the four main areas of science, technology,
engineering, and mathematics in a complex and challenging series of projects. Each
stage in this model, such as designing solutions and executing plans, provides space for
students to explore ideas extensively, strategize, develop prototypes, and revise ideas,
which directly activates creative thinking indicators such as fluency, flexibility, origi-
nality, and elaboration (T. P. Lestari et al., 2018; Rahmawati et al., 2021). On the other
hand, MPL emphasizes more on the delivery of material by teachers, drill exercises,
and evaluations that focus on the final result, not the process. In practice in the field,
MPLs often limit student initiative due to rigid learning time and structure, while MPP-
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STEM instead opens up space for student exploration and initiative in creating new
solutions. Thus, MPP-STEM's excellence in encouraging creative thinking skills is not
only due to its challenging learning design, but also because of its theoretical foundation
that places students as active subjects in the learning process. This model gives students
the freedom and responsibility to think, create, and make decisions, which is in stark
contrast to MPL's more instructional and one-way approach.

4 Conclusion

The results showed that there were significant differences in science literacy and
creative thinking skills between students who participated in learning using the STEM-
based project model and students who participated in hands-on learning. Simultane-
ously, both abilities improved better in the group that used the STEM approach. Sepa-
rately, students who learn with a STEM-based project model show higher levels of
science literacy compared to students who learn through hands-on learning. Similarly,
students' creative thinking abilities are also more developed in STEM project-based
learning. These findings suggest that STEM-based project learning models are more
effective in developing students' science literacy and creative thinking skills compared
to hands-on learning approaches.
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