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Project-based learning (PBL) is increasingly recognised as a transformative alternative to traditional, instructor-centred
education, fostering positive student attitudes towards learning. However, public schools in Pakistan largely adhere to
conventional teaching methods, contributing to poor mathematics achievement and negative student attitudes. In this study
we explored the potential of PBL to enhance attitudes and mathematics performance among students in Pakistani public
schools. Grounded in constructivist learning theory, which emphasises active, experiential learning, we employed a
quasi-experimental design in this study. The experimental group received PBL-based instruction, while the control group
was taught using traditional methods. Pre-intervention and post-intervention assessments were conducted for both groups to
measure attitudes and achievement. Quantitative data were collected through an attitude scale and an achievement test, and
qualitative insights were gathered via structured interviews. Statistical analysis of the quantitative data, using the Wilcoxon
signed-rank test and independent sample t-test, revealed a significant improvement in the experimental group’s attitudes
toward mathematics learning (z = -4.570, p < .001) and achievement (p <.001). Thematic analysis of qualitative data further
highlighted that PBL positively influenced students’ perceptions and success in mathematics while receiving favourable
feedback from both teachers and students. These findings underscore the potential of PBL to improve mathematics
instruction and student outcomes in primary education. Future research should examine the applicability of PBL across
diverse school settings, grade levels, and age groups to establish its broader efficacy in varied educational contexts.
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Introduction

In recent years, the declining quality of mathematics education in Pakistani public schools has become a
pressing concern, primarily due to students’ pervasive negative attitudes toward the subject. These attitudes
have been identified as a significant contributor to poor academic performance and suboptimal learning
outcomes. The continued reliance on traditional, teacher-centred instructional methods has exacerbated this
issue by limiting student engagement and reinforcing negative perceptions about mathematics. In these
classrooms, students are often passive recipients of knowledge rather than active participants in the learning
processes. This approach fails to address individual needs and interests, further deepening students’ aversion
towards subjects such as mathematics.

Research consistently highlights the impact of these attitudes on learning outcomes. Kazmi (2019) notes
that science education in Pakistan, particularly in public schools, yields unacceptably low learning outcomes,
largely attributable to students’ negative attitudes. Similarly, Hannula (2002) and Mughal, Asad and Adams
(2021) emphasise that the persistence of conventional teaching approaches in public schools has perpetuated
poor educational quality and further diminished students’ perceptions about mathematics. Negative attitudes
toward mathematics are often identified as a root cause of academic failure (Mazana, Montero & Casmir, 2019).
Parental and teacher pressure to master complex topics such as calculus and geometry has also negatively
influenced students’ attitudes (Awan, Hussain & Anwar, 2017).

National reports further highlight the severity of the problem. Alif Ailaan’s (2017:3) report, “Powering
Pakistan for the 21st Century”, underscores the dismal state of mathematics and science education nationwide.
Data from the national education assessment system reveal that, on average, fourth-grade students scored only
433 out of 1,000 points in mathematics. Furthermore, most students demonstrated poor performance in
mathematics and geometry. These findings are symptomatic of a broader issue: public school classrooms often
marginalise students’ knowledge, individuality, and interests due to the teacher-centred nature of instruction
(Khalig, Alam & Mushtag, 2015), further contributing to negative attitudes towards mathematics.

As a foundational discipline for scientific investigation and development, mathematics demands a range of
cognitive skills, including abstract, inductive, deductive, and computational reasoning (Hu, Gong, Lai & Leung,
2018). Primary education aims to cultivate numeracy and arithmetic skills (Genc & Erbas, 2019; Pangrazi &
Beighle, 2019), yet negative attitudes toward mathematics hinder the development of these essential abilities.
Chaudhry, Malik and Rafiq (2019) highlight that students’ disposition toward mathematics is pivotal in their
academic success. Since the 1960s, educators have recognised that positive attitudes toward mathematics are
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critical for academic achievement (lji, Abah &
Anyor, 2017). Empirical evidence also supports the
connection between students’ positive attitudes and
higher mathematical competence (Zhang, Zhao &
Kong, 2019).

To assess these attitudes, researchers have
used various instruments to measure students’
engagement, self-belief in mathematical abilities,
and perceptions of the usefulness of the subject
(Asempapa & Brooks, 2022; Mutohir, Lowrie &
Patahuddin, 2018). These measures reveal that
students’ perspectives on mathematics significantly
influence their engagement and success (Sen, 2022).
Alarmingly, one-third of students report no interest
in mathematics, with fear rather than curiosity
dominating their attitudes (Vu & Feinstein, 2017).
Negative attitudes often stem from anxiety about
mathematics’ precision, logical requirements, and
problem-solving demands (Abramovich, Grinshpan
& Milligan, 2019), which impede students’
willingness to engage and learn. Fostering positive
attitudes is critical to overcoming these barriers and
improving mathematics education outcomes.

To address the challenges of negative student
attitudes toward mathematics, project-based
learning (PBL) offers a pedagogical approach that
combines hands-on and mind-on activities,
facilitating deeper comprehension and long-term
retention of mathematical concepts (France, 2015).
PBL actively engages students in their learning
process, transforming negative attitudes by making
mathematics more relevant and enjoyable (Rehman,
Huang, Batool, Andleeb & Mahmood, 2024). It
fosters critical skills such as problem-solving,
critical thinking, and collaboration, which are
essential for academic success and future career
readiness (Virtue & Hinnant-Crawford, 2019). For
instance, Wolpert-Gawro (2016) demonstrates that
PBL encourages students to embrace challenges in
mathematics rather than avoid them, leading to
improved confidence and resilience. Moreover,
PBL enables students to absorb mathematical
concepts better, retain them for longer, and
effectively apply their knowledge to real-world
scenarios. The long-term impact of this teaching
method lies in its ability to transform students’
learning processes and enhance their academic
performance (Holmes & Hwang, 2016).

Mathematics Education in Pakistan

The Trends in International Mathematics and
Science Study (TIMSS), a global standardised
assessment, underscores the critical state of
mathematics education in Pakistan. As the first
South Asian country to participate in TIMSS,
Pakistan’s results reveal a troubling reality: fourth-
grade Pakistani students rank at the bottom in
global math and science proficiency (TIMSS,
2019). Among the 58 predominantly high-income
nations assessed, Pakistan’s performance is

particularly concerning. Only 27% of Pakistani
students met the lowest international benchmark in
mathematics, demonstrating a basic understanding
of fundamental concepts such as addition,
subtraction, multiplication, and  division.
Furthermore, only 8% of students achieved the
intermediate benchmark, while only 1% reached
the high standard. These findings highlight a
systemic issue in  mathematics education,
emphasising the urgent need for innovative
pedagogical approaches, such as PBL, to improve
students’  proficiency and engagement in
mathematics.

In Finland, where students consistently excel
in the Programme for International Student
Assessment (PISA) exams, formal mathematics
instruction does not begin until the seventh grade.
Instead, students gain an early understanding
through hands-on projects and experiential learning
(Boaler, Chen, Williams & Cordero, 2016).
Finland’s emphasis on learning by doing represents
a paradigm shift from traditional teaching methods.
Rather than merely providing formulas and
expecting students to apply them, educators in
Finland  encourage  students to  explore
mathematical concepts independently and solve
problems creatively.

In contrast, Pakistan’s education system faces
numerous systemic challenges, including limited
funding, inefficient programme implementation,
and inadequate teacher training (Halai & Durrani,
2020). As a result, conventional teaching methods
dominate classrooms, hindering student
engagement  and academic performance.
Mathematics is widely regarded as a critical tool
for developing cognitive and analytical abilities;
historically, societies have placed immense value
on mastering mathematics as a pathway to
intellectual growth (Khan, Malik & Janjua, 2019).
However, many Pakistani students struggle with
mathematics due to a lack of motivation, often
perceiving the subject as either uninteresting or
excessively challenging. Children may disengage
entirely when complex concepts like algebra,
arithmetic, or geometry are introduced prematurely
(Almulla, 2020).

The Alif Ailaan (2017) report reveals
alarming statistics: only 2.3% of primary school
students demonstrated proficiency in basic
mathematical operations, and this number declined
to 1.1% by matriculation. These findings
underscore the urgent need for reforms in
educational policy and classroom practices. Key
issues include low-quality curriculum materials,
substandard solution manuals, and teaching
methods that exceed students’ developmental
capacity. Consequently, students are ill-prepared to
master  foundational concepts, leading to
cumulative learning gaps (Rehman, Zhang,
Mahmood & Alam, 2021). Teachers, too, are
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ill-equipped; many lack the necessary expertise,
resist innovative teaching strategies, and cling to
outdated practices (Ashraf & Ashraf, 2015; Khan et
al., 2019). Furthermore, limited research exists on
the impact of PBL in primary schools within
Pakistan, as most studies focus on higher education
and teachers’ perceptions. This gap highlights the
need to explore how PBL could transform
mathematics education for younger, low-achieving
students in Pakistan.

Problem Statement
The persistent reliance on  conventional,
teacher-centred pedagogies in Pakistani public
schools has contributed to low levels of student
engagement, suboptimal learning outcomes, and
negative attitudes toward mathematics. Addressing
these issues requires an innovative approach that
shifts the focus from passive to active learning. In
this study we investigated whether PBL could
improve students’ attitudes towards mathematics
and enhance their academic performance:

1) Is there any statistically significant difference in the
pre- and post-test mean scores of experimental and
control group students from the ‘“Math Attitude
Scale”?

2) s there any statistically significant difference in the
achievement and problem-solving  skills  of
experimental and control group students from the
“Math Achievement Test?

a) What is the effect of PBL on low achievers of
experimental and control group students?

3) How do teachers and students perceive PBL
implementation in mathematics classrooms?

Contribution of the Study

This study contributes to the growing PBL research
by  demonstrating its  applicability in
resource-constrained  classrooms. In many
developing countries, including Pakistan, where
technology-oriented teaching tools are unavailable
due to financial and infrastructural limitations, PBL
offers an alternative methodology for improving
mathematics instruction. By focusing on hands-on,
student-centred learning, PBL fosters critical
thinking, collaboration, and problem-solving skills,
which are essential for success in the 21st century
(Virtue & Hinnant-Crawford, 2019).

The study findings hold significant
implications  for  policymakers,  curriculum
developers, and educators. Policymakers can use
the results to advocate for systemic reforms
integrating PBL into national education policies.
On the other hand, teachers may gain insight into
how PBL impacts student learning, identify
challenges in its implementation, and adapt their
instructional strategies accordingly. Furthermore,
this research highlights how PBL can be leveraged
in low-resource settings, making it a viable and
impactful approach to improving mathematics

education in developing nations.

Literature review

History of PBL

Since the 1990s, PBL has become increasingly
prevalent across diverse educational disciplines
(Saad & Zainudin, 2022). Originating from John
Dewey’s principle of learning through doing, PBL
was first applied in medical and engineering
education during the 1970s (Osterman & Bréting,
2019). In this approach, students design, solve
problems, and make decisions (Krajcik &
Blumenfeld, 2005). Instead of directly imparting
content, teachers act as facilitators in the learning
process (Jones, 1997). PBL integrates knowledge
acquisition with professional skills development by
addressing real-world problems and promoting
active, interactive, and collaborative learning
environments (Clouston & Whitcombe, 2005;
Duch, Groh & Allen, 2001). This method has been
shown to enhance critical and analytical thinking
(Kek & Huijser, 2011). Research indicates that
PBL outperforms traditional teaching methods
(Alrahlah, 2016; Dochy, Segers, Van den Bossche
& Gijbels, 2003; Morales-Mann & Kaitell, 2001)
by equipping students with the ability to locate
information, solve problems, make decisions, and
collaborate  effectively  (Godejord,  2007).
Additionally, PBL helps students consolidate prior
knowledge and assimilate new concepts (Cullen,
Richardson & O’Brien, 2004).

PBL and academic achievement

Research consistently demonstrates that students
achieve better outcomes when engaged in a PBL
environment (Almulla, 2020). When implemented
effectively, the benefits of PBL far outweigh the
challenges that instructors face in adopting and
applying it in classrooms (Gay, Sahjat & Hamid,
2022). PBL has shown significant success across
various curricular domains, fostering student
interest and engagement in meaningful, real-world
tasks (Turcotte, Rodriguez-Meehan & Stork, 2022).
Active participation in these tasks enhances
students’ understanding of the material, leading to
improved academic performance (Han, Rosli,
Capraro & Capraro, 2016). Specifically, PBL has
been found to elevate mathematics proficiency
levels, with longitudinal data revealing substantial
advancements in  student performance in
mathematics over time (Han et al., 2016).

However, achieving these gains requires a
deliberate and sustained effort, particularly in
contexts like Pakistan, where traditional,
teacher-centred  methods  are  entrenched.
Transitioning to PBL poses challenges for both
instructors and students, as it demands a shift in
pedagogical practices and cognitive processes.
Students accustomed to conventional instruction
may initially struggle to adapt to the inquiry-based
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nature of PBL. Similarly, teachers may require time
and support to refine their application of PBL, as
mastery is unlikely on the first attempt.

Despite these challenges, the long-term
benefits of PBL are evident when implemented
consistently and systematically. Rima and Marwa
(2022) emphasise that PBL is most effective when
integrated into the curriculum as a regular, reliable
instructional strategy rather than an isolated
activity. Over time, both teachers and students
become more comfortable with this approach,
resulting in improved classroom performance.
Moreover, PBL fosters positive shifts in students’
attitudes and motivation, equipping them with the
skills necessary for sustained academic success
(Gay et al., 2022).

Learning Mathematics through PBL

PBL effectively connects curriculum to real-world
applications, fostering a deeper understanding of
academic concepts and enhancing problem-solving,
communication, collaboration, and critical-thinking
skills in mathematics (Chen & Yang, 2019).
Students realise the practical importance of
geometry through PBL (Han et al., 2016). Teachers
can use pre-made curricula, design their PBL
methods, or incorporate PBL in broader school
campaigns (Mughal et al., 2021).

It is crucial to address obstacles in conceptual
learning at secondary levels and employ
pedagogical solutions to help students overcome
them (Chaudhry et al, 2019). Pakistan’s
mathematics classes often lack depth in student
learning, and there is a need to focus on the
challenges and opportunities in  mathematics
education (Mughal et al., 2021). PBL can help
students develop 21st-century skills.

According to  Pakistan’s  mathematics
curriculum revisions emphasise engaging activities
and social learning (Ministry of Federal Education
and Professional Training, Government of Pakistan,
2018). Effective early teaching and learning are
essential for long-lasting cognitive development
(Ramesh, 2022). PBL helps students apply
mathematics skills daily (Almazroui, 2023).
Prosperous countries on PISA and TIMSS tests
highlight problem-solving as a vital component of
mathematics education (Eriksson, Helenius & Ryve,
2019).

PBL promotes critical thinking,
problem-solving, and collaboration in mathematics.
These skills are crucial for students majoring in
mathematics (Apriliyanto, Dewi & Riyadi, 2018).
Appropriate learning models can foster creativity
and engagement (Abdullah, Tarmizi & Abu, 2010).
However, poorly designed mathematics activities
can harm motivation and interest (Papadakis,
Kalogiannakis & Zaranis, 2021). Unfortunately,
teachers often focus on drills, neglecting creativity
(Lavidas, Apostolou & Papadakis, 2022).

PBL has been shown to benefit students’
curiosity, engagement, problem-solving, critical
thinking, and communication skills. Appropriate
teaching techniques are essential to maintaining
student motivation in mathematics (Mughal et al.,
2021). Emphasising the real-world relevance of
mathematics can motivate students and broaden
their future job prospects (Kwietniewski, 2017).
Additionally, teachers’ academic motivation
significantly affects their teaching practices
(Karakose, Polat, Yirci, Tiiliibag, Papadakis,
Ozdemir & Demirkol, 2023).

Constructivist theory

The social constructivist approach is closely
aligned with PBL, highlighting the importance of
student agency, collaboration, and guided learning
(Perry, 2020). PBL promotes active engagement in
real-world projects, fostering the development of
transferable skills and enhancing interpersonal
learning (Dolmans, 2019; Kolb, 1984; Nguyen,
2017). This educational method is transformative,
leading to long-term knowledge retention and a
commitment to democratic values (Mielikéinen,
2022). Gardner’s theory of multiple intelligences
complements PBL by acknowledging eight distinct
types of intelligence among students (Owens &
Hite, 2022). The variety of activities in PBL caters
to diverse learning preferences (Radkowitsch,
Sailer, Fischer, Schmidmaier & Fischer, 2022).
Kolb’s experiential learning theory (ELT)
underpins PBL, emphasising children’s natural
curiosity and engagement with their environment
(Sevgul & Yavuzcan, 2022). ELT advocates for a
meaningful learning environment with strong
real-world connections (Rajabzadeh, Mehrtash &
Srinivasan, 2022). Students develop a sense of
belonging when working towards shared goals
(Sevgul & Yavuzcan, 2022). PBL supports
meaningful learning by building on prior
knowledge and involving students in projects of
global significance (Sheppard, 2022).

Methodology

To address the research questions comprehensively,
a mixed-method design was employed, combining
both quantitative and qualitative approaches.
Specifically, a quasi-experimental design was used
for the quantitative component to assess the impact
of the intervention on students’ attitudes and
achievement. For the qualitative component, a
qualitative approach was adopted to explore
teachers’ and students’ perceptions of PBL. The
integration of these methods allowed for a more
holistic understanding of the research problem.

The mixed-method design was chosen
because it combines the strengths of both
quantitative and qualitative approaches, enabling a
robust data analysis. While quantitative data
revealed statistical significance in student attitudes
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and achievement changes, it did not elucidate the
underlying reasons for these changes. The
qualitative data provided deeper insights into how
and why PBL influences these outcomes, offering a
richer perspective on the experiences and
perceptions of teachers and students (Hirose &
Creswell, 2023). Moreover, this design helped
contextualise the intervention’s impact and
addressed the complexities of educational change
over time (Cresswell, 2014).

According to Cresswell (2014), six research
designs are commonly associated with the
mixed-method approach, each guiding the
researcher in structuring the study. The choice of
design depends on whether quantitative and
qualitative data are collected concurrently or
sequentially and the relative weight assigned to
each data type. A concurrent embedded design was
adopted for this study, and data were collected
simultaneously. The quantitative method served as
the primary data source in this approach, providing
evidence about students’ achievements, skills, and
attitudes. The qualitative method was embedded
within the primary process, offering supplementary
insights and contextual depth (Cresswell, 2014).

This  methodology ensured that both
numerical outcomes and experiential perspectives
were captured, enabling the researcher to better
understand the necessity and impact of the
intervention programme. The combination of these
approaches yielded a comprehensive dataset,
enhancing the validity and applicability of the
findings.

Data Collection Process

To address the research questions, we used a
non-equivalent control group pre-/post-test design
involving one experimental and one control group.
This design facilitated a comparative analysis to
assess the impact of the intervention. The study
was conducted in a government school with
multiple sections for each grade level. Due to the
school’s fixed schedule constraints, a non-random
sampling technique was employed to select two
sections of fifth-grade students. One section,
comprising 35 students, was designated as the
experimental group, while the other section, which
also had 35 students, served as the control group.
To ensure comparability, the two groups were
matched based on characteristics such as the
number of students, prior achievement levels, and
content exposure.

Ethical  considerations  were carefully
addressed throughout the study. Informed consent
was obtained from all participants who provided
written permission to participate. Additionally, the
consent process and ethical protocols were
reviewed and approved by the relevant ethics
committee, ensuring compliance with ethical
research standards.

Sampling and Group Allocation

Prior to the intervention, the homogeneity of the
fifth-grade mathematics students was confirmed.
Both groups were randomly assigned: 5-B served
as the experimental group, while 5-A acted as the
control group. We assessed all relevant variables,
including collaborative, critical-thinking, and
problem-solving skills for both groups before the
intervention (see Table 1). The study was
conducted in an all-girls school for several reasons.
In Pakistan, girls’ and boys’ schools are separate
due to cultural norms and educational policies.
Additionally, girls are often observed to have
weaker mathematics performance than boys.
Therefore, focusing on a girls’ school provided an
opportunity to explore the potential benefits of PBL
specifically for female students, aiming to address
their unique challenges in mathematics learning
and to improve their attitudes and achievements in
the subject.

Table 1 Demographic profile of the sample

Experimental Control
group Gender group Gender
35 students Female 35 students  Female

Pre-test Measurement

Before the intervention, a pre-test was administered
to measure 21st-century skills in both groups. To
assess students’ attitudes toward mathematics, we
used the mathematics attitude scale, originally
developed by Aladag (2005) and later updated by
Eskici, llgaz and Aricak (2017). This scale
evaluates four aspects: enjoyment of mathematics,
fear, anxiety, distress, application of mathematics
in everyday life, and perceived mathematics
achievement (see Table 2).

Intervention Details

PBL was used as instructional approach to teach
mathematics content to the experimental group.
Customised lesson plans and modules focussing on
measurements of angles, geometry, and decimal
concepts were created. In contrast, the control
group received instruction through traditional
teaching methods using the same content. The
intervention lasted 6 weeks, with each week
comprising 5 hours of instruction for a total of 30
class hours. Audio-visual aids were prepared for
classroom activities, and the experimental group of
students worked in five groups of six girls per
session.

Assessment Methods

Teachers assessed students in the experimental
group using worksheets and projects at the end of
each session, following the operational stages
outlined by the Buck Institute (Kaptan & Korkmaz,
2001). In the control group, standard tests and
quizzes were used for assessment.
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Post-test Measurement

After the intervention, both groups completed the
mathematics attitude, creativity, and
problem-solving test as a post-test. During the
project work, students in the experimental group
were observed to evaluate their engagement and
collaboration with peers and within groups.

Qualitative Data Collection

After the intervention, interviews were conducted
with teachers and students who participated in the

Table 2 Alpha reliability of attitude scale

Factor Value
Factor 1: Enjoyment .69
Factor 2: Fear, anxiety, and distress .84
Factor 3: The use of mathematics in everyday life .84
Factor 4: Perceived mathematics achievement .82
Overall value of the test .80

Mathematics achievement test

In collaboration with mathematics specialists,
teachers, and other stakeholders, we developed a
mathematics achievement test as part of the PBL
training and intervention. To ensure validity and
reliability, experts reviewed and approved the test
before data collection. The content for the test and
accompanying project was drawn from three
chapters of the Grade 5 mathematics teacher’s
handbook. Guided by Bloom’s taxonomy, the test
was constructed to encompass a range of cognitive
domains. The final test comprised 30 items,
including 20 questions addressing knowledge,
comprehension, application, analysis, synthesis,
and evaluation, and 10 questions designed to assess
students’ problem-solving skills in mathematics.

An item analysis was performed using the
ITEMAN tool, following established guidelines
(Ramadhan, Mardapi, Prasetyo & Utomo, 2019).
The analysis revealed a difficulty index ranging
from 0.33 to 0.85 and a discrimination index
between 0.31 and 0.82. Based on Heri’s (2016)
criteria, items with a difficulty index of 0.31 to
0.89 and a discrimination value of at least 0.22
were deemed high quality. Consequently, all 30
items were retained in the final test version. Further
evaluation indicated a reliability coefficient of 0.79,
confirming the test’s suitability for assessing
mathematical achievement. The mathematics
achievement test was selected for this study
because  prior research  demonstrated its
effectiveness for evaluating students’ mathematics
skills as in objectives of the study.

Both quantitative and qualitative methods
were employed to analyse the collected data. For
the quantitative analysis, the pre-test and post-test
scores of the experimental and control groups were
compared to evaluate the intervention’s impact.
The Wilcoxon signed-rank test was used to analyse
data from the mathematics attitude scale, while the
independent sample t-test was used to assess

PBL activities. All participants signed consent
forms, and their names were kept confidential and
used only for research purposes. We maintained a
friendly and comfortable environment during the
interview sessions. Two mathematics teachers
involved in the intervention were selected for
interviews to understand the qualitative aspects of
the study. A convenient sampling technique was
used to select 10 students who voluntarily
participated in the interview sessions to share their
perspectives about PBL.

differences in performance on the mathematics
achievement test. Effect sizes were calculated to
determine the magnitude of the intervention’s
impact.

For the qualitative analysis, thematic analysis
was applied to interviews with teachers and
students, identifying recurring patterns and key
themes related to the implementation of PBL.
Additionally,  observation notes from the
experimental group were analysed to assess student
engagement, collaboration, and the practical
application of PBL principles. This comprehensive
approach provided a deeper understanding of how
PBL influenced both student attitudes and
academic performance in mathematics.

Results

To determine whether the data were normally
distributed, the Shapiro-Wilk test was conducted
for both the pre-test and post-test scores of the
experimental and control groups. This test is
particularly suitable for small sample sizes and
provides a robust assessment of normality. The
results of the Shapiro-Wilk test are summarised in
Table 3. A p-value greater than .05 indicates that
the data do not significantly deviate from a normal
distribution, suggesting that the data can be
considered normally distributed.

Table 3 Test of normality

Group Statistic df p

Experimental-pre 975 35 .595
Control-pre 971 35 .466
Experimental-post .958 35 199
Control-post .944 35 .075

Effect of PBL on Students’ Attitude towards
Mathematics Learning

The first research question focused on the impact
of PBL on students’ attitudes toward mathematics
learning. Results from an attitude measure before
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and after the session indicated a statistically

significant change in participants’ attitudes.

Table 4 Effect of PBL on students’ attitudes before and after the experiment

Wilcoxon Rank experimental group test

Test statistics z significant

Mean rank Sum of ranks (sig) (2-tailed)
Negative ranks 3 2.50 -4.570 (.00)
Post-pre positive ranks 26 16.44
Ties 6
Total 35
Before conducting the Wilcoxon signed-rank After the intervention, the findings

test, the normality of the data distribution was
assessed using the Shapiro-Wilk test. The results in
Table 3 indicate that the data did not follow a
normal distribution for any groups (p > .05),
justifying non-parametric methods for further
analysis. Table 4 displays the changes in primary
school students’ attitudes towards mathematics
learning before and after participating in the
experimental group. The Wilcoxon signed-rank
test, a non-parametric method, was employed to
compare two distinct sets of scores generated by
the same individuals. This test is particularly useful
when evaluating changes in scores across different
time points or when individuals are exposed to
multiple conditions simultaneously. The primary
objective of this study was to ascertain whether a
significant shift took place in participants’ attitudes
toward mathematics learning before and after the
intervention.

Table 5 Attitude of control group students

demonstrate a statistically significant positive
change in students’ attitudes in the problem-based
learning (PBL) group. Z-values of the z-test
statistic were used to determine whether the
Wilcoxon signed-rank test showed a significant
deviation from zero. The z-value (z = -4.570)
indicates a notable difference. Furthermore, the
p-value of .00, less than .05, also signifies a
significant difference. The effect size was also
calculated using the Pearson product-moment
correlation coefficient, yielding an r-value of -0.77.
According to the r-value, the effect size ranges
were defined as follows: .10 - < 0.3 (small effect),
.30 - < .5 (moderate effect), and >= .5 (significant
impact). This r-value of -.77 shows a substantial
effect on the students’ attitudes after the
intervention. The results of this test substantiated
that PBL positively influenced students’ attitudes
toward mathematics learning.

Wilcoxon Rank control group test

Test statistics z sig

Mean rank Sum of ranks (2-tailed)
Negative ranks 0 .00 -3.225(.01)
Post-pre positive ranks 13 7.00
Ties 22
Total 35

Table 5 presents the results of the attitude
scale, which was used to assess students’ attitudes
towards mathematics learning. The control group
received instruction through traditional teaching
methods. Attitude data were collected from
students before and after the teaching intervention
using a questionnaire. Due to the non-parametric
nature of the data, the Wilcoxon signed-rank test
was applied in the Statistical Package for the Social
Sciences (SPSS). The z-value (z = -3.225b) and
p-value (p = .01) were higher than .00, indicating
no significant change in students’ attitudes
following the traditional teaching method. The
effect size was calculated as r = -.54, indicating a
minimal difference.

Effect of PBL on Students’ Mathematics
Achievements

The second research question was on the
effectiveness of PBL in enhancing students’

academic achievement and problem-solving skills.
An accomplishment exam was created to measure
students’ performance in mathematics. This exam
included 30 questions, carefully selected and
designed based on the standards-based learning
objectives (SLO) of the mathematics curriculum.
Achievement data were collected from both the
experimental and control groups before the
intervention. The same test, with the sequence of
questions altered, was administered after the
intervention. Data were analysed using SPSS, and
because the data for this research question were
parametric, a t-test was applied. A preliminary
analysis compared the mean scores from the
pre-test and post-test between the experimental and
control groups to determine whether a significant
change took place in either group’s average score
due to the intervention.
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Table 6 Mean score of experimental and control group students in the achievement test

N M SD df p

Experimental-pre 35 12.46 4.054 68 0.421
Control-pre 35 11.80 2.576
Experimental-post 35 25.54 4.767 68 .00
Control-post 35 16.94 3.873

Table 6 represents the results of the t-test was (p = .421) before the intervention. As this is
scores of the experimental and control groups. The greater than .05, there was no significant difference
mean value of the experimental group before the between the experimental and control groups
intervention was (12.46) and after the intervention, before the intervention. After the intervention, the
it was (25.54). On the other hand, the mean value p-value (p = .00) shows a considerable difference.
of the control group before the experiment was Because the p-value is smaller than .05, a
(11.80) and after studying with the traditional significant  difference is depicted in the
teaching method, the mean scores increased to experimental and control group after the
(16.94). It shows that the mean value increased in intervention (see Table 5 for details).
both cases, but the mean value increased more in To check the difference in the mean scores
the experimental group, taught using PBL, than in between the control and experimental groups
the group where the traditional teaching method before and after the experiment, an independent
was used for teaching mathematics. The p-value sample t-test was applied.

Table 7 Comparison of mean scores of achievements of experimental and control group students before
intervention

Groups Mean (SD) t df Sig
Pre-experimental 12.46 (4.054) .809 57.609 4.22*
Pre-control 11.80 (2.576)

Note. *p > .05.

Table 7 displays the results of the independent This indicates that, before the intervention, both the
sample t-test, indicating that the mean value for the experimental and control groups performed
experimental group was 12.46 and for the control similarly in terms of achievement and
group 11.80, suggesting no difference between the problem-solving skills. The p-value of 4.22, being
groups before the intervention. The t-value of .809 much higher than 0.005, confirms the lack of
and the p-value of 4.22 further confirm that there significant difference between the experimental and
was no significant difference between the groups. control groups before the treatment.

Table 8 Comparison of mean scores of achievements of experimental and control group students after
intervention

Groups Mean (SD) t df Sig Effect size
Post-experimental 25.54 (4.767) 8.284 65.260 .000* 1.82
Post-control 16.94 (3.873)

Note. *p < .05.

Table 8 shows the results of the independent method for teaching mathematics at the primary
sample t-test, where the experimental group had a level. Cohen’s d-value of 1.82 indicates a large
mean score of 25.54, compared to 16.94 for the effect size, highlighting the significant difference
control group, indicating a substantial difference between the group taught with PBL and the group
after the intervention. The t-value of 8.284 and a taught using traditional methods.
p-value of .000 demonstrate a significant difference Additionally, a paired sample t-test was
between the groups. This suggests that the conducted to compare the pre- and post-test scores
experimental group, which was taught using PBL, of the experimental group, as outlined by Cohen,
outperformed the control group in terms of Manion and Morrison (2017). The effect size was
achievement and problem-solving skills. PBL was calculated to assess the impact of the intervention
thus identified as a highly effective instructional on the experimental group.

Table 9 Paired sample t-test

Effect size

Pearson’s

correlation
Experimental group Mean (SD) t df Sig coefficient (r)

Pre-test/Post-test 16.780(4.252) -25.252 40 .00 N
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Table 9 shows the results of the paired sample
t-test. The paired sample t-test is used when the
researcher wants to determine the difference in the
mean scores of the experimental group. The mean
scores reveal a highly significant difference, as
indicated by a p-value smaller than .05 (p = .005),
demonstrating a statistically significant difference
in the mean scores of the experimental group. The
table shows that the scores of the experimental
group improved considerably after the intervention.
The achievements of the students in the
experimental group in the test were enhanced after
the intervention. It indicates that students who
learnt used PBL improved their scores on
mathematics tests. The effect size of our study was
evaluated using Pearson’s correlation coefficient r
(0.7), which represents a large effect size.

Effect of PBL on Low Achievers

To check the percentage of students from the
control and experimental groups a descriptive
statistical analysis was done. The student rating
was calculated using SPSS. According to their
scores on the post-test achievement test students
were categorised into three categories, namely, low,
moderate, and high achievers.

Table 10 Mean score of low, moderate, and high
achievers of experimental and control
group students (post-test data)

Scores

Subgroups  Groups N range %
Low Experimental 0 0-10 0
achievers Control 1 0-10 2.8%
Moderate Experimental 07  10-20 20%
achievers Control 26 10-20 74%
High Experimental 28  20-30 80%
achievers Control 8 20-30 22.8%

Table 10 presents the scores of the
experimental and control group students on the
achievement test, categorising them as low
achievers (0-10), moderate achievers (10-20), and
high achievers (20-30). The results reveal notable
differences between the groups following the
intervention. Among the experimental group, no
students fell into the low-achiever category,
whereas one student (2.8%) in the control group
was categorised as a low achiever. Seven students
(20%) from the experimental group and 26 (74%)
from the control group were represented in the
moderate category. Conversely, the high achiever
group included 28 students (80%) from the
experimental group and only eight (22.8%) from
the control group. These findings indicate that most
high-performing  students were from the
experimental group exposed to PBL. Furthermore,
74% of students in the control group remained
moderate  achievers after learning through
traditional teaching methods. These results
highlight the effectiveness of PBL in enhancing

student achievement, as most students in the
experimental group performed well on the
achievement test.

Teachers’ and Students’ Perceptions of PBL
Interview data were analysed using thematic
analysis to uncover participants’ perceptions of
PBL activities. To maintain objectivity and
minimise bias, we relied solely on transcribed
interviews during the analysis. Thematic patterns
emerging from the interviews with teachers and
students provided rich insights into the perceived
benefits and challenges of PBL.

Teachers’ perceptions

Teachers unanimously identified PBL as an
effective approach to teaching mathematics at the
primary level. One teacher described PBL as a
transformative method, stating: “PBL transforms
the traditional classroom into a dynamic learning
environment where students are at the center of the
learning process.”

Teachers emphasised the shift from
teacher-centred to  student-centred learning,
highlighting the collaborative nature of PBL. This
aligns with MacMath, Sivia and Britton’s (2017)
assertion that PBL fosters learning by doing and
encourages child-centred education.  Another
teacher remarked: “PBL allows students to work
independently, encouraging them to take an active
role in their education.”

Collaborative learning emerged as a key
theme, with teachers noting that students were
more engaged and enthusiastic when working on
projects that interested them. One teacher observed:
“Students are more invested in their work when it’s
relevant to their interests, and they get to
collaborate with their peers.”

Furthermore, teachers highlighted the positive
effects of PBL on classroom dynamics, discipline,
and teacher-student relationships. As one teacher
explained: “PBL fosters a better teacher-student
relationship and improves classroom dynamics.”

Teachers also noted that PBL enabled
students to apply their knowledge to real-world
scenarios, enhancing both understanding and skills
development.

Students’ perceptions

Students expressed enthusiasm for learning
mathematics through PBL, citing increased
motivation and  opportunities  for  group
collaboration — previously uncommon experiences.
One student said: “For the first time, | shared my
opinion with my classmates; they valued my ideas,
and we worked effectively in groups.”

However, some students reported challenges,
particularly anxiety about presenting their work.
One participant stated: “I am not proficient at
speaking, so it was difficult to convey the messages
to audiences. As a result, | was generally afraid to
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present the project because | was not confident in
my work.”

Low achievers’ perceptions
We conducted follow-up interviews with five
low-achieving students after the intervention.
These students described a significant positive
impact of PBL on their learning experience. One
student commented:
Math was never my favorite subject; | always
scored low on math tests, so | was considered dull
and poor. | think PBL is the best technique for
students like me who do not do well on math tests; |
don’t know how, but PBL involves me in the
learning process.
These response illustrates how PBL can engage
students who  previously  struggled  with
mathematics, fostering a sense of inclusion and
improved attitudes towards learning.

Discussion and Conclusion

With this study we concluded that while no
statistically significant difference was observed in
the post-test attitudes of the control group, the
experimental group demonstrated a marked
improvement in attitudes toward mathematics
learning due to the implementation of PBL. This
aligns with other research that underscores the
effectiveness of PBL in fostering positive student
attitudes towards learning. For instance, Mazana et
al. (2019) note that PBL encourages a more
favourable  disposition toward mathematics.
Similarly, Akin (2009) found comparable outcomes
in studies involving the fractions sub-learning
domain for fifth-grade mathematics and the natural
numbers sub-learning domain for fourth-grade
mathematics courses.

Other  studies, including those by
Kwietniewski (2017), Reid-Brown (2017) and
Tseng, Chang, Lou and Chen (2013), also highlight
statistically significant positive differences in
student attitudes when PBL is integrated into the
curriculum. Shin (2018) further corroborates these
findings, demonstrating that PBL substantially
enhances students’ attitudes towards mathematics
courses. Liu (2003) observed that after an 18-week
PBL intervention, students exhibited more positive
attitudes and a better grasp of mathematical
concepts, suggesting that the long-term application
of PBL is critical for -effectively reshaping
students’ attitudes and promoting effective
learning. Moreover, Zahroh, Darmayanti,
Choirudin, Soebagyo and Nalarsih (2023)
emphasise that PBL improves student attitudes and
enhances their problem-solving and critical-
thinking abilities.

The findings of this study reinforce the idea
that students’ positive attitudes toward mathematics
can be cultivated through PBL, which prioritises
active, student-centred learning. As Rehman,
Zhang, Mahmood, Fareed and Batool (2023)

suggest, effective teaching strategies like PBL
significantly impact students’ engagement and
academic success. This study demonstrates that
students progressed from moderate to high
achievement levels when PBL was implemented,
supporting Kies’ (2018) assertion that PBL can
uncover and develop latent abilities in students.

PBL’s practical, hands-on approach enables
students to explore subjects in depth, surpassing the
limitations of traditional classroom instruction.
Students engaged in PBL are better prepared to
address real-world challenges, devise innovative
solutions, and contribute effectively beyond the
classroom (Yustina, Syafii & Vebrianto, 2020).
Almulla (2020) further highlights that this method
enhances academic performance while equipping
students with essential life skills.

In conclusion, our study underscores the
transformative potential of PBL in mathematics
education, shifting from teacher-centred to
student-centred approaches. This transition fosters
a more engaging and effective learning
environment, improving student attitudes and
academic outcomes. Future research should
examine the long-term impacts of PBL on attitudes
and performance across diverse subjects, grade
levels, and educational contexts to expand its
applicability and effectiveness.

Implications of the Study

This study offers several implications for
educators, policymakers, and researchers. The
findings suggest that PBL can significantly
enhance students’ attitudes toward mathematics
and boost academic performance. Educators should
consider integrating PBL into their teaching to
create more engaging and effective learning
environments.  Training in  designing and
implementing PBL activities can equip teachers to
foster deeper student engagement and improved
learning outcomes. The study highlights the need
for professional development programmes that
prepare teachers to implement PBL effectively.
Policymakers should prioritise investments in
teacher training, curriculum development, and
classroom resources to support the adoption of PBL
in schools. Such efforts can bridge the gap between
traditional and innovative pedagogical practices,
enabling systemic educational improvements.
Future research should explore the long-term
impact of PBL on student attitudes, academic
performance, and skills development. Investigating
the effectiveness of PBL across diverse subjects,
educational levels, and institutional contexts, such
as public versus private schools, can provide
valuable insights into its broader applicability.
Moreover, addressing limitations such as the
non-generalisability of findings through random
sampling and incorporating participants from
varied regions and cultural backgrounds can
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enhance the robustness of future studies.
Additionally, research comparing the effectiveness
of PBL among different student demographics and
educational settings can yield actionable insights
for educators and policymakers. By identifying
contextual factors that influence PBL’s success,
future studies can inform strategies to adapt and
optimise PBL for diverse learning environments.
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