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Abstract

The Problem-Based Learning (PBL) model encourages students to engage with real-world problems, fostering contextual and
meaningful learning experiences that reduce the perception of abstract thinking. This approach is considered beneficial for enhancing
students' self-confidence. However, previous studies examining the effectiveness of the PBL model on self-confidence have reported
inconsistent findings. To address this gap, the present study conducted a meta-analysis to evaluate the overall impact of the PBL model
on student self-confidence in comparison to conventional learning models. The analysis synthesized 20 effect sizes from 17 primary
studies published between 2016 and 2022. Using a random effects estimation model, the findings indicate a statistically significant and
moderately positive impact of PBL on students’ self-confidence. These results offer a more objective understanding of the PBL model’s
effectiveness and highlight its potential as a pedagogical strategy for fostering confidence in learners. The study provides valuable
insights for educators and policymakers in selecting instructional approaches that support student development.
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1. INTRODUCTION

Self-confidence represents a crucial psychological construct that significantly contributes to enhanced
academic performance and learning outcomes (Al-Hebaish, 2012; Stankov et al., 2012; Srivastava, 2013;
Kukulu et al., 2013; Rezaei, 2012; Fatma, 2015; Hwang et al., 2016; Ciftci and Yildiz, 2019; Basith et al., 2020).
This attribute plays a pivotal role in shaping learners’ emotions, cognition, behaviors, and motivational states
(Bandura, 1977; Williams and Rhodes, 2016; Voica et al., 2020; Junli et al., 2021; Sonmez Unal et al., 2025).
For instance, students exhibiting low levels of self-confidence are often reluctant to engage with complex tasks
and are more likely to withdraw prematurely. Conversely, individuals who possess higher degrees of self-
confidence demonstrate greater perseverance and exert more consistent effort when faced with academic
challenges (Bandura, 1994; Pajares and Miller, 1994; Benabou and Tirole, 2002; Karimi, 2014; Fischer and
Sliwka, 2018; Hosein and Harle, 2018). In this context, students’ self-perceptions have a direct impact on their
academic performance. Empirical evidence corroborates the notion that students who maintain robust self-
confidence in their learning capabilities tend to achieve superior academic results (Verma and Kumari, 2016;
Egorova, 2016; Honicke and Broadbent, 2016; Miscevic-Kadijevic, 2015; Muhtadi, Kaliky, et al., 2022).
Moreover, well-developed self-confidence fosters efficient, assertive, and dynamic cognitive engagement in
problem-solving processes (Sihotang et al., 2017). Therefore, the cultivation of self-confidence should be a
central objective in instructional practices.

An effective strategy for enhancing students’ self-confidence involves the implementation of appropriate
instructional models (Smith et al., 2018; Hendriana et al., 2018; Ramadhani, 2018; Karatas and Baki, 2013;
Montague et al., 2014; Ataman and Ozsoy, 2009; Shahrill et al., 2018; Solihah et al., 2018). The selected
pedagogical framework should foster student engagement, provide meaningful learning experiences, cultivate
belief in personal competence, promote self-regulation, and expose students to relevant contextual
challenges that support the development of self-confidence (Wijnia et al., 2024). Learning models
characterized by these attributes are posited to facilitate improvements in students’ confidence levels
(Hendriana et al., 2018; Su et al., 2022). One such model is problem-based learning (PBL).

Problem-based learning is an instructional approach that introduces learners to authentic, real-world
problems at the outset of the learning experience (Schwartz, 2013; Marra et al., 2014; Savery, 2015; Yew and
Goh, 2016; Amalia et al., 2017). This method encourages students to identify gaps in their knowledge and to
explore the necessary information required to solve the problem at hand (Schwartz, 2013; Jonassen and Hung,
2015). The presentation of contextualized problems serves to enhance student engagement by making
learning activities more relevant and meaningful (English and Kitsantas, 2013; Sani, 2014; Zhao et al., 2023).
Furthermore, the early exposure to realistic problems increases students’ appreciation for the learning
content, as it is perceived as more valuable and applicable (Davidson and Major, 2014; Tan, 2021).

In the application of PBL, students collaborate in groups to engage with non-routine problems facilitated
through structured worksheets. The teacher assumes the role of facilitator, providing necessary scaffolding to
support the learning process (Schwartz, 2013; Davidson and Major, 2014; Marra et al., 2014; Savery, 2015;
Yew and Goh, 2016; Amalia et al., 2017; Tan, 2021; Mattanah et al., 2024). The standard sequence of PBL
consists of the following stages: (1) orientation to authentic problems, (2) organization of student learning
activities, (3) guidance of individual or collaborative exploration, (4) development and presentation of student
work, and (5) evaluation and reflection on the problem-solving process. This systematic approach is
anticipated to produce measurable improvements in students’ self-confidence (Kirschner et al., 2006;
Jonassen, 2011; Padmavathy and Mareesh, 2013).
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Despite extensive research into the effectiveness of the PBL model for enhancing self-confidence, findings
remain inconclusive. Some studies, such as those conducted by Hendriana et al. (2018) and Ramadhani (2018),
suggest that PBL is significantly more effective than traditional pedagogical methods in bolstering student self-
confidence. In contrast, research by Lesi and Nuraeni (2021) reports opposing outcomes. The presence of such
conflicting evidence complicates the decision-making process for educators and stakeholders. Accordingly, it
is necessary to synthesize these disparate findings through a comprehensive quantitative review, such as a
meta-analysis (Muhtadi, Assagaf, et al., 2022).

Meta-analysis serves as a methodological tool to systematically aggregate findings from multiple studies
to draw robust and accurate conclusions (Hunter and Schmidt, 2004; Borenstein et al., 2021). It is regarded as
more objective than traditional narrative reviews due to its emphasis on effect size estimation (Cleophas and
Zwinderman, 2017; Shelby and Vaske, 2008; Borenstein, 2022). By combining effect sizes from individual
studies, the meta-analytic method allows researchers to determine an overall measure of effect (Borenstein,
2022; Hunter and Schmidt, 2004; Retnawati et al., 2018). This approach mitigates the risk of subjective
interpretation that often arises when synthesizing research findings on a common topic (Hunter and Schmidt,
2004; Borenstein et al., 2021; Cleophas and Zwinderman, 2017; Shelby and Vaske, 2008; Borenstein, 2022;
Retnawati et al., 2018).

1.1.Purpose of study

In recent years, several meta-analytic investigations have assessed the broader efficacy of PBL as a
pedagogical model (Kong et al., 2014; Susanti et al., 2020; Juandi and Tamur, 2021; Suparman and Tamur,
2021; Yunita et al., 2020). However, to date, no meta-analysis has been conducted with the specific aim of
evaluating the impact of PBL on students’ self-confidence. The present study addresses this gap by conducting
a meta-analytic review of research published between 2013 and 2022, drawn from both national and
international academic journals. This investigation is essential for reconciling the inconsistent outcomes
reported in the literature and for offering a more objective foundation upon which educational decisions
concerning the use of PBL to enhance self-confidence can be based.

2. METHODS AND MATERIALS
2.1.Research design

This investigation employed a meta-analytic approach to evaluate the effectiveness of problem-based
learning on student self-confidence. The methodological procedures encompassed several stages, including
the establishment of inclusion criteria, systematic literature collection, rigorous screening of relevant studies,
coding of data, and statistical analysis (Hunter and Schmidt, 2004; Borenstein et al., 2021; Retnawati et al.,
2018). These steps are illustrated in Figure 1, which presents a visual representation of the procedural
framework adopted in this meta-analysis.

Figure 1
Procedure meta-analysis

Literature Collection Coding

Step 1

Inclusion Criteria Literature Screening Data Analysis
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2.2.Procedure
2.2.1. Inclusion criteria

To determine the eligibility of studies for inclusion in the meta-analysis, a set of predefined inclusion criteria
was applied. These criteria were as follows: (1) studies must have been published between 2016 and 2022; (2)
studies must appear in either nationally or internationally recognized academic journals; (3) studies must be
accessible through online platforms; (4) the research design must be experimental or quasi-experimental in
nature; (5) each study must include at least one experimental group implementing problem based learning
and a corresponding control group; and (6) the studies must report sufficient statistical information, including
sample size, mean values, and standard deviations for both experimental and control groups.

2.2.2. Literature collection

The collection of relevant studies that satisfied the inclusion criteria was conducted using various academic
databases. These included Google Scholar, the Education Resources Information Center (ERIC), the Directory
of Open Access Journals (DOAJ), Springer Publishing, AIP Proceedings, IOP Sciences, and Elsevier. The search
was guided by the keywords "Problem based learning" AND "self-confidence."

2.2.3. Literature screening

The screening of literature was conducted to assess the appropriateness of each study for inclusion in the
meta-analysis. This process consisted of four sequential stages: identification, screening, determination of
eligibility, and final inclusion. Upon completion of the screening process, a total of 17 primary studies were
selected. However, some of these studies involved multiple control groups, resulting in the extraction and
analysis of 20 distinct effect sizes.

2.2.4. Coding

To minimize subjectivity and potential bias, the coding process was conducted independently by three
raters. The coding protocol included the documentation of the following elements: study author, sample size,
mean score, and standard deviation. A summary of the coding results is provided in Table 1.

Table 1

Coding results of the primary study
Author Nc Xc SDc Ne Xe SDe
Hendriana et al., (2018) 33 95.3 12.57 33 102.40 12.35
Ramadhani (2018) 33 80.97 2.92 33 90.51 4.54
Rafli & Syahputra(2018) 32 68.18  6.96 31 7224 578
Risnawati et al (2019) a 30 119.00 9.40 31 121.00 10.60
Risnawati et al (2019) b 41 112.00 12.0 41 113.00 11.80
Risnawati et al (2019) c 39 104.00 9.00 39 122.00 10.40
Mukaromah et al., (2018) 33 47.73 6.32 36 55.08 6.25
Dianti et al (2018) 27 74.70 9.50 29 76.17 10.30
Octaria & Sari (2018) 32 70.75 6.75 30 72.20 7.90
Rahman & Fauzia (2020) 30 73.54 9.53 30 80.07 11.07
Syafitri (2017) a 29 80.16 93.06 31 86.04 118.65
Syafitri (2017) b 29 80.16 93.06 30 96.99 112.15
Laksanawati & Rofiroh (2020) 22 40.36 2.26 22 42.00 1.25
Awami et al (2022) 31 55.79 11.03 32 52.19 7.42
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Arinda (2020) 15 74.60 6.70 15 71.80 5.20
Andini et al (2024) 30 16.73 2.80 30 19.90 3.32
Dewi (2020) 35 55.47 7.21 33 57.57 5.03
Lesi & Nuraeni (2021) 29 26.28 7.75 31 26.00 13.31
Gega et al (2019) 28 55.32 6.52 28 55.54 6.58
Sukoco & Mahmudi (2016) 25 47.16 8.97 25 57.00 8.66

2.3.Data analysis
Stages of statistical analysis according to Borenstein et al., (2021) which is visualized in Figure 2 below.
Figure 2

Stages of data analysis in this meta-analysis
= Calculate the effect size of each study
+ Testing Heterogeneity
+ Calculate the combined effect size

+ Evaluation of Publication Bias

Step 4

Statistical analysis was performed using the OpenMEE software. The effect size is calculated using the
hedges'g equation, while the interpretation of the effect size refers to the classification of Cohen et al. (2002),
which is shown in Table 2. The heterogeneity test uses the Q parameter. The heterogeneity test is carried out
to select a suitable estimation model to calculate the random-effect size or fixed-effect). Evaluation of
publication bias using the File-Safe N (FSN) approach.

Table 2
Categories of effect size (ES) groups using the Cohen et al. (2002) interpretation
No Classification Interval
1 Ignored 0.00<ES<0.19
2 Small Effect 0.19<ES<0.49
3 Moderate Effect 0.49<ES<0.79
4 Large Effect 0.79<ES<1.29
5 Very Large Effect ES > 1.29
3. RESULTS

The first stage of this meta-analysis study is to calculate the effect size of each study. Based on calculations
using the OpenMEE software, effect sizes and variances are presented in table 3 below.
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Table 3
Effect size and variance of each Study
No Author Effect Size Varians Category
1 Hendriana et al (2018) 0.56 0.06 Medium Effect
Very Large
2 Ramadhani (2018) 2.47 0.11 Effect
3 Rafli et al (2018) 0.63 0.07 Medium Effect
4 Risnawati et al (2019) a 0.20 0.07 Small Effect
5 Risnawati et al (2019) b 0.08 0.05 Ignored
Very Large
6 Risnawati et al (2019) c 1.83 0.07 Effect
7 Mukaromah et al (2018) 1.16 0.07 Large Effect
8 Dianti et al (2018) 0.15 0.07 Ignored
9 Octaria & Sari (2018) 0.20 0.07 Small Effect
10 Rahman & Fauzia (2020) 0.62 0.07 Medium Effect
11  Syafitri (2017) a 0.05 0.07 Ignored
12 Syafitri (2017) b 0.16 0.07 Ignored
13  Laksanawati & Rofiroh (2020) 0.88 0.10 Large Effect
14  Awami et al (2022) -0.38 0.07 Ignored
15 Arinda (2020) -0.45 0.14 Ignored
16  Andini et al (2018) 1.02 0.08 Large Effect
17 Dewi et al (2020) 0.33 0.06 Small Effect
18 Lesi & Nuraeni (2021) -0.03 0.07 Ignored
19 Gegaetal (2019) 0.03 0.07 Ignored
20 Sukoco & Mahmudi (2016) 1.10 0.09 Large Effect

Based on Table 3 above, the lowest effect size is -0.45 and the highest is 2.47. Meanwhile, Figure 3 shows
the frequency of effect size levels based on the classification of Cohen et al. (2002).

Figure 3
Comparison of effect size classifications between studies

® Frecuency

Ignored Small Effect  Medium Effect  Large Effect Very Large Effect

o N A O ©

Figure 3 shows the different effect sizes of a number of studies examining the use of the PBL model in
increasing students' self-confidence. Furthermore, a heterogeneity test was carried out to select an estimation
model for calculating the combined effect size. Table 4 presents a summary of the heterogeneity test using
the OpenMEE software.
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Table 4
Heterogeneity test summary and combined effect sizes
Estimation Effect Size o Heterogeneity
Modols <@ [95%cCl] P a 2
Random-Effect 20 0.52 [0.23,0.81] <0.001
_ 11554  83.56%
Fixed-Effect 20 0.49 [0.40,0.60] <0.001

Note. k = the number of studies; Cl = Confidence Interval; Df = degree of Freedom

As presented in Table 4, the calculated Q value is 115.54, which exceeds the critical chi-square value for 19
degrees of freedom. This result indicates the presence of significant heterogeneity among the included
studies. Consequently, the use of a random effects estimation model is deemed appropriate. Based on the
same table, the combined effect size under the random effects model is reported as g = 0.52 with a significance
level of p < 0.01. This effect size falls within the medium category, suggesting that the implementation of the
problem-based learning model exerts a moderate influence on students’ self-confidence. Furthermore, these
findings support the assertion that the PBL model is more effective in enhancing self-confidence compared to
conventional instructional methods.

To verify the objectivity of the meta-analytic findings, an assessment of potential publication bias was
conducted. The results of this evaluation, which utilized the Fail-Safe N (FSN) method, are summarized in Table
5.

Table 5
File-Safe N (FSN)

k FSN Target Significance  Observed Significance
Rosenthal 20 511 0.05 <0.001

From table 5, the AND value is 511 > 5k+10 = 110. This value indicates that there is no publication bias
problem, so this meta-analysis is objective and scientifically justifiable.

4. DISCUSSION

The analysis revealed that the aggregated effect size derived from 20 individual effect sizes, analyzed using
a random effects estimation model, was g = 0.52 with a significance level of p < 0.001. This result indicates
that the implementation of the problem-based learning model has a significantly greater positive impact on
students' self-confidence compared to conventional instructional approaches. The magnitude of the effect
size falls within the moderate category, suggesting that PBL produces a meaningful, though not maximal,
enhancement in students’ self-confidence.

These findings are consistent with earlier meta-analyses that have established the effectiveness of PBL in
improving various higher-order thinking skills. For instance, previous studies have demonstrated that PBL
fosters critical thinking (Kong et al., 2014; Suparman and Tamur, 2021; Suparman et al., 2021; Trisna Nugraha,
2021), creative thinking (Yunita et al., 2020), and problem-solving abilities (Juandi and Tamur, 2021; Suparman
et al.,, 2021; Musna et al.,, 2021). Accordingly, the use of the PBL model is strongly recommended as a
pedagogical strategy to enhance not only self-confidence but also students’ critical thinking, creative capacity,
and problem-solving competencies.
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The application of the PBL approach enables students to engage with learning content in ways that are
contextualized and relevant to their daily lives. This makes the learning process more meaningful, fosters
active participation, and avoids the abstract nature often associated with traditional methods. Rezkillah and
Haryanto (2020) assert that PBL encourages learners to respond to problems by drawing on real-life
experiences, thereby cultivating both habitual problem-solving and self-confidence. Similarly, Lubis et al.
(2022) emphasize that PBL promotes learner autonomy, which in turn contributes to the development of self-
confidence. Qomariyah (2016) outlines several pedagogical advantages of PBL, including: (1) fostering
students’ ability to solve problems grounded in real-world contexts; (2) enhancing students’ scientific
communication skills during discussions and presentations; (3) promoting self-directed knowledge
construction; (4) streamlining learning by focusing only on relevant content, thereby reducing the cognitive
load associated with rote memorization; (5) encouraging the use of diverse information sources such as books,
online platforms, interviews, and observations; (6) enabling students to evaluate their learning progress; and
(7) addressing individual learning difficulties through collaborative group work.

Compared to individual primary studies, this meta-analytic investigation offers more robust and objective
conclusions by integrating data across multiple studies and calculating an overall effect size. The results of the
publication bias assessment indicate that this study is not affected by publication bias, thereby affirming the
objectivity and scientific validity of the findings. Moreover, these outcomes are expected to serve as a
foundational reference for policymakers, educators, and other stakeholders in efforts to enhance classroom
learning quality and promote student development.

5. CONCLUSION

Based on a meta-analysis comprising 20 effect sizes derived from 17 primary studies, which previously
presented inconsistent findings regarding the effectiveness of the problem-based learning model on students’
self-confidence, the aggregated effect size was calculated as g = 0.52 with a significance level of p < 0.001. This
result indicates that PBL is more effective than conventional instructional methods in enhancing student self-
confidence. The effect size falls within the moderate category, suggesting that while PBL has a meaningful
impact, its influence is not exceptionally large. Furthermore, the Fail-Safe N (FSN) value exceeds the threshold
of 5k + 10, demonstrating that the findings are robust and not likely to be the result of publication bias. As
such, this meta-analytic study provides an objective synthesis of existing research and helps to clarify
previously inconsistent results.

Nevertheless, several limitations should be acknowledged. This study included only 20 effect sizes, which
may constrain the generalizability of the findings. Future meta-analyses should consider including a larger
number of studies to allow for a more comprehensive and nuanced evaluation. Additionally, the current
analysis was limited to estimating the overall effect size without examining potential moderating variables
that might influence the strength or direction of the effect. Future research is encouraged to extend this work
by exploring moderator analyses to identify contextual or methodological factors that may affect the impact
of PBL on student self-confidence.
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