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Fostering twenty-first century skills among primary
school students through math project-based
learning
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In today's modern world, students must be equipped with twenty-first century skills, parti-
cularly those related to solving real-life problems, to ensure competitiveness in the current
global economy. The present study employed project-based learning (PBL) as an instructional
tool for teaching math at the primary level. A convergent mixed-methods approach was
adopted to determine whether the PBL approach has improved students’ twenty-first century
skills, including collaborative, problem-solving, and critical thinking skills. Thirty-five students
of the experimental group were treated with PBL, while 35 students of the control were
treated with the traditional teaching method. ANCOVA test for “critical thinking skills”
showed a significant difference between the experimental and control group (F=104.833,
p=0.000<0.05). For collaborative skills, results also showed a significant difference
between the two groups (F =32.335, p = 0.000 < 0.05). For problem-solving skills, the mean
value of experimental (25.54) and control group (16.94) showed a high difference after the
intervention. The t-value (8.284) and the p value (p =0.000) also showed a highly sig-
nificant difference. Observations of the classroom also revealed the favorable effects of
employing PBL. PBL activities boosted the level of collaboration and problem-solving skills
among students. Students could advance their collaboration abilities, including promoting one
another’s viewpoints, speaking out when necessary, listening to one another, and partici-
pating in thoughtful discussions. During the PBL project, students’ active participation and
effective collaboration were observed, significantly contributing to its success.
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Introduction

earners of the twenty-first century need to equip with the

core knowledge and necessary skills to perform in various

situations to succeed. There are many different educational
philosophies, each of which contains essential elements for
human development (Parrado-Martinez and Sanchez-Andjar
2020). In 2017, Alif Ailaan published a report entitled “Powering
Pakistan for the 21st -Century,” highlighting the dismal state of
math and science education nationwide. Report data showed that,
on average, fourth graders earned 433 out of 1000 points in math
on the National Education Assessment System exam. The survey
concluded that students performed exceptionally poorly in
mathematics and geometry (Ailaan 2017). Most students in
public schools are not actively involved in their education because
of the teacher-centered nature of the classroom. In teachers’ eyes,
students’ knowledge, passions, and individuality are irrelevant
(Rehman et al. 2021).

The National Education Policy of 2009 states that teachers
should adapt their teaching methods according to the need of the
students and situation. The National Curriculum for 2006 also
emphasizes a significant shift in the teacher’s role, from infor-
mation transmitter to classroom environment maker, to assist
students in gaining a sound knowledge of mathematical topics.
Several factors affect how effectively the math curriculum is put
into practice. These factors include the school setting, student
demographics, and instructional resources (Mazana et al. 2018).
Teachers must adopt cutting-edge practices to ensure their stu-
dents are well-equipped for the twenty-first century. Using ICT,
these novel methods may assist teachers in honing these abilities
and adapting instruction to meet the moment’s needs (Muthuk-
rishnan et al. 2022).

PBL and twenty-first century skills

In the twenty-first century, cognitive abilities are an unques-
tionably reliable measure of a student’s success (Saduakassova
et al. 2023). Students of this generation need to be aware of how
the world is changing and prepare themselves with the skills
necessary for a more challenging way of life (Wongdaeng and
Hajihama 2018). Students need to be able to engage in critical
thinking to survive in this competitive era. It will enable them to
take the initiative and devise meaningful solutions to emerging
problems (Suwastini et al. 2021). Students need to have strong
communication skills and the ability to work effectively with
others to succeed in today’s world when networking is essential to
one’s career (Akcanca 2020). Students must have an imaginative
and creative mindset to keep up with the rapid advances. The
terms “communication”, “cooperation”, “creativity”, “problem-
solving skill”, and “innovation skills” are often referred to as “the
4Cs” that PBL supports; in the present study, the author only
focused on the three skills, collaborative, critical thinking and
problem-solving that has more influence in math learning
(Almazroui 2023, pp. 125-136).

Educational professionals have recognized the importance of
the 4Cs to student success. They have proposed that PBL as an
instructional design can improve students’ mastery of the 4Cs
(Kurniahtunnisa and Wowor 2023). According to Moghaddas
and Khoshsaligheh (2019), PBL is a teaching strategy that falls
under the constructivist approach and centers on having students
participate in a series of research-oriented activities that require
their collaborative actions to achieve the goal. By participating in
these activities and interacting with others, students’ critical
thinking, communication, collaboration, and creative abilities can
be enhanced (Papanastasiou et al. 2019).

There are several problems with Pakistan’s educational system,
including a lack of funds, inefficient program execution, and poor
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management and instruction (Shah Bukhari et al. 2022). As a
result, most of our educational institutions continue employing
more conventional instruction modes. Math is the most powerful
tool for acquiring knowledge that exists in the world (Sithole et al.
2017). Math is the discipline in the scientific world that focuses
on developing individuals’ perceptual and cognitive abilities.
History shows that every ancient civilization placed a high value
on mastering arithmetic. History also shows that every ancient
civilization greatly valued becoming proficient in arithmetic
(Alsaad et al. 2023). Students who are not good at math struggle
academically due to their lack of enthusiasm for studying the
subject since they either do not find it interesting or challenging.
Children lose interest in understanding complex concepts such as
algebra, arithmetic, or geometry at a young age when teachers
force them to learn without focusing on the twenty-first century
skills (Abramovich et al. 2019). The present study investigates the
impact of PBL on students’ twenty-first century skills, including
problem-solving, critical thinking, and collaborative skills.

Reasons for implementing project-based learning in math
One of the main reasons for implementing PBL in math is to
address the low math scores of Pakistani students, as reported by
TIMSS 2019 and Alif Ailaan reports (2017). Finland has
improved its ranking in PISA by implementing PBL in its edu-
cation system, which has helped to promote student-centered
learning, collaboration, and problem-solving skills and to develop
a deep understanding of the subjects studied, resulting in
improved academic performance. PBL can help students to
develop a deeper understanding of mathematical concepts and
skills through hands-on, real-world problem-solving activities.
For technology-deprived classrooms, PBL effectively engages
students in active learning experiences, such as group projects
and case studies. Technology integration is impossible in many
public schools due to a lack of access to basic infrastructure such
as electricity and internet connectivity. Implementing PBL in
math can promote student motivation, collaboration, and crea-
tivity, essential for developing twenty-first century skills and
preparing students for future careers. PBL can shift the focus
from teacher-centered instruction to student-centered learning,
allowing students to take ownership of their learning and develop
critical thinking skills.

Research question

QL. Is there any statistically significant difference in the students’
collaborative  skills between the experimental and the
control group?

Q2. Is there any statistically significant difference in the stu-
dents’ problem-solving skills between the experimental and the
control group?

Q3. Is there any statistically significant difference in the stu-
dents’ critical thinking skills between the experimental and the
control group?

Q4. How do students collaborate with group members during
classroom project learning?

Literature review

PBL and collaborative skills. Collaborative learning (CL) is a
fundamental component of the twenty-first century skills. It
involves students collaborating to exchange ideas, solve an issue,
or achieve a common objective (O’Grady-Jones and Grant 2023).
In math education, CL’s popularity skyrocketed in the 1980s, but
it has continued to develop since then (Simon 2020). The edu-
cational strategy known as collaborative learning tries to improve
students’ education by having them work on projects together in
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groups (Vogel et al. 2016). This method encourages students to
construct their meaning from various sources of knowledge
rather than relying solely on memorizing facts and figures. To
complete a wide range of class projects and assignments, students
work together in small groups to better grasp complex ideas and
concepts (Roldan Roa et al. 2020). Primary factors determining
the efficacy of collaborative work are students’ level of involve-
ment in the learning process and teachers’ readiness to evaluate
project outputs (Kaendler et al. 2015).

In PBL, students are encouraged to work in groups of two or
more pairs or classes to discover common ground, develop ideas,
define concepts, or generate an end product (Rizkiyah et al. 2020).
Students attentively follow the teacher’s instructions and
diligently interpret and apply their understanding of the course
material, demonstrating their grasp through study and applica-
tion (Qureshi et al. 2021). The usage of CL has brought about a
profound shift away from the old classroom atmosphere centered
on the teacher delivering lectures. The ways of taking notes,
listening to a lecture, and simply observing may only partially
disappear in a classroom setting, emphasizing collaboration.
However, they coexist with other strategies for promoting active
learning and student conversation regarding the course content
(Kollar et al. 2014). Teachers who employ interactive teaching
methods perceive themselves not merely as transmitters of expert
knowledge to students but, more significantly, as mentors or
coaches facilitating a mature learning process. They see their role
as expert designers of the cognitive experiences their students
engagement. This shift in perspective allows them to engage
students better in the learning process (Lim et al. 2023).

Recent research has shown that both meaning and behavior
influence the process of learning. During collaborative learning
activities, the students are encouraged to overcome challenging
obstacles. Immersive learning activities often begin with topics in
which students must supply particular facts and perspectives
(Almazroui 2023). Contrarily, traditional classrooms typically
initiate by providing information and concepts before transition-
ing into a practical application (Markula and Aksela 2022). In this
setting, teachers expect students to quickly evolve from their roles
as preliminary researchers, dealing with questions and answers or
problems and solutions, to becoming competent experts. It
requires them to employ higher-order thinking and problem-
solving strategies (Brown et al. 1989). Despite the term
“collaborative learning” being widely applied across various fields
and disciplines, it still needs universal approval. Though many
may still need to grasp the concept fully, certain commonalities
tend to emerge (Qureshi et al. 2021). In the twenty-first century,
there was a rise in working together. Because the focus has shifted
from individual actions to group efforts and from the individual
to society, it is more vital than ever for people to think about and
collaborate on significant issues (Laal et al. 2012).

PBL and problem-solving skills. Project-based learning is an
approach to education in which students demonstrate mastery of a
topic by developing and presenting their solutions to real-world
problems (Chiang and Lee 2016). In the planning stage, students
must evaluate the needs for product development, identify issues
with current products, and modify these products based on the
principle of creative problem-solving. PBL can benefit students’
knowledge, skills, attitudes, and creativity in problem-solving
capacities (Andanawarih et al. 2019). However, unlike conven-
tional teaching methods, project-based education can be challen-
ging to put into practice. Tee (2018) stated that students must
communicate effectively to ensure the success of project-based
learning projects. The students struggled through the project
planning phase to apply the concept of creative problem-solving,

which is essential when building a product (Artama et al. 2023).
Therefore, educators are encouraged to craft a guide for innovative
problem-solving by harnessing student-generated product con-
cepts. However, the current student knowledge and abilities level
can challenge the effective implementation of project-based learn-
ing (DeCoito and Briona 2023). Students are to fault for this since
they need more practice solving problems or participating in
project-based learning. The students’ incapacity to apply strategies
for overcoming creative obstacles while learning contributes to the
low quality of their work (Kiong et al. 2022). Therefore, it is
essential to emphasize the use of creative problem-solving strategies
in PBL to provide students with the means to finish the projects
associated with each chapter with relative ease and better prepare
them for higher education (Devanda and Elizar 2023).

PBL and critical thinking skills. In addition to content knowl-
edge, PBL fosters skills like critical thinking, creativity, lifetime
learning, communication, teamwork, flexibility, and self-
evaluation (Artama et al. 2023). Creating science and mathe-
matics curricula aims to train students to think more critically.
Analytical and critical thinking is examining data, making
inferences, articulating ideas, and assessing claims. However, the
student’s critical thinking skills are still formative (Mutakinati
et al. 2018). For this reason, schools must implement programs
that help students develop their abilities in areas like creativity
and critical thinking, which are in high demand in the modern
workplace. Project-based learning is an effective method of
teaching and learning in the contemporary era. This approach in
the education sector offers equal treatment of real-world issues.
At the outset of each lecture, students examine problems from the
real world, which are then recast as problems for them to solve in
pairs or small groups (Pan et al. 2023).

Critical thinking is an essential life skill. Future success requires
students to have strong communication and critical thinking
skills. Critical thinking is analyzing and evaluating one’s thinking
to make constructive changes. Nadeak and Naibaho (2020)
identified six levels of critical thinking: unreflective thinker,
challenged thinker, novice, practicing thinker, advanced practi-
tioner, and master. When we talk about “critical thinking”, we are
talking about the ability to analyze information, evaluate its
relevance, and comprehend problems. Analyzing, evaluating,
reasoning, and reflecting are part of the process (Rati et al. 2017).

The Paul-Elder Framework for critical thinking defines critical
thinking as a self-reflective and disciplined process involving
constant self-monitoring and correction. This framework
encourages an analytical approach to personal thought processes
to enhance them. The unreflective thinker, the challenged thinker,
the novice thinker, the experienced thinker, the expert thinker,
and the master thinker are the six stages of critical thinking (Paul
and Elder 2008). According to Paul and Elder (2008), there are
eight parts to a thinking process: an objective, a set of questions, a
body of data, a set of interpretations and interferences, a set of
ideas, a set of assumptions, some potential outcomes, and a point
of view (Fig. 1). The intellectual standards outline the criteria for
good critical thinking (Mutakinati et al. 2018).

Math education incorporates many skills, including self-
awareness, the ability to plan and organize learning, and the
capacity to think critically. The assessment of students determines
the accuracy, credibility, and relevance (or applicability) of the
provided materials. Critical thinking and mathematics are deeply
intertwined; one must integrate both to understand the discipline
truly. Every child must learn and practice arithmetic and logic.
Therefore, any program that teaches critical thinking should
incorporate strategies that cater to diverse student populations
(Holmes and Hwang 2016).
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Fig. 1 The Paul-Elder framework for critical thinking. The author made this figure based on the framework provided by Paul and Elder (2008).

Previous studies on PBL. PBL has gained recognition worldwide
as an alternative approach to traditional teacher-centered edu-
cation, emphasizing hands-on, collaborative, and inquiry-based
learning activities (Yang et al. 2021). Previous studies have shown
that PBL can effectively promote student learning, engagement,
and achievement across various subjects, including math and
science. For example, a study by Paryanto et al. (2023) found that
PBL improved student achievement and attitudes toward learning
in engineering education.

However, some studies have also criticized the effectiveness of
PBL in specific contexts, highlighting the challenges of imple-
menting PBL and potential limitations. For instance, a study by
Loyens et al. (2023) found that PBL had a limited impact on
students’ cognitive and metacognitive skills in medical education.
The authors suggested that the lack of clear guidelines and
support for PBL implementation and the complex and dynamic
nature of medical education may have contributed to these results
(Saqr and Lopez-Pernas 2023). Furthermore, some researchers
have argued that the effectiveness of PBL may depend on various
factors, such as the level of student readiness, teacher training and
support, curriculum alignment, and assessment methods. For
example, a study by Jincheng and Chayanuvat (2020) found that
PBL is more effective when integrated into a comprehensive
curriculum reform program than used as a stand-alone interven-
tion. Additionally, the authors emphasized the importance of
aligning PBL with clear learning objectives, providing appropriate
scaffolding and support, and using valid and reliable assessments
to measure student learning (Szalay et al. 2023). While PBL has
shown promise as a practical approach to teaching and learning,
its implementation and effectiveness may depend on various
factors, and caution should be exercised in its application
(Jincheng and Chayanuvat 2020).

Constructivist theory. The social constructivist approach is
consistent with project-based learning since it stresses students’
involvement in the learning process through group work and
instructor guidance (Huang et al. 2022). Therefore, educators
should foster classroom environments where students can take
charge of their learning. Students in project-based learning classes
are encouraged to participate actively in their education and
develop critical transferable skills while working on real-world
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projects (Le et al. 2023). Interpersonal learning occurs when
individuals participate in groups, share information, and work
together to overcome obstacles (Dolmans 2019). Students develop
essential life skills in groups where they take full responsibility for
their education (Harden 2018). Students’ ability to think crea-
tively and fill the gap between their knowledge and talents is aided
by acquiring these new life skills. It highlights the significance of
PBL, which brings transformative experiences, facilitates long-
term knowledge retention, and nurtures students’ commitment to
an inclusive and participatory society (Mielikdinen 2022).

In addition, the multiple intelligence theory developed by
Howard Gardner fits well with the approach taken in project-
based education (Owens and Hite 2022). Gardner highlighted
that all humans possess eight types of intelligence, each
manifested in a unique set of skills and abilities, and he
discriminated between these types in the context of students.
Due to these differences, teaching and learning styles vary. By
incorporating a wide range of activities, project-based courses
may effectively accommodate students with a wide range of
learning preferences (Radkowitsch et al. 2022).

The experiential learning theory (ELT) developed by Kolb
(1984) served as the theoretical foundation for PBL (Sevgiil and
Yavuzcan 2022). The ELT works well with the principles of PBL,
and it proposes that young children have an innate interest in the
scientific method and want to know how the things they meet in
their everyday lives function. Sevgiil and Yavuzcan (2022) argued
that children are naturally curious and continually engaged in
meaningful interactions with the world around them. They learn
to think critically and solve difficulties by interacting with one
another. Consultation with adults, peers, and educators promotes
collaborative learning. Like experience, growth is a continuous
process, with each step having its distinct logic and psychology
that prime the learner for the next level (Rajabzadeh et al. 2022).
The principles of PBL exemplify Kolb’s ELT due to their
emphasis on fostering a learning environment that resonates
with students and a real-world audience. Students must provide
classroom activities that enable them to benefit from real-world
applications and cultivate meaningful relationships with their
peers. Students gain a sense of belonging to something greater
than themselves when they work together toward a common
objective (Sevgiil and Yavuzcan 2022). The study focused on
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Table 1 The description of the critical thinking test.

No Critical thinking sub-skill Indicator

Amount of item

1 Interpretation

2 Analysis

angles.
3 Inference

4 Evaluation
information.

the answer.

5 Explanation

6  Self-regulation
measures.

7 Total items

The given mathematical statement can be comprehended and communicated by the students. 2
e What does the term “acute angle” mean?

e Explain the difference between a right angle and an obtuse angle.

The students analyzed the given arguments critically. 2
o |s it possible to have an angle larger than 360 degrees? Why or why not?

e |dentify the flaw in the argument that all triangles are isosceles because they have two equal

The students applied logical reasoning to draw inferences and provide justifications. 2
e If two angles are complementary, what can we infer about their measures?

e Why do vertical angles have equal measures?

The students evaluated the presented claim by analyzing and comparing it with relevant 2

e Someone claims that all parallelograms are rectangles. Is this true or false? Provide reasoning for

e Can a polygon have more than one right angle? Explain why or why not.

The students can clarify their answers by explaining. 1
e What is the difference between a line and a line segment? Provide an example of each.

e How can we determine if two angles are congruent? Explain the steps involved.

The students can demonstrate the ability to identify problem-solving errors and suggest corrective 1

e Find the mistake in solving the problem: “If angle A =50 degrees and angle B = 70 degrees, then
the measure of angle A +B =110 degrees".

e Draw a diagram of a triangle with angles measuring 60 degrees, 70 degrees, and 50 degrees. Is
this possible? If not, suggest a solution to fix the problem.

understanding how learning occurs in PBL, and Kolb’s ELT
provided a framework for doing so based on meaningful and
authentic experiences. Students can only engage in meaningful
learning if they can build on their existing knowledge and
participate in projects with personal and global significance
(Erstad and Voogt 2018).

Methodology. In the present study, the researcher adopted a
convergent mixed-methods approach to determine if the
problem-based learning (PBL) method has enhanced students’
twenty-first century skills, including collaboration, problem-sol-
ving, and critical thinking. A quasi-experimental design was used
for the quantitative part, and a non-equivalent control group pre-
test-post-test design was employed. This design remains prevalent
in educational research (Cohen et al. 2017). For the qualitative
part, students were observed during intervention using the col-
laborative framework to understand the students’ involvement
during their project work. Students in 5th grade were selected as
the object of the study, one section (35 students) was selected as
an experimental, and others (35 students) were selected as a
control group. The experimental group was treated with PBL
intervention, while the control group was treated with the tra-
ditional teaching method. Random sampling was not possible due
to fix schedule of the school. It was a 6-week project, and the
detail of the PBL project is provided in Table 1. In the control
group, teachers implemented the same content traditionally.
Before and after the intervention, collaborative, critical thinking,
and problem-solving were measured in both groups of students.

Instruments. The researcher adopted a collaborative scale Tibi
(2015) developed to answer the research questions. This scale was
used to evaluate the students in the control and experimental
groups to see how well they could work together (see Table 2).
The questionnaire consisted of 37 five-point Likert-style state-
ments. To assess problem-solving skills math test was designed,
which contains twenty items. To measure the students’ creative

and critical skills, the researcher adopted Gelerstein et al. (2016),
Yoon (2017), Sumarni and Kadarwati (2020) open-ended ques-
tionnaire. The study collected data using a critical thinking skills
test comprising ten problems. These problems measured sub-
skills, including interpretation, analysis, evaluation, inference,
explanation, and self-regulation. Table 1 presents the instruments
used for this critical thinking test.

Ventista (2018) also used this questionnaire in his study. The
scale’s reliability was determined to be 0.76 using the Cronbach
alpha test. In conclusion, higher-order cognitive skills emerged
from metacognitive processes (Coskun 2018). This finding agreed
with prior work published by Sumarni and Kadarwati (2020) on
developing test items to gauge students’ creative abilities. The
critical thinking instrument used in this research exhibited high
validity and reliability, making it possible to assess students’
critical and creative thinking skills in the context of math.

The math test was designed to check how well students can solve
problems. This test uses content from three chapters of a 5th-grade
math teacher’s guide to see their improvement. The test consisted of
20 questions and aimed to gauge fifth-grade students’ problem-
solving abilities in angle measurement and geometry. The test
consists of ten questions related to each category. The first ten
questions measured students’ problem-solving skills related to angle
measurement, while the second set measured their geometry-related
skills. Test questions are crafted carefully to assess the students’
understanding of these concepts and their ability to apply them to
real-world scenarios. The test was administered to the students, and
the results were analyzed to determine their proficiency in problem-
solving skills related to these topics (see Table 2).

The study utilized the “I'TEMAN” tool to perform item analysis
on these data (Ramadhan et al. 2019, pp. 743-751). The results
showed that the difficulty index might range from 0.33 to 0.85,
and the discrimination index may range from 0.31 to 0.82.
According to the findings of Susanto and Retnawati (2016), We
considered an item to be of generally high quality if its difficulty
index ranged from 0.31 to 0.89 and had a discrimination value of
at least 0.22.
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Table 2 The description of the problem-solving test.

No Problem-solving test questions Marks
1 Angle Measurement: 10 (5*2)
1. Two angles of a triangle measure 60 degrees and 80 degrees. What is the measure of the third angle in degrees?
2. A rectangle has a length of 12 cm and a width of 6 cm. What is the measure of each of its four right angles in degrees?
3. A triangle has two sides of equal length and an angle that measures 40 degrees. What is the measure of each of the other two angles
in degrees?
4. A parallelogram has two adjacent angles that measure 60 degrees and 120 degrees. What is the measure of each of the other two
angles in degrees?
5. A regular hexagon has six equal interior angles. What is the measure of each of its interior angles in degrees?
2 Geometry: 10 (5*2)

6. A triangle has a base of 8 cm and a height of 6 cm. What is the area of the triangle in square centimeters?

7. A circle has a diameter of 10 cm. What is the circumference of the circle in centimeters?

8. A rectangular prism has a length of 7 cm, a width of 5cm, and a height of 4 cm. What is the prism'’s volume in cubic centimeters?
9. A right triangle has a hypotenuse of 10 cm and one leg that measures 6 cm. What is the length of the other leg in centimeters?
10. A regular octagon has eight equal interior angles. What is the measure of each of its interior angles in degrees?

Table 3 Math core standards of 5th-grade PBL project.

Key learning strands

Standards

1. Geometry and measurement

The following methods can enhance mathematical reasoning: gathering and
interpreting data to solve problems, making wise judgments, and using
mind map strategies.

2. Algebra

The following methods can enhance mathematical reasoning: identifying
and analyzing number patterns; using knowledge of facts, properties, and
relationships to analyze mathematical situations; analyzing real-world
scenarios by identifying mathematically valid arguments and drawing
conclusions.

Identify quantifiable properties of items.

Generate angles and figures in two dimensions.

Dissect the characteristics and features of geometric figures

Provide rationales for the connections among them

To hone their mathematical reasoning skills, students need only look at
issues drawn from the actual world.

Find mathematically solid reasons and conclude.

Create a sense of equality among numbers by employing the four
operations (addition, subtraction, multiplication, and division).

To assess mathematical situations by detecting facts, properties, and
correlations; to analyze real-world events by recognizing mathematically
valid reasoning and formulating conclusions; to develop mathematical
thinking by evaluating numerical patterns.

The classroom observations tool served as a source for
gathering qualitative data. Before the observational activities,
participants received information about the researcher’s inten-
tions. The study utilized a collaborative framework tool to
monitor students’ behavior and engagement in the experimental
classroom. Before initiating data collection, the instrument
underwent a validation process.

Stages of the experiment.

(1) Before the intervention, homogeneity of the 5th-grade math
students was established. Both groups were randomly
allocated as the 5-B experimental and 5-A as the control
group. Before the intervention, we examined all the
experimental and control variables, including collaborative,
critical thinking, and problem-solving skills.

Before the intervention, twenty-first century skills were
measured as a pre-test from both groups.

In the experimental group, PBL was used as an instructional
tool for delivering math content. Different lesson plans and
modules are prepared concerning the “Measurements of
angels, geometry, and decimal concept”. A control group
was treated with a traditional method with the same
content (see Table 3).

Lesson schedule (6 weeks, 5h weekly, for 30 class hours),
lesson plans, and modules were designed before interven-
tion. Lessons planning followed Math Core standards.
Before the intervention, AV aids were prepared for
classroom activities. Students worked in the classroom in
groups of six girls (five groups) in each session.

2
3)

(4)

®)

(6) For assessment, teachers used worksheets and projects at
the end of the session and followed the operational stages
mentioned by “Buck Institute” Kaptan and Korkmaz
(2000).

After the intervention, both groups implemented the “math
attitude, creativity, and problem-solving test” as a post-test.
During the project work, experimental group students were
observed to assess their engagement and collaboration with

peers and groups.

(7)
(8)

PBL project implementation
A hands-on project. During this procedure, the students worked
on creating a new product. They discuss and present an actual
model.

For the present study, students constructed a project after
4 weeks of lessons and presented it at the end of the experiment.
All group members participated and presented their work to the
class (see Fig. 2).

Driving questions. During this procedure, students strive to pro-
vide a solution to an open-ended question. For the present study,
the instructor prepares different open-ended questions for stu-
dents to answer. The best part was that every member was par-
ticipating. Every classroom consists of average, below-average,
and high achievers. PBL encouraged every category student to get
participated in project-making.

Q1. Identifying Right, Obtuse, and Acute Angles?

Q2. Name the marked angle.

(a) Name the vertex of the angle.
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Fig. 2 Students’ hands-on project. Students’ group activity in PBL in the classroom.

(b) Name the arms of the angle

Q3. Classify the following angles into acute, obtuse, right, and
reflex angles:

(i) 35°(ii) 185°(iii) 90°(iv) 92°(v) 260°

Q4. Observe the given figure with a protractor and give the
measure of each of the angles.

New information. As a result of participating in this process,
students acquire new mathematical information. This task also
helped students to review previously learned knowledge. For the
present study, the teacher introduces the new concept with
examples, like percentages, discounts, and real value.

Student-driven elements. The teacher performs indirectly as a
facilitator while the students direct their learning. Throughout the
lesson, the teacher acted as a facilitator, and it was the first time
for students to learn math with different teaching strategies; so, at
every step researcher and the trainer acted as a facilitator and
provided a zone of proximal development (ZPD), throughout
their learning process.

Realistic goals and outcomes. Students work on a realistic project,
and it has some objectives. It is appropriate both for the age of the
students and aligned with course standards. PBL is appropriate
for primary-grade students; PBL helps them strengthen their
foundation and make concepts more precise and practical.

Application to the real world. The mathematical concepts involved
things that learners might encounter outside the classroom. All
the essential elements are followed rigorously (see Table 4).

Results

The effect of PBL improving students’ collaborative skills. The
study uses one-way ANCOVA for the pre-and post-test on the
experimental and control groups to check the effectiveness of PBL

in improving the 5th-grade students’ collaborative skills. Before
proceeding to a one-way analysis of covariance, a homogeneity of
variance test analysis is performed to ensure the data aligns with
the fundamental premise of ANCOVA (see Table 5).

Levene’s test result, shown in Table 5, demonstrates no
difference between the experimental and control groups before
the intervention (F = 0.806, p = 0.0373 > 0.05). The data analysis
aligns with the primary hypothesis of ANCOVA. That means that
the two groups’ variations are identical to one another. Therefore,
the two samples originate from populations with the same
variance.

Table 6 represents a result of one-way ANCOVA for the
students about collaborative skills. Results show a significant
difference between the experimental and control groups
(F=253.564, p =0.000 < 0.05). This indicates that PBL activities
impact the fifth-grade students’ collaborative skills during project
learning. Students in the intervention group developed collabora-
tive skills during the math project compared to the control group
students.

The effect of PBL improving students’ critical thinking skills.
One-way, ANCOVA compares the pre-and post-test results of the
“critical thinking skills” of the treatment and control groups for
the fifth-grade math students. In determining whether the data
are consistent with the fundamental premise of ANCOVA, a
homogeneity of variance test analysis is performed before a one-
way analysis of covariance (see Table 7).

Table 7 represents a result of Levene’s test, which revealed no
significant difference between the two groups (F=3.711,
p=10.58>0.05). The fundamental premise of ANCOVA applies
once the data analysis is complete.

Table 8 represents the result of one-way ANCOVA for the
students’ “critical thinking skills”. Results showed a significant
difference between the treatment and control groups (F = 23.281,
p =10.000 <0.05). The intervention group’s critical thinking skills
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Table 4 Element of PBL and component in a math project.

Elements of PBL Components in a math project

Hands-on project
different angles.
Driving question

toward one another.
New knowledge
Student-driven

The students lead the initiative.

Realistic
angles.
also makes sense.
Real-life skills acquired
five to enhance their collaboration ability.
Real-world application

future, need to prepare to create angles.
Connected to the curriculum

After this lesson, students will prepare a presentation to discuss the different angles measurements and the names of

The core question presented to students is: From our daily life, in which things can we find angels?
For instance, the two sharp edges of scissors, two arms of a divider, and clock hands are all hinged at a point and inclined

Students will learn about “decimals, Fractions, and different shapes and angles”.
Students will learn the actual cost of various items and the discounts available.

The role of the instructor is to serve as a resource for the students and to promote and scaffold their learning.

This project is doable for the age range of students involved in the experimental study.

Since these children are in primary school, it is reasonable to assume they are familiar with measurement, forms, and
That makes sense, and the allotment of days for the project corresponding to the number of duties assigned to students

Students could acquire skills relevant to the twenty-first century since they were required to work in groups of four to

The completion of their project assisted them in developing abilities in problem-solving as well as communication.
This activity has applicability in the real world since many of these elementary school pupils will, in the not-too-distant

PBL project claimed that numerous requirements must be satisfied.
These standards must entail building angles and two-dimensional figures, features and attributes of geometric forms,
and developing arguments addressing the geometric relationships between the shapes.

Table 5 Levene's test for collaborative skills.

F Df1 Df2 Significance

Table 7 Levene's test for critical thinking skills.

F Df1 Df2 Significance

0.806 1 68 0.373

3.71 1 68 0.58

Table 6 Results of one-way ANCOVA for “collaborative
skills".

Source of SS df MS F Sig
variation

Treatment 21,312.892 1 21,312.892 253.564 0.000*
Error 5631.578 67 84.053

Total 814,992.000 70

*p<0.001.

improved compared to control group students. PBL helps the
students to develop twenty-first century skills and involve them in
critical thinking during their project learning.

The effect of PBL improving students’ problem-solving skills
Problem-solving skills. An accomplishment exam was developed
to evaluate students’ problem-solving skills in math. This test
required students to respond to 10 questions (20 marks) chosen
and crafted according to the math curriculum’s standards-based
learning objectives (SLO). Before and after the experiment, the
test was given to students of both groups to know the difference.

Table 9 represents the mean scores of the experimental and
control group students’ problem-solving test results. The mean
value of the experimental group before the intervention was
12.46, and after the intervention was (25.54). While the pre-mean
value of the control group was (11.80) and after was (16.94). The
data reveals an increase in the mean value for both groups.
However, the experimental group, which received instruction
through the PBL method, exhibited a more substantial increase
than the group taught math using the traditional method. The p

8

Table 8 Results of one-way ANCOVA for “Critical thinking
skills".

Source of variation SS df MS F Sig
Treatment 368.768 1 368.768 23.281 0.000*
Error 1045.417 66 15.840 0.140

Total 238,838.000 70

*p<0.001.

Table 9 Mean score of experimental and control group
students’ problem-solving skills test.

N Mean Std. deviation 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 0.00
Control-post 35 16.94 3.873

value also shows that before the intervention, the p value was
(p = 0.421), which is greater than 0.05, which means there was no
significant difference between the experimental and control
group. While after the intervention, the p value (p = 0.00) shows
that there is a significant difference.

To check the difference in the mean scores between the control
and experimental group before and after the experiment, an
independent sample ¢-test was applied.

Table 10 represents the result of the independent sample ¢-test;
the mean value of the experimental group (12.46) and the control
group (11.80) shows a minor difference in both groups before the
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Table 10 Comparison of mean scores of PSS of experimental
and control group students before intervention.

Mean (SD) T Df Sig

12.46 (4.054) 0.809 57.609 4.22*
11.80 (2.576)

Groups

Pre-Experimental
Pre-Control

*p>0.05.

Table 11 Comparison of PSS mean scores of experimental
and control group students after intervention.

Groups Mean(SD) T Df Sig Effect
size
Post- 25.54 8.284 65260 0.000* 1.82
Experimental 4.767)
Post-Control 16.94
(3.873)
*p<0.05.
Table 12 Paired sample t-test.
Mean (SD) T Df Sig
Experimental group
Pre-test /Post-test =~ —16.780(4.252)  —25252 40  0.000
Control group
Pre-test /Post-test —5.941(2.828) —12.251 33 <0.01

intervention. The t-value (0.809) and the p value (p = 4.22) also
show no significant difference. The results of this table show that
group of experimental group and control group performed the
same on achievement and problem-solving skills before the
intervention; there was no significant difference between experi-
mental and control group students. The p value (p = 4.22) is more
significant than 0.005. That specified no significant difference
between the experimental and control groups before the
treatment.

Table 11 represents the result of the independent sample ¢-test;
the mean value of the experimental group (25.54) and the control
group (16.94) show a high difference in both groups after
intervention. The ¢-value (8.284) and the p value (p = 0.000) also
show a highly significant difference. This table shows that the
experimental group performed better on problem-solving skills
than the control group, which was not treated with PBL. PBL as
an instructional tool was suggested as one of the best teachings
for teaching math at the primary level. Cohen’s d value of 1.82
specified a big difference between the group treated with the PBL
instruction method and those treated through traditional teaching
methodology.

Paired sample ¢-test was applied to check the difference between
the pre-and post-scores of the experimental and control group.

Table 12 shows the results of paired sample ¢-test. Paired sample
t-test is applied to the pre-post-test of the experimental and control
group to know the difference before and after the intervention. The
mean value of the scores showed that there were highly significantly
different. As the p value is smaller than 0.05 (p=0.005), the
probability value is highly significant, and there is a difference in the
mean scores of the experimental group. PBL helps the students
develop more problem-solving skills than the control group. On the
other hand, the mean value of the control group’s scores showed a
minor difference, and the p value is more significant than 0.05,

which means that the traditional method did not significantly affect
the students’ problem-solving skills.

Qualitative analysis. All experimental group members were
observed using a collaborative scale framework during project work.
Students were observed under the project’s four themes: individual
accountability, social skills, and group processing. This method is
widely used in social sciences (Plesan 2021). The instructor divided
the students into seven groups (five girls in each group) with
varying abilities and potential. The students were able to acquire
various skills in these diverse groups to enhance them as well as
intragroup interpersonal interactions. Classroom observations were
conducted several times a week over 6 weeks. The study utilizes two
inductive and deductive reasoning cycles during the coding process
(Ridder 2014). Four themes were generated from the observational
data: student group work, a student, shared duties, the inter-
dependence of the student’s work and their decision-making

Students’ group work. During the PBL, students collaborated in
groups from the project planning stage to creating the product
and project presentation. Students collaborated in groups to
discuss statistical applications in their classrooms throughout the
project preparation stage. Then, they discuss further the project’s
title, description, and objectives, the project’s implementation
steps, the project schedule, and each group member’s responsi-
bilities. Additionally, observations revealed that students lever-
aged social media platforms, such as WhatsApp group chats, for
discussions outside school hours.

Students shared responsibilities. Each group assigned its members
a task and set a deadline, ensuring students appropriately shared
duties. Therefore, the students were expected to finish the related
activities before the due date. When it was their chance to speak
on what they had discovered about angles, how they are mea-
sured, and how these angles differ from one another, the students
were sharing responsibility. This circumstance demonstrated that
each group member must collaborate to develop their awareness
of many aspects and apply them to their project. Additionally,
each student took part in constructing the presentation of their
work on hard copy paper and outlining the presentation materials
for their project presentation in front of the entire class. The
project tasks involved cutting paper, measuring angels, and
sketching various shapes with various angles and were shared
among the pupils to produce the final items.

Students shared responsibilities. The students made decisions
regarding the theme of the project, the activities they would
undertake, the project’s timeline, individual roles within the
group, the final product, and the materials and tools required for
the project. They also determined the most effective method to
present their project results to others. When making substantial
judgments about the project’s topic, process, and output, students
always hold an initial conversation to address individual ideas
collectively. To influence the choice, the students bargained their
thoughts. The observation revealed that the student gained con-
fidence in her ability to voice her opinions during the group
assignment. When students encountered divergent viewpoints
among group members regarding the process of making impor-
tant decisions, they conducted voting and arrived at a consensus
opinion.

Additionally, the researcher discovered that one student needed
help developing the project’s product, particularly the finished item.
The student expressed concern about the final product’s adorn-
ment, which she feared would be overdone and lower its esthetic
worth. These data demonstrate that the student and her team were
making crucial design decisions that impacted the result.
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Students’ interdependent work. From the observations, it is clear
that the task required each group member to create a unique set
of presentation materials on angles, which were to be assembled
into a cohesive presentation on stiff chart paper. Therefore, if any
group member does not complete their tasks in time, it may cause
a delay in the final presentation chart’s completion. This cir-
cumstance demonstrated the interdependence of the student’s
contributions to the PBL. The researcher observed and docu-
mented students’ collaborative efforts in a project-based learning
environment, and the following are excerpts from these obser-
vations. In addition, each group member was assigned to prepare
and bring the tools and supplies required to complete the project.
The manufacturing process is improved if one team member gets
the necessary tools or materials. That demonstrated how student
effort is interdependent and dramatically impacts the project.
This requirement enables students to comprehend and be con-
scious of the significance of their part in completing the project.
Students were able to apply the concept of an angel to everyday
problems through the completion of their mathematics project. In
this project, students worked in small groups to gather and
describe the data using their knowledge and observations. Sub-
sequently, they transformed the angles into visual representations.
The student’s final projects, displayed in the counseling room, the
students’ club room, and the school wall magazine, served as
references for significant school statistics.

The findings above conclude that applying PBL in mathematics
enhances students’ teamwork skills. When students share
responsibility equitably, make crucial decisions, and produce an
interdependent project product, they attain level 5 according to
the criteria for twenty-first century students’ collaboration skills.

Conclusion

The present study’s findings contribute to the growing body of
literature on PBL and its potential for promoting students’ twenty-
first century skills, particularly in Math education. The results
showed that students who received PBL instruction developed
collaborative, critical thinking, and problem-solving skills, as mea-
sured by various assessment tools, including questionnaires, tests,
and classroom observations. These skills are essential for preparing
students for the complex challenges of the twenty-first century, such
as global competition, technological advancements, and social and
environmental issues. It aligns with previous research highlighting
the benefits of PBL for promoting critical and creative thinking
(Darling-Hammond et al. 2020). However, students in Pakistani
government schools need to become more accustomed to engaging
in critical thinking while solving arithmetic problems, as reported
by the TIMSS study. That is a big challenge for teachers seeking to
improve math and Science Education (Ahmad et al. 2022).

The study sheds light on implementing PBL activities in
classrooms and how they can enhance students’ critical thinking,
problem-solving, and collaborative abilities. This finding can help
teachers reevaluate how students gain from participating in PBL
activities and restructure their instructional approaches to achieve
student-centered learning. The study’s results are consistent with
previous research, suggesting that PBL can help students build
collaborative skills through group projects (Chistyakov et al.
2023). Collaboration abilities are crucial for success in today’s
interconnected working environment and global culture. PBL is
one educational activity that can help students build these skills,
as it demands that students collaborate in small groups to solve
problems and produce products. PBL is an ideal method for
teaching mathematics at the primary level. It helps students
recognize the relationships between different mathematical con-
cepts and develop a conceptual understanding of the subject. It
can help students identify partial order in the collection of

10

mathematical notions, an essential aspect of mathematical con-
cept development.

However, it is essential to note that the effectiveness of PBL may
depend on various factors, such as teacher training and support,
curriculum alignment, assessment methods, and student readiness.
For instance, Loyens et al. (2023) research revealed that PBL mini-
mally influences students’ cognitive and metacognitive abilities
within medical education. The researchers posited that the absence of
well-defined guidelines and assistance for PBL implementation might
have yielded these findings in conjunction with medical education’s
intricate and ever-changing landscape. Furthermore, implementing
PBL may require significant time, resources, and training for teachers
and students, posing challenges in specific educational contexts.
Therefore, further research is needed to explore the effectiveness and
feasibility of PBL across different subjects, grade levels, and cultural
contexts and identify the optimal conditions for its implementation.

In conclusion, this study provides empirical evidence of the
potential benefits of PBL for promoting twenty-first century skills
in math education, including collaboration, critical thinking, and
problem-solving. The findings underscore the importance of
student-centered, inquiry-based, and authentic learning experi-
ences that can prepare students for the complex challenges of the
twenty-first century. The study’s results inform the development
of practical pedagogical approaches that promote student learn-
ing and engagement and contribute to the ongoing dialog on
educational reform and innovation.

This study has a unique contribution to the context of the
Pakistani educational landscape. While the literature is abundant
with studies on the benefits of project-based learning (PBL), this
study specifically addresses the implementation and effectiveness of
PBL in teaching mathematics to 5th-grade students in Pakistan. By
providing detailed insights into the local context, including the cul-
tural, social, and educational factors that may influence the adoption
and outcomes of PBL, we have enriched the understanding of PBL’s
applicability and potential benefits in diverse settings. Furthermore,
the interpretation of our results highlights the development of
twenty-first century skills, collaborative abilities, problem-solving
aptitude, and creative thinking skills among the participating stu-
dents, demonstrating the value of PBL as an instructional tool within
the Pakistani context. This original contribution advances the global
understanding of PBL’s effectiveness. It offers practical implications
for educators and policymakers in Pakistan seeking innovative ways
to improve learning outcomes and foster essential skills in their
students. Moreover, in Pakistani public schools where technology
integration is not feasible, PBL can be an effective alternative for
math teaching by utilizing low-tech resources such as manipulatives,
posters, and group activities. Teachers can create engaging and
collaborative problem-solving experiences for students, fostering
critical thinking skills even in technology-deprived classrooms.

Data availability

The data supporting this study’s findings are available on request
from the corresponding author. These data are part of a large
project, and only a portion is available for the following reasons:
(1) Some participants in the study requested complete anonymity,
which restricts the availability of specific datasets to protect their
privacy and confidentiality. We have taken all necessary steps to
ensure no personal or identifiable information is included in the
available data. (2) Additionally, some of the data are reserved for
future publication. It ensures the integrity of ongoing analyses
and prevents potential overlap in research findings. We under-
stand the importance of data availability in promoting transpar-
ency, reproducibility, and open science, and we commit to
making as much of the data available as possible within these
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constraints. Data are available at https://doi.org/10.7910/DVN/
YJYOFI and accessed with the author’s permission.
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