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ABSTRACT

Problem-solving skills are essential competencies that need to be developed in 21st-century science
learning. This study aims to examine the effectiveness of the Problem-Based Learning (PBL) model in improving
problem-solving skills through a Systematic Literature Review (SLR). This review examined 17 primary
empirical research articles from the Scopus database published between 2020 and 2026. The findings indicate that
PBL has a positive impact on students’ problem-solving skills. The implementation of PBL combined with STEM,
electronic student worksheets (e-LKPD), PhET simulations, learning modules, computer simulations, and digital
books represents a range of strategies used to support problem-solving skills. The reported skills that developed
include understanding problems, formulating or planning solutions, implementing problem-solving plans, and
evaluating and reflecting on solutions. Nevertheless, outcomes for each aspect varied across studies; therefore,
the effectiveness of PBL should be interpreted in relation to the characteristics of the intervention, educational
level, and indicators measured. This review provides an overview of the potential of PBL and its implementation
variations for developing problem-solving skills in science learning.
Keywords: PBL; problem-solving skills; science learning

INTRODUCTION
Meeting the challenges of the 21st
century requires essential competencies in

Assessment  (PISA)  indicate  that
Indonesian students’ problem-solving skills
are still low (OECD, 2024). Leite and

learning, one of which is problem-solving
skills. Trilling and Fadel (2009) state that
these skills emphasize solving problems
encountered in complex life situations.
Problem-solving skills can train students to
understand and address problems when
facing future challenges (Knopfel et al.,
2024). Problem-solving activities require
students to identify, explore, and
understand problems, plan solutions,
determine and implement the best solution,
and then evaluate it (OECD, 2024).

In practice, problem-solving skills
remain low. The results of the 2022
Programme for International Student
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Dourado (2013) explain that low problem-
solving skills are associated with several
factors, including laboratory activities that
remain verification-based, limited
investigative activities, and learning that
does not connect subject matter with real-
world problems. Another factor is the lack
of engaging teaching materials to facilitate
learning, while teacher explanations tend to
be verbal without the support of interactive
media (Roosyanti & Larasati, 2026).

In addition, teacher-centered
instruction leaves students insufficiently
prepared to deal with real-world problems
(Damayanti et al, 2021). As a result,
students understand learning concepts
mainly through memorization and do not
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yet apply science concepts in everyday life.
An appropriate learning model or approach
is therefore needed to engage students in
scientific thinking and problem-solving.
One model considered effective for
improving problem-solving  skills is
Problem-Based Learning (PBL). Hmelo-
Silver (2004) explains that PBL presents
complex and authentic problem-solving
activities at the beginning of learning, after
which students apply science concepts to
solve the problems (Etherington, 2011).
The theoretical relationship between
PBL and problem-solving can be explained
by the alignment between the PBL learning
process and Polya’s (1973) four stages.
Authentic problems encourage students to
interpret a situation and identify what is
known and unknown (understanding the
problem). Organizing students and
planning investigations encourage them to
select information, formulate strategies,
and justify possible solution steps (devising
a plan). Guided individual or group
investigations allow students to carry out
their plans, collect evidence, and revise
their actions when the evidence does not
support their initial ideas (carrying out the
plan). Finally, presenting, discussing, and
evaluating solutions can encourage students
to check their answers, consider limitations,
and reflect on their process (looking back)
(Hmelo-Silver, 2004; Polya, 1973).
Learning that applies the PBL model
has been shown to improve problem-
solving skills (Hidaayatullaah et al., 2020).
The advantages of PBL include promoting
active  learning; developing critical
thinking, collaboration, and
communication  skills  relevant  to
surrounding problems; and increasing
students’ learning motivation (Nicholus et
al., 2023). PBL can also encourage students
to conduct in-depth  investigations
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consistent with constructivism and develop
collaborative, problem-solving-based
thinking, thereby preparing them to face
future challenges (Ulugmar, 2023).

Although previous reviews have
examined the general effectiveness of PBL
or particular variations—including a review
of innovative PBL strategies (Simatupang
et al., 2026) and a recent SLR focused on
science learning at the junior secondary
level (Setyawan et al., 2026)—their scopes
and synthesis approaches differ. This
review does not claim to be the first review
of PBL and problem-solving. Its intended
contribution is to organize findings from
selected Scopus-indexed literature
according to (a) Polya’s four problem-
solving stages, (b) learning features and
instructional-material innovations reported
alongside PBL, and (c) the educational
levels represented. This stage-oriented
mapping is descriptive: it does not calculate
a pooled effect size or establish that one
PBL innovation is superior to another. A
positive result in one study is not equivalent
to evidence of statistically significant
superiority over an alternative PBL format.
The research questions are as follows:

1. Which aspects of problem-solving
skills have developed most optimally,
and which need further improvement?

2. How effective is the implementation of
Problem-Based Learning (PBL) in
improving students’ problem-solving
skills in science learning?

3. What trends can be identified in
integrating Problem-Based Learning
(PBL)  with  various learning
approaches in science education
research?

4. How does the implementation of the
PBL model affect the improvement of
students’ problem-solving skills?
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METHOD

A Systematic Literature Review
(SLR) is a literature-review approach
conducted systematically, transparently,
reproducibly, and structurally to identify
and synthesize relevant research evidence
in order to answer a particular question or
address a specific topic or phenomenon
(Booth et al., 2021). This study used an
SLR to collect, evaluate, and synthesize
literature from research on implementing
Problem-Based Learning (PBL) to improve
students’ problem-solving skills in science
learning.

The literature search was conducted
using the Scopus database, and study
selection followed the PRISMA reporting
framework. The search source and selection
procedures define the scope of this review;
articles from other databases, including
studies published in Eduproxima, are cited

only as contextual literature and are not
counted among the 17 selected articles.
Articles were retrieved using Publish or
Perish (PoP). Search terms included
“Problem Based Learning,” “PBL,”
“Problem Solving Skill,” and “Science
Learning.”

The inclusion criteria for scholarly
articles were: (1) publication between 2020
and 2026; (2) peer-reviewed publication;
(3) discussion of PBL implementation for
students’ problem-solving in science
learning; (4) examination of PBL
integration with other innovative learning
approaches or strategies; and (5)
availability in English. Articles meeting
these criteria proceeded to analysis and
synthesis. The selected articles were
analyzed in accordance with PRISMA
guidance. The stages are presented in
Figure 1.

( Identification of new studies via database and registers ]

Records removed before screening:
Duplicate records (n=37)
Records marked as ineligible by
automation tools (n=156)
Record removed for other reasons
(n=49)

Record cxcluded
n=12

Report not retrieved
n—4

Reports excluded:

No open acces (n=12)
Different school level (n=17)
Error file (n=8)

Not a primary empirical study (n=3)
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w !
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-
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Figure 1. PRISMA Flow Diagram (Page et al., 2021)

The Scopus search identified 194
journal records, while 121 unpublished
journal records were also obtained. Before
screening, records were removed according
to specified criteria. A total of 37 duplicate
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records were removed; 156 records were
then automatically flagged as not meeting
the criteria, and 49 records were removed
for other reasons. After screening, 73
records remained for processing. Twelve
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records were not included in this analysis.
Of the 61 records sought for retrieval, only
57 were considered eligible for inclusion in
the analysis. Additional screening was then
conducted on the assessed reports. Twelve
records were excluded because full text was
not openly accessible, 17 because their
study populations outside the
elementary-to-senior-secondary levels,

WwEre

studies. Following selection and screening,
17 articles were included in this review.
RESULTS AND DISCUSSION

Scopus
publications

The scientific articles retrieved from
used to
from the

categorize
international

WEre

database. A summary of previous studies
relevant to this review is presented in Table

eight because of file errors, and three L
because they were not primary empirical
Table 1. Summary of the Studies Reviewed
Author/Year Dependent Learning Educatio L
No. . nal Findings
Variable Model
Level
1.  Martaningsih et Problem-solving PBL-STEM Elementary ~ The PBL-STEM module helps
al. (2022) skills model with a students understand everyday
module problems from multiple perspectives.
2. Winartoetal. Problem-solving  PBL model with Junior The problem-solving aspects reported
(2025) skills and e-LKPD secondary  to improve significantly through PBL
environmental integrated with with locally contextualized e-LKPD
awareness local potential were understanding the problem and
planning a solution.
3. Saputrietal. Problem-solving  PBL model with Junior Problem-Based Learning supported
(2025) skills e-LKPD and secondary by PhET (Physics Education
PhET Technology) can improve students’
problem-solving skills.
4.  Agustoni et al. Problem-solving Contextual Elementary  Contextual Problem-Based Learning
(2021) skills Problem-Based instructional tools can improve
Learning problem-solving skills.
(CPBL)
5. Damayantietal. Problem-solving PBL model with  Junior e  Problem-solving skills can
(2021) skills a science secondary improve through a PBL-based
module science module.

e The aspect reported to improve
significantly was problem
identification.

6.  Santuthi etal. Problem-solving PBL model Junior PBL can improve problem-solving
(2020) skills and secondary and critical-thinking skills.
critical-thinking
skills
7. Aslan & Problem-solving  PBL model with  Junior PBL with a virtual learning
Duruhan (2021)  skills a Virtual secondary environment can improve students’
Learning thinking skills.
Environment
(VLE)
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Author/Year Dependent Learning Educatio -

No. . nal Findings

Variable Model
Level
8. Amandaetal. Problem-solving PBL model Senior The CS-PBL model can improve
(2023) skills using a secondary students’ critical-thinking and
Complexity problem-solving skills.
Science
approach

9. Monsang et al. Problem-solving PBL model Junior Problem-Based Learning is effective

(2021) skills secondary in improving secondary students’
science problem-solving skills in
Thailand.

10. Alfianaetal. Problem-solving PBL-STEM Senior PBL-STEM lesson plans and ILAU

(2021) skills model with secondary with formative assessment can
lesson plans and improve students’ problem-solving
ILAU skills.

11. Hidaayatullaah  Problem-solving PBL model Senior Students’ problem-solving skills
et al. (2020) skills secondary improved through the implementation

of PBL.

12.  Treepaob et al. Problem-solving PBL model Junior PBL promotes the development of
(2023) skills secondary students’ scientific problem-solving

skills.

13.  Prahani et al. Problem-solving PBL model with  Senior Online PBL assisted by a digital-book
(2022) skills a 3D digital secondary application with 3D animation

book improves students’ problem-solving
skills.

14. GOk & Problem-solving  PBL model with  Junior PBL effectively improves junior
Boncukcu skills and an e-module secondary secondary students’ problem-solving
(2023) environmental skills and environmental literacy in

literacy Sanliurfa, Tirkiye.

15.  Fitriani etal. Problem-solving PBL-POE Senior The PBL-POE model is effective in
(2020) skills and self- model secondary improving students’ problem-solving

efficacy skills and self-efficacy.

16. Parnoetal. Problem-solving PBL-STEM Senior Integrating PBL and STEM can
(2021) skills model secondary improve students’ thinking skills.

17. Simanjuntak et  Problem-solving PBL model with  Senior e The problem-solving aspect
al. (2021) skills and computer secondary reported to improve significantly

creative- simulations was formulating solutions.
thinking skills e Combining PBL with computer

simulations can improve problem-
solving and creative-thinking
skills.

Which aspects of problem-solving
skills have developed most optimally,
and which need further
improvement?

Polya (1973) identifies several
aspects of problem-solving skills that
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students should possess: understanding
the problem, devising a plan, carrying
out the plan, and evaluation and
reflection.

Based on the analysis of the
articles above, the PBL model can
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improve students’ problem-solving

skills; however, not all aspects have

developed optimally. The 17 studies
reviewed yielded the following
findings:

a. Understanding the problem
Seven studies indicate that students
were able to understand and identify
complex, contextual problems
while actively searching for and
gathering the information needed to
understand those problems more
deeply (Martaningsih et al., 2022;
Winarto et al., 2025; Damayanti et
al., 2021; Monsang et al., 2021;
Hidaayatullaah et al., 2020; Prahani
et al., 2022; Parno et al., 2021).

b. Planning a problem-solving
approach
Six studies report that students were
able to design possible solutions
through discussion and exploration.
Students were also able to analyze
information, develop strategic steps
for formulating alternative
solutions, and determine
appropriate problem-solving
methods (Winarto et al., 2025;
Damayanti et al., 2021; Monsang et
al., 2021; Hidaayatullaah et al.,
2020; Prahani et al, 2022;
Simanjuntak et al., 2021). These
findings are consistent with Sapitri
et al. (2024), who reported
achievement rates of 90.62% for
understanding the problem and
84.37% for planning a solution in
PBL-based biotechnology learning.
This difference indicates variation
in achievement across stages,
although the results cannot be
generalized because of differences
in context, instruments, and
participant characteristics.
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¢. Carrying out the problem-

solving plan

Four studies report that students
were able to implement the
solutions they had designed
(Amanda et al., 2023; Monsang et
al., 2021; Fitriani et al., 2020;
Simanjuntak et al., 2021). This
finding indicates that implementing
solutions is one aspect of problem-
solving skills developed through
problem-based learning.

Meanwhile, eight studies
identify evaluation and reflection as
components of problem-solving that
still require strengthening (Amanda et
al., 2023; Saputri et al., 2025; Alfiana
et al., 2021; Hidaayatullaah et al.,
2020; Monsang et al., 2021; Santuthi et
al., 2020; Simanjuntak et al., 2021;
Treepob et al., 2023).

Setyawan et al. (2026) describe
the relationship between PBL stages
and Polya’s problem-solving
indicators, including the importance of
evaluation for reflecting on solution
effectiveness. PBL should be designed
so that investigation and solution
implementation are followed by
explicit, evidence-based evaluation
and reflection. Learning should
therefore provide more practice in
comparing alternative solutions using
evidence, identifying weaknesses in
strategies, and reflecting on results to
determine necessary improvements.
How effective is the implementation
of Problem-Based Learning (PBL) in
improving students’ problem-solving
skills in science learning?

PBL is a learning model that has
been shown to effectively improve
various skills needed to face future
challenges, including problem-solving
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skills. The literature review identified

several key characteristics of
including:

a. Presenting authentic

PBL,

and

contextual problems at the
beginning of learning.

Authentic and contextual problems
in PBL encourage students to
identify problems, gather
information, and formulate
solutions, thereby supporting the
development of problem-solving
skills through meaningful learning
(Diana & Natadiwijaya, 2026).
Positioning students at the center of
learning.

Students must play an active role in
solving problems, while the teacher

acts only as a facilitator
(Simatupang et al., 2026).

The need for communication and
collaboration

Good  communication  fosters
effective  collaboration among
students, enabling them to build a
shared conceptual understanding
while solving problems (Dewi et
al., 2026).

Independence

The PBL model encourages
students to explore independently
when solving problems
(Damayanti et al., 2021).

The effective implementation of PBL

involves several stages, as shown in
Figure 2 (Agustoni et al., 2021).

on the problem

The orientation of students ’ Organizing the students to

‘ Guid individual
investigations or class

¥

Analyze and evaluate

« Develop and present work

Figure 2. Stages of PBL

a. Orienting students to the problem

At this stage, students are presented
with a contextual problem related to
everyday life, prompting curiosity
and a desire to solve it.

Organizing students for learning
The class is divided into groups to
determine ways to solve the
problem. The teacher helps define
and organize learning tasks related
to the problem.

C.

Guiding individual and group
investigations

This is the core stage of PBL, in
which students actively analyze
information and determine
appropriate solutions based on the
Several

studies use learning tools and

information  obtained.
instructional materials to support
PBL implementation, as shown in
Table 2.

Table 2. PBL Innovations Identified in the Reviewed Articles

Innovation

Author

PBL-STEM model with a module

Martaningsih et al. (2022)

PBL model with e-LKPD integrated with local potential

Winarto et al. (2025)

PBL model with e-LKPD

Saputri et al. (2025)

Contextual Problem-Based Learning (CPBL) model with

instructional tools

Agustoni et al. (2021)
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Innovation

Author

PBL model with a science module

Damayanti et al. (2021)

PBL model with a Virtual Learning Environment (VLE)

Aslan & Duruhan (2021)

PBL model using a Complexity Science approach

Amanda et al. (2023)

PBL-STEM model with lesson plans and ILAU

Alfiana et al. (2021)

PBL model with a 3D digital book

Prahani et al. (2022)

PBL model with an e-module

GOk & Boncukgu (2023)

PBL-POE model

(Problem-Based Learning—Predict, Observe, Explain)

Fitriani et al. (2020)

PBL-STEM model

Parno et al. (2021)

PBL model with computer simulations

Simanjuntak et al. (2021)

Most  studies  introduced
innovations to the PBL model in
order to improve students’ problem-
solving skills. Fitriani et al. (2020),
for example, explain that PBL-POE
connects prediction, observation,
and explanation based on evidence.
Setyawan et al. (2026) identify links
between PBL stages and problem-
solving skill indicators. These
findings  suggest that PBL
effectiveness is associated not only
with presenting problems but also
with implementing each learning
stage that helps students understand
problems, plan solutions, apply
strategies, and evaluate outcomes.

d. Developing and presenting the
work
After conducting an investigation,
students identify their best solution
and present their work individually
or in groups (Winarto et al., 2025).
e. Analyzing and evaluating the
problem-solving process
In the final stage of PBL, students
evaluate the effectiveness of the
selected solution and reflect on it
(Damayanti et al., 2021; Amanda et
al., 2023; Saputri et al., 2025).
Several studies included in this
synthesis reported positive outcomes
from implementing Problem-Based
Learning (PBL) integrated with digital
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technology or other instructional
approaches. For example, Simanjuntak
et al. (2021) found that PBL assisted by
computer simulations resulted in
statistically better problem-solving
skills than PBL alone and conventional
instruction. Meanwhile, Prahani et al.
(2022) reported that online PBL
assisted by a digital book featuring 3D
animations was effective in improving
students’ physics problem-solving
skills. However, these findings should
be interpreted in light of each study’s
research design and comparison
groups. Thus, the findings suggest the
potential benefits of integrating PBL
with supporting technologies, but they
do not establish that such integration is
consistently more effective than PBL
alone across different learning
contexts.

What trends can be identified in
innovative Problem-Based Learning
(PBL) strategies in science learning?
Trends in innovative PBL strategies in
science learning have developed in
response to the needs of 21st-century
education. PBL is no longer used only
as a standalone learning model; it is
increasingly  developed  through
innovative learning strategies
involving digital technology, different
learning  approaches, instructional
materials, and learning tools. The
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categories of instructional innovation
identified in the literature are presented
in Table 3.

Table 3. Categories of PBL Innovation

No. Innovation Articles
Category
1 PBLand a.  Winarto et al. (2025): PBL with e-LKPD integrated with local potential
Technology Use b. Saputri et al. (2025): PBL with e-LKPD
c. Aslan & Duruhan (2021): PBL with a Virtual Learning Environment
(VLE)
d. Prahani et al. (2022): PBL with a 3D digital book
e. GOk & Boncukgu (2023): PBL with an e-module
f. Simanjuntak et al. (2021): PBL with computer simulations
2 PBL Integrated a. Amanda et al. (2023): PBL using a Complexity Science approach
with Learning b. Fitriani et al. (2020): PBL-POE (Problem-Based Learning—Predict,

Approaches Observe, Explain)

c. Parnoetal. (2021): PBL-STEM
3 PBL with a. Martaningsih et al. (2022): PBL-STEM with a module
Instructional b. Damayanti et al. (2021): PBL with a science module
Materials
4 PBL with a. Agustoni et al. (2021): Contextual Problem-Based Learning (CPBL) with

instructional tools
b. Alfianaetal. (2021): PBL-STEM with lesson plans and ILAU

Learning Tools

The categories of innovation are also illustrated in Figure 3.

PBL Innovation Categories

PBL and Technology PBL Integrated with PBL with Instructional PBL with Learning
Integration Learning Approaches Materials Devices

Figure 3. Diagram of PBL Innovation Categories

As shown in the diagram, the
most dominant innovation is the use of
digital technology, such as e-LKPD, e-
modules, Virtual Learning
Environments (VLE), and 3D digital
books. These technologies are intended
to increase motivation and make
students’ problem-solving activities
more interactive.

Another trend is integrating PBL
with learning approaches such as
Complexity Science, POE, and STEM.

EDUPROXIMA 8(4) (2026) 4531-4544

These integrations aim to complement
the structure of PBL, improve students’
collaboration, communication, and
independence, and help them connect
concepts with real-world problems
(Fitriani et al., 2020).

Another trend is the development
of PBL-based instructional materials,
including science modules and PBL-
STEM modules. These materials are
designed to improve  students’
problem-solving skills. Learning tools
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have also been developed, including
lesson plans, ILAU student activity
sheets, and contextual learning
resources systematically designed to
optimize PBL implementation (Alfiana
et al., 2021).

4. How does the implementation of the
PBL model affect the improvement
of students’ problem-solving skills in
science learning?

Based on the review of 17
Scopus-indexed articles, PBL
consistently shows a  positive
association with students’ problem-
solving skills across elementary, junior
secondary, and senior secondary
education. The implementation of PBL
reported in the 17 articles is presented
in Figure 4.

Levels

= o

[SS]

- -

Elementary School  Tunior High School

Implementation of PBL Across Educational

Senior High School

Figure 4. Implementation of PBL at Each Educational Level

PBL can be applied to improve
students’ problem-solving skills at every
educational level. This is supported by
Santuthi et al. (2020) and Prahani et al.
(2022), who reported positive effects of
PBL on problem-solving skills. Monsang et
al. (2021) also found that PBL positively
affects problem-solving ability. In addition,
Aslan and Duruhan (2021) emphasize that b.
PBL can improve students’ learning
motivation, collaboration, communication,
and independence. Thus, its effects are not
limited to cognitive aspects but also include
affective aspects. The effects of PBL at each
educational level are described below:

a. Elementary School

Several studies reviewed indicate
that PBL is effective in improving
problem-solving skills (Dewi et al.,
2026). In addition, PBL-STEM
modules can improve elementary
students’ analytical and problem-
solving skills (Martaningsih et al.,

EDUPROXIMA 8(4) (2026) 4531-4544

2022). Agustoni et al. (2021) state that
the Contextual Problem-Based
Learning (CPBL) model, supported by
learning tools, can connect science
concepts with contextual real-life
problems. PBL has a positive effect on
elementary students’ problem-solving
skills.
Junior Secondary School

PBL is more frequently
implemented at the junior secondary
level. Innovations at this level include
science modules, e-LKPD, and Virtual
Learning Environments (VLE). These
instructional materials make learning
more active and structured. Materials
integrated with local potential further
increase  students’ engagement in
solving problems relevant to everyday
life (Winarto et al., 2025). In addition to
improving junior secondary students’
problem-solving skills, PBL can also
influence critical-thinking skills and
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environmental
Boncukeu, 2023).
¢. Senior Secondary School
Unlike at the elementary and
junior secondary levels, PBL at the
senior secondary level is often

literacy (Gok &

combined with various approaches and
digital  technologies to  expand
opportunities for independent
exploration and investigation (Prahani
et al, 2022). Integrating PBL with

CONCLUSION

Based on a Systematic Literature
Review of 17 primary empirical research
articles indexed in Scopus and published
between 2020 and 2026, Problem-Based
Learning (PBL) shows positive potential for
improving students’ problem-solving skills
in science learning at the elementary, junior
secondary, and senior secondary levels.
PBL, whether implemented independently
or integrated with STEM, POE, Complexity
Science, instructional materials, and digital
technology, has been reported to develop
various aspects of problem-solving. In terms
of Polya’s stages, understanding the
problem and planning a solution were
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