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Abstract
Many researchers have conducted previous meta-analysis studies
regarding problem-based learning (PBL) to enhance problem-solving
skills. However, their research does not focus on mathematical problem-
solving skills (MPSS). This study aims to summarize, estimate, and
evaluate PBL implementation's effect in enhancing the MPSS of
Indonesian junior high school (JHS) students and investigate the study
characteristics that affect the heterogeneous effect size data. Twenty-nine
relevant primary studies published in national and international journals
and proceedings during 2011 — 2020 were analyzed using the systematic
review and meta-analysis. The analysis tool used the Comprehensive
Meta-Analysis (CMA) software by selecting the formula of Hedge to

determine its effect size. The result showed that the overall PBL
implementation had a medium positive effect (g = 0,743; p < 0,05),
significantly enhancing the MPSS of Indonesian JHS students based on
the random effect model. Also, the characteristics of sample size, research
area, sampling technique, and publication year did not affect the
heterogeneous effect size data. These results suggest that Indonesian JHS
mathematics teachers should select PBL as one of the best solutions in
implementing mathematics learning in the classroom to enhance students'
MPSS.

Systematic Review.

INTRODUCTION

In this revolution industry 4.0, learning is not only an activity to deal with curriculum goals,
but also an activity that must be a focus on improving students’ 4C abilities, which stand for
communication, critical thinking, creative thinking, and collaboration or known as the 21 -
century learning skills. These skills are now crucial to face globalization, anticipate rapid world
change, and solve life problems. Problem-solving skills have an important role and become
essential in this century (Ince, 2018). Problem-solving skills are mental abilities that require
high-order thinking to formulate appropriate problem-solving for everyday problems (Kadir et
al., 2013). Mathematics is one of the subjects that concern problem-solving skills. NCTM
(National Council of Teachers of Mathematics) stated that problem-solving is one of the
standard skills that have to be mastered by students.

There are so many pedagogical models or approaches that can be used in facilitating
students’ problem-solving skills. The most prominent is Problem-Based Learning (PBL). PBL
is a student-centered learning model that sets learning with problems as a prompt to reach
learning objectives (Hmelo-Silver, 2004). We can say that the learning process will be running
because of the problems that teachers promote. Still, the success of the learning process is
depended on the problem provided by teachers. The problem posed by the teacher must be a
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contextual problem that can stimulate students to learn actively and provoke their curiosity to
find solutions to these problems. The steps provided by PBL also train students to investigate
problems, verify, compile, and evaluate practical solutions of problem-solving both
individually and through group discussions (Torp & Sage, 2002). Thus, PBL can be an
alternative learning model that can enhance students’ mathematical problem-solving skills
(MPSS). Especially in Indonesia, many researchers have tried to examine whether the
implementation of PBL has a significant effect in enhancing the MPSS of junior high school
(JHS) students. The results of these studies are various. Some said that PBL had a positive effect
(Ferdianto et al., 2018; Karatas & Baki, 2013; Mulyani et al., 2018; Rahmawati et al., 2019;
Saragih et al., 2018; Siregar et al., 2018; Sutrisno et al., 2020; Yenni et al., 2017), while others
claimed that it had no difference from conventional learning (Amperawan et al., 2018; Hobri et
al., 2020; Lestari et al., 2016; Nadhifah & Afriansyah, 2016; Putri et al., 2018; Rizka et al.,
2018; Sa’bani, 2017). Of course, the heterogeneity of the results creates a new problem,
especially as the reference for one that believes PBL affected MPSS. Educational policymakers
need extensive and comprehensive information on the effect of the implementation of PBL in
enhancing the MPSS of JHS students in determining a framework for implementing education
in Indonesia. Schools, especially mathematics teachers, also need this information to choose
the right alternative learning models that can support learning mathematics in the classroom.
Thus, this problem led us to do a more in-depth analysis to summarize all the heterogeneity of
the result to gain a good comprehension of the effect of the implementation of PBL in enhancing
the MPSS of Indonesian JHS students.

One research method that could integrate various research results with relevant themes
was meta-analysis through a systematic review. Meta-analysis is a quantitative-based research
method to combine different previous research results to obtain unified information regarding
the strength of the effect, correlation, and association between variables (Cumming, 2012),
which uses the effect size as an aspect of measurement (Borenstein et al., 2009; Cleophas &
Zwinderman, 2017). Meta-analysis uses quantitative primary research data as a basis for data
analysis to extract information to achieve specific research objectives (Glass et al., 1981).
Therefore, a meta-analysis was also known as the analytical research method of analysis.

Some researchers have conducted previous research regarding the meta-analysis of the
effect of PBL in enhancing students' mathematical abilities. However, mathematical abilities
studies are mathematical creative thinking skills (Yunita et al., 2020), mathematical
communication skills (Susanti et al., 2020), and mathematical literacy skills (Paloloang et al.,
2020), while this meta-analysis study focuses on mathematical problem-solving skills. Meta-
analysis study about the effect of PBL on mathematical problem-solving skills has been studied
by Suparman et al. (2021). Still, their study focuses on all education levels, such as elementary
school, junior high school, senior high school, and college. In contrast, this meta-analysis study
only focuses on the junior high school level. A meta-analysis study regarding the effect of PBL
on problem-solving skills has been conducted by Kadir et al. (2013) and Park (2019), but their
study focuses on mathematics & science learning and health, while this meta-analysis study
only focuses on mathematics learning.

Based on the background, this study aims to summarize, estimate and evaluate the effect
of the implementation of PBL in enhancing MPSS of Indonesian JHS students and investigate
the characteristics of the study that affect the heterogeneous effect size data. The study's
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urgency is to consider how PBL should ideally be implemented in mathematics subjects,
especially for Indonesian students using a systematic review and meta-analysis. This study
would provide comprehensive information about the effect of PBL in enhancing JHS students’
MPSS in Indonesia. Therefore, it could be a material consideration for education implementers
in carrying out an ideal learning process to instill and improve students’ thinking skills.

METHODS

Systematic review and meta-analysis were the methods used in this study. The systematic
review and meta-analysis collaboration in this study was because it synthesized various relevant
primary studies using quantitative approaches. Systematic review and meta-analysis had several
advantages. The advantages include more transparency, detecting and reducing bias, better-
estimating population parameters, assessing outcomes in various domains, providing strong
evidence of significant rejection, and providing a rigorous methodology in the synthesis process
(Littell et al., 2008; Shelby & Vaske, 2008). In their literature, Bernard et al. (2014); Borenstein
et al. (2009); Cooper et al. (2013) and Hunter & Schmidt (2004) revealed that as a method, the
study of systematic review and meta-analysis had several stages, which is shown in the
following flowchart in Figure 1.

Defining the problem ‘ Inclusion Criteria ‘ Literature search strategy

Data Extraction - Study selection
Statistical analysis

Interpretation and Reporting

Figure 1. Flow-chart of a systematic review and meta-analysis stages

Therefore, these stages were used in this study. The researchers would explain a few stages in
this part, such as inclusion criteria, literature search strategy, data extraction, study selection,
and statistical analysis.

Inclusion Criteria

Preliminary studies regarding the effect of PBL implementation in enhancing MPSS were still

comprehensive and general. To make this systematic review and meta-analysis more focused

and specific. The inclusion criteria in this study were determined based on the PICOS approach

(Population, Interventions, Comparator, Outcomes, and Study Design) (Liberati et al., 2009),

namely:

1.  The population in the primary study was students at JHS in Indonesia.

2. The intervention in the primary study was the implementation of PBL.

3. The comparator of the intervention in the primary study was the implementation of
conventional learning.
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4.  The outcome in the primary study was MPSS.

5. The type of research in the primary study was a quasi-experimental research with a causal-
comparative type.

6.  The primary study reported statistical data such as mean, standard deviation, sample size,
t-value, and p-value in both the intervention and comparison groups.

7. The primary study was published in 2010 — 2020 in the form of national and international
journals and proceedings.

Primary studies that did not meet the inclusion criteria in the study selection process were
excluded from this systematic review and meta-analysis.

Literature Search Strategy

We looked for PBL implementation literature in enhancing Indonesian JHS students' MPSS by
using electronic databases such as google scholar, semantic scholar, institute of education
science (ERIC), I0OP science, and Sinta. The keywords used to look for these kinds of literature
were "Problem-Based Learning" and "Mathematical Problem-Solving Skills™ or "Mathematical
Problem-Solving Abilities." Therefore, databases and keywords could help find and get some
primary study that was suitable for the inclusion criteria.

Study Selection

The inclusion criteria were used as guidelines for selecting primary studies. In their literature,
Liberati et al. (2009) suggested that the selection process of the primary study through four
stages guided by PRISMA (Preferred Reporting Items for Systematic reviews and Meta-
Analysis), namely: (1) identification, (2) screening, (3) eligibility, and (4) included. Thus, this
systematic review and meta-analysis used these stages in selecting studies.

Extracting Data

The researchers extracted data or information such as authors, statistical data (mean, standard
deviation, sample size, t-value, and p-value), sampling technique, study area, publication year,
and publication type from primary studies that had met the inclusion criteria and gone through
the study selection stage. The data extraction process involved two coding experts in systematic
review and meta-analysis to ensure that the data or information generated from the extraction
process was valid and credible (Vevea et al., 2019). Thus, data or information that was valid
and credible provided a chance that the results of this systematic review and meta-analysis were
of high quality.

Statistical Analysis

In this systematic review and meta-analysis, effect sizes were calculated using the Hedge g
equation (Borenstein et al., 2009) because the sample sizes in the intervention group (PBL)
were relatively small (Harwell, 2020). The effect size classification developed by Thalheimer
& Cook (2002) was used to interpret the effect sizes obtained. The effect size classification is
presented in Table 1.
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Table 1. The Classification of Effect Size in Thalheimer & Cook’s Study

Effect Size (ES) Interpretation
—-0,15 <ES < 0,15 Ignored
0,15 < ES< 0,40 Low
0,40 < ES < 0,75 Medium
0,75 <ES< 1,10 High
1,10 < ES< 145 Very High
1,45 < ES Excellent

Every publication of the study results was never free from publication bias, so to ensure
that the statistical data contained in each primary study was valid, publication bias analysis and
sensitivity analysis were critical to being done (Bernard et al., 2014; Furuya-Kanamori & Doi,
2020). In this meta-analysis study, publication bias analysis used funnel plots, fill and trim test,
and the Rosenthal fail-safe N test (Harwell, 2020). Also, the effect size data's stability and
normality were investigated through a sensitivity analysis using the “One study removed” tool
in the CMA software (Bernard et al., 2014).

In a meta-analysis study, two types of effect models were used: fixed effect model and
random effect model (Borenstein et al., 2009; Mike & Cheung, 2015). The p-value of the Q
Cochran statistic and the heterogeneity analysis's inconsistency value was used to justify the
selected effect model in the meta-analysis process and the heterogeneity of the effect size data
(Higgins et al, 2003). Heterogenous effect size data indicated that analysis of study
characteristics needed to be carried out to investigate further the variables that were likely to
cause heterogeneity in effect size data (Borenstein et al., 2009; Siddiq & Scherer, 2019). Also,
the p-value of Z statistics in the null hypothesis analysis was used to justify the significant effect
of PBL implementation in enhancing the MPSS of Indonesian JHS students.

Fecord wdentified through database searching Addibonal records wdentified through other

(n=475) sources (n = 23)

$ L 2

Records after duphcates removed (n = 300)

Eecords excluded based on title or abstract (n = 200)
Mot relevant (n = 150)
Review (n=350)

Full text arhcles assessed for ehgybihty (n = 1000

Full text articles excluded (n=71)
Mot reporting complete statistical data (n = 71)
No junior high schoeol students (n = 10%
Not mchiding conventional learning group (n=135)
Havmg bias nsk of pubhcabon basa (n = 6)

Stdies melhided m the meta-analysis (n =29)

Figure 2. Flowchart for Study Selection
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Table 2. The Result of Data Extraction from Twenty-Nine Primary Studies
Statistical Data

Studies PBL Conventional Learning
Mean SS SD Mean SS SD
(Saragih et al., 2018) 38,64 38 5,69 33 38 5,38
(Siregar et al., 2018) 29,78 23 6,74 19,40 23 7,86
(Hobri et al., 2020) 78,35 34 11,96 58,80 34 11,84
(Astriani et al., 2017) 76,94 20 7,76 68,10 20 10,47
(Yanti, 2017) 79,73 40 6,48 69,80 39 6,77
(Miranti et al., 2015) 77,31 30 8,89 72,30 30 7,62
(Lestari et al., 2016) 82,54 31 7,49 76,70 31 93,75
(Supratinah et al., 2015) 66,58 99 18,96 55,80 98 16,21
(Setiawan et al., 2014) 72,37 28 9,82 66,30 28 7,43
(Nadhifah & Afriansyah, 2016) 0,68 40 0,25 0,75 34 0,21
(Amperawan et al., 2018) 13,43 30 2,35 12,40 29 2,25
(Putri et al., 2018) 75 33 16,43 68 33 17,11
(Minarni, 2012) 13,66 71 4,38 9,97 74 3,92
(Khayroiyah & Ramadhani, 2018) 82,08 30 9,50 76,40 30 7,99
(Ayu et al., 2016) 77,53 17 13,05 64,20 19 13,09
(Afrilia et al., 2014) 75,60 30 6,52 70,90 30 4,45
(Elita et al., 2019) 72,58 17 8,74 65 17 8,40
(Sa’bani, 2017) 76,92 24 11,09 71,90 26 9,35
(Rizka et al., 2018) 25,58 33 7,15 24,80 31 4,05
(Aprianti et al., 2018) 76,92 26 14,41 67,90 26 10,60
(Laili, 2019) 84,57 42 8,16 80 42 8,60
(Zulaiha et al., 2016) 63,06 36 18,30 41,10 36 14,08
(Mulyani et al., 2018) 0,35 30 0,22 0,14 60 0,10
(Ferdianto et al., 2018) 0,30 25 0,21 0,21 25 0,17
(Yenni etal., 2017) 51,85 34 28,14 31,30 34 21,36
(Rahmawati et al., 2019) 73,90 28 13,38 56,40 26 12,62
(Sutrisno et al., 2020) 81,91 28 11,51 64,60 28 15,09
(Karatas & Baki, 2013) 9,35 26 1,55 8,16 27 1,32

RESULTS AND DISCUSSION

The study's search results identified 475 abstracts from the databases of google scholar,
semantic scholar, education resources information center (ERIC), 10P sciences, and Sinta. An
additional 25 primary studies were obtained through cited reference tracing of the 475 abstracts.
However, it was found that the similar 200 primary studies were not included in the selection
process for further studies from the screening results. Then, 200 primary studies were not
included in the next study selection process from the remaining 300 primary studies because it
was found that 150 primary studies were irrelevant to the title or abstract and 50 primary studies
were literature review based on the results of the screening. After that, fifty primary studies did
not report statistical data according to the inclusion criteria, ten primary studies whose research
subjects were not JHS students, and five primary studies only implied the experiments of PBL
without conventional learning of the 100 primary studies that entered the eligibility selection.
Therefore, only 35 primary studies were left that met the inclusion criteria. However, it turned
out that six primary studies could not be included in the meta-analysis process because they
were identified as having a considerable risk of bias through publication bias analysis from the
35 primary studies. Thus, only 29 primary studies corresponded to the inclusion criteria and
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included in this meta-analysis study process. The flowchart of the study selection process in
this systematic review and meta-analysis study is presented in Figure 2.

Extracting Data Results

The twenty-nine primary studies that have fulfilled the inclusion criteria and study selection
would be extracted to be some information. The results of data extraction from the twenty-nine
primary studies are presented in Table 2.

Analysis of Publication Bias and Sensitivity
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Figure 3. the Funnel Plot of Hedge’s Standard Error

The spread of effect size data from the 29 primary studies included in this systematic review
and meta-analysis study can be seen in the funnel plot diagram. Figure 3 shows that the
distribution of the effect size data from 29 primary studies analyzed in this study was even. The
fill and trim test results in Table 3 show that there was no effect size data that should be added
or trimmed in this meta-analysis study. This finding interprets strong evidence of the symmetric
distribution of effect size data from the 29 primary studies. The results of the fill and trim test
are presented in Table 3.

Table 3. The Result of Fill and Trim Test

Studies Random Effect Model Fixed Effect Model

Trimmed Hedge'sg  95% Cl  Hedge'sg  950%cCI 3 Value
Observed Values 0,743  [0,583;0,903] 0,734  [0,645; 0,822] 87,427
Adjusted values 0 0,743 [0,583; 0,903] 0,734 [0,645;0,822] 87,427

Rosenthal’s fail-safe N test in Table 4 shows that this meta-analysis study required 1.909
“null” effect studies such that the combined p-value exceeded a = 0,05. These findings interpret
that the effect size data involved in this meta-analysis process is resistant to publication bias.
The results of Rosenthal’s fail-safe N test are presented in Table 4.

Table 4. The Results of Rosenthal’s Fail-Safe N Test
Classic Fail-Safe N

Z-value for observed studies 16,022
The P-value for observed studies 0,000
Alpha 0,050
Tails 2,000
Z for alpha 1,959
Number of observed studies 29,00
Number of missing studies that would bring p-value to > alpha 1.909
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Thus, the multiple publication bias analysis conducted provided strong evidence that the effect
size data of the 29 primary studies included in this meta-analysis had a low risk of publication
bias.

Outliers can play a significant role in the distortion in the averages and the variability of
a set of effect sizes. Therefore, sensitivity analysis can be used to identify sources that have the
potential to make a collection of abnormal effect sizes (Bernard et al., 2014). In Table 7, it can
be seen that the overall effect contained in the random effect model was g = 0,743; 95% CI =
[0,583; 0,903]; n = 29; SE = 0,08. By using the tool “One study removed” in CMA software
with the random effect model obtained that the highest mean was g = 0,782; n = 29; SE = 0,07
and the lowest mean was g = 0,716; n = 29; SE = 0,08. These results interpret that the collection
of effect size is extremely stable and reasonable, which is not affected by an odd combination
of effect size and sample size. Thus, it could be concluded that the data of effect size were not
sensitive to abnormal effect size and sample size.

Overall Effect Size of Each Primary Study
The overall effect size of the implementation of PBL in enhancing the MPSS of Indonesian JHS

students from each study is presented in Table 5.
Table 5. The Overall Effect Size of Each Primary Study

Statistics for Each Study

Study Name Hedge’s Standard Varian Lower  Upper Z- P-

g Error ce Limit  Limit wvalue value
(Saragih et al., 2018) 1,008 0,241 0,058 05535 1,481 4,177 0,000
(Siregar et al., 2018) 1,399 0,324 0,105 0,763 2,035 4,313 0,000
(Hobri et al., 2020) 0,023 0,240 0,057 -0,447 0,493 0,096 0,924
(Astriani et al., 2017) 0,941 0,327 0,107 0,299 1,582 2,874 0,004
(Karatas & Baki, 2013) 0,816 0,282 0,080 0,263 1,368 2,892 0,004
(Yanti, 2017) 1,486 0,252 0,064 0,992 1980 5,891 0,000
(Miranti et al., 2015) 0,597 0,261 0,068 0,086 1,108 2,292 0,022
(Lestari et al., 2016) 0,087 0,251 0,063 -0,404 0,579 0,349 0,727
(Supratinah et al., 2015) 0,606 0,145 0,021 0,322 0,891 4,176 0,000
(Setiawan et al., 2014) 0,692 0,272 0,074 0,160 1,224 2,548 0,011
(Nadhifah & Afriansyah, 2016) -0,298 0,232 0,064 -0,753 0,157 -1,283 0,199
(Amperawan et al., 2018) 0,450 0,260 0,068 -0,060 0,960 1,730 0,084
(Putri et al., 2018) 0,411 0,246 0,060 -0,072 0,893 1,670 0,095
(Minarni, 2012) 0,885 0,173 0,030 0,545 1,225 5,109 0,000
(Khayroiyah & Ramadhani, 2018) 0,644 0,262 0,068 0,132 1,157 2,464 0,014
(Ayu et al., 2016) 0,996 0,347 0,120 0,316 1,676 2,872 0,004
(Afrilia et al., 2014) 0,831 0,266 0,071 0,310 1,352 3,124 0,002
(Elita et al., 2019) 0,863 0,351 0,123 0,176 1,551 2,461 0,014
(Sa’bani, 2017) 0,482 0,283 0,080 -0,073 1,036 1,703 0,089
(Rizka et al., 2018) 0,138 0,247 0,061 -0,347 0,623 0,559 0,576
(Aprianti et al., 2018) 0,700 0,282 0,079 0,148 1,252 2,485 0,013
(Laili, 2019) 0,546 0,220 0,049 0,114 0,978 2,479 0,013
(Zulaiha et al., 2016) 1,333 0,258 0,067 0,827 1,839 5161 0,000
(Mulyani et al., 2018) 1,383 0,244 0,060 0,904 1,862 5,658 0,000
(Ferdianto et al., 2018) 0,464 0,282 0,080 -0,089 1,017 1,643 0,100
(Yennietal., 2017) 0,812 0,250 0,062 0,322 1,301 3,251 0,001
(Rahmawati et al., 2019) 1,325 0,297 0,088 0,742 1,907 4,458 0,000
(Sutrisno et al., 2020) 1,274 0,290 0,084 0,706 1,842 4,397 0,000
Combined Effect 0,743 0,082 0,007 0,584 0,904 9,105 0,000
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Table 5 shows that the range of effect sizes of the implementation of PBL in enhancing MPSS
of Indonesian JHS students was between -0,298 and 1,486. Based on the classification of effect
size, one preliminary study had an excellent effect size, five primary studies had a very high
effect size, nine primary studies had a high effect size, ten primary studies had a medium effect
size, three primary studies had a negligible effect size, and one preliminary study had negative
effect size.

To determine the effect size model used, the heterogeneity test was performed. The
heterogeneity effect size test calculation results from the primary studies conducted are
presented in Table 6.

Table 6. The Heterogeneity Test

, Heterogeneity )
Model Hedge’s g Q-value df(Q) P-value !
Fixed 0.734 87.43 28 0.000 67.973

Random 0.743

The heterogeneity analysis results in Table 6 show that the overall effect size of the primary
studies analyzed had a significant difference. The p-value was less than 0,05 in the
heterogeneity analysis, which indicates that the random effect model was significantly better
than the fixed effect model (Mike & Cheung, 2015). Therefore, the next process used the
random effect model as a basis for conducting the analysis.

To determine whether the implementation of PBL enhances the MPSS of Indonesian JHS
students significantly, the analysis of the null hypothesis was conducted. The results of the null
hypothesis analysis are presented in Table 7.

Table 7. The Result of the Null Hypothesis Analysis Based on the Random Effect Model

Number , Standard . 0 Null Hypothesis Test
Studies Hedge’s ¢ Error Variance 95% Cl Z-value P-value
29 0,743 0,082 0,007 [0,584; 0,904] 9,105 0,000

The null hypothesis test analysis in Table 7 shows that the implementation of PBL significantly
enhanced the MPSS of Indonesian JHS students from the 29 primary studies analyzed. The
effect size of 29 primary studies analyzed was 0,743, categorized as a medium effect size. It
means that there is a reasonably positive effect of the implementation of PBL in enhancing the
MPSS of Indonesian JHS students. This result was in line with the meta-analysis study done by
(Dochy et al., 2003), where 43 primary studies were analyzed and concluded that the
implementation of PBL was significantly effective in improving students’ skills. Parallel to this,
Batdi (2014) analyzed 26 primary studies that the implementation of PBL significantly
improved students' achievement. As Kadir et al. (2013) stated in their meta-analysis study, it
was concluded that PBL implementation on problem-solving skills in mathematics and sciences
was categorized as a high effect.

The effect of the implementation of PBL in enhancing JHS students’ MPSS in Indonesia
was supported theoretically by some experts. One of the characteristics of PBL is a problem as
the stimulus in the learning process in the form of a real-world problem (Hung, 2015; Newman,
2005; Savery, 2006). The stimulus will construct flexible knowledge and not depend on
procedural knowledge while solving the problem (Hmelo-Silver, 2004). Students will tend to
use conceptual understanding to solve the problem until they acquire new information by
integrating their prior knowledge. If students regularly do this, they will develop the ability to
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transfer reasoning strategies in further problems, which is a significant PBL indicator (Hmelo-
Silver, 2004). This condition will develop them as self-directed learners and problem solvers,
which is the educational objective of this approach (Hung, 2015; Savery, 2006).

The design of PBL builds students’ knowledge broadly and flexibly, develops themselves
as individuals who can apply their abilities and skills in various conditions, develops practical
problem-solving skills, and develops learning skills independently and all-time (Hirca, 2011;
Inel & Balim, 2010; Savery, 2006). The relatively medium effect size of the implementation of
PBL in enhancing the MPSS of Indonesian JHS students provides strong evidence that PBL
can be used as useful learning in solving the low MPSS of students in learning mathematics.
Thus, Indonesian mathematics teachers, especially mathematics teachers at the JHS, can
implement PBL as one of the best solutions in enhancing the students’ MPSS.

The Analysis of the Study Characteristics

The heterogeneity of the study characteristics was the factor causing the heterogenous MPSS
of Indonesian JHS students from the implementation of PBL. Therefore, it was essential to
analyze these factors. The calculation results from the analysis of the study characteristics are
presented in Table 8.

Table 8. The Result of Study Characteristics Analysis

Study Grou Studies Hedge’s Null Hypothesis Test Heterogeneity
Characteristics P Number g Z-value  P-value Q, df(Q) P-value
. <30 16 0,858 7,537 0,000
Sample Size 4 13 0625 5396 0000 207 1 0151
Samolin g:r’;‘:)?mg 18 0,765 7,308 0,000
Techriliqge Purposive 0,113 1 0,737
i 11 0,708 5,215 0,000
Sampling
Bali & Nusa 5 0598 2352 0,019
Tenggara
Research Area Java 13 0,636 5,310 0,000 3,032 3 0,387
Sumatera 11 0,934 6,744 0,000
Kalimantan 2 0,727 2,338 0,019
Publication 2010 - 2015 7 0,782 4,840 0,000
Year 2016 - 2020 22 0730 7517 0000 2077 10781

Four study characteristics were analyzed in this systematic review and meta-analysis
study, namely: sample size, sampling technique, research area, and publication year. The p-
value of Q statistics in Table 8 shows that the p-value of all study characteristics was more than
0,05. It means that the heterogeneous effect size of PBL implementation in enhancing the MPSS
of Indonesian JHS students is not caused significantly by the characteristics of sample size,
sampling technique, research area, and publication year. This finding is similar to the previous
meta-analysis study done by Demirel & Dagyar (2016) and Suparman et al. (2021), where they
found no significant difference in the implementation of PBL viewed from the sample size.
Another meta-analysis study by Suparman et al. (2021) and Tamur et al. (2020) found no
difference in the implementation of RME viewed from publication year. However, the previous
meta-analysis study was done by Siddiq & Scherer (2019) and Tamur et al. (2020) showed that
the characteristics of the research area and sampling technique significantly caused the
heterogeneous effect size data. The difference between this meta-analysis study and the
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previous meta-analysis study was caused by the difference in the number of primary studies
involved in the meta-analysis process.

Based on the sample size, this meta-analysis study divided it to be two groups, namely:
sample size, which was less than or equals 30 participants, and sample size, which was more
than 30 participants. The null hypothesis test results in Table 8 show that the p-value of Z
statistics of the two sample size groups was less than 0,05. It interprets that the implementation
of PBL enhances significantly the MPSS of Indonesian JHS students both of sample size which
was less than or equals 30 participants or more than 30 participants. Moreover, PBL
implementation in enhancing the MPSS of Indonesian JHS students with a sample size which
was less than or equals to 30 is higher than the effect of PBL implementation in enhancing the
MPSS of Indonesian JHS students with the sample size which was more than 30 participants.
This result is supported by Tamur et al. (2020), where the effect of RME implementation with
the sample size, which was less than or equals 31 students, is higher than RME implementation
with the sample size, which was more than 31 students. Therefore, descriptively this meta-
analysis study suggests to Indonesian JHS mathematics teachers that the implementation of
PBL in enhancing the students’ MPSS should be applied to classes with a small sample size.

From the characteristics of the sampling technique, this meta-analysis study divided it to
be two groups, namely: random sampling and purposive sampling. The p-value of Z statistics
of the two sampling technique groups was less than 0,05. It indicates that the PBL
implementation enhances significantly the students' MPSS both of sampling selection using
random sampling or purposive sampling. Descriptively, the use of random sampling showed a
higher effect than the use of purposive sampling. Siddiq & Scherer (2019) found a similar result
that the use of random sampling was better than the use of convenience sampling. Therefore,
random sampling is recommended to know the effect of the implementation of PBL in
enhancing the students’ MPSS.

Based on the research area's characteristics, this meta-analysis study divided it into four
groups: Bali & Nusa Tenggara, Java, Sumatera, and Kalimantan. The p-value of Z statistics of
four research area groups was less than 0,05. It means that the implementation of PBL in Bali
& Nusa Tenggara, Java, Sumatera, and Kalimantan enhances the MPSS of Indonesian JHS
students significantly. Also, PBL implementation in enhancing the students' MPSS applied in
Sumatera is higher than the effect of PBL implementation in enhancing the students' MPSS
applied in Java, Kalimantan, and Bali & Nusa Tenggara. Thus, it can be interpreted that the
implementation of PBL would be appropriated the most, especially in Sumatra and generally in
Indonesia.

From the characteristics of publication year, this meta-analysis study divided it to be two
groups, namely: primary studies published in 2010 — 2015 and 2016 — 2020. The p-value of Z
statistics of two publication year groups was less than 0,05. It shows that the primary studies
published in 2010 — 2015 and 2016 — 2020 report that the implementation of PBL enhances the
MPSS of Indonesian JHS students significantly. Moreover, primary studies published in 2010
— 2015 and 2016 — 2020 give information that the PBL implementation has a medium effect on
students’ MPSS. This information suggests to mathematics teachers, especially at the JHS level,
that implementing PBL, especially to enhance students' MPSS, should be increased.
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CONCLUSIONS

The summarization, estimation, and evaluation process of 29 primary studies using systematic
review and meta-analysis study provide information that the implementation of PBL has a
medium effect size in enhancing the MPSS of Indonesian JHS students. Therefore, this meta-
analysis study suggests mathematics teachers in Indonesia select PBL as one of the best
solutions to enhance JHS students’ MPSS in implementing mathematics learning in the
classroom. The heterogeneous effect size of PBL implementation in enhancing students” MPSS
is not caused significantly by the characteristics of sample size, sampling technique, research
area, and publication year. However, descriptively the investigation of the study characteristics
in this meta-analysis study recommends to Indonesian JHS mathematics teachers that the
implementation of PBL in enhancing the students” MPSS should be applied to classes with a
maximum number of 30 students.

For further systematic review and meta-analysis studies that specifically focus on the
implementation of PBL to enhance the students’” MPSS, this study suggests that researchers
should increase the number of primary studies, databases or literature search engines, and prior
primary studies indexed by Scopus. Moreover, the study characteristics such as treatment
duration, level of education, and study year should be investigated and analyzed by the next
researchers. Therefore, these recommendations and suggestions will make a higher qualified
future meta-analysis study.
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