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Abstract  Although students’ problem-solving and
critical thinking skills have been set as the main goal of the
mathematics subject, the results tend to be unsatisfactory.
This study aims to improve students’ mathematical
problem-solving and critical thinking skills using
problem-based learning (PBL). A quasi-experimental
design was utilized in this study which involved 78 (31
males and 47 females) fifth-grade students as the sample.
The students were divided into two groups, namely the
experimental group (n = 39) and the control group (n = 39).
This study was conducted in an Indonesian elementary
school in its first semester of the 2019/2020 school year.
The Problem-Solving Skills Test (PSST) and Critical
Thinking Skills Test (CTST) were administered to obtain
the data. One-Way MANOVA and ANOVA tests were
used to analyze the data at a significance level of .05. The
results showed that students in the experimental group had
higher post-test scores compared to the control group in
terms of mathematical problem-solving and critical
thinking skills. Thus, it can be concluded that PBL
effectively promoted fifth-grade students’ problem-solving
and critical thinking skills.
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1. Introduction

Mathematical problem-solving and critical thinking
skills are two essential skills in learning mathematics in the
twenty-first century. Problem-solving skills are part of the

transferable skills that students need to work with other
students to find, analyze, synthesize, and apply knowledge
to new situations [1]. Furthermore, Jitendra et al. [2]
defined problem-solving as a process of designing a
strategy and completing steps to solve a problem. Some
literature showed that problem-solving is associated with
how students are actively involved in solving mathematical
problems that support the development of their
problem-solving competencies [3,4]. The importance of
improving problem-solving skills was stated by Andrews
and Xenofontos [5] that these essential skills are needed by
students to evaluate mathematical information and solve
problems in daily life. NCTM [3] suggested that teachers
develop students’ mathematical problem-solving early.
Thus, problem-solving skills are required to be possessed
by children from the elementary school level.

Although problem-solving skills affect academic
achievement, school success individual relationships,
self-explanation quality, motivation, and mathematical
abilities [6-9], previous researches indicated that students’
problem-solving skills are inadequate and tend to decrease
from year to year [10,11]. Lee, Yeo, and Hong [12]
reported that many fourth-grade students have difficulty in
starting the process of solving mathematical problems
because it requires knowledge and perseverance [8].
Moreover, students generally only learn to solve structured
tasks related to the subject matter [13,14]. Structured
assignments are limited to exercises to evaluate students’
initial knowledge of the material they have recently learned
[15]. Thus, it is important to train students to complete
non-routine tasks using effective teaching methods to be
successful in and outside the classroom.

Besides developing elementary students’
problem-solving skills, improving critical thinking skills is
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one of the main goals in education [16], including learning
mathematics in elementary schools. Ennis, Millman, and
Tomko [17] defined critical thinking (CT) as a sensible and
reflective thinking that focuses on deciding what to do.
This is an assessment process directed by a certain final
goal to arrive at a logical and rational solution to the
problem [18,19]. Moreover, critical thinking is seen as a
thinking process where individuals are taught to reason in
improving creative solutions [20]. Theoretically speaking,
CT is divided into two types; skills and dispositions. CT
skills include a set of higher-order thinking skills such as
evaluating, inferring and analyzing. Additionally, CT
disposition includes self-confidence, open-mindedness,
and truth-seeking [19,21]. Specifically, in this study, the
researchers investigated students’ CT skills in learning
mathematics in elementary school. Lundy et al. [22] stated
that critical thinking can be developed by utilizing critical
thinking learning techniques.

However, some previous studies revealed that students’
critical thinking tends to be unsatisfactory [23,24], even in
some empirical research. For example, Akgun and Duruk

[25] found that students’ critical thinking was at a low level.

Similarly, Bakir [26] also reported inadequate critical
thinking among students. In fact, critical thinking is closely
related to academic achievement [27,28], writing ability
[29], questioning behaviors [30], and interpersonal skills
[31]. Literature showed that critical and creative thinking
are connected [32]. Brahler, Quitadamo, and Johnson [33]
revealed that critical thinking skill is related to various
variables; learning environment, social context of learning
and instructor’s teaching style. Thus, teachers need to train
students in improving their critical thinking skills using
instructional strategies that stimulate students to think
critically.

To deal with these problems, the teacher can support
student learning by providing strategies that free students
to think at a high level and solve problems [1]. Various
teaching models to improve problem-solving skills and
critical thinking in class have been suggested. However,
problem-based learning (PBL) is considered as the most
powerful learning method [34]. PBL is the opposite of
traditional pedagogy that gives students more opportunities
to set learning goals, adopt learning steps, and construct
meaningful knowledge [34]. In this context, PBL presents
students with problems or situations to apply prior
knowledge and obtain new knowledge. There are five steps
in the PBL process: problem analysis, setting learning
objectives, gathering information, summarizing, and
reflecting [35]. In PBL, students face problem-solving
situations in small groups. In groups, the students are
required to decide the information they need to identify the
situation in question, try to understand it, present it to other
students, and then reformulate it to be able to overcome the
problems [36].

2013

PBL is a student-centered approach under the principles
of constructivist learning theory [37]. Previous research
has explained that children enjoy PBL due to their curiosity
[38]. The acquisition of knowledge is one of the
prerequisites in developing students’ critical thinking skills
[37,39]. From this perspective, the teacher’s role is to
provide children with appropriate concepts, materials, and
resources to enable them to explore their interests and to
design new understandings [40]. PBL is acknowledged to
be able to contribute to factors such as knowledge retention,
student satisfaction, motivation, and critical thinking.
Herman and Knobloch [41] recommended future studies to
investigate the use of constructivist PBL approaches to
determine effects on learning outcomes.

As a strategy for mathematics teaching organizations,
PBL allows students to present their creative ideas and
communicate mathematically with peers [42-44]. Besides,
PBL makes learning meaningful and makes learners
develop several important skills [45]. Several studies had
examined the use of PBL as a teaching method to improve
student learning, but the findings vary. Previous studies
proved that PBL is effective in increasing environmental
attitudes, academic achievement, self-regulated learning,
and science process skills compared to the traditional
teaching approach [46-49]. Moreover, studies in
mathematics education reported that students in the PBL
environment have better performance in conceptual
understanding and long-term knowledge retention than
those in teacher-centered classes [34,50]. However, the use
of PBL to promote students’ transferable skills in primary
schools is rarely explored. Thus, this study focused on
exploring the effects of PBL to foster students’
problem-solving and critical thinking skills in mathematics
at the primary level.

1.1. Obijectives of the Study

The researchers believed that PBL can involve students
in math subjects and have an impact on increasing students’
transferable skills. Therefore, this study aims to evaluate
the effect of PBL in improving the problem-solving and
critical thinking skills of fifth-grade students. The
formulated research question is:

1. Is there any significant difference between groups
exposed to PBL and traditional instruction in terms of
problem-solving skills in mathematics?

2. Is there any significant difference between groups
exposed to PBL and traditional instruction in terms of
critical thinking skills in mathematics?

3. Is there any significant difference between groups
exposed to PBL and traditional instruction with
respect to combine dependent variables of
problem-solving skills and critical thinking skills in
mathematics?
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2. Methods

2.1. Research Design

A quasi-experimental non-equivalent control group
design was used in this study (see Table 1). The
intervention involved 2 intact classes in an Indonesian
public elementary school. One class was assigned as an
experimental group and another class as a comparison
group using simple random sampling techniques. This
study was conducted from November to December 2019
in the 2019/2020 academic year.

Table 1. Pre-test and post-test control group design
Groups Pre-tests Treatments Post-tests
. PSST . PSST
Experimental CTST Problem-based learning CTST
PSST . . PSST
Control CTST Conventional teaching CTST

2.2. Research Sample

Ganungkidul Elementary School, Nganjuk, Indonesia
participated as the sample of this study. All students were
randomly divided into experimental group (n = 39; 17
males and 22 females) and control group (n = 39; 14 males
and 25 females). Students in the experimental group were
taught using the PBL model and the control group was
taught using a conventional learning model. All students
had an equal socio-economic and educational background.
They lived in urban areas and came from middle to
upper-income families. All students were instructed by 1
female teacher with teaching experience of more than 10
years. The teacher held a B.Ed. degree from a local
university. Before treatment, the teacher was given
directions to apply different learning models.

2.3. Research Instruments

2.3.1. Problem-Solving Skills Test (PSST)

The PSST includes 4 sub-scales adapted from Polya
[51], including understanding the problem, making a
solution plan, solving the problem according to the plan,

A total of 78 (31 males and 47 females) fifth-grade and concluding. In detail, the scoring rubric for
elementary school students (aged 11-12 years at Problem-solving skills is presented in Table 2.
Table 2. Rubric for the problem-solving skills test
Sub-skills Score | Scoring Criteria
2 The student writes their understanding and their problem from the problem raised clearly.
Understanding the Problem 1 Thg student writes their understanding and their problem but not related to the problem raised
which make them do not understand the problem rose.
0 The student does not write anything which makes them do not understand the problem rose.
The student writes down plans and necessary conditions (formulas) needed to solve the
2 roblems raised and use all the information that has been collected
Making a Plan to Solve the P -
Problem 1 The student writes down a plan to solve the problem raised but not coherently
0 The student does not write plans to solve problems
4 The student solves the problems according to plans that have been made precisely. There are no
procedural and calculation errors.
3 The student solves the problems according to plans that have been made. There is no procedural
) error, but calculation errors occurred.
Solving the Problem ) The student solves problems according to plans that have been made, but there are procedural
According to the Plan and calculation errors.
1 The student solves problems according to plans that have been made, but there are procedural
errors and calculation errors.
0 The student does not solve the problems according to plans that have been made.
2 The student concludes following the problem and the results.
Concluding 1 The student concludes but does not follow the problem and results
0 The Student does not make any conclusions.
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Initially, the PSST consisted of 6 items in the form of a Table 3.  Items validity of the problem-solving skills test
description. Each question had been adjusted to basic Items | Fopserved Feabe 5% (n=30) p Criteria
competgncnes and indicators as _ regulated in the tem 1 707 361 000 valid
Indonesian elementary school curriculum [52]. Then, tem 2 o 261 695 invalid
PSST was validated by 2 mathematics teaching experts. ' : : _
Validation relates to (1) the suitability of the questions lttm3 | 633 361 000 |  Valid
with the indicators, (2) the level of difficulty of the Item 4 345 361 062 Invalid
questions, (3) the use of language, and (4) the truth of the Item 5 749 361 .000 Valid
concept. After the validation, PSST was then tested to 30 Item 6 676 361 1000 Valid

fifth-grade students at Sugihwaras Elementary School in
the pilot study. Based on the try out results, 4 questions 2.3.2. Critical Thinking Skills Test (CTST)

were declared valid and 2 questions were invalid (see The CTST was adapted from Ennis [53]. The scoring

Tablg _3)' The analysis showed that the reliability ypric for students’ critical thinking skills is presented in
coefficient of the test was found at .71. Table 4.

Table 4. Rubric for the critical thinking skills test

Sub-skills | Indicator Score Scoring Criteria
2 The student writes their understanding and the problem correctly
Focus The ability to identify the problem | 1 The stl_Jder?t writes their understanding and the problem but the answers are
not quite right
0 No answer
2 The student writes answers by giving the right reasons
Reason The ability to do the reasoning 1 The student writes answers with incorrect reasons
0 No answer
2 The student concludes precisely
Inference | The ability to draw the conclusion | 1 The student concludes but it is not right
0 No answer
2 The student can identify problems, answers, and conclude clearly
Clarity The ab!llty to check and ensure 1 The student identifies problems, answers, and concludes, but not clearly
the clarity of thought
0 Students’ problem identification, answers, and conclusions are unclear
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Initially, CTST consisted of 6 items in the form of
description. Furthermore, CTST was tested on 30
fifth-grade students at Sugihwaras Elementary School,
Indonesia. The try out results were analyzed through the
calculation of Product Moment correlation. Rubric
validity test results are declared valid if reyeyiaed > .361.
Based on the tryout, 3 questions were declared valid, and
3 other questions were invalid (see Table 5). Moreover,
the reliability coefficient was found at .78. Thus, CTST
was declared valid and reliable.

Table 5. Items validity of the critical thinking skills test
Items I calculated Iable 5%0 (N = 30) p Criteria
Item 1 .346 361 .061 Invalid
Item 2 .839 .361 .000 Valid
Item 3 .651 .361 .000 Valid
Item 4 131 .361 489 Invalid
Item 5 595 .361 .001 Valid
Item 6 .842 .361 .000 Valid

2.4. Procedures

After obtaining official permission from the Nganjuk
Education Office and the school principal, students and
parents were given a consent form. In this study, all
students participate voluntarily and they could withdraw at
any time. After they signed the consent form, a pre-test was
conducted. After the pre-test, the experimental and control
group students participated in learning activities for 3
meetings (3 x 105 min = 315 min in total). Students in the
experimental group were instructed to use the
problem-based learning model and students in the control
group used the conventional learning model.

2.4.1. Intervention in Experimental Group

Learning activities in experimental groups used
problem-based learning adapted from Arends [54]. The
learning process involved the following steps: (1)
introducing students to real problems where the teacher

conveyed the main material and learning objectives,
apperception with questions and answers from the previous
material; (2) organizing students to learn where the teacher
organized students to form study groups; (3) helping
independent and group investigations in which the teacher
encouraged students to identify problems,
discuss/exchange ideas according to their prior knowledge,
and solve problems; (4) developing and presenting the
work where students presented the results of the discussion
and the teacher acted as a facilitator in the discussion; and
(5) analyzing and evaluating the problem-solving process
where students were assisted by teachers to analyze and
evaluate their thinking processes in investigations and the
intellectual skills used when solving problems and
reflecting on learning.

2.4.2. Intervention in the Control Group

Learning activities in the control group used
conventional learning. In this method, the teacher acted as
an active messenger of information and students as passive
listeners. Some learning steps taken during the intervention
were the teacher leading the prayers, checking the
attendance list, giving apperception, and conveying the
learning objectives. After that, the teacher conveyed
information and explained learning the material on the
board, and then students took notes. The teacher gave
lower-order thinking skills questions and students worked
on the problems independently. Then, students were asked
to answer the questions and the other students to do peer
review. Finally, the teacher concluded the topic and
assigned independent assignments for discussion at the
next meeting.

2.5. Data Analysis

In this study, the data were analyzed using inferential
statistics. Before employing inferential statistics, the
prerequisite tests were normality and homogeneity tests.
The Kolmogorov-Smirnov test and the Shapiro-Wilks test
[55] were used for the normality test. The analysis showed
that the data were normally distributed (see Table 6).

Table 6. Kolmogorov-Smirnov and Shapiro-Wilk test results

Kolmogorov-Smirnov Shapiro-Wilk
Groups
Statistic df p Statistic df p
Post-test 113 39 .200 972 39 437
Experimental
Pre-test .087 39 .200 977 39 .598
Problem-Solving Skills
Post-test .096 39 .200 973 39 454
Control
Pre-test 121 39 .155 .960 39 175
Post-test .092 39 .200 .970 39 .367
Experimental
Pre-test .089 39 .200 .967 39 .298
Critical Thinking Skills
Post-test .086 39 .200 .962 39 .205
Control
Pre-test 115 39 .200 .963 39 .230
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Table 7. Box’s M test results from the pre-test scores
Dependent Variables n Box’s M F dfl df2 p
Problem-Solving Skills 39
658 213 3 1039680 887
Critical Thinking Skills 39
Table 8. Box’s M test results from the post-test scores
Dependent Variables n Box’s M F dfl df2 p
Problem-Solving Skills 39
1.427 462 3 1039680 709
Critical Thinking Skills 39
After that, the matrix covariance pre-test was conducted. assumption test had been achieved.
The results of the matrix covariance test indicate that the Table 10, L st results of posi-test
. . . . . ’ - I
Box’s M values in both variables had a significant number able evene’s test results of post-est scores
greater than .05 (see Table 7). Thus, it can be concluded Dependent Variables F dfl df2 p
that the variance-covariance matrices of the dependent Problem-Solving Skills 504 1 76 | .480
variable were assumed to be equal. ) Critical Thinking Skills 010 1 76 | 922
Then, the post-test matrix covariance test was

performed. The results of the matrix covariance test After that, the one-way Multivariate Analysis of

indicate that the Box’s M values in both variables had a
significant number greater than .05 (see Table 8).
Therefore, it can be concluded that the
variance-covariance matrices of the dependent variable
were assumed to be equal.

Moreover, the homogeneity test of variance between
groups was conducted using Levene’s test of equality of
error variance [55]. The results of the pre-test analysis
showed that the homogeneity of the variance was not
violated (see Table 9). Thus, the assumption test had been
achieved.

Table 9. Levene’s test results of pre-test scores

Dependent Variables F dfl df2 p
Problem-Solving Skills .548 1 76 462
Critical Thinking Skills 193 1 76 .662

Next, the homogeneity test of variance between groups
in the post-test was also conducted using Levene’s test of
Equality of Error Variance [55]. The results of the
post-test analysis showed that the homogeneity of the
variance was not violated (see Table 10). Thus, the

Variance (MANOVA) was performed to investigate the
effect of the problem-based learning model on students’
problem-solving and critical thinking skills. Then, an
analysis of variance (ANOVA) was used to determine
differences between groups’ mean scores in the post-test.
In this study, SPSS version 25 was used to analyze data at
a significance level of .05.

3. Results

One-way ANOVA statistical test was used to determine
the differences of pre-test mean scores between the
experimental and control groups in terms of
problem-solving and critical thinking skills. The results
are shown in Table 11.

According to Table 11, there were no significant
differences in the pre-test scores between the experimental
and control groups in terms of problem-solving skills (F =
2.154, p > 0,05) and critical thinking skills (F = 1.525, p >
0,05 ). This indicates that both groups had equal initial
skills.

Table 11. One-way ANOVA results for pre-test mean scores
Dependent Variables Groups M SD df F p
Experimental 57.64 10.34
Problem-Solving Skills 1 2.154 .146
Control 54.36 9.76
Experimental 58.67 9.96
Critical Thinking Skills 1 1.525 221
Control 55.79 10.57
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Table 12.  One-way ANOVA results for post-test mean scores
Dependent Variables Groups M SD df F p

) . Experimental 77.13 10.55

Problem-Solving Skills 1 30.569 .000
Control 62.97 11.89
Experimental 76.74 10.90

Critical Thinking Skills 1 22.050 .000
Control 64.83 11.48

After that, the ANOVA statistical test was used to test
the first and second research questions. It was also used to
explore univariate main effects of learning models on the
dependent variables. The results of the analysis of the
influence of instructional models on students’
problem-solving and critical thinking skills are presented
in Table 12.

Table 12 showed the average score of the students’
problem-solving skills during the post-test in the
experimental group (M = 77.13; SD = 10.55) was
significantly higher compared to the control group (M =
62.97; than their counterparts (M = 64.83; SD = 11.48) in
terms of critical thinking skills. In short, there were
significant mean differences in problem-solving [F(1,202)
= 30.569; p < .05] and critical thinking skills [F(1,202) =
22.050; p < .05] between the two groups. These findings
imply that treatment differences affect the average
post-test scores between experimental and control group
students.

Table 13. Results of one-way MANOVA for pre-test scores
Effect Value F df Error df p
Pillai’s Trace .028 1.083 | 2.000 75.000 344
Wilks” Lambda 972 1.083 | 2.000 75.000 344
Hotelling’s Trace .029 1.083 | 2.000 75.000 344
Roy’s Largest Root | .029 | 1.083 | 2.000 | 75.000 .344

According to Table 13, the results of the MANOVA
test in the pre-test indicate that there were no statistically
significant differences between the experimental and
control groups in terms of combined dependent variables
of problem-solving and critical thinking [F(2,201) = 1.083,
p < 0,05; Wilks” Lambda = .726]. Based on the pre-test
scores between the experimental and control groups, both
groups had equal initial skills.

Then, the third research question was, “Is there a
significant effect of PBL on the combined dependent
variables of problem-solving and critical thinking skills?”
One-Way MANOVA was run for post-test scores. The
details of the MANOVA test results are presented in
Table 14.

Table 14. Results of one-way MANOVA for post-test scores

Effect Value F df Error df p
Pillai’s Trace 310 16.864 | 2.000 75.000 .000
Wilks’ Lambda .690 16.864 | 2.000 75.000 .000
Hotelling’s Trace .450 16.864 | 2.000 75.000 .000
Roy ;(JLcirg“t 450 | 16.864 | 2.000 | 75.000 | .000

Based on Table 14, the results showed that there were
statistically significant mean differences between the
experimental and control groups in terms of combined
dependent variables of problem-solving and critical
thinking after the intervention [F(2,201) = 16.864, p <
0,05; Wilks’ Lambda = .726]. These findings indicate that
the difference in post-test scores between the experimental
and control groups was due to the treatment effect. It can
be concluded that there is an effect of PBL on
mathematical problem-solving and critical thinking skills.

4. Discussion and Conclusions

This study had examined the effect of problem-based
learning (PBL) on fifth-grade students’ mathematical
problem-solving and their critical thinking skills
compared to conventional learning. MANOVA test results
showed that students who learned using PBL obtained
better post-test scores than those who used conventional
learning. It can be said that learning using PBL is
effectively used to catalyze mathematics learning in
elementary schools. This might be the impact of the
implementation of the problem-based learning model,
where student-centered learning was designed to increase
the active involvement of students and their active
participation during learning. Moreover, the tasks and
problems presented were related to students’ daily lives.
Darling-Hammond et al. [1] agreed that a learning
environment that allows teachers to make connections
between new situations and the daily world of students is
believed to be able to promote problem-solving skills.

Separately, the ANOVA results also showed that
students taught using PBL scored higher scores on
mathematical problem-solving skills than those taught
using conventional teaching models. Increasing student
problem-solving skills might be due to the teacher always
creating active and fun learning through group discussions.
In a student-centered learning environment, students are
always provided with the opportunity to ask questions that
are relevant to the learning material and relate it to their
real life. Thus, the learning process can stimulate students
to develop their problem-solving skills. This argument
was supported by Ultay [56] who stated that problems that
allow students to analyze, synthesize, and evaluate, are
claimed to improve their problem-solving skills.
Supportively, the current findings are in line with several
previous studies that stated that PBL produces clear
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benefits for students including their
problem-solving skills [57,58].

Whereas, the ANOVA results showed that students
who were taught with PBL had better scores on critical
thinking skills than those taught in a teacher-centered
approach. During the treatment process, PBL learning
models can increase peer interaction to construct their
critical thinking skills. Then, students in PBL courses
were more likely to define problems and consider
alternative solutions to complete unstructured tasks [59].
Unlike the chalk and talk method, PBL emphasizes
student-centered learning. In this context, the teacher acts
as a facilitator who provides students with high-level
questions and non-routine problems. In the end, learning
becomes more meaningful and makes learners develop
their skills to think critically [45]. This study was
supported by previous research related to implementing
PBL to improve critical thinking skills which have shown
positive results [60,61].

In short, the pre-test and post-test results obtained from
the experimental and control groups showed a change in
the problem-solving and critical thinking scores for the
two groups. However, a statistically significant increase
was found in the experimental group. These findings
indicate that the experimental group developed better
transferable skills after the intervention using PBL.
Students’ high post-test scores in this study might be due
to the PBL facilitating students to learn mathematical
concepts by connecting topics with the daily life context
[13]. In this study, students’ problem-solving skills
develop well when teachers associate learning with their
real-life situations [62]. This finding is supported by
Pedersen and Lio [59] who claimed that during PBL,
students successfully develop problem-solving skills and
then transfer themselves to other situations. On the other
hand, the high score of critical thinking skills is related to
the opportunities students get and the interaction between
students and the learning environment during the
intervention [63,64].

Previous literature believed that PBL is an effective
instrument in acquiring student knowledge [65,66].
Increasing students’ thinking during PBL can help them to
participate more effectively in the learning environment
and ultimately develop problem-solving skills [59]. At the
same time, they also develop students’ critical thinking
skills [67]. Similarly, the study results reported by Argaw,
Haile, Ayalew, and Kuma [68] also showed that PBL
significantly promoted students’ problem-solving skills.
Thus, teachers need to involve students in PBL to
complete assignments and problems inside and outside the
classroom. This is because PBL can influence the
problem-solving process brought by students to
successfully face the problems [59]. Moreover, to make
mathematics more meaningful for students, Gilbert [69]
even emphasized the importance of real-world contexts to
be designed in such a way as to engage students in
teaching and learning.

improving
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In conclusion, the experimental group students had
higher post-test scores than the control group in terms of
problem-solving, critical thinking skills, and combined
dependent variables. In addition, experimental group
students showed higher score changes than their
counterparts at the end of the treatment. This finding
indicates that treatment differences affect the mean
post-test scores between students in both groups. It can be
concluded that PBL has succeeded in improving
fifth-grade students’ problem-solving and critical thinking
skills in mathematics.

However, this study has several limitations. First, this
study only investigated the effect of PBL on limited
mathematical topics, distance, speed, and discharge.
Moreover, the instruction was carried out over three
sessions. Thus, long-term research is needed to study
changes in student performance over time. Second, this
study explored the problem-solving and critical thinking
skills of fifth-grade students only. Therefore, further
research needs to evaluate the effect of PBL on other
variables, for example, academic achievement, motivation,
attitude  toward mathematics, self-efficacy, and
higher-level thinking skills, both quantitatively and
qualitatively. This aims to add scientific evidence of the
efficacy of PBL at the primary level which lacks attention.
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