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Abstract

Creative thinking is an essential learning outcome in undergraduate chemistry education, particularly in
electrochemistry, where students are required to integrate conceptual understanding with problem solving
and real world applications. Integrating science literacy within a Science, Technology, Engineering, and
Mathematics—Problem Based Learning (STEM-PBL) framework offers a practical instructional approach to
address this challenge by situating electrochemical concepts in authentic problem contexts. This study
analysed the effectiveness of a science literacy integrated STEM-PBL model in enhancing undergraduate
students’ creative thinking skills in an electrochemistry course. A quantitative quasi experimental design was
employed, involving an experimental group taught using the science literacy integrated STEM-PBL model and
a control group receiving traditional instruction. Students’ creative thinking skills were measured before and
after instruction using a validated assessment instrument. Instructional effectiveness was evaluated by
comparing normalized gain (N-gain) scores between the two groups. The results show that students who
participated in the STEM-PBL learning environment achieved a substantially higher N-gain score (75.47%) than
those in the control group (49.96%). These findings indicate that integrating science literacy into STEM-PBL
activities significantly enhances students’ creative thinking skills in electrochemistry learning. The results have
important implications for chemistry instruction. They suggest that incorporating science literacy oriented,
problem based STEM activities can provide instructors with an effective strategy to promote creative thinking
and deepen students’ understanding of electrochemical concepts. This approach may support the design of
more engaging and meaningful electrochemistry learning experiences in undergraduate chemistry classrooms.
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1. Introduction instruction  enables  engagement  with
fundamental scientific concepts through real-
life contexts and supports the development of
skills  needed to address complex
interdisciplinary and global challenges
(Muttaqiin, 2023; Li et al,, 2020).

In the context of 21st-century education,
higher education institutions are required to
cultivate essential competencies, particularly
the 4C skills—critical thinking, creative
thinking, collaboration, and communication
(Rahmawati et al, 2019). To meet these
demands, innovative instructional approaches
are necessary, one of which is the integration
of STEM (Science, Technology, Engineering,
and Mathematics) in learning. STEM-based

Among the 4C skills, creative thinking is
increasingly recognized as a key competency
that allows individuals to approach scientific
problems innovatively and apply knowledge in
unfamiliar contexts (Henriksen et al, 2021;
Runco & Acar, 2012). Research indicates that
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creative thinking in chemistry can be
effectively  fostered through active
engagement and problem-solving processes,
including hypothesis formulation,
experimental design, and critical analysis of
results—skills  essential for  advancing
innovation in sustainable energy and
environmental chemistry (Long et al., 2022). In
electrochemistry, abstract concepts such as
electron transfer mechanisms, electrochemical
thermodynamics, and the design of batteries
and fuel cells demand creative thinking to
connect theory with practice and generate
innovative solutions to real-world problems
(Ramos & Padilla, 2025).

Despite its relevance, electrochemistry
learning at the university level remains largely
focused on conceptual explanations and
algorithmic  problem  solving, limiting
opportunities to cultivate higher-order
thinking skills. This condition also affects the
development of scientific literacy, a core
outcome of science education. Scientific
literacy provides individuals with the ability to
critically engage  with  scientific and
technological issues and make well-informed
decisions. Science-literate individuals are
expected to understand scientific concepts,
communicate scientific issues, integrate
knowledge across disciplines, and apply
scientific  reasoning in everyday life
(Widhyastuti, 2017, Wahyu et al, 2020;
Suparya et al, 2022; Shwartz et al, 2006 in
Cahyana et al, 2019; Snow & Dibner, 2016;
Rohmaya, 2022; Faridah et al,, 2022). However,
scientific  literacy in  the Indonesian
educational context remains relatively low, as
indicated by national and institutional-level
studies, underscoring the need for
instructional strategies and learning materials
that explicitly support scientific literacy
development (Kimiantt & Prasetyo, 2019;
Hasasiyah et al., 2020; Mabsutsah et al,, 2021).

To address these challenges, Problem-Based
Learning (PBL) is particularly effective for
complex topics such as electrochemistry, as it
places learners at the center of the learning
process through engagement with authentic,
real-world problems. PBL encourages active
knowledge construction rather than passive
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content acquisition while fostering critical
thinking, collaboration, and innovative
problem-solving  skills  (Saputra, 2019;
Mayasari et al, 2022). Through structured
inquiry stages—including problem
identification, investigation, data analysis, and
reflection—PBL supports the development of
scientific reasoning and lifelong learning
competencies (Manalu & Kurniawati, 2024;
Dwita & Hidayati, 2022; Rahmadani et al,
2023).

Furthermore, STEM education integrates
science, technology, engineering, and
mathematics to equip learners with both soft
and hard skills required to address real-world
and global challenges (Hermansyah, 2020;
Committee on Highly Successful Schools or
Programs in K 12 STEM, & Education; National
Research Council, 2019; Rahmawati et al,
2022). STEM approaches have been widely
implemented  across  disciplines  and
educational levels, demonstrating positive
effects on problem-solving ability, conceptual
understanding, and  critical  thinking
(Adiwiguna et al., 2019; Gunawan & Shieh,
2020; Khairani et al, 2018; Ritonga &
Zulkarnain, 2021; Irma et al., 2020; Yasifa et al.,
2023). In science education, STEM is closely
aligned with addressing environmental and
societal issues, reinforcing its relevance and
applicability (Supriyatun, 2019; Ningsyih et al.,
2020; Haritun & Utaminingsih, 2023;
Nurjumiati et al., 2023; Anggriani et al., 2024).

The integration of STEM education, scientific
literacy, and Problem-Based Learning forms a
comprehensive framework for fostering
creative thinking in electrochemistry learning.
This  integrated  approach promotes
interdisciplinary reasoning, authentic problem
engagement, and higher-order thinking by
linking  theoretical understanding  with
technological and societal applications
(Hmelo-Silver, 2004; Pinar et al,, 2025). In line
with Marchak et al. (2021), STEM-PBL-oriented
chemistry  instruction  that integrates
collaborative inquiry and hands-on problem-
solving effectively enhances creative thinking
and scientific reasoning, while cultivating a
sustained inquiry mindset essential for future
scientific careers. Although previous studies
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have examined STEM-PBL and STEM-PjBL
implementations (Anggraini & Huzaifah, 2017;
Muttaqiin, 2023), research focusing on STEM
integration through diverse instructional tools
and learning resources in electrochemistry
remains limited, indicating a clear research
gap that warrants further investigation.

2. Research Method

2.1. Research Design

This study employed a quasi-experimental
research design using a pretest—posttest
control group design. This design was selected
to examine the effectiveness of a science
literacy—integrated STEM-PBL learning model
in improving students’ creative thinking skills
in electrochemistry while maintaining natural
classroom conditions. The use of a quasi-
experimental approach was considered
appropriate due to practical and ethical
considerations that limit random assignment
of participants (Budiyono, 2017).

2.2. Participants

The research was conducted from May to
November 2024 in the Chemistry Education
Program, Universitas Negeri Medan. The
population consisted of all fourth-semester
undergraduate students enrolled in the
electrochemistry course. Two intact classes
were selected as the research sample,
involving a total of 88 students. One class (44
students) was assigned as the experimental
group, while the other class (44 students)
served as the control group.

2.3. Learning Treatment

The experimental group received instruction
using a science literacy—-integrated STEM-PBL
learning model, which combined
interdisciplinary  STEM  principles  with
problem-based learning activities and science
literacy tasks. Learning activities were
structured around real-world electrochemistry
problems that required students to analyze
phenomena, design solutions, interpret data,
and justify conclusions using scientific
reasoning.
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The control group was taught using
conventional instructional methods, which
primarily involved lecturer explanations,
textbook-based learning, and  routine
problem-solving exercises without explicit
integration of STEM or science literacy
components.

2.4. Instrumentation

Students’ creative thinking skills were
measured using a creative thinking skills test
developed based on five indicators: fluency,
flexibility, originality, elaboration, and
problem solving. The instrument consisted of
20 multiple-choice items, with each indicator
represented by four items. The test was
administered as a pretest before the learning
intervention and as a posttest after the
completion of the instructional sessions.

Prior to implementation, the instrument was
reviewed by chemistry education experts to
ensure content validity, and item analysis was
conducted to confirm its reliability and
suitability for measuring creative thinking
skills in the context of electrochemistry
learning.

2.5. Data Analysis

Data analysis was carried out by calculating
students’ learning improvement using the
normalized gain (N-Gain) formula. The N-Gain
scores were categorized to determine the
effectiveness of the learning model. Before
conducting inferential statistical analysis,
normality tests (Kolmogorov-Smirnov) and
homogeneity tests (Levene's test) were
performed to ensure that the data met the
assumptions required for parametric testing.

To determine whether there was a significant
difference  in  creative  thinking  skill
improvement between the experimental and
control groups, an Independent Samples t-test
was conducted using the N-Gain scores at a
significance level of a = 0.05.

3. Result and Discussion

In light of the test results, the students’ critical
thinking skills were assessed using the
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Independent Samples Test. Following the
determination of the N-Gain scores for the
control and experimental classes, tests for data
homogeneity and normality were performed.
A summary of the experimental and control
groups' N-Gain scores in Table 1.

With a maximum N-Gain of 91.67 and a low of
58.82, the experimental class's average %N-
Gain, classified as effective, is 75.47, as
indicated in Table 1. On the other hand, the
control group's N-Gain average was 49.96,
with a maximum of 64.71 and a low of 33.33.

Table 1. Table of N-Gain scores for the control
and experimental classes

Control Experimental
Class Class
Pretest mean 24.09 25.57
Postest mean 62.27 81.11
% N-Gain 4996 7547
N-Gain min 33.33 58.82
N-Gain max 64.71 91.67

The STEM-PBL learning paradigm in the Basic
Chemistry course is successful in raising
student learning outcomes and developing
their capacity for creative thought, according
to the statistics presented. This is consistent
with a research by Ningsih (2020) that found
that combining STEM with the Problem-Based
Learning (PBL) approach can increase student
engagement and learning results by 75%.

Following the use of the Problem-Based
Learning model with a STEM (science,
technology, engineering, and mathematics)
approach, the students' creative thinking skills
also satisfied the level of "good," scoring 47.84
out of 60. When STEM-PBL is used to teach, it
also has a substantial impact on improving
student understanding. Furthermore, pupils'
conceptual understanding is influenced by
their starting skills (Wulandari, 2022). The
results of creative thinking skills can also be
visible in Figure 1.
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Chart of Creative Thinking Ability
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Figure 1. Chart of Creative Thinking Ability

To ascertain the differences in creative
thinking skills between the control and
experimental groups, an Independent
Sample Test was then performed based on
the N-Gain results for the control and
experimental classes. the fluency and
elaboration indicators demonstrated higher
improvement compared to the other
indicators. The higher N-Gain values for
fluency and elaboration can be attributed to
the learning process, which provided more
opportunities for students to generate
multiple ideas and develop their responses in
detail. In contrast, the flexibility, originality,
and problem-solving indicators require more
complex higher-order thinking  skills,
resulting in relatively lower levels of
improvement. The test results are shown in
Table 2.

Table 2. Normality test results

Class Kolmogorov-Smirnov?
Statistic df Sig.
N- Control 117 44 154

Gain Experimental .104 44 .200*

The study's sample population consisted of 88
people, which is greater than 50. Thus, the
Kolmogorov Smirnov test was used to
determine whether the data was normal
Based on test findings for the control class,
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which revealed a sig value of 0.154 > 0.05, the
data is deemed normal. The experimental class
data has a sig value of 0.200 > 0.05, which
indicates that the data is normal. Furthermore,
a sig value was obtained by testing for data
homogeneity using Levene's Test for Equality.
It may be concluded that the variance data and
N-Gain for the two classes are same and
homogeneous because 0.154 > 0.05.

As a result, the independent t test for the N-
gain score is guided by the sig. in the Equal
variances assumed table. The STEM-PBL
Integrated Science Literacy model and Direct
Instruction learning of Electrochemistry
material in the Basic Chemical Science course
differ significantly in terms of effectiveness
(real). The "Independent Sample Test" results
on table 3 demonstrate that the STEM-PBL
Integrated Science Literacy approach is more
successful in fostering students' capacity for
creative thought, especially when it comes to
electrochemical content.

Table 3. Independent Samples Test results

t df Sig. 2-tailed

N-Gain -16.659 86 .000

Based on Table 3, the analysis yielded a t-
value of -16.659, with 86 degrees of freedom
(df) and a two-tailed significance value (Sig. =
0.000). Since the significance value is less than
0.05 (p < 0.05), the null hypothesis (Ho) is
rejected. This indicates that there is a
statistically significant difference in the mean
N-Gain scores between the two groups being
compared.

The negative t-value suggests that the mean
N-Gain score of the control group is lower
than that of the experimental group, based on
the order of group entry in SPSS. This result
implies that the experimental group achieved
a significantly higher learning gain than the
control group.

These results validate the research conducted
by Cahyaningsih and Ghufron (2016). The
findings can be explained through the
integrated PBL-STEM-science literacy
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framework. The PBL structure engaged
students in authentic, open-ended problems
that stimulated inquiry and divergent
thinking, thereby supporting creative
cognitive processes (Ningsih, 2020). STEM
integration  further expanded students’
solution spaces by requiring the coordination
of scientific concepts, engineering design, and
mathematical reasoning, which encouraged
flexibility and originality. At the same time, the
emphasis on science literacy guided students
to evaluate evidence and justify ideas
scientifically,  ensuring that creativity
remained within disciplinary boundaries
(Cahyaningsih & Ghufron, 2016). Together,
these elements worked synergistically to
activate and regulate students’ creative
thinking. The study's findings imply that
applying the problem-based learning (PBL)
paradigm can enhance students' capacity for
independent and creative thought when
studying mathematics. The study's findings
demonstrate that PBL is more effective than
conventional teaching techniques at fostering
students' critical thinking and creativity. Misla
& Mawardi (2020) found that while students
were solving mathematical problems, the
problem-based learning (PBL) learning model
was more effective than the problem-solving
learning model at enhancing their critical
thinking abilities. PBL considerably enhanced
students’ critical thinking abilities more than
problem solving, according to the t test study.

Fahrurrozi et al. (2022) The results of this study
offer an intriguing highlight, demonstrating
that the STEM-PBL learning approach not only
supports but also encourages students' critical
thinking skills in citizenship education courses.
In addition to serving as a guide, STEM-PBL
develops a learning path that encourages
students to actively participate in each
learning phase and provides a space for
unrestricted creativity and exploration. As a
result, this study supports the idea that STEM-
PBL not only instructs but also creates a
learning environment where students can
move to the beat of understanding and
discovery. The effectiveness of the problem-
based learning (PBL) learning paradigm in
fostering students' critical thinking abilities is
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highlighted by Kartikasari et al. (2021). The
improvement demonstrated by the increase in
average grades and satisfying learning
accomplishment levels attests to the fact that
PBL is not only a useful teaching strategy but
also a powerful instrument for fostering
students' critical development. As a result, this
study paints a favourable picture of PBL's
beneficial effects on raising study standards
and student academic performance.

The findings indicate a  significant
improvement in students’ creative thinking
skills following the implementation of the
integrated STEM-PBL learning intervention
complemented by science literacy tasks. This
improvement was observed across multiple
dimensions  of  creativity,  particularly
originality, flexibility of ideas, and the ability to
generate scientifically plausible solutions.
These results are consistent with previous
studies reporting that interdisciplinary STEM
learning fosters divergent and flexible thinking
(Bybee, 2013; English, 2016). The problem-
based learning (PBL) framework further
contributed to these outcomes by situating
the learning process within authentic and
meaningful problem contexts. Students
demonstrated more active engagement in
learning, along with increased persistence and
motivation when addressing complex
biological challenges. These findings align
with prior research suggesting that science
literacy and argumentation practices serve as
cognitive scaffolds that guide creativity while
maintaining disciplinary boundaries (OECD,
2018). Overall, the results demonstrate that
the integrated implementation of STEM
learning, problem-based instruction, and
science literacy activities effectively enhances
students’ creative thinking by promoting
originality without compromising scientific
validity. These findings provide empirical
support for the use of interdisciplinary,
problem-centered instructional designs as
effective strategies for developing creative
thinking skills in science education.
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4. Conclusion

Based on the findings of this study, it can be
concluded that creative thinking skills can be
effectively enhanced through the application
of appropriate instructional models aligned
with course content. The science literacy—
integrated STEM-PBL learning model proved
to be effective in improving students’ creative
thinking skills in electrochemistry. By situating
electrochemical concepts within authentic,
interdisciplinary, and real-world problem
contexts, this approach fosters both deep
conceptual understanding and essential
creative problem-solving abilities. As higher
education continues to evolve in response to
contemporary  scientific  and  societal
challenges, educators are encouraged to
adopt integrative learning models such as
STEM-PBL to better prepare students with
critical, creative, and innovative competencies.
These skills are not only crucial for academic
success but also for addressing global
challenges related to sustainability, energy,
and environmental issues.
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