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Abstract

The objectives of this research were 1) to examine the effects of the Problem-Based Learning
(PBL) approach on students’ problem-solving skills; and 2) to investigate the effects of the Problem-Based
Learning (PBL) approach on students’ creative thinking skills. A quasi-experimental pre-test and
post-test between experimental and control group design were employed, involving 91 sixth-grade
students. The experimental group received PBL instruction, while the control group was taught using
conventional methods during the first semester of the 2025 academic year in a geometry unit. Data
were analyzed using statistics including the arithmetic mean (M), standard deviation (S.D.), and t-test
for independent samples.

The research findings revealed that:

1. In terms of problem-solving skills, the experimental group achieved a significantly higher
post-test total score (M=112.46, S.D.=8.68) than the control group (M=91.35, S.D.=10.23), the average
mean showing a statistically significant at the .05 level (t=6.892, p<0.001), which considered focus
on the experimental and the control groups get the improvement score of all dimensions increased
by 29.88 points and 8.93 points respectively while compare between pre-test and post-test.

2. In terms of creative thinking skills, the experimental group obtained a significantly higher
post-test total score (M=12.35, S.D.=1.57) than the control group (M=8.77, S.D.=1.89), the average
mean showing a statistically significant at the .05 level (t=6.789, p<0.001), which considered focus
on the experimental and the control groups get the improvement score of all dimensions increased

by 4.78 points and 1.12 points respectively while compare between pre-test and post-test.
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Introduction

With the continuous development of society, particularly in the context of the information age,
the demand for innovative talents has been steadily increasing. Modern society requires students not
only to acquire solid disciplinary knowledge but also to develop creative thinking and real-world
problem-solving skills. In this context, mathematics education, especially seometry instruction, plays
an important role in cultivating students’ thinking abilities and creativity (Ministry of Education, 2022).
However, mathematics instruction in primary schools still largely relies on traditional teacher-centered
approaches, in which teaching activities are mainly dominated by direct instruction and students tend
to passively receive knowledge, with limited opportunities for active inquiry and deep thinking. To
some extent, conventional instructional approaches may restrict the development of students’
problem-solving skills and creative thinking skills (Jiang & Zhang, 2025). Particularly in geometry learning,
because the content involves spatial imagination, figure interpretation, and logical reasoning, many
primary school students experience difficulties in constructing systematic conceptual understanding.
This issue becomes particularly evident at the sixth-grade level, when students begin transitioning
from concrete thinking to more abstract mathematical reasoning.

In the researcher’s classroom observations, many students tended to rely heavily on teacher
demonstrations and formula memorization when learning topics such as the circumference and area
of circles. However, when geometry problems were presented in authentic contexts requiring
interpretation, reasoning, and multi-step analysis, students often experienced difficulties in identifying
geometric relationships and flexibly applying prior knowledge to solve problems. For example, when
geometry learning activities involved real-life situations such as calculating the area of flower gardens,
estimating pizza sizes, or designing running tracks, many students demonstrated limited ability to
analyze geometric relationships and often relied on routine formula application. In addition, classroom
discussions were often limited to answer sharing rather than collaborative inquiry and reflective thinking.
These observations suggest that traditional instructional approaches still have certain limitations in
promoting students’ problem-solving skills and creative thinking skills.

With the continuous advancement of educational reform, increasing attention has been given
to student-centered instructional approaches. Problem-Based Learning (PBL), as a problem-oriented
instructional approach, was first systematically developed in medical education and was later
gradually applied in other fields (Barrows & Mitchell, 1975). This approach emphasizes learning through
authentic problem situations, enabling students to actively construct knowledge through problem
analysis, collaborative inquiry, and reflection. Previous studies have shown that PBL can effectively
promote active learning, collaborative learing, and higher-order thinking skills (Hmelo-Silver, 2004;
Savery, 2015). Juandi and Tamur (2021), in a meta-analysis of PBL studies, reported that PBL has a
positive effect on students’ mathematical thinking abilities. Anazifa and Djukri (2017) also noted that
Problem-Based Learning can effectively enhance students’ thinking skills. PBL has gradually been
applied in various educational contexts and has demonstrated positive instructional outcomes (Hung,
2015).

In mathematics education, researchers generally agree that problem situations and inquiry-based

activities can effectively promote students’ understanding and transfer of knowledge, while also
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improving their problem-solving skills (Li, 2023). Geometry learning itself is characterized by openness
and multiple possible solution pathways, requiring students to apply spatial imagination and logical
reasoning during problem analysis. These characteristics provide favorable conditions for the
development of creative thinking skills. Therefore, integrating PBL into geometry instruction has been
considered a potentially valuable instructional approach. Siregar et al. (2020) reported that PBL has
a positive effect on students’ mathematical creative thinking ability, while Fitriani et al. (2021) found
that the Problem-Based Learning approach can improve elementary school students’ mathematical
problem-solving ability. This is because geometry learning often requires students to observe figures,
analyze spatial relationships, propose solution strategies, and verify their reasoning processes, which
are highly consistent with the inquiry and collaborative learning processes emphasized in PBL. These
studies suggest that PBL may effectively support the development of students’ higher-order thinking
abilities in mathematics learning.

Although previous studies have produced valuable findings regarding PBL implementation,
geometry instruction, and student ability development, several limitations remain. First, most PBL
studies have focused on higher education or general subject contexts, while systematic empirical
research in primary mathematics education, particularly in geometry instruction, remains relatively
limited. Second, existing studies in geometry education have mainly focused on teaching content and
instructional methods, with relatively limited attention given to the systematic cultivation of students’
problem-solving skills and creative thinking skills (Lai & Hwang, 2016). In addition, although previous
research has explored the relationship between PBL and students’ thinking abilities, most studies
have focused on a single dimension of ability, while integrated investigations of both problem-solving
skills and creative thinking skills within primary geometry learning contexts remain insufficient. At the
same time, although both problem-solving skills and creative thinking skills are regarded as essential
competencies in mathematics learning (NCTM, 2000; Ministry of Education, 2022), relatively few studies
have examined their coordinated development within specific instructional contexts.

Based on the above background and research gaps, further empirical investigation of
instructional approaches in specific teaching contexts is necessary. Therefore, this study was conducted
in the context of sixth-grade geometry instruction and implemented the Problem-Based Learning (PBL)
approach to examine its effects on students’ problem-solving and creative thinking skills through a
classroom-based experiment. The study focuses on whether the Problem-Based Learning (PBL)
approach can effectively promote the development of these skills in geometry learning and examines
its effectiveness in primary mathematics classrooms. By comparing the learning outcomes of the
experimental and control groups, this study aims to provide practical implications for primary

mathematics teaching and empirical support for fostering students’ higher-order thinking skills.

Research Objectives

1. To examine the effects of the Problem-Based Learning (PBL) approach on students’
problem-solving skills.

2. To investigate the effects of the Problem-Based Learning (PBL) approach on students’

creative thinking skills.
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Research Scope
1. Population and Sample

The population of this study consisted of all sixth-grade students at H Primary School in City
C, China, during the first semester of the 2025 academic year. The grade comprised five classes with
a total of 244 students.

The sample included 91 students from two intact sixth-grade classes at the same school,
with 46 students in the experimental group and 45 in the control group. The participants were
selected using cluster random sampling. Before the instructional intervention, pre-tests on
problem-solving skills and creative thinking skills were conducted for both groups. Independent
samples t-tests indicated no significant differences between the experimental and control groups
(p > 0.05), confirming the homogeneity and comparability of the sample. The instructional content
in this study was selected from Unit 5 “Circle” in the Grade 6 mathematics textbook published by
the People’s Education Press (PEP). The geometry topics included: (1) Introduction to the Circle,
(2) Circumference of a Circle, (3) Area of a Circle, and (4) Sector. A total of four lesson plans were
designed based on the Problem-Based Learning (PBL) approach and implemented during the
experimental instruction. The instructional intervention was conducted over four sessions, with each
lesson lasting approximately 40 minutes.

2. Research Variables

The independent variable in this study was the instructional approach, specifically the
Problem-Based Learning (PBL) approach. The instructional process included problem situation
introduction, group discussion and analysis, collaborative problem-solving activities, presentation, and
reflection.

The dependent variables included problem-solving skills and creative thinking skills.
Problem-solving skills were assessed across four dimensions: problem understanding, plan formulation,
plan implementation, and reflection, based on the problem-solving framework proposed by OECD
(2013), which emphasizes the ability to analyze, process, and solve problems in contextualized
situations. Creative thinking skills were measured in terms of three dimensions: fluency, flexibility, and
originality, based on Guilford’s theory of divergent thinking (Guilford, 1967).

To ensure internal validity, this study-controlled variables such as teaching content,
instructional progress, teacher, and instructional time to minimize the influence of external factors
on the results. Specifically, both groups were taught by the same teacher and received the same
instructional time and teaching content to ensure the comparability of the results.

3. Definition of Terms

1) Problem-Based Learning (PBL) is a problem-oriented and student-centered instructional
approach proposed by Barrows (1986). It emphasizes learning through real-world problem contexts,
enabling students to actively construct knowledge through inquiry. In this study, the PBL approach
was applied to sixth-grade geometry instruction and implemented through five stages: problem
scenario design, problem analysis, plan formulation, plan implementation, and reflection.

2) Problem-Solving Skills refer to the skills required to apply existing knowledge and

strategies to resolve complex or situational problems (OECD, 2013). In this study, these skills were
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examined within the context of primary school geometry learning and assessed across four dimensions:
problem understanding, plan formulation, plan implementation, and reflection.

3) Creative Thinking Skills refer to skills involved in generating novel and valuable ideas in
problem situations, as defined by Joy Paul Guilford (1967). In this study, these skills were assessed
through geometry-based tasks and measured across three dimensions: fluency, flexibility, and
originality.

Research Methodology
1. Research Design
This study adopted a quasi-experimental pre-test—post-test control group design to examine
the effects of the Problem-Based Learning (PBL) approach on students’ problem-solving and creative
thinking skills by comparing changes between the experimental and control groups before and after
the instructional intervention.
2. Research Instruments
This study employed two types of research instruments: lesson plans and skills tests.
1) Lesson Plans
The lesson plans used in this study were developed based on the learning objectives,
curriculum indicators, and geometry content in Unit 5 “Circle” of the Grade 6 mathematics textbook
published by the People’s Education Press (PEP). The instructional procedures followed the Prob-
lem-Based Learning (PBL) approach, including problem situation introduction, group discussion and
analysis, problem-solving activities, presentation, and reflection. The lesson plans were reviewed by
experts, and content validity was assessed using the Index of ltem-Objective Congruence (I0C).
As shown in Figure 1, students actively participated in collaborative discussion and class-
room interaction during the implementation of the PBL activities.

Figure 1. Collaborative inquiry activities in the PBL geometry classroom




nsads maluladuazdaarsmsdnu 97 9 atiuft 3 _ 56
QArusEANYIEIEAS UKIINEIABUKRIAISAIY Ui 9 auui 31 woumau-Onueu 2569

2) Skills Tests

2.1) Problem-Solving Skills Test

This test consisted of pre-test and post-test components and was used to assess students’
understanding of basic geometric concepts as well as their skills to apply knowledge in contextualized
problem situations. The test items were designed according to the geometry learning objectives and
the problem-solving framework proposed by OECD (2013).

2.2) Creative Thinking Skills Test

This test also included pre-test and post-test components and was adapted from the
Chinese version of the Test for Creative Thinking (TCI-C) developed by Li (2012). The original TCl was
developed by Janusz Kujawski and has been widely applied in creativity research (Karwowski, 2008).
Students were required to complete figure-based composition tasks within a limited time and assign
titles to their work. The assessment focused on three dimensions of creative thinking: fluency,
flexibility, and originality, based on Guilford’s theory of divergent thinking (Guilford, 1967).

3. Instrument Validity and Reliability

1) Validity. Content validity was established through expert review by three specialists who
evaluated the test content and scoring criteria. The Index of Item-Objective Congruence (I0C) was
used to assess the alignment between test items and research objectives. I0C values ranged from
0.67 to 1.00, exceeding the acceptable threshold of 0.50, with most items achieving 1.00. Minor
revisions were made based on expert feedback to finalize the instruments.

2) Item Analysis. For the problem-solving skills test, item quality was examined using
difficulty and discrimination indices. The difficulty index (p) ranged from 0.32 to 0.78, indicating an
appropriate level of difficulty for sixth-grade students. The discrimination index (r) ranged from 0.31
to 0.72, demonstrating satisfactory item discrimination. For the creative thinking skills test, the
difficulty index ranged from 0.35 to 0.76, while the discrimination index ranged from 0.30 to 0.69.
These results indicate that the test items were of appropriate difficulty and demonstrated acceptable
discriminatory power.

3) Reliability. Internal consistency was assessed using Cronbach’s alpha. The results
indicated good reliability, with coefficients of 0{=0.87 for the problem-solving skills test and ({(=0.85
for the creative thinking skills test, indicating high stability and consistency.

4. Data Collection

Data were collected through a combination of pre-test and post-test procedures, as follows:
1) Prior to the instructional intervention, both the experimental and control groups completed the pre-
test to assess their problem-solving skills and creative thinking skills. 2) After the intervention, both
groups completed the post-test to measure changes in their abilities.

5. Data Analysis

Data were analyzed using SPSS software. Descriptive statistics (mean and standard deviation)
were used to summarize students’ performance. Independent samples t-tests were conducted to
compare differences between the experimental and control groups in both the pre-test and post-test
results. Paired samples t-tests were used to examine changes within the same group before and after

the instructional intervention.
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Results

This study analyzed the experimental data in line with the established research objectives to
examine the effectiveness of the PBL approach in primary school geometry classrooms. The results
are presented in two aspects: 1) the effects of the Problem-Based Learning (PBL) approach on
students’ problem-solving skills, and 2) the effects of the Problem-Based Learning (PBL) approach on
students’ creative thinking skills.

1. The effects of PBL on Students’ Problem-Solving Skills
The results indicate that the Problem-Based Learning (PBL) approach significantly enhances sixth-grade
students’ geometric problem-solving skills. It is more effective than conventional teaching methods
and shows positive effects across all dimensions, including problem understanding, plan formulation,
plan implementation, and reflection. To examine the effects of the Problem-Based Learning (PBL)
approach on students’ problem-solving skills, this study conducted a comparative analysis of pre-test

and post-test results between the experimental and control groups, as shown in Table 1.

Table 1. The effects of the Problem-Based Learning (PBL) approach on students’ problem-solving skills

indicator Experimental  Experimental Control Control t (post-test,

(Pre-test M£SD)  (Post-test M+SD)  (Pre-test M£SD)  (Post-test M£SD)  between groups)
Total score 82.58+9.88 112.46+8.68  82.42+10.12 91.35+10.23  6.892 <.001
Problem Understanding 20.09+3.46 28.12+3.12 20.68+3.57  21.88+3.77 5.234 <.001
Plan Formulation 20.12+3.21 26.46+3.35 20.03+3.35  23.12+3.99 4.789 < .001
Plan Implementation 21.35+3.68 30.23+2.88 21.10+£3.54  24.65+3.54 6.123 <.001
Reflection 18.31+3.12 20.64+3.01 17.62+3.23  19.69+3.21 4.321 <.001

Note: * Statistically significant at .05.

Before the instructional intervention, no significant differences were found between the
experimental and control groups in the total scores or any dimensions of problem-solving skills
(p > .05), indicating good baseline equivalence. After the intervention, the experimental group
significantly outperformed the control eroup. Specifically, the post-test total score of the experimental
group (M=112.46, S.D.=8.68) was substantially higher than that of the control group (M=91.35,
S.D.= 10.23), with a highly significant difference (t=6.892, p<.001). Significant differences were also
observed across all dimensions, including understanding the problem (t=5.234, p<.001), plan
formulation (t=4.789, p<.001), plan implementation (t=6.123, p<.001), and reflection (t=4.321,
p<.001), suggesting that PBL may effectively support multiple stages of problem-solving.

Further paired-sample t-test comparisons within the experimental group revealed a significant
improvement in problem-solving skills after the intervention. The total score increased by 29.88 points,
with statistically significant differences (p < .001), indicating that the PBL approach effectively enhances
students’ overall problem-solving skills. Among the dimensions, the most notable improvements
were observed in solution implementation and problem understanding, suggesting that PBL helps
students transform knowledge into practical solution strategies and improves their skills to analyze
and comprehend problems. In contrast, the control group showed only slight improvements under
conventional teaching methods, indicating the limited effectiveness of conventional teaching methods

in promoting higher-order problem-solving skills. Overall, the findings demonstrate that the PBL
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approach significantly enhances sixth-grade students’ geometric problem-solving skills and shows
clear advantages over conventional teaching methods.
2. The effects of PBL on Students’ Creative Thinking Skills

The results also show that the PBL approach significantly improves sixth-grade students’ creative
thinking skills, with notable effects across the three dimensions of fluency, flexibility, and originality.
Among these, improvements in fluency and originality were more pronounced, while the improvement
in flexibility was relatively moderate. To examine the impact of PBL, comparisons were conducted
between the experimental and control groups before and after the instructional intervention, as

shown in Table 2.

Table 2. The effects of the Problem-Based Learning (PBL) approach on students’ creative thinking skills

indicator Experimental Experimental Control Control t (post-test,
(Pre-test M+SD)  (Post-test M£SD)  (Pre-test M£SD)  (Post-test M+SD)  between groups)
Total score  7.57+1.89 12.35+1.57 7.65+1.99 8.77+1.89 6.789 <.001
Fluency 3.21+1.02 5.12+0.99 3.29+1.06 3.46+1.02 5.123 <.001
Flexibility 2.12+0.57 2.79+0.46 2.16+0.60 1.99+0.51 4.567 <.001
Originality 2.23+0.79 4.43+0.79 2.21+0.81 3.32+0.85 3.890 <.001

Note: * Statistically significant at .05

Before the intervention, no significant differences were found between the two groups in overall
creative thinking skills or any of its dimensions (p>.05), indicating comparable baseline levels. After
the intervention, the experimental group significantly outperformed the control group. Specifically,
the post-test total score of the experimental group (M=12.35, S.D.=1.57) was significantly higher than
that of the control group (M=8.77, S.D.=1.89), with a highly significant difference (t=6.789, p<.001).
Significant differences were also observed in fluency (t=5.123, p<.001), flexibility (t=4.567, p<.001),
and originality (t=3.890, p<.001), indicating that PBL positively promotes multiple aspects of creative
thinking.

Further paired-sample t-test comparisons within the experimental group showed that the
experimental group achieved significant improvements in creative thinking skills after the intervention.
The total score increased by 4.78 points, with statistically significant differences (p<.001),
demonstrating the effectiveness of the PBL approach in enhancing overall creative thinking. Among
the dimensions, fluency and originality showed the most substantial gains, suggesting that PBL, through
open-ended problem contexts and collaborative inquiry activities, effectively stimulates students’
divergent thinking and creative expression. Although flexibility also improved, the magnitude was
relatively smaller, indicating that the development of this skill may require longer-term instructional
support. In contrast, the control group exhibited only minor improvements under conventional teaching
methods, suggesting the limited effectiveness of conventional teaching methods in fostering creative
thinking.

In summary, the PBL approach significantly enhances sixth-grade students’ creative thinking
skills and is more effective than conventional teaching methods. Notably, its impact is stronger on
fluency and originality, while improvements in flexibility are relatively moderate.
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Discussion

This study examined the effects of the Problem-Based Learning (PBL) approach on students’
problem-solving and creative thinking skills. The findings indicate that the implementation of PBL in
sixth-grade geometry instruction significantly improves both skills and is more effective than
conventional teaching methods.

From a pedagogical perspective, PBL organizes learning around problems and emphasizes
students’ active engagement in inquiry and discussion within problem situations. Through the
processes of understanding, analyzing, and solving problems, students gradually construct knowledge.
This learning approach is consistent with constructivist learning theory and the concept of “learning
by doing” (Dewey, 1938), as well as with the view that knowledge construction is promoted through
learners’ participation in practical activities and the accumulation of experience (Liu, 2022). In the
present study, the experimental group was taught using a PBL-based instructional process that included
problem situation introduction, group discussion and problem analysis, solution design, solution
implementation, and presentation and reflection activities. During the classroom activities, students
worked collaboratively to analyze geometric problems, discuss different solution strategies, and
explain their reasoning to peers. When students encountered difficulties in understanding geometric
concepts or solving problems, the teacher guided them through questioning and classroom discussion
to support problem analysis and knowledge construction.

In terms of problem-solving skills, students in the experimental group demonstrated significant
improvement across all dimensions, including problem understanding, plan formulation, solution
implementation, and reflection. This suggests that problem-driven learning environments effectively
support the development of students’ cognitive abilities throughout the problem-solving process.
These findings are consistent with those of Guo et al. (2023), who found that instructional approaches
structured around “understanding—representation—planning—execution—monitoring and reflection”
effectively enhance students’ problem-solving skills. The findings of this study further showed that
students in the experimental group demonstrated more notable improvement in the dimensions of
problem understanding and plan implementation. In the PBL classroom, students were required not
only to understand the conditions of geometric problems, but also to continuously analyze, revise,
and improve their solution strategies through group discussion and reflection activities. This ongoing
process of analysis and reflection may help strengthen students’ geometric problem-solving skills.

Regarding creative thinking skills, the experimental group showed improvement across fluency,
flexibility, and originality, with more pronounced gains in fluency and originality. This finding aligns
with the structural framework of creative thinking (Guilford, 1967). Previous studies have also
highlighted the importance of task design in fostering students’ creative thinking (Jiang & Zhang, 2025).
In the PBL learning environment, students are required to generate multiple solutions to the same
problem and refine their ideas through interaction, thereby facilitating the development of divergent
thinking. In the creative thinking assessment used in this study, students were required to complete
fisure-combination tasks and assign titles to their work. This process emphasized the reorganization
and creative expression of given visual information. In addition, students in the PBL classroom were

encouraged to propose multiple approaches to solving the same geometric problem and compare
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the feasibility of different solutions through peer discussion and group interaction. These classroom
activities provided students with opportunities to express different viewpoints and explore alternative
ways of thinking, thereby supporting the development of fluency and originality.

Compared with the experimental group, students in the control group who received
conventional instruction demonstrated only limited improvement, and most dimensions did not reach
statistical significance. This finding suggests that teacher-centered instruction may have certain
limitations in promoting students’ problem-solving and creative thinking skills. Traditional classroom
instruction tends to emphasize knowledge transmission and standardized solution procedures, while
providing relatively limited opportunities for discussion, independent analysis, and collaborative
inquiry.

Taken together, the findings of this study suggest that integrating the PBL approach into primary
school geometry instruction not only increases students’ engagement in problem-driven learning, but
also promotes problem analysis, collaborative inquiry, reflection, and deeper cognitive engagement
through activities such as problem situations, group discussion, and presentation and reflection tasks.
These processes contribute to the development of students’ problem-solving and creative thinking

skills and provide important pedagogical implications for primary mathematics education.

Suggestion
1. Practical Implications

1.1 Strengthening problem-based instructional design. Geometry instruction should be
organized around problem situations, enabling students to construct knowledge through problem-
solving processes and thereby enhance their problem-solving skills.

1.2 Emphasizing collaborative learning and reflective processes. Classroom activities should
incorporate group collaboration and structured reflection to support students in refining their thinking
through discussion and feedback.

1.3 Improving multidimensional assessment approaches. Evaluation should balance both
learning outcomes and learning processes, with particular attention to students’ cognitive performance
and creative thinking in problem-solving activities.

2. Recommendations for Future Research

2.1 Expanding research across diverse educational contexts. Future studies should be
conducted in different regions and school types to further examine the applicability of the PBL
approach.

2.2 Conducting long-term intervention studies. Extending the duration of instructional
interventions (e.g., over a semester or an academic year) may provide deeper insights into the
sustained effects of PBL on students’ development, particularly regarding the long-term development
of students’ problem-solving and creative thinking skills.

2.3 Further exploring dimensions of creative thinking. Future research should examine differences
among fluency, flexibility, and originality, and explore how instructional design can better support

their development.
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