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Low levels of student engagement and learning motivation have led to
limited critical thinking skills, which in turn have affected students’
learning outcomes that remain below the Minimum Mastery Criteria
(MMC). This study aims to determine whether students who received
instruction through the Problem-Based Learning (PBL) model
achieved higher mathematics learning outcomes than those taught
using the conventional (lecture-based) model on the topic of Relations
and Functions. This research employed a quasi-experimental
method with a pretest—posttest control group design. Population
consisted of eighth-grade students from SMP Negeri 3 Tondano, while
the samples were class VIII-A (22 students) as the experimental group
and class VIII-B (17 students) as the control group. The research
instrument comprised written essay tests administered as pretests and
posttests in both groups. Data were analyzed using inferential
statistical procedures. Data were first tested for normality using
the Liliefors test, followed by a homogeneity test (F-test). After both
assumptions were met, an independent samples t-test (two-tailed) was
performed to test the hypothesis. The results showed a statistically
significant difference in mathematics learning outcomes between
students who learned through the PBL model and those taught using
the conventional lecture-based method. Therefore, it can be concluded
that the implementation of the PBL model effectively enhances
students’ mathematics learning outcomes on the topic of Relations and
Functions, providing evidence that active, problem-oriented
instruction can improve students’ conceptual understanding and
achievement in mathematics.
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Introduction

Globally, improving students’ engagement and higher-order thinking skills in
mathematics has become a central concern in educational research (Habsyi et al., 2022; Nur,
2024; Rahayuningsih et al., 2022). International reports, including those from the OECD and
UNESCO, have emphasized that mathematics education should not merely focus on procedural
fluency but also on cultivating creativity, critical thinking, and problem-solving abilities to
prepare students for the demands of the twenty-first century (OECD, 2018). Education plays a
vital role in the progress of a nation, serving as a key driver for the development of high-quality
human resources . Accordingly, the advancement of a nation greatly depends on an education
system capable of producing intelligent, skilled, and competitive generations. One of the main
efforts to improve the quality of education today is the implementation of effective classroom
teaching methods, particularly through the use of innovative learning models (Hollebrands &
Lee, 2020; Mohamed Abdul-Rahmana, 2020; Putranto & Marsigit, 2018). A well-designed
learning model can make the learning process more engaging and varied, thereby increasing its
effectiveness. In mathematics education in particular, distinctive approaches are required to
help students better understand abstract mathematical concepts.

Mathematics is a universal discipline that plays a pivotal role across various domains,
particularly in developing students’ cognitive abilities. It trains learners to think critically,
reason logically, and solve problems effectively. Mathematics also cultivates structured
thinking, perseverance, and accuracy (Callingham & Siemon, 2021; Eriksson & Sumpter,
2021), as well as computation, problem-solving, and reasoning skills (Amador et al., 2024;
Jones & Kuster, 2021; Tallman & Frank, 2020). However, many students still perceive
mathematics as difficult and uninteresting. This perception is influenced by how teachers create
learning environments that either stimulate or inhibit students’ motivation and engagement in
mathematics learning.

Observations at SMP Negeri 3 Tondano revealed several challenges in classroom
practices. Low student engagement was one of the most pressing issues. Many students
appeared hesitant to ask questions, express opinions, or participate actively during lessons.
Instead, they tended to remain passive, merely taking notes without providing feedback or
responses. Consequently, the learning process became monotonous and non-interactive,
limiting students’ opportunities to develop critical-thinking skills. This lack of engagement also
negatively affected their comprehension of mathematical concepts. Quantitative data support
these observations: based on the mathematics examination results of Grade VIII students in the
2023/2024 academic year, only 34 out of 81 students achieved the Minimum Mastery Criteria
(MMC)score of 75, with an average of 76. Meanwhile, 47 students scored an average of 65.5,
indicating that nearly 60% failed to meet the mastery threshold and experienced difficulties in
understanding and solving mathematical problems.

The mathematics teacher at the school further reported that students often struggled to
comprehend lessons, particularly those with weak mathematical foundations. Low learning
motivation and the continued reliance on conventional, lecture-based teaching methods were
identified as key factors hindering learning effectiveness (Tran et al., 2020). During lessons,
students frequently became distracted and disengaged, resulting in a monotonous and less
stimulating learning atmosphere. Such conditions not only diminished students’ enthusiasm but
also discouraged active participation, further reinforcing the notion that mathematics is a
difficult and tedious subject (Ostermann et al., 2018). To address these issues, teachers must
adopt innovative instructional models that promote active student involvement. One promising
approach is Problem-Based Learning (PBL). From a constructivist perspective, PBL positions
students as active constructors of knowledge through authentic problem contexts, thereby
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fostering deep understanding and transferable skills in mathematics (Kotto et al., 2022; Lee et
al., 2019; Nolaputra et al., 2018). PBL actively engages students in problem solving, thus
enhancing understanding, creativity, and critical-thinking abilities. PBL model significantly
improved mathematics learning outcomes among seventh-grade students on the topic of Social
Arithmetic, with higher average scores compared to those taught using the Direct
Instruction model (Kim et al., 2013; Son & Lee, 2021). PBL had a significant impact on
improving students’ mathematical critical-thinking skills, demonstrated that its implementation
increased both learning motivation and achievement in mathematics.

Although the effectiveness of PBL has been widely explored, limited studies have
examined its application to the topic of Relations and Functions among eighth-grade students
characterized by low classroom participation. This gap highlights the need to further investigate
how PBL can support active engagement and improve mathematics learning outcomes in such
contexts. Accordingly, this study aims to examine the impact of implementing the Problem-
Based Learning (PBL)model on students’ mathematics learning outcomes in the topic
of Relations and Functions at SMP Negeri 3 Tondano. The study is expected to contribute to
the body of knowledge in mathematics education by providing empirical evidence on how the
PBL model can enhance engagement and achievement in low-participation learning contexts,
particularly within Indonesian secondary schools.

Method

Research Design

This study employed a quantitative experimental approach aimed at examining the extent
to which a specific treatment influences the research subjects. The research used a quasi-
experimental design, as the participants were drawn from existing classroom groups rather than
being randomly assigned at the individual level. The specific design implemented was
the pretest—posttest control group design. In this design, two groups were selected randomly:
one serving as the experimental group and the other as the control group. Both groups were
given a pretest to measure their initial understanding and a posttest to assess their learning
outcomes after the intervention. The experimental group received instruction using
the Problem-Based Learning (PBL) model, while the control group was taught using
the conventional lecture-based method. The same assessment instrument was administered to
both groups to ensure comparability of results.

Table 1. Research Design

Group Random Pretest Treatment Posttest
Experimental Class R O: Xi O:
Control Class R 0O X Oa

Description:

R :Random selection of groups

O: : Pretest results of the experimental group

O: : Posttest results of the experimental group

Os : Pretest results of the control group

Os : Posttest results of the control group

X1 : Treatment using the Problem-Based Learning (PBL) model

X> :Treatment using the conventional (lecture-based) learning model


https://doi.org/10.51574/kognitif.v5i4.2975

1436
Agnes Pesta Kristiani Pardede, Philotheus E.A Tuerah, Ermita, Galih Albarra Shidiq

Research Subjects

The population of this study comprised all eighth-grade students from SMP Negeri 3
Tondano, located at JI. Sam Ratulangi No. 452, Tataaran I, Minahasa Regency, Indonesia.
During the 20242025 academic year, the school consisted of two eighth-grade classes: Class
VIII-A with 22 students and Class VIII-B with 17 students. Using arandom sampling
technique, the researchers assigned Class VIII-A as the experimental group and Class VIII-B as
the control group. This sampling approach was chosen to ensure that both classes had an equal
opportunity to be assigned to either condition. The experimental group received instruction
using the Problem-Based Learning (PBL)model, whereas the control group was taught using
the conventional lecture-based method. Both groups were taught by the same mathematics
teacher to control potential variations in instructional delivery. Data collection was conducted
in accordance with standard ethical research procedures and approved by the school
administration.

Instruments

This study employed an essay-type test instrument that had been previously validated.
The test items were reviewed and approved by expert validators before being administered to
the students. The questions were developed based on indicators aligned with the lesson content
and the specific treatment applied to each class. The validity and appropriateness of the
instrument were ensured through expert validation. The validation process involved two
experts: one lecturer from Manado State University and one mathematics teacher from SMP
Negeri 3 Tondano. Prior to the final assessment, the validators provided several suggestions for
revising and improving the instrument. After the revisions were made, the validators evaluated
and assigned final validity scores to the instrument, confirming that it was suitable for use in
the study.

Procedures

The research procedures were conducted in three main stages, namely preparation,
implementation, and evaluation. In the preparation stage, classroom observations and
interviews with the mathematics teacher were carried out to identify the learning context and
students’ needs. In addition, learning materials and research instruments were developed and
validated to ensure their relevance to the curriculum and research objectives. In
the implementation stage, the study was conducted in two classes: one designated as the
experimental group and the other as the control group. The experimental group received
instruction using the Problem-Based Learning (PBL)model, while the control group was taught
through the conventional lecture-based method. Each class had a total learning duration of 2 x
40 minutes per session, conducted over four meetings. During this stage, students in the
experimental group were engaged in problem-solving activities that encouraged active
participation and critical thinking, whereas the control group followed a teacher-centered
approach focusing on explanation and note-taking. The evaluation stage involved administering
a posttest to both groups after the instructional interventions. The test results were analyzed
using appropriate statistical techniques to determine the effectiveness of the Problem-Based
Learning (PBL) model compared to the conventional teaching method.
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Analysis

Data for this study were collected wusing anessay-type test consisting
of pretest and posttest items. The instrument, which had been validated by experts, was
designed to measure students’ problem-solving abilities before and after the instructional
intervention. The collected data were analyzed using parametric statistical methods. To
determine whether the data were normally distributed, a normality test was conducted using
the Liliefors test. If the data were found to be normally distributed, a homogeneity test using
the F-test was then performed to verify that the variances of the two groups were equal. After
both assumptions of normality and homogeneity were satisfied, a two-sample t-test was applied
to test the research hypothesis. The hypotheses tested in this study were formulated as follows:

Ho:py = Uy
Hytpy >

where:

u, = the mean difference between pretest and posttest scores of students taught using
the Problem-Based Learning (PBL) model;

u,= the mean difference between pretest and posttest scores of students taught using
the conventional (lecture-based)method.

Results

Decriptive Analysis

This study was conducted at SMP Negeri 3 Tondano during the second semester of the
2024/2025 academic year. Two classes participated in the research: Class VIII-A (22 students)
as the experimental group taught using the Problem-Based Learning (PBL) approach, and Class
VIII-B (17 students) as the control group taught through the conventional lecture-based
method. Data were collected through pretests and posttests administered before and after the
learning interventions to evaluate students’ mathematics achievement. The descriptive statistics
of the pretest and posttest scores for both groups are presented below.

Table 2. Descriptive Statistics of the Experimental Group
No Descriptive Statistics Pretest Posttest

1 Total Score 581 1,895
2 Mean 25.82 85.71
3 Minimum Score 15 77
4 Maximum Score 40 95
5 Standard Deviation 27.10 22.86
6 Variance 41.78 24.89

As shown in Table 2, the experimental group consisted of 22 students. The pretest results
revealed a mean score of 25.82with a standard deviation of 27.10 and a variance of 41.78, while
the posttest results showed a mean score of 85.71 with a standard deviation of 22.86 and a
variance of 24.89. These findings indicate a substantial increase in students’ mathematics
achievement after the implementation of the PBL approach.

Table 3. Descriptive Statistics of the Control Group
No Descriptive Statistics Pretest Posttest

1 Total Score 441 1,351
2 Mean 25.94 79.47
3 Minimum Score 18 72
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4 Maximum Score 38 90
5 Standard Deviation 5.92 6.62
6 Variance 35.06 43.76

As shown in Table 3, the control group consisted of 17 students. The pretest results
indicated a mean score of 25.94, with a standard deviation of 5.92 and a variance of 35.06,
whereas the posttest results showed a mean score of 79.47, with a standard deviation
of 6.62 and a variance of 43.76. Although an improvement was observed in the control group,
the increase was smaller than that observed in the experimental group.

Normality Test

A normality test was performed to verify whether the data were normally distributed. For
the experimental group, the Liliefors test yielded a calculated value of L 4;cp1atea= 0.056377,
which was lower than L;,;;,. = 0.1840, indicating that the data were normally distributed.
Similarly, for the control group, L.gicuiatea = 0-11184 < Ligpie = 0.2071, suggesting that the
posttest scores were also normally distributed.

Table 4. Normality Test Results (Liliefors Test)

Group Lcalculated, L table, Decision Interpretation
Experimental 0.056 0.184 L(calculated) < Ltabley Data are normally distributed
Control 0.112 0.207 Lcalculated) < Litabley Data are normally distributed

Note. The Liliefors test was conducted at the 0.05 significance level. Results indicate that both the experimental
and control groups met the assumption of normality.

Homogeneity Test

The homogeneity test was conducted to determine whether the variances of the two
groups were equal. The results of the F-test showed that F,.;;.,1q0teqa = 1.77222, which was lower
than F;,p;. = 2.15626 at the 0.05 significance level. Therefore, the null hypothesis (Ho: 6% =
02%) was accepted, indicating that the two samples had homogeneous variances.

Table S. Homogeneity Test Results (F-Test)

Group Comparison Falculated, Ftable, (o = Decision Interpretation
0.05)
Experimental vs. 1.772 2.156 F(calculated) < Variances are
Control Ftable, homogeneous

Note. The F-test results confirmed that the variances between the experimental and control groups were
homogeneous.

Hypothesis Testing

After confirming that the assumptions of normality and homogeneity were met,
the independent samples t-test was conducted to test the research hypothesis using the posttest
data. The results revealed that t.,;cu1atea = 3-358 and tygp. = 2.026 at the 0.05 significance
level (o= 0.05). Since t(37) = 3.358 > t;4p1e = 2.026, the null hypothesis (Ho: 1 = p2) was
rejected, and the alternative hypothesis (Hi: pi > p2) was accepted. The t-test results indicate a
statistically significant difference in students’ mathematics achievement between the
experimental and control groups. Before the implementation of the PBL approach, students in
the experimental group demonstrated relatively low understanding of mathematical concepts,
with an average pretest score of 25.82, suggesting limited comprehension of the material.
However, after the PBL intervention, their posttest mean score increased significantly to 85.71,
reflecting a remarkable improvement in understanding and problem-solving ability.
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Table 6. Hypothesis Test Results (Independent Samples t-Test)
Statistical Experimental Control tcalculated, ttable, (a = p- Decision
Parameter Group Group 0.05, df=37) value
Posttest Mean 85.71 79.47 3.358 2.026 <.05 Reject
Ho

Note. The independent samples t-test revealed a statistically significant difference between the two groups, #37)
=3.36, p<.05, indicating that the Problem-Based Learning (PBL) approach led to higher mathematics achievement
compared to the conventional lecture-based method.

In contrast, although students in the control group also experienced some improvement,
the increase was not as substantial. The posttest mean score of the experimental group was
notably higher than that of the control group, confirming the effectiveness of the PBL approach
in enhancing learning outcomes. The difference between the two groups was statistically
significant and not due to random variation (t(37) = 3.358, p <.05). This finding provides strong
evidence that the Problem-Based Learning (PBL)approach is more effective than
the conventional lecture-based method in improving students’ mathematics achievement.

Discussion

The results of this study demonstrate that the Problem-Based Learning (PBL) approach
significantly improves students’ mathematics learning outcomes compared to the conventional
lecture-based method. This finding aligns with several previous studies that have reported
similar results. Lee et al. (2019) found that PBL had a significant positive effect on students’
mathematical reasoning and problem-solving skills. Likewise, Makitalentu (2023) emphasized
the superior effectiveness of PBL in mathematics instruction, particularly in teaching the topic
of Relations and Functions. Aries (2022) also confirmed that PBL exerts a positive influence
on mathematics learning outcomes, while Kotto et al. (2022) highlighted that the model
produces a substantial impact on overall student achievement. Collectively, these studies
support the conclusion that the implementation of PBL enhances both cognitive and affective
dimensions of mathematics learning.

The improvement observed in this study can be explained through the principles
of constructivist learning theory, which suggests that students construct knowledge actively
through inquiry, collaboration, and reflection (Fuentealba et al., 2017; Hackenberg et al., 2021;
Wilkie, 2020). In the PBL environment, students are encouraged to explore mathematical
problems, test hypotheses, and discuss their reasoning with peers. This process enables them to
connect abstract mathematical concepts to real-world situations, fostering meaningful
understanding and critical thinking (Achmetli et al., 2019; Jones, 2017). In contrast, the
conventional lecture-based method limits students’ engagement, as learning remains teacher-
centered and procedural, resulting in less opportunity for students to internalize concepts
deeply.

In comparison to previous research, this study offers several novel contributions.
First, the participants consisted of students with low learning participation and heterogeneous
backgrounds, providing insights into PBL’s effectiveness under more challenging and realistic
classroom conditions. Second, the test instruments used in this study were developed to
separately measure conceptual understanding and problem-solving skills, allowing for a more
precise analysis of learning improvements in both domains. Third, the results revealed a distinct
pattern of progress: the highest gain occurred in problem-solving and contextual reasoning
indicators, which increased by approximately 72%, whereas conceptual understanding
of Relations and Functions improved by about 60%. Such detailed differentiation between
conceptual and procedural gains has not been explicitly reported in prior studies.
Finally, despite the limited instructional time (only two sessions for one topic) the findings
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confirmed that PBL remained effective, demonstrating its adaptability and efficiency in short-
term learning contexts.

These results carry important theoretical and pedagogical implications. Theoretically,
they reinforce the constructivist premise that problem-based inquiry fosters deeper cognitive
processing, bridging the gap between mathematical abstraction and contextual application.
Pedagogically, they show that PBL promotes active participation, motivation, and
collaboration, skills essential for 21st-century learning (Viirman, 2015). For schools with
diverse student populations and limited instructional time, PBL provides a flexible yet
impactful framework to enhance learning outcomes. Therefore, this study not only supports
existing evidence but also extends it by demonstrating the robustness of the PBL model when
applied to heterogeneous learners and time-constrained mathematics instruction.

The learning dynamics observed during the PBL sessions suggest that students’ cognitive
engagement progressed through stages of exploration, connection, and abstraction. This process
aligns with the levels of mathematical thinking proposed by Carlson & Thompson (2017),
where learners initially make sense of problems through contextual representation before
forming relational understanding. When students were encouraged to question, hypothesize,
and justify their reasoning, they shifted from surface-level learning to deeper mathematical
reflection. This transformation was especially evident in the experimental group, where
collaborative discourse and peer explanations facilitated the internalization of key mathematical
relationships between “relation” and “function.” Thus, the effectiveness of PBL in this study is
not only statistical but also conceptual, it builds structural understanding rather than procedural
repetition.

From a cognitive-developmental perspective, the success of PBL can also be linked to
students’ metacognitive regulation during problem solving. The model’s open-ended
questioning and peer negotiation stimulated self-monitoring and self-evaluation—two critical
components of metacognitive awareness. These processes enabled students to identify
misconceptions, test multiple strategies, and evaluate their own reasoning paths. Such findings
are consistent with the views of Degrande et al. (2017), who emphasize that effective problem-
based tasks cultivate reflective control over one’s thinking processes. Consequently, this study
strengthens the argument that PBL not only enhances outcomes quantitatively but also
transforms students’ mathematical habits of mind qualitatively.

At the practical level, these findings carry significant implications for curriculum design
and teacher professional development. For curriculum designers, the evidence underscores the
importance of embedding real-world problem contexts and collaborative inquiry tasks into
mathematics syllabi. For teachers, implementing PBL requires a pedagogical shift, from direct
instruction toward facilitating dialogue, reflection, and scaffolding of student reasoning.
Training programs should therefore equip teachers with skills in questioning techniques,
formative assessment, and the orchestration of student collaboration. As noted by Hollebrands
& Lee (2020), the effectiveness of student-centered learning models largely depends on
teachers’ ability to balance structure and autonomy within the classroom. The present findings
thus offer a concrete example of how pedagogical innovation can thrive even in resource-
limited and time-constrained school settings.

Conclusion

The findings of this study demonstrate that the Problem-Based Learning (PBL) model has
a significant positive impact on students’ mathematics learning outcomes, particularly in the
topic of Relations and Functions. Students who learned through the PBL model showed greater
conceptual understanding and problem-solving ability compared to those taught using
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conventional lecture-based methods. These results confirm that engaging students in authentic
problem-solving activities enables them to construct knowledge more meaningfully and to
develop deeper comprehension of mathematical concepts. Furthermore, the study highlights
that the PBL approach fosters students’ active participation, critical thinking, and collaborative
learning, which are essential skills for success in 21st-century education. The findings suggest
that when properly implemented, PBL can serve as an effective pedagogical strategy to enhance
learning motivation, classroom interaction, and long-term understanding of mathematics.
Compared to conventional instruction, PBL encourages a shift from teacher-centered to
student-centered learning, allowing students to take ownership of their learning process.

However, this study is limited by the use of a single essay-based test instrument, which
focused only on cognitive outcomes and did not assess affective or collaborative dimensions of
learning. Future research should therefore integrate a variety of instruments (such as
observation checklists, attitude scales, and peer-assessment tools) to capture a more
comprehensive picture of students’ cognitive, affective, and social development in PBL-based
mathematics learning. Overall, this study contributes to the growing body of evidence
supporting the integration of student-centered, inquiry-based approaches such as PBL to
promote meaningful and sustainable learning in mathematics education.
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