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support for affective factors such as confidence and resilience.
Aims: This study aimed to investigate the mediating roles of self-
confidence and mathematical resilience in the relationship between
Problem-Based Learning (PBL) and students’ mathematical literacy.
Method: A true experimental design with a posttest-only control group
was employed. The participants consisted of students from four State
Islamic Junior High Schools in Bogor Regency selected through
multistage random sampling. The experimental group was taught using
the PBL approach, while the control group received conventional
instruction. Data were collected using a mathematical literacy test and
questionnaires measuring students’ self-confidence and mathematical
resilience. The data were analyzed using independent samples t-tests,
path analysis, and Sobel tests to examine both direct and indirect
relationships among variables.
Results: The findings revealed that students exposed to PBL achieved
significantly higher scores in mathematical literacy, self-confidence, and
mathematical resilience than those in conventional classes (p < 0.05).
Path analysis indicated that PBL had a direct positive effect on
mathematical literacy, while both self-confidence and mathematical
resilience acted as significant mediators.
Conclusion: These findings suggest that PBL can enhance students’
mathematical literacy not only through instructional processes but also
by strengthening important affective attributes in mathematics learning.
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INTRODUCTION

Mathematical literacy has become an increasingly important competence in contemporary
education (Bolstad, 2023; Manfreda Kolar & Hodnik, 2021). It does not merely refer to the ability to
perform mathematical calculations but also encompasses the capacity to interpret, analyze, and
apply mathematical ideas when dealing with real-life situations. Students who develop strong
mathematical literacy are able to reason quantitatively, evaluate information critically, and use
mathematical concepts to solve problems encountered in everyday life. The significance of
mathematical literacy has been widely emphasized in international educational frameworks,
particularly through large-scale assessments such as the Programme for International Student
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Assessment (PISA) (Liu et al,, 2024). These assessments highlight that students are expected to
formulate, employ, and interpret mathematics when confronted with contextual problems.
Consequently, strengthening students’ mathematical literacy has become a central objective in
mathematics education across many countries (Almarashdi & Jarrah, 2022).

Despite this growing emphasis, the development of mathematical literacy among students
remains a challenge in many classrooms (Hwang & Ham, 2021). Mathematics instruction is
frequently dominated by procedural teaching that focuses on memorizing formulas and solving
routine exercises. Such instructional practices often provide limited opportunities for students to
explore ideas, construct meaning, and engage in reasoning processes that are essential for developing
mathematical literacy (Mukuka et al., 2023). In response to these challenges, educational researchers
and practitioners have explored learning approaches that encourage active participation and
meaningful problem solving (Marougkas et al., 2023; Mertler, 2021). One instructional approach that
has gained considerable attention is Problem-Based Learning (PBL). This approach emphasizes the
use of authentic problems as the starting point for learning activities, allowing students to investigate
ideas collaboratively and construct knowledge through inquiry and discussion (Anchunda &
Kaewurai, 2025).

However, learning outcomes in mathematics are not determined solely by instructional
strategies. Students’ affective characteristics also influence how they approach mathematical tasks
and respond to challenges (Olivares et al., 2021). Among these characteristics, self-confidence and
mathematical resilience are particularly relevant. Self-confidence reflects students’ belief in their
own abilities to understand and solve mathematical problems, while mathematical resilience refers
to their capacity to persist and remain engaged when facing difficulties (Panaoura, 2025).

Problem-Based Learning has been widely recognized as a student-centered instructional
approach that promotes active learning and higher-order thinking skills (Yu & Zin, 2023). In PBL
environments, learning begins with complex and meaningful problems that require students to
investigate, discuss, and develop possible solutions collaboratively. Through this process, students
are encouraged to construct knowledge independently and apply mathematical concepts in
meaningful contexts (Polman et al., 2021). Previous studies have reported that PBL can enhance
students’ engagement, conceptual understanding, and problem-solving ability in mathematics
learning (Rehman et al, 2024). By engaging with authentic problems, students are given
opportunities to explore different solution strategies and develop deeper reasoning skills. These
learning experiences are considered essential for strengthening students’ ability to interpret and
apply mathematical knowledge in real-world situations. In addition to cognitive development,
research in mathematics education has increasingly highlighted the role of affective factors
(Koskinen & Pitkdniemi, 2022). Self-confidence, for instance, influences students’ willingness to
participate in learning activities and attempt challenging problems. Students who believe in their
mathematical abilities are more likely to express ideas, engage in discussions, and persist in
completing tasks. Another important affective attribute is mathematical resilience. Mathematical
resilience refers to students’ persistence and adaptability when encountering difficulties in
mathematics learning (Aydin & Erdem, 2023). Students who demonstrate higher levels of resilience
tend to perceive challenges as opportunities for learning rather than as obstacles. As a result, they
are more likely to sustain effort and maintain engagement when solving complex mathematical
problems. Taken together, these studies suggest that both cognitive and affective factors contribute
to students’ mathematical learning outcomes. Therefore, examining how instructional approaches
interact with students’ affective characteristics may provide a deeper understanding of the
development of mathematical literacy.

Although numerous studies have examined the effectiveness of Problem-Based Learning in
mathematics education, many of these studies primarily focus on its direct impact on cognitive
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outcomes, such as academic achievement or problem-solving ability (Aslan & Duruhan, 2021a).
Research that specifically investigates how PBL contributes to the development of mathematical
literacy remains relatively limited. Similarly, studies exploring affective factors in mathematics
learning often examine variables such as self-confidence or resilience independently (Panaoura,
2025). While these investigations provide valuable insights into each variable, they rarely analyze
how multiple affective attributes interact simultaneously within a single explanatory framework.
Furthermore, empirical studies that explore the mediating roles of both self-confidence and
mathematical resilience in the relationship between instructional approaches and mathematical
literacy are still scarce (Akkan & Horzum, 2024). Without examining these mediating mechanisms,
the processes through which instructional strategies influence students’ literacy development may
not be fully understood.

Considering the interconnected roles of cognitive and affective factors in mathematics
learning, it is important to examine how instructional approaches influence students’ mathematical
literacy through multiple pathways. Problem-Based Learning offers a learning environment in which
students actively engage with authentic problems, collaborate with peers, and construct
mathematical understanding through inquiry and reflection. Within such learning contexts, students
may gradually develop stronger confidence in their mathematical abilities and greater resilience
when facing challenging problems (Qi, 2025). These affective developments may serve as important
mechanisms that support students’ ability to interpret, analyze, and apply mathematical concepts
effectively (Guo et al., 2025; Schukajlow et al., 2023).

Based on the issues and research gaps described above, this study aims to explore the
mediating roles of self-confidence and mathematical resilience in the relationship between Problem-
Based Learning and students’ mathematical literacy. The study examines whether the
implementation of Problem-Based Learning contributes to the improvement of students’
mathematical literacy and analyzes how this relationship is influenced by the development of
students’ affective characteristics. In particular, the research investigates the extent to which
Problem-Based Learning influences students’ self-confidence and mathematical resilience and
further examines whether these two affective factors function as mediating mechanisms that help
explain how instructional strategies affect students’ mathematical literacy.

METHOD

Research Design

This study employed a true experimental design using a posttest-only control group design.
The design involved two groups of students: an experimental group that received instruction using
the Problem-Based Learning (PBL) model and a control group that received conventional
mathematics instruction. The purpose of using this design was to examine the effect of the learning
model on students’ mathematical literacy after the instructional treatment. In this design, the
experimental group was taught using the Problem-Based Learning approach, while the control group
followed conventional learning practices commonly implemented in mathematics classrooms. After
the instructional treatment was completed, both groups were given a posttest to measure their
mathematical literacy.
Participants

The participants of this study were students from four State Islamic Junior High Schools
(MTsN) in Bogor Regency. The sample was selected using a multistage random sampling technique
to ensure that the selected classes represented the accessible population. From each school, two
classes were selected to represent the experimental and control groups. Each class consisted of 32
students, resulting in a total of 128 students in the experimental group and 128 students in the
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control group. All participants were Grade IX students who had previously studied the mathematics
topics related to the learning materials used in this study.
The distribution of participants across the schools is presented in Table 1.

Table 1. Research Sample Data of MTs Students in Bogor Regency

No School Name Experimental Class Total Control Class Total Region

1  MTsN 1 Bogor IX/2 32 IX/4 32 East Bogor
2 MTsN 2 Bogor IX/3 32 IX/1 32 West Bogor
3 MTsN 3 Bogor IX/5 32 IX/2 32 Middle Bogor
4  MTsN 4 Bogor IX/1 32 IX/6 32 North Bogor

Research Procedure

The study began with the selection of participating schools and classes using multistage
random sampling. The selected classes were then assigned as experimental and control groups. The
experimental classes received mathematics instruction using the Problem-Based Learning model,
while the control classes followed conventional teaching approaches. During the learning process,
students in the experimental group were encouraged to work collaboratively in solving contextual
mathematical problems. The learning activities emphasized discussion, exploration of ideas, and the
development of problem-solving strategies. In contrast, the control group received teacher-centered
instruction focusing on explanations and routine exercises.

After the completion of the learning treatment, students in both groups were administered a
posttest to measure their mathematical literacy ability. In addition, questionnaires were distributed
to assess students’ self-confidence and mathematical resilience during mathematics learning. The
conceptual relationships among the research variables are illustrated in Figure 2.

Problem-Based Learning (X1) — Self-Confidence (X2)
Problem-Based Learning (X1) — Mathematical Resilience (X3)
Problem-Based Learning (X1) - Mathematical Literacy (Y)
Self-Confidence (X2) — Mathematical Literacy (Y)
Mathematical Resilience (X3) — Mathematical Literacy (Y)

&
Self-Confidence l
i (X2) py2
Problem-Based || Mathematical
Learning (PBL) »| Literacy Ability
Method (X1) pyl / Y)
p31 py3
Mathematical
Resilience Attitude
(X3)

Figure 2. Research Model

Instruments

Several instruments were used to collect the data in this study. Mathematical literacy was
measured using a written test developed based on indicators derived from the PISA mathematical
literacy framework. The test assessed students’ ability to interpret problems, apply mathematical
concepts, and reason in contextual situations. Students’ self-confidence was measured using a Likert-
scale questionnaire that examined students’ beliefs regarding their ability to understand and solve
mathematical problems. Similarly, mathematical resilience was measured using a questionnaire
designed to capture students’ persistence and attitudes when encountering mathematical challenges.
An observation sheet was also used to document the implementation of the Problem-Based Learning
model during classroom instruction. A summary of the instruments used in this study is presented
in Table 2.
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Table 2. Data Summary (Narrative Table)

Variable Data Type Instrument
PBL Learning Method Perception / Treatment Score Questionnaire / Observation
Self-Confidence Likert Score Questionnaire
Mathematical Resilience Attitude Likert Score Questionnaire
Mathematical Literacy Ability Test Score Written Test
Data Analysis

The collected data were analyzed using several statistical techniques. Prior to hypothesis
testing, prerequisite analyses were conducted to ensure that the data met the assumptions required
for parametric statistical tests. These analyses included normality tests and homogeneity tests. After
the assumptions were satisfied, an independent samples t-test was conducted to examine whether
there were significant differences between the experimental and control groups in terms of
mathematical literacy, self-confidence, and mathematical resilience. To further investigate the
relationships among the research variables, path analysis was employed to analyze the direct and
indirect effects of Problem-Based Learning on students’ mathematical literacy. In addition, the Sobel
test was used to examine whether self-confidence and mathematical resilience functioned as
mediating variables in the relationship between Problem-Based Learning and mathematical literacy.

RESULTS AND DISCUSSION

Results

Assumption Testing

Before examining the relationships among the variables, several preliminary statistical tests were
conducted to ensure that the data met the assumptions required for parametric analysis. These tests
included the normality test and the homogeneity of variance test. Verifying these assumptions is
important because the validity of subsequent statistical procedures depends on whether the data
distribution meets the required criteria.

The distribution of the data was first evaluated using the Kolmogorov-Smirnov and Shapiro-Wilk
normality tests. The results of these analyses are presented in Table 3.

Table 3. Tests of Normality (Kolmogorov-Smirnov and Shapiro-Wilk)

Factor Kolmogorov- Shapiro-Wil
Smirnova
Statistic df Sig. Statistic df Sig.
Mathematical Experimental .068 128 .200* .990 128 485
Literacy
Control .047 128 .200* 994 128 .859
Self- Experimental .063 128 .200* .988 128 325
Confidence
Control .052 128 .200* 995 128 911
Mathematical Experimental .047 128 .200* .988 128 319
Resilience
Attitude
Control .060 128 .200* .987 128 284

As shown in Table 3, all variables demonstrate significance values greater than the commonly
used threshold of 0.05. The Kolmogorov-Smirnov test produced significance values of 0.200, while
the Shapiro-Wilk test also indicated significance values above 0.05 for all measured variables. These
findings indicate that the distributions of mathematical literacy ability, self-confidence, and
mathematical resilience can be considered normal in both the experimental and control groups.

Following the normality test, a homogeneity of variance test was conducted using Levene’s
Test. The analysis yielded significance values of 0.632 for mathematical literacy, 0.733 for self-
confidence, and 0.170 for mathematical resilience. Since all values exceed 0.05, the assumption of
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equal variance between groups is satisfied. With both normality and homogeneity assumptions
fulfilled, the data were considered appropriate for further parametric analysis.

Differences Between Experimental and Control Groups

After confirming that the data satisfied the required assumptions, an independent samples t-
test was conducted to examine whether differences existed between the experimental and control
groups. The results of this analysis are summarized in Table 4.

Table 4. Independent Samples t-Test Results

Levene's Test for Equality of Vanances

t-test for Equality of Means

95% Confidence

Interval of the
Significance Difference
One- Two-  Mean Std. Error
F Sig. t df Sidedp Sidedp Difference Difference Lower Upper
Mathematical Equal vanances 229 632 3.772 254 =001 =001 3.703 982 1.770 5.636
Literac}.' assumed )
Equal variances not 3772 253992 <001 <001 3.703 982 1.770 5.636
assumed
Self- Equal variances 117 733 2.796 254 2003 006 3.680 1316 1.088 6.272
Confidence assumed
Equal variances not 2.796 253755 .003 006 3.680 1316 1.088 6.272
assumed
Mathematical Equal vanances 1.8%94 170 8.588 254 <001 <001 14.602 1.700 11.253 17.930
Resilience assumed
Attitude Equal \';.rla.tlces not 8.588 245.78%9 =001 =001 14.602 1.700 11.253 17.950
assume:

The results reveal statistically significant differences between the two groups for all variables
examined in this study. In terms of mathematical literacy ability, the significance value obtained was
p < 0.001, indicating that the difference between groups was statistically meaningful. The calculated
t-value (t = 3.772) exceeded the critical value (t = 1.969), suggesting that students who participated
in the Problem-Based Learning environment achieved higher mathematical literacy scores than
those who experienced conventional instruction.

A similar pattern was observed for self-confidence. The analysis yielded a significance value of
p = 0.006, which is below the 0.05 significance level. The calculated t-value (t = 2.796) also exceeded
the critical value, indicating that students in the experimental group demonstrated higher confidence
in their mathematical abilities compared with students in the control group.

For mathematical resilience, the difference between the two groups was even more
pronounced. The analysis produced a significance value of p < 0.001, with a calculated t-value of
8.588, which is substantially greater than the critical value. This finding indicates that students
exposed to Problem-Based Learning exhibited stronger persistence and adaptability when facing
mathematical challenges.

Taken together, these results suggest that the implementation of the Problem-Based Learning
model contributes positively to students’ cognitive and affective development, particularly in
relation to mathematical literacy, confidence, and resilience.

Correlation Analysis
To explore how the variables in this study relate to one another, a correlation analysis was
performed. The correlation coefficients are presented in Table 5.
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Table 5. Correlation Matrix of Research Variables

Mathematical
Mathematical Resilience
Literacy PBL Method Self-Confidence Attitude
Mathematical Literacy Pearson Correlation 1 423" 388" 372
Sig. (2-tailed) <001 <001 <001
N 128 128 128 128
PBL Method Pearson Correlation 423 1 196° 445
Sig. (2-tailed) <001 026 <.001
N 128 129 129 128
Self-Confidence Pearson Correlation 388" .196° 1 150
Sig. (2-tailed) <001 026 .080
N 128 129 129 128
Mathematical Resilience Pearson Correlation 372 449* 150 1
Attitude Sig. (2-tailed) <001 <001 090
N 128 128 128 128

The results indicate that mathematical literacy ability is positively associated with several
variables examined in this study. Specifically, mathematical literacy shows a moderate correlation
with the Problem-Based Learning method (r = 0.423, p < 0.001), as well as with self-confidence (r =
0.388, p < 0.001) and mathematical resilience (r = 0.372, p < 0.001). These findings suggest that
students who demonstrate stronger affective characteristics tend to perform better in mathematical
literacy tasks.

The analysis also indicates that the implementation of Problem-Based Learning is positively
related to both self-confidence (r = 0.196, p = 0.026) and mathematical resilience (r = 0.449, p <
0.001). This relationship suggests that learning environments that emphasize problem-solving and
collaborative exploration may help foster positive attitudes and persistence in mathematics learning.

However, the relationship between self-confidence and mathematical resilience was not found
to be statistically significant (r = 0.150, p = 0.090). This result indicates that although both variables
contribute to students’ mathematical literacy, they may represent different psychological dimensions
within the learning process.

Path Analysis
To examine the direct and indirect relationships among the variables, a path analysis was conducted.
The structural relationships investigated in this study are illustrated in Figure 2.

Self-Confidence
I£1 =0.831
21=0,196 py2 =0,304 | :
g (x2) .
—
Problem-Based /' , .
Learning (PBL) ¥ oyI= 027 | Mathematical
Method (X1) ) Literacy Ability
Mathematical
P3L=0449 [ pesilience Attitude  [Py3=0,205
(X3)

Figure 2. Research Model (Path Diagram)
The results of the path analysis are presented in Table 6.

Table 6. Path Model of Sub-Structure 1

Standardized
Unstandardized Coefficients Coefficients

Model B Std. Egror Beta t Sig.

1 {Constant) 21.348 7.266 2.938 004
PBEL Method 144 045 271 3211 002
Self-Confidence 179 045 304 3983 <001
Mathematical Resihience Attitude 127 032 205 2448 016

a. Dependent Vanable: Mathematical Literacy Ability
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The analysis indicates that the Problem-Based Learning method has a positive and statistically
significant effect on students’ mathematical literacy ability (f = 0.271, p = 0.002). This result suggests
that students who participate in learning environments centered on problem solving and exploration
tend to demonstrate stronger mathematical literacy skills.

Among the predictor variables included in the model, self-confidence shows the strongest
contribution to mathematical literacy ( = 0.304, p < 0.001). This finding highlights the importance
of students’ belief in their mathematical capabilities when engaging with complex problem-solving
tasks.

Mathematical resilience also demonstrates a significant influence on mathematical literacy (8
= 0.205, p = 0.016), indicating that students who are able to persist and remain engaged when
encountering difficulties tend to achieve better literacy outcomes.

The coefficient of determination obtained from the model (R* = 0.309) indicates that
approximately 30.9% of the variance in students’ mathematical literacy ability can be explained by
the combined influence of Problem-Based Learning, self-confidence, and mathematical resilience.

Mediation Analysis
To further investigate whether self-confidence and mathematical resilience function as
mediating variables, a Sobel test was conducted. The results of this analysis are presented in Table 7.

Table 7. Sobel Test Results
No. Indirect Effect Znitung Ztabel Decision Conclusion

1 PBL Learning (X1) on Mathematical 2048 1966 Ho rejected Proven to
" Literacy Ability (Y) via Self-Confidence (X2) ’ ’ Hi accepted mediate
PBL Learning (X1) on Mathematical Ho reiected p '

2. Literacy Ability (Y) via Mathematical 3,530 1,966 orejecte roven o
Hi accepted mediate

Resilience (X3)

The Sobel test results indicate that both indirect pathways are statistically significant. The
calculated Z-values (2.048 and 3.530) exceed the critical value of 1.966, confirming the presence of
significant mediation effects.

These findings indicate that the influence of Problem-Based Learning on mathematical literacy
is not limited to a direct instructional effect. Instead, part of this influence occurs through the
development of students’ self-confidence and mathematical resilience. In other words, learning
environments that encourage problem exploration and collaborative discussion may strengthen
students’ affective characteristics, which in turn support the development of their mathematical
literacy.

Discussion

The present study was conducted to explore the relationship between Problem-Based
Learning, self-confidence, mathematical resilience, and students’ mathematical literacy. The findings
indicate that the implementation of Problem-Based Learning contributes positively to students’
mathematical literacy ability. Students who participated in learning environments structured around
contextual problems and collaborative exploration demonstrated significantly higher literacy scores
than those who experienced conventional instruction. This result suggests that instructional
approaches emphasizing active engagement and problem-solving processes can support students in
developing a deeper understanding of mathematical concepts Bahar et al. (2021) and may contribute
to the improvement of mathematical literacy in classroom learning.

One possible explanation for this finding lies in the nature of Problem-Based Learning itself
(Ssemugenyi, 2023). In PBL environments, students are encouraged to explore problems, formulate
ideas, and construct solutions through discussion and reflection. These learning processes allow
students to engage with mathematical concepts in meaningful contexts rather than simply
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memorizing procedures. As a result, students are more likely to develop the ability to interpret
mathematical information, apply reasoning, and make connections between mathematical ideas and
real-life situations (Mahmud & Mohd Drus, 2023). Such experiences are closely aligned with the core
components of mathematical literacy.

The findings of this study also reveal that Problem-Based Learning has a positive influence
on students’ self-confidence. Students who participated in problem-based activities demonstrated
higher levels of confidence in their ability to understand and solve mathematical problems. This
result may be attributed to the learning environment created by PBL, where students are encouraged
to express ideas, discuss different solution strategies, and actively participate in the learning process
(Aslan & Duruhan, 2021). When students are given opportunities to contribute and see that their
ideas are valued, their belief in their mathematical capabilities tends to grow (Higde & Aktamus,
2022). In addition to self-confidence, the results indicate that Problem-Based Learning also
contributes to the development of students’ mathematical resilience. Students exposed to PBL
demonstrated stronger persistence when dealing with challenging mathematical tasks. This finding
is consistent with the idea that learning environments emphasizing inquiry and collaboration can
help students develop adaptive attitudes toward difficulties (Niemi, 2021). Rather than avoiding
challenging problems, students in such environments may learn to view difficulties as part of the
learning process.

Another important finding of this study concerns the mediating roles of self-confidence and
mathematical resilience in the relationship between Problem-Based Learning and mathematical
literacy. The mediation analysis indicates that the influence of PBL on mathematical literacy is not
limited to direct instructional effects. Instead, part of this influence operates indirectly through
students’ affective characteristics (Butakor et al., 2021). In other words, when students develop
stronger confidence in their mathematical abilities and greater resilience in facing difficulties, they
become better equipped to engage with mathematical tasks that require interpretation, reasoning,
and problem solving.

These findings highlight the importance of considering both cognitive and affective
dimensions in mathematics learning. While instructional strategies such as Problem-Based Learning
can provide meaningful learning experiences, the development of positive affective attributes plays
an equally important role in supporting students’ mathematical performance. Students who believe
in their abilities and remain persistent when encountering challenges are more likely to actively
engage in mathematical reasoning processes (Barnes, 2021).

From a pedagogical perspective, the results of this study suggest that mathematics
instruction should not focus solely on procedural knowledge (Kacmaz & Dubé, 2022). Instead,
learning environments should be designed to encourage exploration, discussion, and reflection.
Problem-Based Learning offers one possible approach for achieving this goal because it provides
opportunities for students to interact with mathematical ideas in authentic and meaningful ways. At
the same time, such environments may help foster students’ confidence and resilience, which
ultimately support the development of mathematical literacy.

Overall, the findings of this study reinforce the view that effective mathematics learning
involves the interaction between instructional practices and students’ affective characteristics (Zhu
& Kaiser, 2022). By integrating problem-based instructional strategies with efforts to cultivate
students’ confidence and resilience, educators may be able to create learning experiences that better
support the development of mathematical literacy.

Implications
The findings of this study provide several important implications for mathematics learning.
The positive influence of Problem-Based Learning on students’ mathematical literacy indicates that
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learning environments which emphasize problem exploration, discussion, and collaborative
reasoning can support deeper mathematical understanding. Through engagement with contextual
problems, students are not only encouraged to apply mathematical concepts but also to interpret
information and develop reasoning skills. At the same time, the results of this study show that
affective factors such as self-confidence and mathematical resilience play a meaningful role in
supporting students’ learning processes. When students feel confident in their abilities and are able
to persist when encountering difficulties, they are more likely to engage actively with mathematical
tasks. Therefore, mathematics instruction should not only focus on conceptual understanding but
should also create learning environments that support the development of positive learning attitudes
and persistence in solving problems.

Limitations

Despite the contributions of this study, several limitations should be acknowledged. First, the
study was conducted within a limited educational context involving students from several State
Islamic Junior High Schools in one region. As a result, the findings may not fully represent students
from different educational settings or grade levels. Second, the research relied primarily on
quantitative data obtained through tests and questionnaires. Although these instruments provide
useful information about students’ performance and perceptions, they may not fully capture the
complexity of students’ learning experiences during the implementation of Problem-Based Learning.
Future studies may benefit from incorporating qualitative data, such as classroom observations or
interviews, to gain a deeper understanding of how students develop confidence and resilience during
mathematics learning.

Suggestions

Based on the findings and limitations of this study, several suggestions can be proposed for
future research. Further studies may consider examining the implementation of Problem-Based
Learning in different educational contexts and with larger or more diverse samples to obtain a
broader understanding of its impact on students’ mathematical literacy. In addition, future research
may explore other affective variables that could influence students’ engagement in mathematics
learning, such as motivation, self-efficacy, or learning anxiety. Investigating these variables may
provide a more comprehensive picture of how instructional strategies interact with students’
psychological characteristics in supporting the development of mathematical literacy.

CONCLUSION

This study examined the relationship between Problem-Based Learning, self-confidence,
mathematical resilience, and students’ mathematical literacy. The findings indicate that students
who participated in learning activities based on Problem-Based Learning demonstrated higher levels
of mathematical literacy compared with those who experienced conventional instruction. Learning
environments that encourage students to engage with contextual problems, discuss ideas
collaboratively, and explore different solution strategies appear to support a deeper understanding
of mathematical concepts. In addition to its direct influence on mathematical literacy, the
implementation of Problem-Based Learning was also associated with the development of students’
self-confidence and mathematical resilience. Students who develop stronger confidence in their
mathematical abilities and show persistence when facing challenging tasks tend to engage more
actively in reasoning and problem-solving processes. Furthermore, the mediation analysis suggests
that the relationship between Problem-Based Learning and mathematical literacy is partly explained
by these affective characteristics, indicating that improvements in mathematical literacy are not
solely the result of instructional activities but are also related to students’ confidence and resilience
in learning mathematics. Overall, these findings highlight the importance of creating learning
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environments that integrate meaningful problem exploration with the development of positive
learning attitudes, as such conditions may provide more effective support for the growth of students’
mathematical literacy.
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