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This study aims to integrate research findings on the effect of the Problem-Based
Learning (PBL) model on the mathematical communication skills of junior high
school students in Indonesia since 2014. The research method used is a meta-
analysis with many samples studied, namely 12 published articles. The sampling
technique used was purposive sampling. The effect size transformation is based
on the g hedge equation calculated using the Comprehensive Meta-Analysis
(CMA) application. Based on the results of the analysis, the combined effect of
PBL on mathematical communication skills is 0.791, with the high influence
criteria according to the random-effect estimation model. There are four criteria
considered, namely, sample size, year of study, source of journal publication, and
grade level. The results of the heterogeneity test seen based on the variables
studied showed that the effect of the PBL learning model was not significantly
different from the three moderator variables in terms of sample size, year of
study, and publication journals and very different in terms of grade level. This
finding is surprising because the random-effects model, as determined by the
heterogeneity test, showed variation between effect sizes. Only one of the four
variables causes this variation. Therefore further research is needed, which
includes more studies and the characteristics studied to describe it more
accurately.
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A. INTRODUCTION

One effort to improve the quality of human resources is the need for special attention to
education. Education in this global era has transitioned to 21st-century skills. The abilities
that must be possessed by students in the 21st century are the mathematical communication
abilities of students. This 21st Century skill is implemented with the aim of responding to the
demands of an increasingly competitive and growing era (Bolstad, 2020; Genc & Erbas, 2019).
Therefore, it is necessary to prepare the character of the skills students must possess in the
process of education towards the 21st century for all levels of education and all subjects,
including mathematics (Nahdi, 2019; Pradana et al., 2020). National Council Of Teacher Of
Mathematics (2000) also mentioned that the general goal of learning mathematics is to
develop students' ability to set 5 standards of the mathematics learning process, one of which
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is to convey ideas or communication. In fact, students are highly required to have good
mathematical communication skills in learning and communicating it.

Problem-based learning (PBL) is a learning model that can lead students to get to know
objects in mathematics, involve students in learning, so students become more active, and
expose students to practical problems as a foothold of students in the learning process (Hafely
et al, 2019; Sari & Rahadi, 2014; Servant-Miklos, 2018; Thorndahl & Stentoft, 2020). In PBL
learning, learning is student-centered and makes students from passive listeners active. The
problem presented is the student's starting point in learning material (Ali et al, 2010;
Ferreira & Trudel, 2012; Hidayati et al., 2020). PBL can optimize students' thinking abilities
through group work processes so students can improve, hone, empower, and test their
thinking abilities on an ongoing basis. In other words that PBL can facilitate the process of
checking out students' answers in completing systematic and structured mathematical
communication skills compared to conventional learning (Surya et al., 2018).

There are several studies that have examined the effect of PBL models on the
mathematical communication skills of junior high school students (Sari & Rahadi, 2014;
Khamid & Santosa, 2016; Yanti, 2017; Hidayat, 2018), but no research has been conducted to
further evaluate the influence of the model PBL on mathematical communication skills.
Previous studies have not yet carried out further research on study characteristics such as
sample size, research years, journal publications, and levels of education that might also affect
students' mathematical communication abilities. On the other hand, a comprehensive
conclusion about the effect of the PBL model on mathematical communication skills is needed.

The effect of PBL models on mathematical communication skills cannot be investigated
using only primary research, but the need for further research using meta-analysis. Meta-
analysis is a quantitative analysis method used to organize and extract as much data as
possible so as to produce more accurate and convincing information (Glass, 2015; Higgins &
Katsipataki, 2015; Siddaway et al., 2019). A meta-analysis study is required with the aim of
integrating and interpreting the findings of both the overall study and the variables of the
primary study (Tamur et al., 2020; Tamur & Juandi, 2020).

Several meta-analysis studies have been conducted by Sarifah (2011) by examining the
effectiveness of PBL on mathematics learning outcomes. Then, Demirel & Dagyar (2016), Qin
et al. (2016), Wang & Lin (2009), Purwati et al. (2017), Rosli et al. (2014), and Kadir et al.
(2013) have conducted a meta-analysis of the effects of PBL on competence in reasoning,
communication, connection, and problem-solving, and its application in real-life contexts.
Several other meta-analysis studies specifically discuss the effect of the PBL model on
students' critical thinking skills (Anugraheni, 2018), logical, creative, and problem-solving
skills (Asror, 2016), but there is no specific meta-analysis on the effect of PBL learning on
mathematical communication skills. Students. Previous studies also did not explain which
effect model was chosen to estimate the overall effect size. As a result, the overall effect size
found to be concerned is overrepresented (Borenstein et al., 2009). This study complements
the shortcomings of previous studies by finding the summary effect of the application of the
PBL model on students' mathematical communication skills and analyzing the degree of
variance of the primary studies so as to consider the implications. Thus, the researcher
considers it necessary to test a meta-analysis of the effect of the PBL model on students'
mathematical communication skills, namely by examining the following questions: 1) How
does the PBL model influence students' mathematical communication skills?; 2) How does the
PBL model influence students' mathematical communication skills in terms of the research
sample size, research year, journal publication, and class level aspects?.
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B. METHODS
1. Research design

This study aims to draw a statistical conclusion from the results of research examining the
effect of problem-based learning models on mathematical communication skills of junior high
school students in Indonesia using the meta-analysis method. Meta-analysis is a set of
quantitative techniques for combining evidence from several related studies (Cumming,
2012). The results obtained from the analysis are then converted to effect size. Effect size is a
method used to find out how much a group is different from other groups. The research
procedure is adjusted to the steps of a meta-analysis, namely: 1) Preparation stage, namely
conducting research criteria; 2) The implementation phase, which is looking for and collecting
studies and then calculating the effect of the license; 3) Data analysis stage, i.e., analyzing
effect size based study characteristics (Syafrial, 2018; Tamur et al., 2020).
2. Inclusion Criteria

The inclusion criterion is the standard eligibility set in selecting primary studies, namely
published research indexed by Google Scholar (https://scholar.google.com/), Portal Garuda
(http://garuda.ristekbrin.go.id/), and Since and Technology Index
(http://sinta.ristekbrin.go.id /journals). Studies that did not include a control class were
excluded. This research is limited to the 2014-2019 study on the effect of PBL on students'
mathematical communication skills. The descriptive statistics used in this study are the mean,
standard deviation, and sample size of the experimental and control groups. Besides, other
data needed are the source of publication and the year of research.
3. Data Collection

The research data collection was carried out by tracing the research results published in
online journals. According to the inclusion criteria, the study search used the Google scholar
database and the Garuda portal. The search strategy uses the keywords "Communication
Skills Using Problem Based Learning Models" and "Communication Skills Using Problem
Based Learning Models." This process provides a list of journals that have published related
studies as in Table 1 below:

Table 1. List of Journals That Published Studies
No Journal Name URL
https://www.j-
cup.org/index.php/cendekia/article/download/30/23
https://conference.unikama.ac.id/artikel /index.php/senastek/articl

1 Jurnal Cendekia

2 Seminar Nasional FST

e/download/130/109
3 Jurnal Serunai llmu https://www.ejournal.stkipbudidaya.ac.id/index.php/ja/article/vie
Pendidikan wFile/154/114
4 Jurnal ;‘I’;‘i"’“ara“ https://core.ac.uk/download /pdf/206775083.pdf
5 Prossiding https://journal.unsika.ac.id/index.php/sesiomadika/article/downlo
sesiomadika ad/2592/1950
6 JPM Raplesia https://e]ournal.umb.ac.ld/lnd?;.g;lg/]pmr/art1c1e/download/3696
http://download.garuda.ristekdikti.go.id /article.php?article=92527
7 Journal of RESIDU 9&val=13974
8 JPM Unila http://jurnal.fkip.unila.ac.id/index.php/MTK/article /view /13862
9 Jurnal Analisa http://]ournal.ulnsgd.ac.1d/1nd6e/x2.g}(;g/anahsa/art1cle/v1eWF11e/391
10 Phytagoras https://core.ac.uk/download/pdf/206217291.pdf
11 Musharafa https://journal.institutpendidikan.ac.id /index.php/mosharafa/articl

e/download/mv3n3_2/239
12 JPM Unila http://jurnal.fkip.unila.ac.id/index.php/MTK/article /view /3850



https://scholar.google.com/
http://garuda.ristekbrin.go.id/
http://sinta.ristekbrin.go.id/journals

148 | JTAM (Jurnal Teori dan Aplikasi Matematika) | Vol. 4, No. 2, October 2020, pp.145-154

Based on Table 1, a list that publishes the effect of the PBL model on communication skills, ten
journals are consisting of 5 journals, which consist of journals that have been indexed and
those that are indexed by Google Scholar and Portal Garuda. The article is a journal that
matches the inclusion criteria that have been determined by the research team and contains
the data needed in the study. Then based on the journal publisher data above, studies are
grouped based on the characteristics of the study understudy, as presented in Table 2.

Table 2. Study Information

Study characteristics Group Total
. > 30 8
Sample Size <30 4
2014-2015 2
Research Year 2016-2017 3
2018-2019 7
. Sinta Indexed 5
Journal Publication Not Indexed Sinta -
Grade VII 3
Grade Level Grade VIII 9

4. Reliability Test

The instrument in this study was conducted by coding the research that was made into the
unit of analysis, the research team that made the coding. Thus the reliability between the
makers of coding cannot be stated in this study. Although there are weaknesses in this study,
the results of this meta-analysis reveal the true situation. One other weakness of the meta-
analysis study is that there is a bias caused by the tendency of journals to publish only
significant articles (Borenstein et al., 2009). As a result, the results of the meta-analysis tend
to be over-interpreted and not reflect the actual conditions. To avoid this publication bias,
funnel plots are used as in Figure 1 below:

Funnel Plot of Standard Error by Hedges's ¢
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Figure 1. Funnel Plot

As explained in Figure 1, the effect size is spread almost symmetrically in the center of the
funnel plot, but there are 2 data scattered on the left and right side of the funnel plot. However,
based on the Fail Save N (FSN) calculation, the N Rosenthal value is 334. According to the
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formula N / (5K + 10) (Tamur et al., 2020) with a k value of 12, it is obtained 334 / (5 * 12 +
10) = 4,771. According to this calculation, because the statistical calculation result is 4.7771>
1, this meta-analysis is resistant to publication bias, and this research is reliable.

5. Statistics Analysis

The effect size transformation in each primary study is based on the Hedges'g equation.
Calculation using Comprehensive Meta-analysis V.3 (CMA) software with the effect size
criteria as in Table 3 (Glass et al,, 1981). Then, the heterogeneity test between studies or
between groups of variables was carried out by examining the Q statistic between (Qb) and p-
value. If the p-value is less than 0.05, the null hypothesis, which states that the effect size of
each study or group of variables is homogeneous, is rejected. Thus the estimation chosen is
the random-effect model. If the p-value is more than 0.05, then the null hypothesis is accepted,
and the fixed-effect model is evaluated.

Table 3. Effect Size Criteria

No Interval Criteria

1 ES< 0,15 negligible effect
2 015<ES<040 small effect

3 040<ES<0,75 medium effect
4 075<ES<1,10 high effect

5 1,10<ES<145 very high effect
6 ES > 1,45 high influence

C. RESULT AND DISCUSSION
1. Overall Analysis
Based on the results of calculations using CMA software, the data is as shown in Table 4
below:
Table 4. Study Effect Size Categories

Kode Author Effect Size Category
JO1 Hidayat (2018) 0,903 High Effect
]02 Kurniati (2019) 0,581 High Effect
JO3 Sinaga and Santa (2018) 0,699 Medium Effect
J04 Sari, et al. (2019) 0,525 Medium Effect
JO5 Kotrunada and Khaerudin (2019) 0,698 Medium Effect
J06 Yanti (2017) 2,279 Medium Effect
J07 Oktaviani dan Mukhni (2019) 1,199 High Influence
]08 Mawartika (2017) 0,528 Very High Effect
J09 Fauziah (2018) 0,825 Medium Effect
J10 Khamid and Rusgianto (2016) -0,314 High Effect
J11 Sari and Moersetyo (2014) 1,150 Negligible Effect
J12 Triana et al. (2014) 0,518 High Effect

ES combined 0,791 High Effect

Table 4. obtained the effect size range obtained from 12 studies, namely (-0.314) - 2,279.
From these data, 1 study showed negligible effects, and six studies showed Medium Effects, 3
High Effect studies, 1 Very High Effect study, and 1 High Influence study. The results of the
analysis are still based on permanent effects. Broadly speaking, the comparison of meta-
analysis results according to the effect model is presented in Table 5 below:


file:///C:/Users/user/Downloads/Jurnal/J02.pdf
file:///C:/Users/user/Downloads/Jurnal/J03.pdf
file:///C:/Users/user/AppData/Roaming/Microsoft/Word/Jurnal/J14.pdf
file:///C:/Users/user/Downloads/Jurnal/J05.pdf
file:///C:/Users/user/AppData/Roaming/Microsoft/Word/Jurnal/J06.pdf
file:///C:/Users/user/AppData/Roaming/Microsoft/Word/Jurnal/J07.pdf
file:///C:/Users/user/AppData/Roaming/Microsoft/Word/Jurnal/j08.pdf
file:///C:/Users/user/AppData/Roaming/Microsoft/Word/Jurnal/J09.pdf
file:///C:/Users/user/AppData/Roaming/Microsoft/Word/Jurnal/J10.pdf
file:///C:/Users/user/AppData/Roaming/Microsoft/Word/Jurnal/J11.pdf
file:///C:/Users/user/AppData/Roaming/Microsoft/Word/Jurnal/J12.pdf
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Table 5. Analysis Results Based on the Effect Model

95% Confidence
Model n ES p Qb I2 7 Standard Interval
Error Lower Upper
limit Limit

Fixed 12 0,760 0,000
Random 12 0,791 0,000

10,316 0,074 0,615 0,904
4,702 0,168 0,461 1,120

56,776 80,625

From Table 5 above, a P-value of <0.05 means that there are significant differences between
the studies studied, so random-effects are used. Based on the random-effects model, the lower
limit is 0.641, and the upper limit is 1.120, with a 95% confidence interval. Whereas based on
the fixed-effects model, the lower limit is 0.615, and the upper limit is 0.904, with a 95%
confidence interval.

From the following Table 5, based on the results of the random-effect statistics, the great
effect of PBL learning on mathematical communication skills shows a combined effect size
value of 0.791 with high effect criteria. This means that the PBL model has a high effect on the
mathematical communication skills of junior high school students. The results of this analysis
show results that are consistent with research conducted by (Asror, 2016) which states that
the PBL model gives a High Effect to students at the junior high school level.

2. Analysis Based on Study Character

Further analysis is carried out to answer the research questions. Of the 12 studies
observed by researchers, they were grouped according to sample size, research year, and
publication journals so that a summary was obtained as in Table 6 below:

Table 6. Analysis Results Based on Study Characteristics
Test of null (2-

Characteristic Number . Heterogeneity
Group . Hedge'sg tail)
of the study of Studies z p Qb DI(Q) p
<30 4 0,776 5,395 0,000

Sample Size 0,018 1 0,894

> 30 8 0,754 8794 0,000
2014-2015 2 0913 5057 0,000

Research Year  2016-2017 3 0667 4496 0000 1,113 2 0573
2018-2019 7 0,775 7,858 0,000
Sinta Indexed 5 0,885 7,755 0,000

Journal Not Indexed 2051 1 0152

Publication Sinee 7 0671 6952 0,000 ° ’

Grade VII 3 1,219 7,499 0,000

Grade Level Grade VIII 9 0,647 7743 0000 %99 1 0,002

Based on the sample size contained in Table 6 above, for the sample size <30, the effect size
value is obtained 0.776, whereas if the sample size> 30 is obtained, the effect size value 0.754
with both categories the High Effect. However, if seen from the statistical value of the effect of
the license, when the sample size is <30, the value of the effect of the vaccine is higher. Based
on the heterogeneity test in Table 6, the statistical value of Qb obtained as a result of the
homogeneity test based on the sample size variable shows the result of 0.018, while the
publication journal base shows the Qb statistical value of 2.051. The statistical value is smaller
than the QTable value of 3.841 at the 95% confidence interval and the significance level of
0.05. This means that the effect of PBL on mathematical communication skills of junior high
school students does not differ significantly based on sample size. These findings are no
different from Kadir et al., (2013), which states that the effectiveness of treatment is not
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determined by sample size but the results of this study differ from (Bayir & Bozkurt, 2018;
Tamur et al.,, 2020) who find the Qb > Qtable statistics which means there are differences
that significant in effect size between groups according to sample size. This difference in
results is an issue that can be further investigated.

In terms of research years, the results of the analysis show that in 2014-2019 the effect
size is greater than in the years after. In 2014 - 2019, the effect size value was 0.193, and in
2018-2018 the value of the effect size was 0.667 with both criteria, High Effect, while in 2016
- 2017, the value of the effect was 0.667 with the Medium Effect criterion. Based on the year of
research, the statistical value of Qb is 1.113, which is smaller than the QTable with a 95%
confidence interval and a significant level of 0.05, 5.991, which means that the effect of PBL on
the mathematical communication ability of junior high school students is not significantly
different based on the research year and the findings are consistent with the research (Bayir
& Bozkurt, 2018; Tamur et al. 2020; Tamur & Juandi, 2020).

From Table 6, the statistical results are obtained when viewed from the source of its
publication journal, and the Sinta indexed study shows a higher result, which is 0.885 with
High Effect compared to the non-indexed study with a statistical value of 0.671, which shows
the sedan effect. Based on the obtained Qb statistical value of 2.051 results and showed
smaller results compared with the QTable value of 3.841 at a 95% confidence interval and a
significance level of 0.05, meaning that the effect of PBL on the mathematical communication
ability of junior high school students did not differ significantly based on publication journals
and was consistent with findings research Tamur et al., (2020). According to the results of the
analysis in Table 6, the value of effect size was obtained in a study conducted in grade VII of
1,219 with Very High Effect criteria, while in grade VIII, a statistical value of 0.647 was
obtained with Medium Effect criteria. The statistical value of Qb> QTable is 9,699> 3,841, with
a confidence interval of 95% and a significant level of 0.05, which means that the effect of PBL
on the mathematical communication skills of junior high school students is significantly
different in terms of aspects of the grade level.

This meta-analysis was carried out to investigate the effect of PBL learning on the
mathematical abilities of junior high school students. The results of a meta-analysis in this
study show that overall, this PBL model has a high effect on the communication skills of junior
high school students. This finding is consistent with the results of previous meta-analysis
studies such as those conducted by Rosli et al. (2014) and Qin et al. (2016) with a combined
effect size of 0.748 each; 0.76; and 0.76. The researchers conducted a meta-analysis to
examine the effectiveness of PBL on student achievement. Although they did not specifically
conduct a meta-analysis study on students' mathematical communication skills, these findings
suggest a similar overall trend. However, other meta-analyses show slightly different results,
as reported by Demirel & Dagyar (2016), where the combined effect size is 0.44. This
difference in results belongs to the need to be further investigated by involving more studies
that are analyzed to examine the reasons for the differences.

D. CONCLUSION AND SUGGESTIONS

The analysis results based on the random-effect estimation model showed that the overall
effect size of PBL use on students’ mathematical communication skills was 0.791 (95%
confidence interval, and 0.168 standard error). Based on the characteristics of the study, in
terms of sample size, if the sample size is < 30 students, the value of the effect of the trial is
higher than that of the sample size> 30, reviewed based on the research year, in 2014-2019
the statistical value is higher compared to the year afterward. Then based on the published
journals, studies studied and indexed sinta have higher statistical values when compared to
studies that are not indexed and based on grade levels, in grade VII show a statistically larger
effect size value than in grade VIII. However, when viewed from a heterogeneity test, the
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effect of PBL on communication skills did not differ significantly based on aspects of sample
size, research years and publication journals, and there were significant differences when
viewed from aspects of grade level. This research has not fully reflected the effect of PBL
learning on the mathematical communication skills of junior high school students, so that in
the future it is necessary to have more research containing the study under study and add to
the characteristics studied in order to achieve the desired target. Future researchers can use
this research as a reference for continuing broader research than previous research.
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