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ABSTRACT
This meta-analysis aims to systematically assess the effect of Problem-Based Learning, Cooperative 
Learning, and Discovery Learning models on Mathematical Problem-Solving Skills and determine 
which strategy had the most significant effect. A systematic search of the literature from 2015 to 
2024 was conducted using Scopus, Web of Science, and Google Scholar. Seventeen studies were 
included in this study. Comprehensive meta-analysis (CMA) software analysis showed that Problem-
Based Learning, Cooperative Learning, and Discovery Learning all had a significant positive effect 
on Mathematical Problem-Solving Skills compared to traditional teaching methods. In contrast, 
Discovery Learning had the greatest effect, followed by Cooperative Learning and finally Problem-
Based Learning. In addition, a heterogeneity analysis revealed that the educational level and sample 
size were the sources of heterogeneity among the studies. The results of this study provide guidance 
for selecting effective instructional strategies and provide direction for future research exploring 
sources of heterogeneity.

Keywords: Cooperative learning, discovery learning, mathematical problem-solving skills, problem-based 
learning

INTRODUCTION

Problem-solving is one of the goals of 
the mathematics curriculum and plays an 
important role in solving unconventional 
rea l - l i fe  problems (Or ton ,  2004) . 
Mathematical problem-solving skills 
enable students to relate mathematical 
concepts to everyday life and develop 
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solution strategies, thereby developing 
high levels of thinking skills (King et al., 
2016) and positive attitudes, such as never 
giving up, and hard work (Pimta et al., 
2009). Currently, most countries have made 
improving students' problem-solving skills 
an important goal of mathematics education, 
and problem-solving has become a hot topic 
in international research on mathematics 
curricula and teaching (Kolar & Hodnik, 
2021; Stacey, 2005).

Although the skill is emphasized all 
over the world, poor mathematical problem-
solving skills still exist. Research has 
shown that poor mathematical problem-
solving skills exist among students in 
many countries. For example, the United 
States (Montague & Applegate, 2000), the 
Philippines (Culaste, 2011), China (Hua, 
2019), Indonesia (Mailisman & Ikhsan, 
2020), Malaysia (Ozrecberoglu et al., 2022) 
and Singapore (Hung et al., 2022). Therefore, 
improving students' mathematical problem-
solving skills remains an important issue in 
education.

The traditional approach to teaching 
mathematics emphasizes teacher-centered 
knowledge transfer and mechanical 
memorization, with less challenging tasks 
and problems set by the teacher (Hendriana 
et al., 2018; Pandu & Prabaningrum, 
2020). They also argue that this teaching 
method limits students' deep understanding 
of concepts, weakens their interest and 
motivation in learning, and neglects the 
development of their mathematical problem-
solving skills. Because of this, finding more 
effective teaching strategies to make up for 

the shortcomings of traditional teaching 
methods has become a pressing issue.

This study uses constructivist theory 
as a theoretical foundation. According 
to constructivist theory, learning is 
a student-centered process in which 
students actively construct knowledge 
through interaction with the environment, 
exploring solutions, and addressing real-
world problems (Vygotsky, 1978). In 
educational applications, constructivist 
theory guides student-centered instructional 
strategies such as problem-based learning 
(PBL; Darma et al., 2018), cooperative 
learning (CL; Ridwan & Hadi, 2022), and 
discovery learning (DL; Tumurun et al., 
2016). Research has shown that student-
centered instructional strategies have been 
shown to improve students' mathematical 
problem-solving skills (Ukobizaba et al., 
2021). These instructional strategies aim to 
improve students' MPSS by stimulating their 
initiative and creativity in different ways.

PBL is a student-centered, teacher-
led instructional model in which students 
solve problems through problem-posing, 
independent learning, and group work 
(Darma et al., 2018). The PBL model creates 
a learning environment in which problems 
are used as a starting point and then solved 
by acquiring new knowledge (Mushlihuddin 
et al., 2018; Parno et al., 2019). They also 
argue that following the stages of PBL 
allows students to be directly involved in 
investigating a problem and finding a solution 
so they can take the initiative in solving the 
problems they face. Several studies have 
collectively shown that PBL improves 
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students' mathematical problem-solving 
skills. It has been found that PBL leads 
to more active learning, self-confidence, 
creativity and better communication and 
joint problem-solving (Hendriana et al., 
2018; Mulyono & Hadiyanti, 2018). 
However, some studies still conclude that 
PBL implementation does not significantly 
affect students' mathematical problem-
solving skills (Panjaitan & Hutauruk, 2019). 
Therefore, the overall effect of the current 
PBL on mathematical problem-solving skills 
needs to be explored.

CL is an instructional model that relies 
on students working together to better 
understand a subject (Ridwan & Hadi, 
2022). According to Haller et al. (2000), CL 
focuses on group learning and individual 
learning. The CL model produces the best 
learning outcomes when students with 
different knowledge and skills help each 
other in group activities. The CL model 
has been shown to have a positive effect 
on students' mathematical problem-solving 
skills (Mukeriyanto et al., 2020; Saputra et 
al., 2020; Umam et al., 2017). Mukeriyanto 
et al. (2020) argue that this is because 
collaborative learning also stimulates 
students' creativity and latent abilities to 
help to learn to develop problem-solving 
thought processes. According to Saputra et 
al. (2020), collaborative learning promotes 
active participation in group discussions 
and communication; collaborative learning 
makes it easier for students to understand 
and memorize concepts and apply these 
mathematical concepts to solve problems.

According to Tumurun et al. (2016), 
the DL model emphasizes student-centered 
learning by allowing students to be more 
active in their learning and search for 
materials, thus making learning more 
meaningful than traditional learning models. 
Studies have shown that DL has a significant 
positive impact on mathematical problem-
solving skills (Pratiwi et al., 2020; Trawikhi 
et al., 2019). Research has shown that 
DL improves the quality of learning and 
cognitive level of students, thus making 
learning more meaningful (Bajah & Asim, 
2002; Martins & Oyebanji, 2000).

Through a systematic literature review 
and meta-analysis, this study aims to 
assess the effect of PBL, CL, and DL on 
mathematical problem-solving skills. The 
specific research questions are as follows:

1. What are the effects of PBL, CL and 
DL on mathematical problem-solving 
skills?

2. What are the differences in the effects 
of PBL, CL and DL on mathematical 
problem-solving skills?

To answer these research questions, 
based on the literature review, the following 
research hypotheses were formulated for 
this study:

H1: There is a significant positive effect 
of PBL on students' mathematical 
problem-solving skills.

H2: There is a significant positive effect 
of CL on students' mathematical 
problem-solving skills.
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H3: There is a significant positive effect 
of DL on students' mathematical 
problem-solving skills.

H4: There is a significant difference in 
the effectiveness of PBL, CL and 
DL in improving mathematical 
problem-solving skills.

Studies have explored the effects of 
PBL, CL, and DL on mathematical problem-
solving skills separately, as well as meta-
analyses of the effects of PBL on MPSS. 
However, there is a lack of meta-analyses 
and systematic reviews of CL and DL 
based on mathematical problem-solving 
skills, as well as comparisons among 
the three. This paper retrieved relevant 
studies between 2015 and 2024 for meta-
analysis and systematic review to fill the 
current research gap. By analyzing and 
comparing the effects of PBL, CL, and DL 
on mathematical problem-solving skills, this 
study clarifies which instructional strategy 
is more effective in which situation. This 
informs and supports educators in their 
choice of instructional strategies.

METHODS

Research Design

Using a systematic literature review and 
meta-analysis, this study was designed 
to assess the effects of three instructional 
strategies, PBL, CL, and DL, on mathematical 
problem-solving skills. Meta-analysis is 
a statistical method used to synthesize 
the results of multiple mean-variance 
calculations to improve the estimation 

power of different studies (Lipsey & Wilson, 
2001). First, existing studies were searched 
for and obtained through keywords. Next, 
inclusion and exclusion criteria were 
specified. Then, literature was retrieved, 
coding was performed, and statistics were 
analyzed and interpreted.

Literature Search Strategy

The researchers explored Web of Science 
and Scopus using a combination of 
Boolean operator pairs. The following 
combinations of Boolean operators were 
used in the retrieval stage: “problem-solving 
skill*” AND “math*”, “problem-solving 
abilit*” AND “math*”, “problem-solving 
competenc*” AND ‘math*’, ‘problem-
solving capacity’ AND ‘math*’. To obtain 
more relevant articles, Google Scholar was 
searched using the keywords “Cooperative 
Learning AND Mathematical Problem-
Solving Skill”, “discover learning AND 
Mathematical Problem-Solving Skill”. To 
broaden the scope of research related to 
Cooperative Learning, “group learning” and 
“team learning”, which express the same 
teaching style as “Cooperative Learning”, 
were searched as keywords.

To ensure the relevance and accuracy of 
the meta-analysis to the research topic, the 
following detailed inclusion and exclusion 
criteria were established in this study: 

1. An automated tool was used to limit 
the period from 2015 to 2024, and the 
types of articles were limited to articles, 
conference papers (proceeding papers), 
and the language was limited to English. 
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These criteria were done through the 
automated system tool.

2. Only studies that examined the three 
instructional strategies of PBL, CL 
and DL were included; some studies 
that belonged to the teaching strategies 
but were not of these three types were 
excluded. In addition, for these three 
instructional strategies, this study 
expanded the keywords. For example, 
DL and guided DL were included in 
this study. Because both emphasize 
students discovering solutions to 
problems through their active learning 
(Hosnan, 2014). In this process, the 
teacher only plays an instructional and 
guiding role. Group and team-assisted 
learning were also included in the CL 
meta-analysis. This is because these 
strategies emphasize group work. The 
field of study is going to be the field of 

mathematics education. Those studies 
that examined the areas of physics and 
chemistry were excluded.

3. Studies had to report changes in 
mathematical problem-solving skills; 
studies that did not explore changes 
in this skill or only referred to general 
problem-solving skills were excluded.

4. Studies must be conducted with students 
(primary, junior high school, senior 
high school, and college/university); 
otherwise, they will be excluded.

5. The results  section must report 
quantitative data and include effect 
sizes. Studies that had quantitative data 
but did not specify the effect size needed 
for this study were excluded.

As shown in Figure 1, the initial search 
identified 3884 potential studies. The titles 

Figure 1. The study selection process
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and abstracts of 2034 studies were screened, 
and after 1226, the system automatically 
excluded 1226 items, and 624 duplicates 
were removed. Considering that the studies 
should fit the theme, 1551 studies on non-
teaching strategies (PBL, CL, and DL) and 
43 studies in non-mathematics education 
areas were excluded, leaving 440 studies. 
Finally, 81 studies without full text, non-
math problem-solving skills, non-PBL/CL/
DL, non-students (primary school, junior 
high school, senior high school, and college/
university), and no quantitative experimental 
data were again excluded based on the needs 
of the topic and research questions of this 
study, for a total of 423 studies. Seventeen 
eligible studies were ultimately identified. 
These rigorous inclusion and exclusion 
criteria ensured the high relevance of 
the selected studies and provided a solid 
foundation for the meta-analysis.

Coding Process

The coding  process  o f  th i s  s tudy 
implemented a strict coding procedure to 
ensure the validity, accuracy and consistency 
of the extracted data. First, this study 
clarified the inclusion and exclusion criteria 
and developed an appropriate PRISMA 
flowchart to screen qualified studies. The 
specific inclusion and exclusion criteria are 
shown in Figure 1. Then, two independent 
coders extracted the data using a coding 
sheet. The coding sheet included authors, 
year of publication, study design, sample 
size, level of education, and effect size 
(mean and standard deviation). In case of 
any inconsistency in the data extracted 

by the coders, a discussion was held to 
determine the criteria for consistency, 
which resulted in 100% coding consistency. 
Finally, the data obtained from the coding 
sheet were entered into an Excel sheet to be 
organized, saved and meta-analyzed using 
CMA software.

Data Extraction

This meta-analysis aimed to clarify the effect 
of the three teaching strategies, PBL, CL and 
DL, on mathematical problem-solving skills. 
Therefore, data extracted from each study 
representative of Mathematical Problem-
Solving Skills was used as the result of this 
investigation. Effect sizes and information 
to explore sources of heterogeneity were 
extracted from 17 studies. The specific data 
extracted from this study are as follows: 
author's name, Mean, standard deviation, 
sample size, educational level, experimental 
design (pre-test, post-test design and post-
test only design), and year of publication. 
Two independent researchers will carry 
out this process to ensure the accuracy and 
consistency of the data.

Data Analysis

Data processing for meta-analysis was used 
to quantify the effect of PBL, CL, and DL on 
mathematical problem-solving skills. Data 
that met the criteria were imported into the 
comprehensive meta-analysis software to 
calculate the overall effect sizes of PBL, CL, 
and DL on mathematical problem-solving 
skills. To ensure the accuracy of the overall 
effect sizes, the effect model to be used 
needed to be determined. Therefore, an 
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analysis of heterogeneity between studies is 
needed. A fixed-effects model is used when 
the actual effect sizes of all studies are the 
same (Borenstein et al., 2021). When the 
actual effect sizes of the studies differed 
according to factors such as participants' 
age, education level, or class size, this 
represented large heterogeneity among the 
studies; thus, using a random effects model 
(Üstün & Eryılmaz, 2014). 

The selection of fixed-effects and 
random-effects models is mainly based 
on the Q statistical test and the statistical 
value I2. The Q value assesses heterogeneity 
among study effect sizes, but only the 
p-value is needed to determine its presence. 
If the p-value is lower than 0.05, this 
indicates a difference between the studies, 
and the random-effects model is preferred 
over the fixed-effects model. The statistical 
value I2 indicates the extent of the difference 
between the studies, i.e., the degree of 
heterogeneity (Hedges & Olkin, 2014). If 
I² is greater than 50%, it indicates a high 
degree of heterogeneity in the effect sizes 
of these studies.

Then, publication bias tests were 
performed, including funnel plots, the classic 
fail-safe N test, and Egger's regression 
test. According to Egger et al. (1997), 
symmetry of the funnel plot indicates no 
publication bias and vice versa. Because of 
the subjective nature of observations and 
judgments in funnel plots, Classic fail-safe 
N and Egger's regression test validated the 
conclusions drawn from the funnel plots. 
Classic fail-safe N value indicates how 
many additional unpublished and negative 

studies are needed to make the overall 
effect size become insignificant. According 
to Rosenthal (1986). If the classic fail-safe 
N value is greater than 5k+10 (where k is 
the number of studies included in the meta-
analysis), it indicates that the effect sizes 
obtained in the meta-analysis are robust and 
not subject to publication bias. In addition, 
Egger's test was also used to justify this 
conclusion. Rosenthal also argued that if 
the p-value in Egger's test is less than 0.05, 
it indicates that publication bias does not 
affect the overall effect size. 

Lipsey and Wilson (2001) proposed 
moderation analysis to identify sources 
of heterogeneity. In this study, subgroup 
analyses were conducted to explore 
sources of heterogeneity. It was possible 
to determine the subgroup on which each 
of the three instructional strategies had a 
more significant effect by reading the effect 
sizes. The effect sizes were interpreted 
with reference to Thalheimer and Cook's 
(2002): 0.15 is negligible, 0.4 is small, 
0.75 is medium, 1.10 is large, 1.45 is very 
large, and over 1.45 is huge. This method 
is performed in conjunction with the Q 
statistical test, where both Q and p-values 
are used to assess the effect of factors on 
the overall effect size. However, only the 
p-value is needed to confirm heterogeneity. 
If the p-value is less than 0.05, the factor is 
a source of heterogeneity and is a factor that 
influences the overall effect size of the study. 

RESULT 

This study examines the effect of PBL, CL 
and DL on mathematical problem-solving 
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skills. Table 1 provides basic information 
about the studies accepted for the meta-
analysis. 

According to this study's inclusion 
and exclusion criteria, 17 studies that met 
the specified criteria were meta-analyzed. 
These comprised five studies that examined 
the effects of DL on mathematical problem-
solving skills, six studies that investigated 
the effects of PBL on MPSS, and six 
studies that explored the effects of CL on 
mathematical problem-solving skills. The 
total sample sizes of the experimental 
and control groups were 545 and 537, 

respectively. The studies covered different 
educational levels, experimental designs, 
and sample sizes.

Analysis of Overall Effect Size and 
Heterogeneity of the Studies

The studies on PBL, CL and DL were 
tested for heterogeneity to determine the 
effect model used. The overall effect size 
of these three instructional strategies on 
mathematical problem-solving skills was 
also tested according to the effect model 
used. Table 2 demonstrates the overall effect 
size and heterogeneity of the PBL, CL and 

Table 1  
Basic information about the studies accepted

Category PBL CL DL Total
Number of studies 6 6 5 17
Total sample size (experimental group) 197 193 155 545
Total sample size (control group) 195 187 155 537
Educational level Primary school 1 1 0 2

Junior high school 0 3 4 7
Senior high school 3 1 1 5
University/College 2 1 0 3

Experimental design Pre-test & post-test 5 3 3 11
Only post-test 1 3 2 6

Sample size 11–20 1 1 0 2
21–30 0 1 2 3
31–40 4 3 3 10
41–50 1 1 0 2

Table 2  
Overall effect sizes and degree of heterogeneity of PBL, CL, and DL studies

Teaching
Strategy

Studies
Number

Effect
Size

95% CI Null hypothesis test 
(2-Tail)

Heterogeneity

Z p-value Q-value p-value I2

PBL 6 0.690 [0.299;1.082] 3.456 0.001 17.268 0.004 71.045
CL 6 1.145 [0.391;1.899] 2.957 0.003 56.226 0.000 91.107
DL 5 1.427 [0.998;1.856] 6.522 0.000 11.580 0.021 54.458
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DL studies. Figures 2, 3, and 4 demonstrate 
the forest plots of effect sizes for the PBL, 
CL, and DL studies under the random effects 
model, respectively. 

First, the heterogeneity analysis of 
the six PBL studies showed Q = 17.268, 
p < 0.05, and I² = 71.045%, indicating a 
high degree of heterogeneity between the 
effect sizes of these six studies. Therefore, 
a random effects model was used. The 
random effects model detected an overall 
effect size of 0.690 (95% CI: 0.299 to 1.082) 
for PBL on mathematical problem-solving 
skills and was a medium effect size (Figure 
2). This implies that implementing PBL 

instructional strategies had a significant 
positive effect on mathematical problem-
solving skills.

Then, the results of the heterogeneity 
analysis of the six CL studies showed Q = 
56.226, p < 0.05, and an I² value (91.107%) 
> 50%, indicating that there was a high 
degree of heterogeneity in the six studies 
exploring the effect of CL on students' 
mathematical problem-solving skills. Thus, 
the overall effect size of CL on mathematical 
problem-solving skills was 1.145 (95% CI: 
0.391 to 1.899), which is a very large effect 
size, as detected by the random effects 
model (Figure 3). This means that CL has a 

Figure 2. Forest plot of effect sizes of PBL studies under the random effects model 
Note. Favors A represents traditional teaching, and Favors B represents PBL

Figure 3. Forest plot of effect sizes for CL studies under random effects modeling 
Note. Favors A represents traditional teaching, and Favors B represents CL
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significant positive effect on mathematical 
problem-solving skills.

Finally, the heterogeneity analysis of 
the five DL studies showed Q = 11.580, p = 
0.021 (p < 0.05), and I² = 54.458 (I² > 50%), 
which indicates that there is a high degree 
of heterogeneity among the effect sizes of 
these six DL studies. The overall effect size 
of DL on mathematical problem-solving 
skills after random effects model testing was 
1.427 (95% CI: 0.998 to 1.856), which is a 
very large effect size (Figure 4). This means 
that DL has a significant positive effect on 
mathematical problem-solving skills.

The data show that the overall effect 
size of DL (d = 1.427) is larger than the 
overall effect size of CL (d = 1.145), which 
suggests that DL has a more significant 
effect on improving students' mathematical 
problem-solving skills. The heterogeneity 
of DL (I2 = 54.458%) is lower than that 
of CL (I2 = 91.107%), which suggests 
that the instructional effects of CL-related 
studies are more consistent and stable, 
and the reliability is stronger. In contrast, 
PBL had the lowest effect size (d = 0.690) 
and higher heterogeneity (I2=71.045%). 

Comparatively, PBL had a smaller overall 
effect size.

Publication Bias

This meta-analysis included 17 studies. 
Publication bias detection was performed, 
including a funnel plot, Classic fail-safe 
N and Egger's regression test to ensure 
the accuracy and reliability of the analysis 
results. If publication bias exists, Duval and 
Tweedie can use the trim and fill method to 
adjust. 

First, a PBL, CL, and DL meta-analysis 
revealed that the three funnel plots produced 
were generally symmetrically distributed 
(Figures 5, 6, and 7). To validate this result, 
Classic fail-safe N was used to estimate 
how many studies with unpublished or 
negative results would be needed to make 
the overall effect size nonsignificant. The 
analysis showed that the Classic fail-safe 
N numbers for PBL, CL, and DL were 57, 
137, and 155, respectively. These numbers 
were all greater than 5k+10 (where k is the 
number of studies included in the meta-
analysis), indicating robust results. This 
suggests that the overall effect sizes of all 

Figure 4. Forest plot of effect sizes for the DL study under random effects modeling 
Note. Favors A represents traditional teaching, and Favors B represents DL
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Figure 5. Funnel plot of PBL study

Figure 6. Funnel plot of CL study

three instructional strategies, PBL, CL, 
and DL, are unlikely to be influenced by 
unpublished or negative research. 

In addition, this conclusion is further 
supported by the results of Egger's regression 
test, which for PBL, CL and DL-related 

studies were p = 0.32775 > 0.05, p = 
0.35014 > 0.05, and p = 0.36466 > 0.05. 
This suggests a low likelihood of publication 
bias. The results of the funnel plot, Classic 
fail-safe N, and Egger's regression test 
collectively indicate that no publication 
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bias in the meta-analysis seriously threatens 
the effect sizes of the three instructional 
strategies, PBL, CL, and DL. Therefore, the 
credibility of these findings is high.

Moderation Analysis

Since there was significant heterogeneity 
among the overall effect sizes of the six PBL, 
five CL, and six DL studies, it was necessary 
to perform a moderation analysis to explore 
sources of heterogeneity. Subgroup analyses 
were performed in this study. Table 3 
demonstrates the results of overall effect 
sizes and heterogeneity by educational level, 
experimental design, and sample size.

In terms of education level, significant 
differences in effect sizes between education 
levels were found in the studies of PBL (Q = 
6.040, p = 0.049 < 0.05) and CL (Q = 52.435, 
p = 0.000 < 0.05). No significant difference 
in effect size between education levels was 
found in the study of DL (Q = 3.111, p = 

0.078 > 0.05). This suggests that education 
level was a source of heterogeneity between 
PBL and CL studies but not between DL 
studies. 

In addition, the effect sizes of PBL were 
1.260, 0.412, and 0.787 for primary school, 
senior high school, and college, respectively. 
This suggests that the effect of PBL was 
significant at the primary and college levels, 
but not at the senior high school level. 

For CL, the effect sizes were 0.852 
(primary school), 1.020 (junior high school), 
0.082 (senior high school), and 2.826 
(college), indicating significant effects at 
the primary, junior high, and college levels 
but not at the senior high level. Finally, DL 
showed significant effects at the junior and 
senior high school levels, with effect sizes 
of 1.555 (junior high school) and 0.883 
(senior high school). In summary, it shows 
that PBL is more suitable for primary school 
and college level, CL is more suitable for 
college, junior high school, and primary 

Figure 7. Funnel plot of DL study
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Table 3  
Overall effect size and heterogeneity for education level, experimental design, and sample size

Studies
Number

Effect 
Size

Null Hypothesis Test
(2-Tail)

Heterogeneity

Z-value p-value Q-value P-value
Educational Level
PBL Primary school 1 1.260 5.082 0.000 6.040 0.049

Senior high school 3 0.412 1.713 0.087
University/College 2 0.787 3.639 0.000
Overall 6 0.809 5.997 0.000

CL Junior high school 3 1.020 4.302 0.000 52.435 0.000
primary school 1 0.852 3.264 0.001
Senior high school 1 0.082 0.335 0.738
University/College 1 2.826 9.570 0.000
Overall 6 1.062 8.271 0.000

DL Junior high school 4 1.555 6.919 0.000 3.111 0.078
Senior high school 1 0.883 2.921 0.003
Overall 5 1.307 7.111 0.000

Experimental Design
PBL Post 1 0.531 2.198 0.028 0.340 0.560

Pre-post 5 0.733 2.956 0.003
Overall 6 0.629 3.637 0.000

CL Post 3 1.020 4.302 0.000 0.076 0.783
Pre-post 3 1.246 1.585 0.113
Overall 6 1.039 4.576 0.000

DL Post 2 1.134 4.717 0.000 1.534 0.215
Pre-post 3 1.628 5.103 0.000
Overall 5 1.313 6.838 0.000

Sample Size
PBL 11–20 1 1.160 2.554 0.011 11.295 0.004

31–40 4 0.807 5.081 0.000
41–50 1 -0.023 -0.105 0.916
Overall 6 0.567 4.589 0.000

CL 11–20 1 1.110 2.831 0.005 37.925 0.000
21–30 1 1.387 4.660 0.000
31–40 3 0.528 2,279 0.023
41–50 1 2.826 9.570 0.000
Overall 6 1.360 6.688 0.000

DL 21–30 2 1.134 4.717 0.000 1.534 0.215
31–40 3 1.628 5.103 0.0000
Overall 5 1.313 6.838 0.000
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school, and DL is more suitable for junior 
high school and senior high school.

Experimental design is considered 
one of the factors affecting inter-study 
heterogeneity. This study categorized the 
experimental design into pre-test, post-test, 
and post-test-only designs. The results 
showed that the effect sizes of PBL (Q = 
0.340, p = 0.560), CL (Q = 0.076, p = 0.783), 
and DL (Q = 1.534, p = 0.215) did not differ 
significantly under either classification. This 
implies that neither pre-test post-test nor 
post-test only design in the experimental 
design contributes to the heterogeneity in 
the effect sizes of students' mathematical 
problem-solving skills when implementing 
these instructional strategies of PBL, CL, 
and DL. 

However, depending on the research 
design, the effect sizes of PBL, CL, and 
DL differed in pre-test-post-test design 
and post-test-only design. In PBL, CL, 
and DL, the effect sizes were 0.733, 1.246, 
and 1.628 for pre-test post-test design, and 
0.531, 1.020, and 1.134 for post-test only 
design, respectively. A comparison of the 
effect sizes under the different experimental 
designs revealed that the effect sizes of all 
three instructional strategies in the pre-test-
post-test design are greater than those of 
the post-test only design. This means that 
the pre-test-post-test design is better at 
revealing the effectiveness of instructional 
strategies.

The results of another subgroup analysis 
indicated that sample size significantly 
influenced the effect sizes of the three 
instructional methods: PBL, CL, and DL. 

The results of the heterogeneity analyses 
for PBL, CL, and DL indicated that sample 
size was not a source of heterogeneity in 
the between-study effect sizes for DL (Q 
= 1.534, p = 0.215) but rather a source of 
heterogeneity for PBL (Q = 11.295, p = 
0.004) and CL (Q = 37.925, p = 0.000).

Based on the PBL study, the effect 
values were higher in the groups with 
sample sizes of 11-20 (d = 1.160) and 31-40 
(d = 0.807). The effect value in the group 
with a sample size of 41-50 (d = -0.023) was 
close to zero or even negative. This suggests 
that implementation is more effective when 
the number of PBL students in the class is 
small. The effect sizes of CL in groups with 
41–50, 21–30, 11–20, and 31–40 are 2.826, 
1.387, 1.110, and 0.528, respectively. This 
suggests that CL is more appropriate when 
the number of students is large. The effect 
sizes of DL in the groups with 21–30 and 
31–40 are 1.134 and 1.628. This suggests 
that DL is very useful in experiments with 
21–30 and 31–40 sample sizes.

Sensitivity Analysis

Because of the high level of heterogeneity, 
sensitivity analysis was used to assess the 
reliability of the results (Table 4). Sensitivity 
analysis requires analyzing the overall effect 
of the remaining studies after excluding 
each study individually. This meta-analysis 
performed this operation separately for 
PBL, CL, and DL. The overall effect size 
for PBL was 0.690, z = 3.456, p = 0.001 (p 
< 0.05), for CL, it was 1.145, z = 2.975, p = 
0.003 (p < 0.05); and for DL, it was 1.405, 
z = 10.972, p = 0.000 (p < 0.05). The results 
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of the study show that PBL, CL and DL 
still have a significant effect on students' 
mathematical problem-solving skills after 
excluding different studies. 

DISCUSSION

The significant positive effect of PBL on 
mathematical problem-solving skills is 
consistent with the findings of previous 
studies. Students who received PBL 
instruction scored higher on mathematical 
problem-solving skills than those who 
were taught using traditional instructional 
models (Mulyono & Hadiyanti, 2018; 
Rusnanda, 2019). This may be because 
teachers create student-centered learning 
environments when performing PBL; 
students can analyze, synthesize, and 
evaluate these problems and ultimately 
develop problem-solving skills by asking 
questions and relating them to real life in 
group learning (Ahdhianto et al., 2020). 
Mushlihuddin et al. (2018) argued that PBL 
allows students to be directly involved in 
investigating problems and finding solutions 
and that, ultimately, students are able to 
solve the problems they face on their own. 
Hendriana et al. (2018) argued that PBL 
facilitates student learning, development 
of creativity and self-information, which 
leads to communication and joint problem-

solving. However, Panjaitan and Hutauruk 
(2019) came to the opposite conclusion 
when they argued that PBL is not better 
than the conventional learning mode in 
developing students' Mathematical Problem-
Solving Skills. This is because the PBL in 
that study incorporated a metacognitive 
approach, which resulted in both PBL and 
conventional teaching models emphasizing 
direct teacher instruction.

The significant positive effect of CL 
on mathematical problem-solving skills 
is consistent with the findings of several 
studies. That is, the CL model has a positive 
effect on students' mathematical problem-
solving skills (Tinungki et al., 2022; Umam 
et al., 2017; Widodo et al., 2023). This 
is because CL can encourage students to 
learn more actively through group learning, 
stimulate students' creativity and potential, 
and help students develop problem-solving 
thinking (Mukeriyanto et al., 2020; Najoan 
et al., 2024; Saputra et al., 2020). According 
to Saputra et al. (2020), CL promotes 
active participation in group discussions 
and communication; CL makes it easier 
for students to understand and memorize 
concepts and apply these mathematical 
concepts to solve problems.

The significant positive effect of DL 
on mathematical problem-solving skills 

Table 4 
Sensitivity statistics for PBL, CL and DL under the random effects model

Teaching Strategy Effect Size 95% CI Z-value p-value
PBL 0.690 [0.229,1.082] 3.456 0.001
CL 1.145 [0.391,1.899] 2.975 0.003
DL 1.405 [1.154,1.656] 10.972 0.000
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is consistent with the findings of previous 
studies that students who embraced the DL 
model had better mathematical problem-
solving skills than those who followed 
the traditional learning model (Pratiwi et 
al., 2020; Trawikhi et al., 2019). Murni 
et al. (2017) argued that the difference 
in mathematical problem-solving ability 
between students adopting the DL model and 
those adopting traditional learning is caused 
by the learning process. Specifically, during 
the learning process, students can focus their 
attention and increase their interest as they 
are exposed to the real world; by actively 
participating in group discussions, they 
can identify and determine strategies for 
solving problems. Nur et al. (2020) argued 
that during the learning process, students 
can exchange ideas in group interactions 
and proactively create solutions to math 
problems. In addition, Herdiana et al. (2017) 
argued that the DL model, in its application, 
fosters active learning through discovering 
oneself and investigating oneself, which is 
conducive to improving students' ability to 
understand mathematical concepts.

In terms of the overall effect of the 
three instructional strategies, DL performs 

better in enhancing students' mathematical 
problem-solving skills, followed by CL 
and PBL. This confirms the findings of 
Hulukati et al. (2018), who concluded that 
the guided DL model is more effective than 
the CL model in enhancing mathematical 
problem-solving skills. However, the 
scholar concluded that students' initial 
mathematical ability has a significant effect 
on mathematical problem-solving ability. 
Future research could increase the number 
of studies to further explore this result and 
analyze in depth why this result occurred.

CONCLUSION

This study executed a meta-analysis and 
systematic review to explore the effects 
of PBL, CL and DL on mathematical 
problem-solving skills. Table 5 demonstrates 
the effect sizes of the different teaching 
strategies (PBL, CL, and DL) as well as their 
applicable educational level, sample sizes, 
and experimental design.

The results of the study verified the 
previously proposed hypotheses (H1, H2, 
H3, and H4). They showed that PBL, CL, 
and DL had a significant positive effect on 
students' mathematical problem-solving 

Table 5 
Summary of teaching strategies, effect sizes, and contextual variables

Teaching 
Strategy

Effect Size Educational Level Sample Size Experimental 
Design

PBL Medium effect size
(0.690)

Primary school
University /College

Small classes
(11–20)

Pre-test Post-test 
Design

CL Large effect size
(1.145)

University /College
Junior high school
Primary school

Large classes
(41–50)

Pre-test Post-test 
Design

DL Large effect size
(1.427)

Junior high school
Senior high school

Moderate classes
(21–30, 31–40)

Pre-test Post-test 
Design
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skills compared to traditional teaching 
methods and that there is a significant 
difference in the effectiveness of these 
three teaching strategies in improving 
mathematical problem-solving skills. 
Specifically, DL had the greatest effect on 
students' mathematical problem-solving 
skills, followed by CL and finally PBL. 
As far as the theoretical perspective 
is concerned, the results of this study 
demonstrate the effectiveness of student-
centered constructivist theory in developing 
mathematical problem-solving skills. 
PBL, CL and DL allow students to engage 
in collaborative group learning in the 
real world by creating a student-centered 
teaching and learning environment. This 
deepens students' understanding of concepts 
and stimulates their creativity and potential 
to develop mathematical problem-solving 
skills. This is highly consistent with the 
constructivist theory's emphasis on the 
active construction of knowledge through 
student-environment interaction. 

In addition, subgroup analyses were 
conducted, which revealed that educational 
level and sample size were the sources 
of inter-study heterogeneity. In terms of 
education level, PBL was more effective at 
the primary and college/university levels; 
CL was more effective at the college/
university, junior high school, and primary 
levels; and DL was more appropriate for the 
junior high school and senior high school 
levels. In terms of sample size, PBL was 
more effective with small class sizes (e.g., 
11–20 students); CL was more effective 
with large class sizes (e.g., 41–50 students); 

and DL was significant in classes with 
moderate sizes (e.g., 21–30, 31–40). The 
study suggests that experimental design 
is not a source of heterogeneity for PBL, 
CL, and DL. Notably, the effect sizes of all 
three instructional strategies were larger 
in the pre-test post-test design than in the 
post-test only design. This implies that pre-
test-post-test designs are better at revealing 
the effectiveness of instructional strategies. 

Implications of the Study

This study fills the current research gap 
by comparing three teaching strategies 
(PBL, CL, and DL). The results of this 
study have not only theoretical but also 
practical implications. Through a systematic 
literature review and meta-analysis, this 
study confirmed the effectiveness of 
constructivism theory in guiding instructional 
strategies. Based on constructivist theory, 
PBL, CL, and DL all have a positive 
effect on students' mathematical problem-
solving skills. This further supports the 
importance of constructivist theory in 
applying teaching strategies. This suggests 
that a student-centered teaching and learning 
environment encourages students to engage 
in collaborative group activities to stimulate 
their interest and motivation to improve their 
mathematical problem-solving skills. 

In terms of teaching practice, teachers 
can optimize teaching and learning by 
choosing relatively appropriate teaching 
strategies based on the findings of this study, 
class size and grade level. For example, CL 
is suitable for large-sized classes (41–50), 
DL is suitable for medium-sized classes 
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(21–40), and PBL is suitable for small-
sized classes (11–20). The findings of this 
study will also help future researchers to 
understand the extent to which these three 
teaching strategies affect mathematical 
problem-solving skills and provide 
theoretical foundations and empirical 
support for subsequent studies.

Limitations and Recommendations for 
Future Studies

Due to limited data sources, the number 
of studies ultimately included in the meta-
analysis is small, which may affect the 
representativeness of the results. Future 
studies could search more databases (e.g., 
ERIC, JSTOR, ProQuest) for additional data 
support. In addition, this study focused on 
studies from 2015 to 2024, so the number 
of studies included in the meta-analysis is 
limited. Future studies could expand the 
time frame to obtain more data support.

Second, heterogeneity was present in 
the PBL, CL, and DL studies, and these 
may have affected the stability of the effect 
sizes. The sources of heterogeneity explored 
in this study were limited. Future research 
could explore sources of heterogeneity by 
looking at more perspectives. For example, 
publication year, sample characteristics, and 
peer review. Specifically, future research 
groups publications into 2- or 5-year time 
periods. This would allow for analyzing 
differences in the effect sizes of these 3 
teaching strategies across time periods. 
Future research could also divide the 
sample into different cultural and regional 
contexts (e.g., European, American, Asian, 

and African regions). This could help find 
the most appropriate cultural and regional 
contexts for each teaching strategy. Future 
research could also analyze peer-reviewed 
literature against non-peer-reviewed 
literature. This could identify more reliable 
studies so that these studies can be used to 
inform teaching practice.

In  r e sponse  to  the  sources  o f 
heterogeneity in this study (year of 
publication, sample characteristics, 
and peer review), future research could 
compare the categorization of the sources of 
heterogeneity in more depth. For example, 
differences in effect sizes for a particular 
teaching strategy across years of publication 
or sample characteristics could be analyzed. 
Then, comparing the classification of these 
sources of heterogeneity and analyzing 
the details and context of the teaching 
strategies in these studies could optimize the 
application of teaching strategies in practice.
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