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ABSTRACT

Problem-solving skills are among the essential competencies required for 21st-century science education;
however, students' proficiency in these skills remains relatively low, particularly in ecology learning. This study
aimed to analyze the effectiveness of a STEM-based science comic e-worksheet in enhancing students' problem-
solving skills. The study employed a pre-experimental one-group pretest-posttest design involving 31 seventh-
grade students at a public junior high school in Semarang, Indonesia. The Polya-based problem-solving test was
validated by five experts, yielding validity coefficients of 0.87—0.93. Data were analyzed using a normality test,
paired-sample t-test, and normalized gain (N-Gain) test. The mean pretest score increased from 46.27 to 77.79 on
the posttest. The average N-Gain score was 0.6025, indicating moderate improvement, with the highest gains in
understanding the problem (0.8367) and looking back (0.7161). The results demonstrate that the STEM-based

science comic e-worksheet effectively enhances students' problem-solving skills in ecology.
Keywords: e-worksheet; science comic; STEM; problem-solving skills; ecology

INTRODUCTION

Contemporary educational
developments necessitate that students
acquire essential competencies to adapt
effectively to the rapid advancement of
science and technology (Klaharn et al.,
2025; Suharyat et al., 2023). One of the
essential competencies that students need to
develop in this era of global advancement is
problem-solving skills (Topsakal et al.,
2022). Effective problem-solving requires
integrating multiple concepts, reflecting the
need for higher-order thinking skills to
apply knowledge in meaningful contexts
(Anggrainly & Ananda, 2025). These skills
serve as a bridge between academic
knowledge and real-world problems
encountered in everyday life (Kaya-
Capocci et al., 2025). Therefore, problem-
solving skills are essential for enabling
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students to identify problems and develop
effective  solutions in response to
increasingly complex global challenges
(Daniel et al., 2025; Widodo et al., 2023).

Problem-solving skills encompass
cognitive  processes  that  involve
understanding the problem, devising a plan,
carrying out the plan, and looking back to
assess the effectiveness of the solution
(Polya, 1945; Yapatang & Polyiem, 2022).
The development of these skills can be
facilitated by presenting contextual
problems, which play a crucial role in
science learning (Anas et al., 2025;
Gcabashe, 2024; Gulay et al., 2023).
Nevertheless, students' achievement in
problem-solving skills in Indonesia remains
relatively low. The 2022 PISA results
indicate that only 34% of Indonesian
students achieved the minimum level of
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science proficiency, with the national
average remaining below the international
average, particularly on science tasks
requiring problem-solving skills (OECD,
2023).

The low level of problem-solving
skills among secondary school students can
be attributed to the limited availability of
instructional materials during the learning
process. Ideally, student worksheets should
function as strategic instructional tools that
guide students through systematic problem-
solving  processes (Manggarrani &
Marhaeni, 2025). However, in practice,
most worksheets currently used in schools
remain highly procedural and conventional,
consisting primarily of content summaries
and routine practice questions. This issue is
further corroborated by Utari et al. (2025)
who found that commonly used worksheets
are not designed based on specific learning
model syntax and remain overly simplistic
in both content and design. A rigid
approach to presenting learning materials
limits opportunities for students to engage
in exploration, inquiry, and deeper
reasoning, which are essential for
developing problem-solving skills (Fina et
al., 2023; N. Sari et al., 2025).

This condition was also identified in
a preliminary study conducted in Class VI
G at SMP Negeri 39 Semarang. The initial
assessment revealed that students' problem-
solving skills had not yet reached optimal
levels. The preliminary data showed that
64.52% of students scored below the
minimum proficiency criterion. Most of
these students experienced difficulties in
planning  problem-solving  strategies,
implementing appropriate solutions, and
evaluating the outcomes of their problem-
solving processes. These findings indicate
the urgent need for innovative instructional
materials that can be empirically validated
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to support students in developing problem-
solving skills across each stage of the
process. As Agustin et al. (2025)
emphasize, the use of interactive media
serves as an innovative alternative to
address current educational challenges,
particularly in supporting the improvement
of student learning outcomes on ecology
topics.

Electronic worksheets have emerged
as an innovative instructional alternative
that leverages technological advances to
enhance the quality of learning. E-
worksheets facilitate a more interactive,
visual, and flexible presentation of learning
materials, thereby enhancing students’
problem-solving skills while supporting
both independent and guided exploration of
concepts (Mayasari et al., 2023; Ramadhan
& Sumarni, 2025; Wijaya & Wilujeng,
2024). As highlighted by Aulya et al.
(2025), the application of appropriate
learning media can foster student activeness
and increase their engagement in learning
activities, thereby leading to better
conceptual understanding. The
effectiveness of e-worksheets can be further
enhanced by presenting learning materials
as science comics (Fajar et al., 2022; Putra
etal., 2023; D. A. Sari & Zakariyah, 2023).
Science comics effectively combine visual
illustrations with scientific narratives,
helping students understand abstract
concepts and identify problems through
contextual storylines (Ayu et al., 2025;
Rani & Asdarina, 2024).

The learning approach, along with
instructional media, is essential for
developing  students' problem-solving
skills. The STEM approach brings together
diverse fields, encouraging creative
problem-solving through hands-on
analysis, inventive design, and the
development of practical solutions for real-
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world challenges (Khurma & Darayseh,
2023; Sheth & Pathak, 2023). Furthermore,
the STEM approach encourages students to
participate in project- and inquiry-based
learning activities, thereby fostering higher-
order thinking skills, including problem-
solving (Novitasari et al., 2024; Ortiz-
Revilla et al., 2022).

This study integrates the STEM
approach into a STEM-based science comic
e-worksheet on ecology materials as an
instructional innovation. Conventional e-
worksheets generally provide only digital
learning content accompanied by practice
exercises, Wwhereas the developed e-
worksheet presents contextual ecological
problems through science comic narratives.
Students are guided to solve these problems
systematically by integrating concepts from
science, technology, engineering, and
mathematics. This structured problem-
solving process encourages students not
only to acquire conceptual knowledge but
also to develop critical thinking skills. The
strengths of this instructional material lie in
its engaging visual presentation and its
ability to foster students' independence in
solving problems. This aligns with the
characteristics of effective digital media,
such as Hyzine-flipbook assisted modules,
which offer interactive content, easy
accessibility, and visually appealing
designs that support independent learning
(Haiban & Arini, 2025).

Despite these potential benefits,
quantitative studies specifically
investigating the effectiveness of STEM-
based science comic e-worksheets on
ecology materials at the junior high school
level remain scarce. Most existing research
has either examined e-worksheets and
science comics separately or focused on
different  subject  matters,  without
integrating the STEM approach into a
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comic-based digital worksheet for ecology.
Furthermore, few studies have employed
experimental designs to provide empirical
evidence of the impact of such integrated
media on students' problem-solving skills.
This gap highlights the need for systematic
investigation to validate the instructional
effectiveness of this innovation.

This study examines the effectiveness
of a STEM-based science comic e-
worksheet on ecology materials in
improving students' problem-solving skills.
This study aims to provide empirical
evidence on the effectiveness of this
instructional material as an innovative
approach to developing students' problem-
solving skills in ecology.

METHOD

This study used a quantitative, pre-
experimental one-group pretest-posttest
design (Creswell & Creswell, 2018). The
effectiveness of the intervention was
evaluated by comparing students' problem-
solving skill scores before and after
implementing learning using the STEM-
based science comic e-worksheet on
ecology materials. The study was
conducted at SMP Negeri 39 Semarang
from March to April 2026.

The study population included all
seventh-grade students at SMP Negeri 39
Semarang, across multiple parallel classes.
Class VII G (n=31) was selected through
purposive sampling based on criteria of low
pretest scores, schedule feasibility, and
adequate digital literacy. While purposive
sampling is appropriate for this pre-
experimental design, it introduces selection
bias  and limits generalizability;
accordingly, this study focuses on
preliminary effectiveness rather than broad
causal inferences, and future research
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should consider random sampling to
enhance external validity.

Data were analyzed using the N-Gain
test to assess intervention effectiveness. A
normality test was performed before
hypothesis testing to assess whether the
data met the assumption of normality. A
paired-sample t-test was conducted at o =
0.05 to assess whether a statistically
significant difference existed between
students' pretest and posttest scores.

RESULT AND DISCUSSION

The effectiveness of the STEM-based
science comic e-worksheet on students'
problem-solving skills in ecology was
assessed by comparing pretest and posttest
scores following the learning intervention.
The effectiveness analysis consisted of
descriptive statistics, prerequisite testing,
hypothesis testing, and N-Gain analysis.
Enhancements in students’ problem-solving
abilities were evaluated using Polya's four-
stage framework: understanding the
problem, devising a plan, carrying out the
plan, and looking back (Polya, 1945;
Yapatang & Polyiem, 2022). An indicator-
based analysis was conducted to provide a
comprehensive understanding of students'
progress at each stage of the problem-
solving process. This approach is consistent
with Siswanto (2025), who emphasized that
e-worksheets facilitate students' systematic
engagement in problem-solving, from
understanding the problem to evaluating the
proposed solution.

The test instrument was assessed for
validity by five experts before being used to
measure students' problem-solving skills. It
comprised 13 items representing Polya's
four problem-solving indicators:
understanding the problem, devising a plan,
carrying out the plan, and looking back.
Validity analysis showed that all items met
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the criteria, with coefficients ranging from
0.87 to 0.93, indicating that each item
validly measured the intended aspects.
Consequently, all 13 items were retained
for the pretest and posttest.

Table 1. Descriptive Statistics of Students'
Problem-Solving Skills

Variable N Mean Std.
Pretest 31 46,27 9,05
Posttest 31 77,79 11,40

Based on Table 1, the mean score for
students' problem-solving skills increased
from 46.27 on the pretest to 77.79 on the
posttest, representing an improvement of
31.52 points. This finding indicates a
substantial enhancement in students'
problem-solving performance following
the implementation of the STEM-based
science comic e-worksheet on ecology
materials. The improvement suggests that
students became better able to understand
and solve ecology-related problems after
participating in  learning  activities
supported by the e-worksheet. This finding
is consistent with Risamasu & Pieter
(2024), who reported that e-worksheets
presenting contextual problems encourage
students to analyze problems systematically
and develop solutions based on the
knowledge acquired during the learning
process. Similarly, Subekti & Andriyani
(2023), found that the implementation of
electronic worksheets effectively improves
higher-order thinking skills, including
problem-solving  skills.  Nevertheless,
before conducting hypothesis testing, a
normality test was performed to ensure that
the observed improvement was statistically
significant and not due to chance.
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Table 2. Results of the Normality Test for
Pretest and Posttest Data

Data Sig. Description
Pretest 0,159 Normal
Posttest 0,523 Normal

The normality test results show that
the pretest and posttest data had
significance values greater than 0.05,
indicating that both datasets are normally
distributed. The assumption of normality
was satisfied. A paired-samples t-test was
subsequently performed to assess whether
the difference between students' pretest and
posttest scores was statistically significant.

Table 3. Results of the Paired-Sample t-test
t df Sig. (2-tailed)
-21,673 30 0,000

Table 3 indicates that the paired-
sample t-test produced a significance value
(p) of 0.000, which is below the established
significance threshold of 0.05. A p-value
below the established significance level
leads to rejection of the null hypothesis,
indicating a statistically  significant
difference between pretest and posttest
scores (Kwak, 2023). The results indicate
that implementing the STEM-based science
comic e-worksheet for ecology materials
effectively enhanced students' problem-
solving skills. This conclusion is
corroborated by the N-Gain analysis, which
quantifies the degree of student
improvement following the instructional
intervention.

Table 4. N-Gain Analysis Results

Average N-Gain Category
0,6025 Moderate

The average N-Gain score of 0.6025
falls within the moderate category based on
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the normalized gain criteria (Dalila et al.,
2022). The STEM-based science comic e-
worksheet on ecology significantly
improved students' problem-solving skills.
This result aligns with Mayasari et al.
(2023) and Wijaya & Wilujeng (2024) who
found that e-worksheets increase learning
engagement and support higher-order
thinking through interactive activities.

The observed improvement can be
attributed to the features of the developed e-
worksheet, which presents learning
materials digitally and incorporates science
comics as a contextual learning medium.
Through contextual storylines, science
comics help students understand abstract
concepts  and identify ~ problems
encountered in real-life situations (Ayu et
al., 2025; Rani & Asdarina, 2024).
Furthermore, the STEM approach,
implemented  through project-based
learning activities, encourages students to
integrate  concepts ~ from  science,
technology, engineering, and mathematics
as they analyze and solve problems. This
interdisciplinary learning process enables
students to develop more systematic and
effective problem-solving skills (Khurma
& Darayseh, 2023; Novitasari et al., 2024).

These findings were further analyzed
by indicators of problem-solving skills to
identify which aspects showed the greatest
improvement following the implementation
of the STEM-based science comic e-
worksheet on ecology materials.

Table 5. N-Gain Scores Based on Problem-
Solving Skills Indicators

Indicator N-Gain  Category
Understanding the 0,8367  High
problem

Devising a plan 0,4775  Moderate
Carrying out the plan  0,5841 Moderate
Looking back 0,7161 High
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Based on Table 5, all indicators of
students' problem-solving skills showed
improvement following the implementation
of the STEM-based science comic e-
worksheet on ecology materials. The
indicator for understanding the problem
showed the greatest improvement, as
evidenced by an N-Gain score of 0.8367.
This result indicates that presenting
ecological phenomena through science
comics effectively helps students identify
essential information, understand the
relationships among ecosystem
components, and determine the core of a
problem before formulating an appropriate
solution. This finding is consistent with
Ayu et al. (2025), which states that comics
can visualize abstract scientific concepts
through stories and illustrations, making
them easier for students to understand more
concretely.

This quantitative  finding  was
reinforced by student reflections and the
researcher's observation notes. One student
stated, "The comic made the concept of
ecosystem balance easier to grasp because
| could see the cause-and-effect
relationships in the pictures." During the
initial lesson, the researcher also observed
that students identified key information
from the comic narratives more quickly
than in conventional lessons and asked
fewer clarifying questions.

Science comics offer contextual
learning experiences that align with
students' everyday lives, facilitating
connections between ecological concepts
and real-world environmental phenomena.
This supports the view of Yapatang &
Polyiem (2022), who argued that
understanding the problem is the
fundamental stage of problem-solving
because students must first identify the
available information, determine the
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information required, and clearly define the
problem before developing an appropriate
solution strategy.

The devising a plan indicator
obtained an N-Gain score of 0.4775,
representing the lowest improvement
among all problem-solving indicators. This
finding suggests that students' ability to
design appropriate solution strategies still
requires more intensive practice. At this
stage, students are expected to identify
alternative solutions, evaluate possibilities,
and integrate STEM concepts into their
proposed solutions. This finding is
consistent with the Yapatang & Polyiem
(2022) study, which explains that the
planning stage involves selecting the most
appropriate  strategy based on the
information obtained during the previous
stage.

Qualitative data further elucidated the
moderate improvement in this indicator.
Several students wrote, "We knew what the
problem was, but deciding which STEM
steps to take first was the hardest part.” The
researcher's field notes corroborated this
challenge, documenting that groups often
deliberated extensively on selecting
appropriate  technological tools and
mathematical formulas, which frequently
required the researcher to provide
structured scaffolding to guide their
planning.

The STEM approach requires
students to integrate multiple disciplines
through engineering design activities to
develop solutions to authentic problems,
thereby demanding more advanced
analytical and decision-making skills
(Khurma & Darayseh, 2023; Ortiz-Revilla
et al., 2022). Although the improvement
was categorized as moderate, the findings
indicate that the STEM-based project
activities incorporated into the e-worksheet
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have  provided  valuable learning
experiences that support students in
developing systematic solution-planning
skills, while highlighting the need for
continued practice through sustained
learning experiences.

The carrying out the plan indicator
achieved an N-Gain score of 0.5841,
classified as moderate. The looking-back
indicator recorded an N-Gain score of
0.7161, indicating a high level of
improvement. This finding is particularly
striking, as previous research has identified
the looking back indicators as the most
challenging aspect of problem-solving for
Indonesian students (Apriyanti et al., 2026).
The fact that the present intervention
achieved the highest improvement in this
traditionally weakest area suggests that the
STEM-based science comic e-worksheet
effectively  addresses  this  chronic
weakness. The improvement observed in
both indicators suggests that students
became increasingly  capable of
implementing the solutions they had
designed and evaluating their effectiveness.

According to Yapatang & Polyiem
(2022), the carrying out the plan stage
emphasizes implementing the selected
solution strategies, whereas the looking
back stage focuses on evaluating both the
problem-solving process and its outcomes
to ensure that the proposed solutions are
appropriate. The project activities, group
discussions, presentations, and reflection
sessions integrated into the e-worksheet
provided students with  meaningful
opportunities to apply ecological concepts
to authentic environmental problems and
evaluate the solutions they developed.
These findings are consistent with the
characteristics of STEM learning, which
emphasizes designing, testing, and refining
solutions through engineering design
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activities (Khurma & Darayseh, 2023;
Ortiz-Revilla et al., 2022).

The improvements in execution and
evaluation stages were also evident in the
researcher's observation records. During
project-making sessions, the researcher
noted that students demonstrated growing
persistence in testing and revising their
proposed solutions. A student reflection
captured this process: "When our first
design failed, we discussed why and tried a
different approach—it felt like real
scientists.” Another student remarked, "The
reflection session made me realize that our
solution wasn't perfect, but we learned how
to improve it." These qualitative insights
validate that the group discussions and
reflection activities embedded in the e-
worksheet effectively fostered
metacognitive awareness, supporting the
high N-Gain observed for the looking-back
indicator.

Reflection activities prompt students
to re-examine their reasoning processes and
evaluate their problem-solving outcomes.
This practice supports the development of
the metacognitive skills necessary to assess
the effectiveness of generated solutions
(Rivas et al., 2022; Winarti et al., 2022).
Integrating science comics with the STEM
approach enhances students' conceptual
understanding of ecology and supports the
development of problem-solving skills at
each stage outlined in Polya's framework.

CONCLUSION

This study demonstrates that the
STEM-based science comic e-worksheet on
ecology materials is effective in enhancing
students' problem-solving skills. Analysis
based on Polya's four stages revealed that
the greatest improvements were achieved in
the understanding the problem and looking
back stages. The results provide empirical
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evidence that integrating science comics
with the STEM approach in e-worksheets
enhances students' conceptual
understanding of ecology and supports the
development of problem-solving skills at
each stage, as outlined in Polya's problem-
solving framework. However, these
findings should be interpreted with caution
regarding generalizability, as they are
limited to the specific educational context
of a single seventh-grade classroom at SMP
Negeri 39 Semarang, the ecology materials
employed, and the two-month intervention
period. Therefore, the developed e-
worksheet has the potential to serve as an
innovative instructional resource for
science education and may be adapted for
other science topics to foster students'
problem-solving skills. Future studies are
recommended to examine its applicability
across diverse educational contexts, grade
levels, subject topics, and extended
timeframes to validate broader
implementation. Furthermore, the findings
contribute to the growing body of evidence
supporting the integration of STEM and
science comics into digital instructional
materials as an effective strategy for
enhancing students' problem-solving skills
in science education.

REFERENCES

Agustin, H., Fitriani, H. Y., & Dwiningsih,
K. (2025). Penerapan Multimedia
Interaktif Berbasis Android untuk
Meningkatkan Hasil Belajar Siswa
Materi Ekologi dan Keanekaragaman
Hayati  Indonesia.  Eduproxima:
Jurnal llmiah Pendidikan IPA, 7(1),
172-181. https://doi.org/10.29100/
V7i1.5675

Anas, M., Henie, M., Ery, S., & Murti, W.
(2025). Integrating Anging Mammiri
Cultural Values into Learning to

EDUPROXIMA 8(4) (2026) 4247-4257

Improve Students > Problem-Solving
Skills. Journal of Culture and Values
in  Education, 8(3), 203-236.
https://doi.org/10.46303/jcve.2025.2
9

Apriyanti, R., Berlian, L., & Biru, L. T.
(2026).  Pengembangan  Media
Scrapbook Berbasis Education for
Sustainable Development pada Tema
Lumbung Padi Baduy untuk
Menumbuhkan Kemampuan Problem
Solving Peserta Didik. Eduproxima:
Jurnal llmiah Pendidikan IPA, 8(2),
1291-1302.
https://doi.org/10.29100/.v8i2.9572

Aulya, S., Ardianti, S. D., & Santoso, D. A.
(2025). Penerapan Media BreathWise
Berbasis Articulate Storyline untuk
Meningkatkan Pemahaman Konsep
IPAS Siswa Kelas V pada Materi
Sistem Pernapasan. Eduproxima:
Jurnal llmiah Pendidikan IPA, 7(3),
1509-1519.

Ayu, G., Putri, D., Wiarta, 1. W., Agung, 1.
G., & Wulandari, A. (2025). E-Comic
Based on Problem Solving for
Fraction Material in Grade IV
Elementary Mathematics. Jurnal
Mimbar Ilmu, 30(2), 189-201.
https://doi.org/10.23887/mi.v30i02.9
6710%0AE-Comic

Dalila, A. A., Rahmah, S., Liliawati, W., &
Kaniawati, 1. (2022). The Effect of
Differentiated Learning in Problem
Based Learning on Cognitive
Learning Outcomes of High School
Students. JPPIPA Jurnal Penelitian
Pendidikan IPA, 8(4), 1820-1826.
https://doi.org/10.29303/jppipa.v8i4.
1839

Daniel, R., William, A. A., & Fredrickd, U.
O. (2025). Fostering Critical
Thinking and Problem-Solving Skills
in  Nigeria:  Challenges and

4254


http://jurnal.stkippgritulungagung.ac.id/index.php/eduproxima

Eduproxima: Jurnal limiah Pendidikan IPA
http://jurnal.stkippgritulungagung.ac.id/index.php/eduproxima

Opportunities. International
Scientific and Practical
Conceference:  Education in a
Changing World: Multidisciplinary
Perspectives for Global Progress,
June(1), 196-208.

Fajar, A., Smita, M. K., Irhamudin, I., &

Intamano, B. (2022). The
Development of Students” Worksheet
based Educational Comic : Research
and Development Study. Anglophile
Journal, 2(2), 89-107. https://dx.
doi.org/10.51278/anglophile.v2i2.31
7

Fina, I. D., Mustaji, M., & Dewi, U. (2023).

Analisis Kebutuhan e-LKPD
Berbasis Problem Based Learning
Terhadap Pembelajaran IPA SMP
Kelas VIII. Oryza ( Jurnal
Pendidikan Biologi ), 12(2), 173-
181. https://doi.org/
10.33627/0z.v2i2.1379%0AVol.

Gcabashe, N. B. (2024). Research in Social

Sciences and Technology Adopting
Learner-Centred Pedagogy to
Develop Business Studies Learners ’
Problem-Solving and  Creative
Thinking Skills in Selected Schools
in South Africa. Research in Social
Sciences and Technology, 9(2), 31—
50. https:
//doi.org/10.46303/ressat.2024.24

Giilay, H., Koyutirk, N., & Onder, A.

(2023). Theory and Practice in Child
Development Examination of 5-6
Years Old Children ° s Social
Problem  Solving  Skills  with
According to Social Status. 1-16.
https://doi.org/
10.46303/tpicd.2023.1

Haiban, M. H., & Arini, N. W. (2025).

Pengembangan E-Modul Berbantuan
Heyzine Flipbook pada Mata
Pelajaran IPAS Materi Gaya di Kelas

EDUPROXIMA 8(4) (2026) 4247-4257

IV SD. Eduproxima: Jurnal limiah
Pendidikan IPA, 7(3), 1675-1689.
https://doi.org/10.29100/.v7i3.8815

Kaya-Capocci, S., Pabuccu-Akis, A., &
Orhan-Ozteber, N. (2025).
Entrepreneurial STEM Education :
Enhancing students ’
Resourcefulness and Problem -
solving Skills. In Research in Science
Education (Vol. 55, Issue 1). Springer
Netherlands.
https://doi.org/10.1007/s11165-024-
10189-y

Khurma, O. A., & Darayseh, A. Al. (2023).
Education Sciences A Framework for
Incorporating the “ Learning How to
Learn ” Approach in Teaching STEM
Education.  Education  Sciences,
13(1), 1-19. https://doi.org/ 10.3390/
educscil3010001

Klaharn, R., Chaleoykitti, S., &
Chakchaichon, C. (2025).
Developing an Active Learning
Model Using Problem-Based
Learning to Enhance 21st Century
Skills.  Humanities and Social
Sciences Letters, 13(1), 187-199.
https://10.0.72.56/73.v13i1.4046

Kwak, S. (2023). Are Only p -Values Less
Than 0 . 05 Significant ? A p -Value
Greater Than 0 . 05 Is Also
Significant ! JLA Journal of Lipid
and Atheroslerosis, 12(2), 89-95.
https://orcid.org/0000-0003-0398-
5514

Manggarrani, A., & Marhaeni, N. H.
(2025). The Effectiveness of Using
Realistic Mathematics Education (
RME ) - based Students > Worksheet
to Improve Students > Mathematical
Problem-solving Skills. Edumatsains
Jurnal Pendidikan Matematika Dan
Sains, 9, 317-326. https://doi.
org/10.33541/edumatsains.

4255


http://jurnal.stkippgritulungagung.ac.id/index.php/eduproxima

Eduproxima: Jurnal limiah Pendidikan IPA
http://jurnal.stkippgritulungagung.ac.id/index.php/eduproxima

v9i2.5973

Mayasari, M., Hamidah, A., & Subagyo, A.
(2023). Development of Electronic
Student  Worksheets  (E-LKPD)
Assisted by Wizer.Me on Gastropods
Sub Material. Jurnal Penelitian
Pendidikan IPA, 9(4), 1578-1584.
https://10.0.114.119/jppipa.v9i4.345
3%0A©

Novitasari, A., Isnaini, L. A., & Supriyadi,
S. (2024). The STEM-based Project-
based Learning Impact on Students ’
Critical Thinking Skills. Inornauts:
Biology Education Journal, 4(2), 91—
102. https://10.0.120.142/
inornatus.v4i2.652

OECD. (2023). PISA 2022 Results (Volume
I): The State of Learning and Equity
in Education. OECD Publishing.

Ortiz-Revilla, J., Greca, I. M, &
Arriassecq, I. (2022). A Theoretical
Framework for Integrated STEM
Education. Science and Education,
31(2), 383-404. https://doi.org/
10.1007/s11191-021-00242-x

Polya, G. (1945). How to Solve it. Princeton
University Press.

Putra, O., Tubagus, B., Mahardika, I. K., &
Budiarso, A. S. (2023). Comic-Based
E-Worksheets on The Human
Digestive System Material.
International Journal of Eductional
Sciences and Development, 1(1), 1-7.
doi.org/10.54099/ijesd.v1i1.538

Ramadhan, F. A., & Sumarni, W. (2025).
Development of Interactive E-
Worksheet Based on STEM-
Integrated Problem-Based Learning
to Improve Student ’ s Problem-
Solving Abilities. Proceedings of the
8th International Conference on
Education Innovation (ICED),
1(2024), 745-759.
https://doi.org/10.2991/978-2-38476-

EDUPROXIMA 8(4) (2026) 4247-4257

360-3_66

Rani, Y. Y. & Asdarina, O. (2024).
Pengembangan LKPD  Berbasis
Mathematical Comic untuk
Meningkatkan Kemampuan
Pemecahan  Masalah  Matematis
Peserta Didik. Journal Pendidikan
Matematika (Phi), 8(1), 176-186.
https://10.0.129.63/phi.v8i1.378

Risamasu, P. V. M., & Pieter, J. (2024).
Enhancing  Students’  Problem-
Solving Capability with Electronic
Student Worksheet Based on prob;em
Based Learning. Pedagogik Jurnal
Pendidikan, 11(1), 116-130. https://
doi.org/10.33650.pjp.v11i1.8334

Rivas, S. F., Saiz, C., & Ossa, C. (2022).
Metacognitive Strategies and
Development of Critical Thinking in
Higher Education. Frontiers in
Psychology, 13(2), 1-13. https://
doi.org/10.3389/fpsyg.2022.913219

Sari, D. A., & Zakariyah, Z. (2023). The
Effectiveness of Using Comic-Based
Worksheet as Figh Learning Media
for Junior High School Student.
Journal of Research in Islamic
Education, 5(1), 1-16.
https://doi.org/10.25217
/jrie.v5i1.3158

Sari, N., Zen, Z., & Sari, N. (2025).
Developing Problem-Based Learning
Student Worksheets to Enhance
Higher-Order Thinking Skills in
Elementary  Science  Education.

JPPIPA Jurnal Penelitian
Pendidikan IPA, 11(10), 407-417.
https://doi.

0rg/10.29303/jppipa.v11i10.12021
Sheth, M., & Pathak, R. (2023). STEM
Education: An Interdisciplinary and
Integrated Approach of Teaching.
Interdisciplinary Approaches and
Strategies for Sustainable

4256


http://jurnal.stkippgritulungagung.ac.id/index.php/eduproxima

Eduproxima: Jurnal limiah Pendidikan IPA
http://jurnal.stkippgritulungagung.ac.id/index.php/eduproxima

Development, 8(1), 80-86.

Siswanto, J. (2025). Strategi Meningkatkan

Keterampilan Pemecahan Masalah
Menggunakan E-Worksheet dalam
Pembelajaran IPA. Media Penelitian
Pendidikan Jurnal Penelitian
Daalam Bidang Pendidika Dan
Pengajaran, 19(2), 475-480.
http://dx.doi.org/
10.26877/mpp.v19i2.26159

Subekti, Y. F., & Andriyani. (2023).

Development of PBL-based E-
Worksheet for 8th Grade Students ’
Critical Thinking Skills.
International Journal on Emerging
Mathematics Education (IJEME),
7(2), 89-98.
http://dx.doi.org/10.12928/ijeme.v7i
2.29583

Suharyat, Y., Winiasri, L., Santosa, T. A,

Rahman, A., & Marzuki, K. (2023).
Meta-analysis  Study: Effect of
Problem Solving Learning Model on
Problem Solving Ability in Students’
Science Learning SMP-SMA. Jurnal
Penelitian Pendidikan 1PA, 9(9),
721-728. https://10.0.114.119
/jppipa.v9i9.2791

Topsakal, I., Yalgin, S. A., & Cakir, Z.

(2022). The Effect of Problem-based
STEM Education on the Students’
Critical Thinking Tendencies and
Their  Perceptions for Problem
Solving Skills. Science Education
International,  33(2), 136-145.
https://doi.org/10.33828/sei.v33.i2.1

Utari, M. W., Leksono, S. M., & Resti, V.

D. A. (2025). Pengembangan E-
LKPD Interaktif Berbasis Discovery
Learning Tema Biotik Abiotik di

Sekitarku untuk Melatih
Keterampilan Komunikasi  Sains.
Eduproxima: Jurnal IImiah

Pendidikan IPA, 7(1), 182-191.

EDUPROXIMA 8(4) (2026) 4247-4257

https://doi.org/ 10.29100/.v7i1.5860

Widodo, S. A., Wijayanti, A., Irfan, M.,

Pusporini, W., Mariah, S., &
Rochmiyati, S. (2023). Effects of
Worksheets on  Problem-Solving
Skills:  Meta-Analytic  Studies.
International Journal of Educational
Methodology, 9(1), 151-167.
https://doi.org/10.12973/ijem.9.1.15
1

Wijaya, T. P., & Wilujeng, 1. (2024).

Development of Problem Based
Learning Collaborative ( PBL- C )
Physics E-Worksheet to Improve
Student  Problem Solving and
Collaboration Skills. JPPIPA Jurnal
Penelitian Pendidikan [PA, 10(1),
47-54, https://doi.org/
10.29303/jppipa.v10i1.5284

Winarti, Ambaryani, S. E., & Putranta, H.

2

(2022). Improving Learners
Metacognitive Skills with Self -
Regulated Learning based Problem-
Solving. International Journal of
Instruction, 15(1), 139-154. https:
/ldoi.org/10.29333/iji.2022.1528a

Yapatang, L., & Polyiem, T. (2022).

Development of the Mathematical
Problem-Solving  Ability  Using
Applied Cooperative Learning and
Polya ’ s Problem-Solving Process
for Grade 9 Students. Journal of
Education and Learning, 11(3), 40—
46. https://doi.org/10.5539/
jel.vl1ln3p40

4257


http://jurnal.stkippgritulungagung.ac.id/index.php/eduproxima

