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Abstract

This study aims to determine the magnitude of the effect and describe studies of the effect of the Problem-
Based Learning (PBL) model on increasing students' mathematical abilities. The abilities that can be
improved through Problem-Based Learning (PBL) are reflective mathematical abilities, reasoning, critical
thinking, spatial, communication, and representation. The method used in this research is the Meta Analysis.
Data collection is done by documenting and reviewing various articles relevant to the research topic. The
number of articles that match the characteristics according to the target, screening, and inclusion-exclusion
criteria found 24 articles (preliminary study). From 2012 to 2021, the results showed that mathematical
critical thinking skills dominated research results in increasing mathematical abilities through Problem-Based
Learning (PBL). Most of the research was conducted at the junior high school level in Java and Bali with a
sample size of 30 or more. The value of the combined effect size of Problem-Based Learning (PBL)
implementation has a significant effect on the mathematical ability of students from the primary study
analyzed, which is 1.147 in the very high category. The PBL model is highly recommended for use in an
effort to improve students' mathematical abilities and instill concepts to students who are still less effective.
Keywords: Mathematical Ability, PBL, Meta-Analysis

Abstrak

Penelitian ini bertujuan untuk mengetahui besaran efek dan mendeskripsikan penelitian-penelitian pengaruh
model Problem-Based Learning (PBL) terhadap peningkatan kemampuan matematis siswa. Kemampuan
yang dapat ditingkatkan melalui Problem-Based Learning (PBL) yaitu kemampuan matematis reflektif,
penalaran, berpikir Kritis, spasial, komunikasi, representasi, dan koneksi. Metode yang digunakan dalam
penelitian ini adalah metode meta-analisis. Pengumpulan data dilakukan dengan cara mendokumentasikan
dan mengulas berbagai artikel yang memiliki keterkaitan pada topik penelitian. Jumlah artikel yang sesuai
dengan karakteristik sesuai target, screening, dan Kriteria inklusi eksklusi ditemukan 29 artikel (studi primer).
Hasil penelitian menunjukkan bahwa pada periode tahun 2012-2021 kemampuan berpikir kritis matematis
mendominasi hasil penelitian dalam peningkatan kemampuan matematis melalui Problem-Based Learning
(PBL). Penelitian banyak dilakukan pada jenjang pendidikan Sekolah Menengah Pertama (SMP) di Pulau
Jawa dan Bali dengan ukuran sampel 30 atau lebih. Metode penelitian dari studi primer yang digunakan
didominasi oleh kuasi-eksperimen. Berdasarkan hasil penelitian kesimpulan penelitian-penelitian
membuktikan nilai ukuran efek gabungan implementasi Problem-Based Learning (PBL) berpengaruh secara
signifikan terhadap kemampuan matematis siswa dari studi primer yang dianalisis adalah 1.147 dalam
kategori sangat tinggi. Model PBL sangat direkomendasikan untuk digunakan dalam upaya meningkatkan
kemampuan matemasis siswa dan menanamkan konsep kepada siswa yang masih kurang efektif.
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INTRODUCTION

Knowledge has an essential role in human civilization. Knowledge plays a crucial role in
improving the quality of superior human resources. Education must be able to prepare skilled human
resources in the face of global competition and changes in the world of education. Changes in

various lifelines in this era of knowledge, especially the development of information and
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communication technology, must be considered necessary in education. The increasing ease of
accessibility and convenience and the low cost of knowledge must concern educational institutions.
For educational institutions to survive and get high appreciation, they must also change, adapt and
improve themselves. One aspect that needs to be changed and improved is the teaching and learning
process (Rusman, 2012).

Talking about the learning process, more and more educational institution managers have
realized the need for a learner-centered learning approach. The use of learner-centered learning
models can be applied to all subjects, one of which is learning mathematics. However, mathematics
lessons are still considered difficult by students at school (Kamarullah, 2017, p. 25). It can be seen
from some of the results of the evaluation of mathematics which are still low, and the responses of
students who still have difficulty working on math problems. This is caused by several factors, one
of which is learning mathematics which is still less effective in instilling concepts into students.
Solving problems in the mathematics learning process is applying various strategies or gradual
learning methods that require students to be active (Isrok’atun & Rosmala, 2019, p. 43).

One method widely adopted to support the learner-centered learning approach and which can
empower students is the Problem-Based Learning (PBL) method. Learning with a PBL model begins
with a problem that, in this case, can be raised by students or teachers. PBL is a learning approach
that uses problems in everyday life as a context for students to learn critical thinking and problem-
solving skills and acquire concepts from the subject matter (Anwar & Jurotun, 2019, p. 95).
Problems used as the focus of learning can be solved through group work (collaboration) to provide
diverse learning experiences for students, such as collaboration and group interaction. Collaborative
learning patterns can foster learning experiences and think related to problem-solving. These
experiences include making hypotheses, conducting experiments on predetermined hypotheses,
conducting investigations from experiments, collecting data from the results of the investigations,
making conclusions from the data collected, presenting conclusions accompanied by discussions
between friends, and making reports as authentic results from the process. Learning experiences and
student thinking (Hamdayana, 2015, p. 140). PBL contains collaborative learning that emphasizes
sharing experiences and opinions, not a competition among learners. Collaborative learning is a
method of instruction in which students work together in small groups to achieve general learning
objectives (Suprihatiningrum, 2017, p. 221).

The PBL model can be used by teachers in the learning process, especially in learning
mathematics, because this model is relevant to the objectives of mathematics subjects, especially in
improving students' mathematical abilities (Andani et al., 2021, p. 406). This study aims to describe
scientifically related PBL models on students' mathematical abilities such as reflective abilities,
reasoning, critical thinking, spatial, communication, and representation. The author determines the
mathematical ability because he wants to follow up and complete the research (Juandi, 2021). This

study determined the mathematical competence of understanding, problem-solving, creative
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thinking, and literacy, so the writer was interested in determining the mathematical competence of
reflection, reasoning, critical thinking, spatial, communication, and representation.

The method that can be used is a Meta-Analysis. Following the opinion of Gough et al.
(Zawacki-Richter et al., 2020, p. 4), a meta-analysis is one the proofs of studies by reviewing
existing primary studies and using rigorous and systematic research methods so that they can answer
research guestions. The sources for this meta-analysis use primary studies or articles published in a
journal and, of course, those relevant to the PBL model topic. The characteristics of the selected
studies are the year of publication, level of education, sample size, and demographics. By examining
the increasing effect of PBL on mathematical abilities, this study can provide a synthesis of evidence
that stakeholders such as the government, private sector, researchers, and education practitioners in
various universities in Indonesia consider implementing a PBL model as a fundamental practice of
national education goals (Sulaiman & Azizah, 2020, p. 114).

The SLR method in this study sets the research questions (RQ) as follows:

QA1: “How is the description of the effect of PBL on mathematical ability based on the year of
publication?”
QA2: “How is the description of the effect of PBL on mathematical ability based on education

level?”

QA3: “How is the description of the effect of PBL on mathematical ability based on the sample
size?”

QA4: “How is the description of the effect of PBL on mathematical ability based on demographics?”’

QAS: “How is the diversity of student learning activities and the teacher's role in PBL based on the

research results reviewed?”

QAG6: “Does the implementation of PBL have a significant effect on students' mathematical abilities

from the primary study analyzed? “

MEHOD

This study uses the Meta-Analysis method. The meta-analysis method is carried out by
identifying, reviewing, evaluating, and systematically interpreting articles that have a set of standards
and, in each process, follow the steps that have been set (Afsari et al., 2021, p. 192; Triandini et al.,
2019, p. 63). The design of the meta-analysis research procedure begins with developing research
questions and selection criteria, developing the search strategy, the study selection process, and
appraising the quality of studies (Cohen et al., 2018, p. 432).

The first step in the meta-analysis method is to determine the research object. This research
aims to apply the PBL learning model. The reason for taking this PBL model research object is based

on solving the problem of incompatibility of the learning model used with the learning objectives



The Effect of Problem-Based Learning (PBL) on Improving Students' Mathematical Ability: Meta-Analysis, Qania
Agustika Siagian, Darhim, Dadang Juandi, Khairunnisa 2255
achieved in mathematics. Choosing a PBL model in learning models is the only solution to these
problems.

The next step in using the meta-analysis method is to determine research questions (Research
Questions: RQ) based on the reasons for choosing PBL model topics. This study has research
questions on the PBL model implementation's effect on improving students' mathematical abilities.
The next step is the search process using a search engine (using Google Scholar). It is necessary to
search strings to be more specific and avoid filtering too large a number. A search string was
performed using the words “Problem-Based Learning Model”, (“Mathematics” or “Math”),
“Experimental”, “Journal”, and “Volume”. In this step, 113 articles were obtained according to the
research object and question. After obtaining these articles, the next step of the meta-analysis method
is selecting inclusion and exclusion criteria to decide whether the articles obtained are suitable for

this study. The selection criteria are shown in Table 1 below.

Table 1. Inclusion and Exclusion Criteria
No Inclusion Criteria Exclusion Criteria
Acrticles according to research topics about
1. | Problem-Based Learning (PBL) models in | Articles on the topic of research
mathematics lessons
Research in the form of experiments in | Research other than in the form of

2 applying the PBL model experiments in applying the PBL model
3. | Research place in the territory of Indonesia | Research places outside Indonesia

4. | Publication between 2012 and 2021 Publications before 2012

5. | Full text Unfull text

6. Indexed by Google Scholar, Garuda, Not indexed

SINTA, and Scopus

After classifying based on inclusion and exclusion criteria, the next step is the last step of the
meta-analysis method is the storage of reports carried out to be analyzed and tabulated in a table
based on the mathematical abilities of students classified in the form of research year, education
level, sample size, and demographics. The following is the process of research exclusion in screening

articles that meet the research targets, which are presented in Figure 1 below.

= Articles found using search engines (google chrome) using the
keywords “Problem-Based Learning Model”, (“Mathematics” or
“Math”), “Experiments”, “Journals”, and “Volume”.

* The article is in accordance with the research question (RQ)
which is about the effect of PBL implementation to improve
A0 Articles students' mathematical abilities.

= Articles that have met the specified RQ and inclusion criteria

Figure 1. Research Exclusion Process
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Thus, from the number of articles found, 113 articles with characteristics according to the
research target. Then through the RQ process, 40 articles were taken. After that, the next step was the
inclusion and exclusion criteria so that 24 articles were found, tabulated in Table 3 in the research
results and discussion section. Primary studies that met the research inclusion criteria found via
electronic search engines were from various publisher indexes. The primary studies found were from
the Garuda publishing index with 4 primary studies, Google Scholar with 8 primary studies, Scopus
Q2 with 1 primary study, Sinta 3 with 5 primary studies, Sinta 4 with 10 primary studies, and Sinta 5
with 1 primary study. It can be shown that most primary studies come from publishers with the Sinta
4 index, while the primary studies from Sinta 2 and Sinta 5 occupy the fewest primary study sources,
namely only 1 primary study each.

After obtaining primary studies that meet the research inclusion criteria, then extracting
statistical data in the form of sample values, average values, standard deviation values, t-values, and
p-values in each experimental class and control class. This statistical data is needed to be able to
calculate the effect size of the PBL model on students' mathematical abilities. The formula used to

calculate the magnitude of the effect uses the Hedges' formula:

X1-X;

Hedges's g = S Q)

within
Categorization of Hedges' s g value can be classified into several classifications as follows
Juandi & Tamur (2020):
Table 2. Category Effect Size

Interval Effect Size (ES) Category
—-0.15 < ES <0.15 Neglected effect
0.15<ES <040 Low effect
0.40 < ES <0.75 Medium effect
0.75<ES <1.10 High effect
1.10 < ES <145 Very high effect
ES = 1.45 Very good effect

RESULTS AND DISCUSSION

Based on the suitability of the requirements with the inclusion criteria and exclusion criteria,
24 articles were obtained, which were classified based on several characteristics in terms of reflective
mathematical abilities, reasoning, critical thinking, spatial, communication, and representation. The
mathematical ability was found in searching for articles from Google Scholar. The survey data

obtained are presented in Table 3.

Table 3. Number of Research-Based on Several Study Characteristics

Study Classificatio Math Ability |
Characteris Reflect |Reason |Critical ., |Communic | Represent-
. n . . L Spatial . .
tics -ive -ing  thinking -ation ation
Research 2012 - 2013 0 0 1 0 0 0
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Year 2014 - 2015 0 0 2 0 1 0
2016 - 2017 1 1 0 0 1 0
2018 - 2019 0 1 6 0 2 0
2020 - 2021 1 1 1 1 3 1
Primary 0 1 1 0 0 1
school
Level_of Junior high 1 5 5 1 5 0
education school
Senior High
School 1 0 4 0 2 0
Sample Size < 30 1 L 3 1 2 L
P > 30 1 2 7 0 5 0
Sumatera 0 0 4 1 3 0
Jawa and Bali 1 2 3 0 3 1
Kalimantan 0 0 0 0 0 0
Demographi | Sulawesi and
cs (Island) Maluku ! . 2 0 . 0
Nusa
Tenggara and 0 0 0 0 0 1
Papua

Based on Table 3, within nine years, research was dominated by increasing critical thinking
skills and followed by improving communication skills. The articles obtained have been published in
various journal portals. The journals obtained are indexed by Google Scholar, Garuda, Sinta 6, Sinta
5, Sinta 4, Sinta 3, and Scopus. Obtaining more detailed information will be discussed according to
the characteristics set.

Research Year

The classification of the research year is divided into five periods, namely from 2012-2013,

2014-2015, 2016-2017, 2018-2019, and 2020-2021. The data is presented graphically in Figure 2

below.

/"\h“‘-._

P e leCtive — R EESOMNE Critical thinking

— 0T Communication Representation

Figure 2. Data by Year of Research

Figure 2 shows that PBL research to improve students' mathematical abilities has increased,
especially in 2018-2021. Critical thinking is students' most studied mathematical ability compared to
other students' mathematical abilities. This shows an increase in critical thinking patterns in learning
with PBL approaches. In addition, there is a relationship between PBL syntax and essential

indicators of thinking so that PBL can encourage students' critical abilities (Yunarti & Khairuntika,
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2015, p. 333). This follows the results of research observations (Cahyaningsih & Ghufron, 2016, p.
106); learning mathematics with a PBL model provides facilities for students to construct knowledge
according to each student's cognitive development stage. Students who have difficulty determining
what strategies or methods will be used in solving problems will choose to use their way or
according to how the students think. By getting used to students involving each way of thinking,
students will be able to think precisely and systematically and follow the rules of logic and scientific
reasoning. Critical thinking involves using standards, such as clarity, accuracy, relevance, and
completeness. This requires evidence, evaluating, considering alternatives, and fairly and accurately
presenting conflicting views (Lau, 2011, p. 1).
Level of Education

Education level classification is divided into elementary, junior high, and high school.
Higher education level is not included in this classification because during the search process using a
search engine; no research was found that met the inclusion criteria. The data is presented

graphically in Figure 3 below.
6

om0 el W
: Primary schoo Junior high schoo Senior High Schoo
B Reflective W Rensoning B Cr ticalthinking W Spatial MCommunication M Representation

Figure 3. Data by Education Level

From Figure 3, almost all research on the influence of mathematical ability through PBL has
been studied at the junior high school level, especially on critical thinking skills. According to
(Mortimore, 1999, p. 68), in secondary school learning, there is a quantitative increase in knowledge
such as memorization, acquisition for the use of facts and subsequent methods, abstraction of
meaning, and interpretive processes at understanding reality. To create a conducive, comfortable, and
pleasant atmosphere in the learning process, a teacher must choose a suitable learning model or
approach to managing the classroom so that learning objectives will be achieved (Anditiasari et al.,
2021, p. 243). With this increase, knowledge about teaching and learning models is needed, one of
which can be in the form of PBL learning models. In line with research (Khoiriyah, 2018, p. 63),
good classroom management influences the learning motivation of junior high school students. With
good classroom management, students will be encouraged to be enthusiastic about learning.
Sample Size

The sample size is classified into two classifications: samples < 30 and > 30. The data is

presented graphically in Figure 4 below.
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Figure 4. Data Based on Sample Size
From Figure 4, the sample chosen by the researchers to research the effect of PBL in

improving mathematical ability is dominated by a sample size of 30 or more. Except for spatial and
representational abilities, which are dominated by a sample size of less than 30. Based on the central
limit theorem, a sample size of 30 is typically distributed for most studies (Nurudin et al., 2014, p. 1).
Thus, the results of most primary studies use a sample size of less than 30. In addition to saving time
and money, a smaller sample will be more effective than a sample of more than 30 students. This is
in line with the research results (Mahmudah et al., 2018, p. 1) that the application of PBL is more
effective when the sample size is set from 1 to 30 students, as seen from the result of the effect size
for the sample size of 0.976, which is larger than the sample size of 31 students or more, which is
0.615.
Demographics

Demographic classification is divided into five classifications: the islands of Sumatra, Java,
and Bali, Kalimantan, Sulawesi, Maluku and Nusa Tenggara, and Papua. The data is presented
graphically in Figure 5 below.

3

25
2

15
1

Sumatera Jawa end Bal Kalimantan Sulawesiand MNusaTenggaraand
Maluku Papua

ERelective B Remsoning M Criticalthinking W Spatial Communication Representation

Figure 5. Data Based on Demographics
Figure 5 shows that research on the effect of mathematical ability through PBL occurred in
Java and Bali, followed by Sumatra Island. On the island of Kalimantan, there was no research on
increasing mathematical ability through PBL from 2012-to 2021. Can be shown research results
(Bunu, 2014, p. 452) stated that the awareness of the people in the interior of Central Kalimantan
towards junior high school, high school, and tertiary education is still not good. The low awareness
of the education of remote children in Central Kalimantan is because they have to help their parents

work, the distance between school and home is far away, and the children's play environment is not
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supportive. This is one of the factors that cause no research on the influence of mathematical ability
through PBL to be found in this study.

Based on the review results, the studies' conclusions prove that the PBL model's influence on
mathematical abilities is seen in the achievement of the objectives of learning mathematics after the
PBL model is applied. This can be seen from the difference in the results of each study's pretest and
post-test, which increased after the PBL model's treatment. This is in line with research which has
the average score of students on the pretest is 41.03, then the average value increases to 77.60 on the
post-test at the end of the lesson (Rahmaeda & Setyawan, 2020, p. 38). Learning with the PBL model
aims to facilitate students in the learning and teaching process, significantly facilitating students in
understanding the material and exercises given in groups or individually. Learning by implementing
PBL can train students to play an active role in teaching-learning, such as actively asking and
expressing opinions or knowledge they have learned in class.

Combined Effect Size

To calculate the effect size value, the help of the Comprehensive Meta Analysis V3
application is needed. The output generated by the application will indicate whether the effect model
used is a random effect model or a fixed effect model. The following results from the heterogeneity
test of the primary study are presented in Figure 7 below.

Heterogeneity
Q-value of (CQ) Paalue
168.959 12 0.000

Figure 7. Heterogeneity Test Results
It can be seen from the p-value, in this case the p-value is 0.000 < 0.05. This means, the
estimation model of the combined effect size uses the random effects model. So, to see the size of the

combined effect, it can be seen in the row of the random effect model and the point estimation

column.
Maodel Effect size and 95% confidence interval
Number Point Standard
Model Studies estimate error Variance Lower limit Upper limit
Fixed 13 0.897 0.070 0.005 0.759 1.034
Random effects 13 1.147 0.270 0.073 0.618 1.676

Figure 8. Result of Combined Effect Size Test

The combined effect size in this meta-analysis used is 1,147 which can be categorized into
the 'very high effect' category. The effect size values are combined with the Hedges's g formula with

the help of the CMA application. It can be stated that the implementation of PBL has a significant
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effect on students' mathematical abilities from the analyzed primary studies whose effect size is very
high.

Diversity of Student Learning Activities and Teacher's Role

From the results of a review of 24 articles that were used as primary studies in this study, it
was found that there were several variations of student learning activities and the role of teachers in
each primary study research result. From this diversity, the results of preliminary study research are
also varied. As in the preliminary study conducted by (Alghadari, 2016, p. 168), the effect of PBL
models on critical mathematical thinking has increased, but the average increase in students' critical
thinking skills is still a low category. Let us compare applying the PBL model with conventional
learning. It is found that there are primary studies where the results of research between classes using
structured PBL learning and conventional classes show no difference, or it can be said that there is
no effect on students' communication skills (Sofyan, 2012, p. 26). However, if open PBL learning is
applied, it increases in the moderate category. There is a wide variety of student activities and the
role of the teacher, which shows the results of various studies.

Various kinds of student activities after the PBL model was applied; namely, students were
more focused on working on the given problems, most of the students made mathematical models
and explained correctly and did calculations or got the correct solution (Madhavia et al., 2020, pp.
1243-1244). Furthermore, the other diversity of students actively answers and do the exercises given
in front of the class or when working in groups. Students also demonstrate a deep conceptual
understanding of the material provided and good explanation skills in front of the class (Rahmaeda &
Setyawan, 2020, p. 38).

However, all the various student activities resulting from the application of the PBL model
cannot be separated from the monitoring and direction of the teacher. At the time of the student
orientation process on the problem, where during process, students are expected to be able to issue
their ideas to find solutions to the problems given. These ideas arise with the help of teachers who
organize students to learn, where teachers help students define the tasks given and guide students in
finding solutions to the given problems. So those students can present good work and share tasks
with their group friends. Students must communicate with their friends or teachers to increase their
communication skills when discussing and presenting their work. Then students can also apply the
concepts they get to analyze problem-solving (Manik et al., 2020, p. 106). This also agrees with
(Masamah, 2017, p. 13); through scaffolding from the teacher, students will move into the Zone of
Proximal Development (ZPD), where new learning will occur through Hypothetical Learning

Trajectory.

CONCLUSION
Research on the effect of PBL on increasing mathematical ability for five periods

has increased, especially in 2018-2021. Among the reflective, communication, reasoning,
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representation, and spatial abilities, critical thinking skills are much attention to be researched to
adjust the teacher's task in choosing a learning model to suit the material to be taught. As for the
representation capabilities, there is still a lack of research indexed by Google Scholar, Garuda,
SINTA, and Scopus.

Research on improving reflection, communication, critical thinking, reasoning,
representational, and spatial ability through a PBL model is mainly done at the junior high school
level in Java and Bali with a sample size of 30 or more. From the description of the effect of PBL on
mathematical ability based on the year of publication, education level, sample size, and
demographics. It can be concluded comprehensively that the combined effect size value is 1.147. It
can be stated that the implementation of PBL has a significant effect on students' mathematical
abilities from the analyzed primary studies whose effect size is very high. From the results of a
review of 24 articles that were used as primary studies in this study, it was found that there were
several variations of student learning activities and the role of teachers in each primary study
research result. From this diversity, it is also concluded that the results of the preliminary study
research varied in the major categories of increasing the influence of the PBL model on students'
mathematical thinking abilities.

This research can be followed up by other research to find out how much the PBL model
improves each mathematical ability such as reflective, communication, critical thinking, reasoning,
representation, connection, and spatial abilities. Besides that. to each level of education, research

demographics, and sample size.
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