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Introduction

Abstract: Problem-solving skills and self-efficacy are essential competencies that enable
students to face academic and real-life challenges, particularly in science learning. One
instructional approach frequently associated with the development of these
competencies is the Problem-Based Learning (PBL) model. However, research findings
on the effectiveness of PBL in enhancing problem-solving skills and self-efficacy show
varied results and have not been systematically synthesized, especially in the context of
science education. Therefore, this study aims to identify and describe trends in research
subjects, research designs, and types, as well as key findings related to the application of
the PBL model to problem-solving skills and self-efficacy through a Systematic Literature
Review (SLR). This study analyzed 20 research articles published over the last ten years
(2016-2025) and indexed in the Directory of Open Access Journals (DOA]J). The selected
articles were examined using a content analysis observation sheet to identify research
subjects, methodological approaches, and key findings. The results show that research
on PBL is dominated by studies conducted at the senior high school level, while research
at the elementary and junior high school levels remains limited. Quantitative research
designs, particularly quasi-experimental studies, predominate, with relatively few
qualitative, mixed-methods, and research and development (R&D) studies. The key
findings reveal variations in the achievement of problem-solving skill indicators and self-
efficacy dimensions across studies. These findings indicate that although the PBL model
has the potential to enhance problem-solving skills and self-efficacy, its effectiveness is
influenced by student characteristics, learning contexts, and instructional design. This
study highlights the need for further research, particularly at the elementary and junior
high school levels, and encourages methodological diversification as well as the
integration of PBL with other learning models and instructional strategies. Overall, this
SLR provides a comprehensive overview that can serve as a reference for researchers and
educators in developing more effective and context-sensitive PBL implementations in
science education.
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problem-solving skills and self-efficacy, which are
considered essential competencies in modern education.

Education is required to prepare students to face
future challenges and to develop confidence in their own
potential. Students are expected to be able to extrapolate
what they have learned and apply their knowledge in
new and unfamiliar situations (OECD, 2023). This
readiness can be fostered through the development of
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Problem-solving skills are crucial because students will
inevitably encounter various problems that require
creative and systematic solutions (Sumiantari et al.,
2019). In addition, fostering students’ self-efficacy is
necessary to strengthen their confidence in the learning
process. Higher levels of self-efficacy are associated with
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greater effort and perseverance when students face
learning challenges and problem-solving tasks (Amanda
et al., 2014). Therefore, learning processes, including
science education, should habituate students to make
decisions confidently by integrating strong problem-
solving skills and self-efficacy.

Problem-solving skills refer to the ability of
individuals or groups to resolve problems through a
series of structured stages. These stages include
understanding the problem, planning a solution,
implementing the solution, and reviewing the results
(Polya, 1973). In science learning, problem-solving skills
support students in developing a deeper understanding
of scientific concepts. Learning activities that emphasize
problem-solving train students to think systematically
and carefully (Hadi & Radiyatul, 2014). Furthermore,
problem-solving skills encourage students to construct
knowledge, apply scientific concepts, and relate learning
experiences to real-life contexts (Sumiantari et al., 2019).

Despite their importance, current conditions
indicate that many students still experience difficulties
in solving science-related problems. Several
contributing factors have been identified. Teachers often
prioritize concept mastery and the achievement of
minimum assessment standards (Zebua et al., 2025). As
a result, students tend to rely on memorization and
demonstrate limited ability to apply concepts in
problem-solving contexts (Mariana et al.,, 2022). This
situation ultimately affects students’” decision-making
abilities, which are not yet optimally developed.

In addition to problem-solving skills, self-efficacy
plays a significant role in influencing individuals’
actions and decisions. Self-efficacy is defined as an
individual’s belief in their capability to organize and
execute the actions required to achieve specific goals
(Bandura & Adams, 1997). Higher self-efficacy is
associated with stronger problem-solving abilities
(Fauziana, 2022). Self-efficacy influences behavioral
choices, the level of effort exerted, persistence, and
students” motivation to learn (Yulita & Defrinal, 2024).

However, students’ self-efficacy in science learning
is also reported to be relatively low. This condition is
reflected in behaviors such as cheating during
assessments and a lack of confidence in presenting ideas
or expressing opinions during classroom activities.
Students with low self-confidence in science learning
tend to be less active in discussions and more inclined to
engage in dishonest practices (Rahayu et al, 2018).
Consequently, this situation limits students’ ability to
make strategic and independent decisions.

From an operational perspective, educational
practices should be consciously and systematically
designed to develop both problem-solving skills and
self-efficacy. One practical approach to achieving this
goal is the implementation of learning models that are
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aligned with these competencies. Problem-Based
Learning (PBL) is recognized as an innovative learning
model that is relevant to developing problem-solving
skills and self-efficacy.

The PBL model emphasizes the use of contextual
problems as the foundation for understanding scientific
concepts. The problems presented are closely related to
students”  everyday  experiences,  encouraging
meaningful learning. PBL provides opportunities for
students to identify relevant problems and actively
engage in problem-solving activities (Sepriyani et al.,
2018). Previous studies have reported that PBL has a
positive impact on the learning process and can enhance
students” problem-solving skills (Yasin & Novaliyosi,
2023). In addition, the implementation of PBL has been
shown to increase student motivation and improve the
effectiveness of science learning (Dinda R & Atmojo,
2024). Through these processes, PBL allows students to
participate actively in learning while strengthening both
problem-solving skills and self-efficacy.

Numerous studies have demonstrated the
effectiveness of the PBL model in improving students’
problem-solving abilities. PBL has been shown to
motivate students to engage more actively in problem-
solving tasks ("Adiilah & Haryanti, 2023) and is
considered one of the most relevant and effective
approaches for developing problem-solving skills
(Handayani et al., 2024). The model facilitates deep
analysis and the synthesis of information required to
solve complex problems. Moreover, PBL has also been
found to influence students’ self-efficacy (Sujarwo,
2020).

Although many studies have examined the
relationship between PBL and problem-solving skills,
particularly  in = mathematics,  research  that
simultaneously investigates PBL, problem-solving skills,
and self-efficacy in science education remains limited. In
particular, systematic literature reviews addressing
these three variables in the context of science learning
are still scarce. This gap is significant, considering that
problem-solving skills and self-efficacy are generic
competencies that should be developed across all subject
areas, including science.

Therefore, this study aims to identify and describe
trends in research subjects, research designs, and key
findings related to the application of PBL to problem-
solving skills and self-efficacy in science education.
Through this systematic review, a comprehensive
understanding of the contribution of the PBL model to
these two competencies can be obtained. The findings of
this review are expected to assist researchers and
educational practitioners in mapping areas that have
been sufficiently explored and those that remain under-
researched, thereby supporting the development of
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relevant and practical strategies to enhance problem-
solving skills and self-efficacy in science learning.

Method

This study employed the Systematic Literature
Review (SLR) method to synthesize empirical evidence
related to the application of the Problem-Based Learning
(PBL) model to problem-solving skills and self-efficacy
in science education. The SLR method was selected
because it enables researchers to systematically collect
and integrate findings from previous studies in order to
answer predefined research questions in a transparent
and replicable manner (Pollock & Berge, 2018). In line
with this purpose, the SLR is commonly used to identify,
evaluate, collect, and analyze relevant studies to provide
a comprehensive understanding of a particular research
topic (Snyder, 2019).

This review was conducted to identify and describe
trends in research subjects, research designs, and
research types, as well as the key findings of studies
examining the implementation of the PBL model in
relation to problem-solving skills and self-efficacy.
Accordingly, the focus of the review was directed
toward understanding how PBL has been investigated
across different educational levels, how methodological
approaches have been applied, and what outcomes have
been reported in science education contexts.

The process of identifying relevant articles began
with determining the data source, publication period,
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and search keywords. Articles were retrieved from the
Directory of Open Access Journals (DOAJ), which is
accessible at https://doaj.org/. DOA] is a globally
recognized index of peer-reviewed open-access journals
and is widely regarded as a gold standard for open-
access scholarly publishing. Therefore, it was considered
a reliable and representative source for identifying
articles relevant to the research objectives. The literature
search was conducted in April 2025, covering a
publication period of ten years, starting from 2016. This
time frame was chosen to capture recent developments
and research trends related to the PBL model over the
past decade.

The search process employed keywords such as
PBL, problem-solving skills, problem-solving, and self-
efficacy to ensure the retrieval of studies aligned with
the research focus. Following the search, the articles
were screened based on predefined inclusion criteria.
Only full-text original research articles written in
Indonesian or English were included. In addition, the
selected studies had to focus on science or science
education and explicitly address the application of the
PBL model in relation to problem-solving skills, self-
efficacy, or both variables. Through this selection
process, a total of 20 articles were identified as meeting
the inclusion criteria and were subsequently analyzed.
The overall process of article identification, screening,
and selection followed the PRISMA framework, as
illustrated in Figure 1.
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Figure 1. PRISMA model
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Data analysis was conducted using a content
analysis observation sheet adapted from Susetyarini &
Fauzi (2020). This instrument was used to systematically
extract and categorize information from each selected
article, including research subjects, research designs and
research types, and key findings. The inclusion of key
findings as a core analytical component was essential to
address the research objectives and to provide a
comprehensive synthesis of evidence regarding the
effectiveness and challenges of implementing the PBL
model in enhancing problem-solving skills and self-
efficacy in science education.

Result and Discussion

The results of this systematic literature review are
presented according to the research questions, namely
trends in research subjects, research designs and types,
and key findings related to the application of the
Problem-Based Learning (PBL) model to problem-
solving skills and self-efficacy in science education.

The application of the PBL model in science
education has been implemented across elementary,
secondary, and higher education levels, as shown in
Figure 2. The findings indicate that senior high school
students dominate the research subjects in studies
applying the PBL model. This is followed by junior high
school students, while research conducted at the
elementary school and university levels remains limited.
Specifically, of the 20 articles analyzed over the past ten
years, only four studies focused on junior high school
students, and these studies primarily examined the
effect of PBL on problem-solving skills.

These findings suggest that research examining the
influence of the PBL model on self-efficacy, as well as
studies integrating self-efficacy with problem-solving
skills, still has considerable potential to be expanded,
particularly at the junior high school level
Problem-solving is widely regarded as a core
21st-century competence because people constantly face
novel, complex challenges at school, work, and in daily
life, and addressing these often requires creative,
non-routine thinking (Simanjuntak et al., 2021; Wang et
al., 2023; Khamcharoen et al., 2022; Nicholus et al., 2023).
Problem-solving skills are essential because individuals
continuously encounter problems that require creative
solutions (Zebua et al., 2025). Furthermore, students
with high self-efficacy tend to demonstrate perseverance
when facing complex problems (Sunaryo, 2017).
Therefore, strengthening problem-solving skills and
self-efficacy from the elementary and junior high school
levels is critical. In this context, the PBL model serves as
an innovative learning approach capable of supporting
the development of these competencies.
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Figure 2. Research subjects

The analysis of the reviewed articles shows that
quantitative research dominates studies on the
application of the PBL model in science education, as
illustrated in Figure 3. Most of these quantitative studies
employ experimental approaches, particularly quasi-
experimental designs. In contrast, research and
development (R&D), qualitative, and mixed-methods
studies are relatively limited.
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Figure 3. Research design

Quantitative research in education is commonly
conducted to obtain empirical data that can be used to
test, verify, and refine educational theories
(Rukminingsih et al., 2020). Experimental designs are
especially relevant for examining cause-and-effect
relationships between variables (Gall et al., 2003).
Among these, quasi-experimental designs are the most
frequently used, as they allow researchers to investigate
instructional interventions using intact classroom
groups. This preference is largely influenced by practical
constraints in  educational settings, such as
administrative policies that limit random assignment of
participants (Rasyid, 2022). Consequently, researchers
often designate existing classes as experimental and
control groups, making quasi-experimental designs
more feasible while still maintaining acceptable
methodological rigor (Cook & Campbell, 1979).
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m Factorial 2 x 2 (10.0%)
B Quasi Experimental (45.0%)

Figure 4. Design types of research

Despite the dominance of quantitative and quasi-
experimental approaches, the limited use of qualitative,
mixed-methods, and R&D designs indicates a gap in
research diversity. These approaches have the potential
to provide deeper insights into learning processes,
contextual factors, and the development of instructional
products that support the implementation of PBL.
Quantitative studies are often strong in inferential
power but tend to inadequately capture the dynamics of
the learning process, subjective experiences, and
contextual factors that influence the success of PBL (Zen
etal., 2022; Zhong et al., 2025). Therefore, future research
is encouraged to adopt more varied research designs
and types to comprehensively examine how PBL
influences problem-solving skills and self-efficacy in
science education.

The key findings of the analysis of the PBL model’s
effect on problem-solving skills and self-efficacy are
presented in Table 1. Upon further exploration, varied
results were found in the application of PBL to problem-
solving abilities. This indicates that there is
inconsistency in applying PBL to problem-solving skills.
For example, research by Sarkity et al. (2018) found that
the PBL model could improve problem-solving skills in
solving physics moment problems. In contrast, Kinasih
et al. (2023) reported that students' ability to solve
physics problems was relatively low, with only one
indicator, problem analysis, categorized as good, while
planning, creating, and evaluating solutions were

considered low. Further detailed analysis by Saputri &
Febriani (2017) found that problem-solving abilities
were highest in diagnosing problems and lowest in
evaluating solution strategies. According to Ekasari et al.
(2018), there was a positive change in defining the
problem stage, but the ability to understand causal
relationships in problems remained low. Furthermore,
Komala et al. (2021) showed that the PBL model affected
students' problem-solving skills in biodiversity content,
though some students still struggled to find the right
solution.

Another important finding is the influence of the
PBL model on students” self-efficacy. After specifically
reviewing articles published within the last ten years, it
was found that the number of studies examining PBL in
relation to self-efficacy remains very limited.
Considering the crucial role of self-efficacy for students,
this situation presents a valuable opportunity for further
research focusing on its improvement. According to
Fitriani et al. (2020), the PBLPOE model is the most
effective in promoting students' problem-solving skills
and self-efficacy. Therefore, the PBLPOE model is
recommended for implementation across a more diverse
population and educational levels. Furthermore,
Larasati et al. (2019) reported that there is an interaction
between the PBL model and self-efficacy levels in
influencing problem-solving skills, which include
problem formulation, hypothesis development, data
collection, drawing conclusions, and decision-making.
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Interestingly, the study by Emrisena et al. (2018)
presents a contradictory finding, revealing that there
was no interaction between the PBL model and self-
efficacy in relation to science process skills, specifically
in problem formulation and hypothesis development.
Based on these findings, there is significant research
potential in developing various PBL innovations to help
students adapt more effectively to the implementation of
this learning model. Further analysis by Wahyuni &
Miterianifa (2019) revealed that PBL-based student
worksheets improved self-efficacy among students with
low self-efficacy, particularly in the dimensions of
generality and magnitude. This finding is supported by
Diani et al. (2019), who found that PBL-based scaffolding
was effective in enhancing students’ conceptual
understanding and self-efficacy in physics learning;
however, the increase in self-efficacy was relatively low.
In particular, the experimental group scored lower in the
generality ~dimension. These findings highlight
opportunities for further studies, especially by
integrating PBL with other learning models to maximize
its impact on student’s self-efficacy. This research
direction is not only interesting but also essential, as
high self-efficacy fosters independence and resilience,
shaping students into strong and self-reliant
individuals.

The results of this SLR comparing key findings
reveal that there are still challenges in empowering and
improving students' problem-solving skills and self-
efficacy. For example, the integration of the PBL model
used may improve problem-solving skills and self-
efficacy, or just one of these variables, which may not
necessarily be the case in other schools. This means that
the innovation of the PBL model needs to consider the
characteristics of students and the topic being studied.
The implementation of the PBL model requires an
extended period for further information gathering
(Ghufron & Ermawati, 2018). Students' low reading
interest has become an obstacle to gaining an initial
understanding of the topic as a step toward problem-
solving (Ghani et al., 2021). Based on this, PBL has not
been able to provide in-depth material at the beginning
as the next step for problem-solving. This situation
provides an opportunity for researchers to combine the
PBL model with other models as an effective mitigation
strategy to empower problem-solving skills and self-
efficacy. This research also has a limited scope, focusing
only on one data source and on the variables of problem-
solving skills and self-efficacy in science education.
Additionally, this study contributes to the research trend
of systematic reviews on problem-solving skills in
science education. So far, systematic reviews on
problem-solving skills and self-efficacy in science
education are very limited. Therefore, there is an
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opportunity to conduct further SLR research to complete
and expand the findings of this study.

Table 1. Important research result

Authors (Year) Important Results
Aprilia et al. PBL significantly improved problem-solving
(2020) skills on temperature and energy topics;

students responded positively.
Knopfel et al. PBL enhanced short-term problem-solving
(2024) skills and knowledge acquisition.
Emrisena et al. PBL affected science process skills, but no
(2018) interaction with self-efficacy was found.
Zebua et al. PBL-based science modules significantly
(2025) improved students” problem-solving skills.

Komala et al.
(2021)

Kinasih et al.
(2023)

Khoiriyah &

Husamah (2018)
Sari et al. (2024)

PBL improved problem-solving skills in
biodiversity content, although some
students struggled to find correct solutions.
Problem-solving skills remained low in
several indicators, highlighting the need for
habituation through PBL.

PBL improved creative thinking, problem-
solving skills, and learning outcomes.
CS-PBL showed a positive relationship
between science literacy and problem-
solving skills.

Leasa et al. PBL correlated with creative thinking and
(2021) problem-solving skills in elementary
education.
Wahyuni & PBL-based worksheets slightly improved
Miterianifa students’ self-efficacy.
(2019)
Fitriani et al. PBLPOE was effective in improving both
(2020) problem-solving skills and self-efficacy.
Oktavia et al. PBL improved learning outcomes and
(2024) problem-solving abilities.
Mustajab etal.  7-step PBL improved problem-solving skills
(2020) regardless of scientific reasoning levels.
Larasati et al. PBL increased problem-solving skills, with
(2019) differences based on self-efficacy levels.
Pitaloka & Blended-PBL effectively improved problem-

Suyanto (2019)

Pucangan et al.

solving skills in ecology.
Conceptual scaffolding in PBL improved

(2018) problem-solving skills.
Ekasari et al. PBL improved problem definition but not
(2018) causal reasoning.
Sarkity et al. PBL improved students’ ability to solve
(2018) physics moment problems.
Diani et al. PBL-based scaffolding improved self-
(2019) efficacy, though gains were limited.
Saputri & PBL enhanced readiness to solve problems;

Febriani (2017)

evaluation indicators remained weakest.

Conclusion

This systematic literature review indicates that, over

the past ten years, research on the application of the
Problem-Based Learning (PBL) model to problem-
solving skills and self-efficacy in science education has
been limited to 20 articles indexed in the DOA]J database,
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with fluctuating publication trends between 2017 and
2025. The reviewed studies predominantly focus on
senior high school students, while research at the
elementary and junior high school levels remains scarce,

despite the importance of developing these
competencies from an early educational stage.
Methodologically, quantitative research designs—

particularly quasi-experimental studies —dominate the
existing literature. The limited use of qualitative, mixed-
methods, and R&D approaches suggests a need for
greater methodological diversity to better understand
learning processes and to develop innovative
instructional models. The analysis of key findings
reveals variations in the achievement of problem-
solving skill indicators and self-efficacy dimensions,
indicating that the effectiveness of PBL is context-
dependent and influenced by student characteristics and
instructional design. Overall, this SLR highlights the
need for systematic efforts to improve students’
problem-solving skills and self-efficacy, particularly at
the elementary and junior high school levels. Future
research is encouraged to explore innovative
adaptations of the PBL model, including its integration
with other learning models, media, and instructional
approaches, to optimize its impact. Further systematic
literature reviews using broader data sources are also
recommended to address the limitations of this study
and to strengthen the evidence base for PBL
implementation in science education.
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