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Abstrak

Problem-Based Learning (PBL) merupakan pendekatan pembelajaran yang berpusat pada siswa
dan mendorong pembelajaran aktif serta pengembangan keterampilan berpikir tingkat tinggi
dalam pembelajaran IPA. Namun, hasil penelitian sebelumnya menunjukkan temuan yang
beragam terkait efektivitas PBL dalam meningkatkan hasil belajar. Oleh karena itu, penelitian ini
bertujuan untuk mengevaluasi efektivitas model PBL terhadap peningkatan hasil belajar IPA.
Penelitian ini menggunakan metode meta-analisis dengan data sekunder kuantitatif yang
diperoleh dari artikel ilmiah. Pencarian literatur dilakukan melalui database EBSCO, Google
Scholar, dan Taylor & Francis untuk artikel yang diterbitkan pada tahun 2019-2023. Proses
seleksi menggunakan kerangka PRISMA dengan kriteria inklusi berupa artikel full-text dengan
desain observasional menggunakan kata kunci “problem-based learning”, “education”, dan
“science learning outcomes”. Analisis data dilakukan menggunakan aplikasi Review Manager
5.3. Hasil penelitian menunjukkan bahwa model PBL secara signifikan meningkatkan hasil
belajar siswa dibandingkan dengan model non-PBL, dengan nilai effect size sebesar 1,09 (P <
0,001; 95% CI: 0,29-1,89; 12 = 94%). Kesimpulannya, PBL merupakan strategi pembelajaran
yang efektif dalam meningkatkan hasil belajar IPA serta mendukung proses pembelajaran yang
aktif dan kritis.

Kata Kunci: Problem-Based Learning (PBL); Hasil Belajar; Meta-Analisis; Pendidikan IPA.

Abstract

Problem-Based Learning (PBL) is a student-centered approach that promotes active learning
and higher-order thinking skills in science education. However, previous studies have reported
inconsistent findings regarding its effectiveness in improving learning outcomes. Therefore, this
study aims to evaluate the effectiveness of the PBL model in enhancing science learning
outcomes. This research employed a meta-analysis method using secondary quantitative data
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from published articles. Literature was collected from EBSCO, Google Scholar, and Taylor &
Francis databases for studies published between 2019 and 2023. The selection process followed
the PRISMA framework with inclusion criteria limited to full-text observational studies using
keywords “problem-based learning,” “education,” and “science learning outcomes.” Data
were analyzed using Review Manager 5.3. The results show that the PBL model significantly
improves students’ learning outcomes compared to non-PBL approaches, with an effect size of
1.09 (P < 0.001; 95% CI: 0.29-1.89; 12 = 94%). In conclusion, PBL is an effective instructional
strategy for improving science learning outcomes and supporting active and critical learning

processes.
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INTRODUCTION

Education in the 21st century
emphasizes not only knowledge acquisition
but also the development of higher-order
thinking skills, including critical thinking,
creativity, collaboration, and problem-
solving (Septikasari, 2018). In this context,
science education plays a strategic role as it
is closely related to real-life phenomena and
provides opportunities for students to
develop analytical and innovative thinking
skills. However, current practices in science
learning  still  tend to  emphasize
memorization and teacher-centered
approaches, which limit students’ active
engagement and  thinking  processes
(Huwaida, Asihanngtyas, & Alviah, 2020);
(Aditya Tri Saputra, 2023). As a result,
students’ learning outcomes and higher-
order thinking skills remain suboptimal.

To address this issue, innovative
learning models are needed to facilitate
active and meaningful learning. Problem-
Based Learning (PBL) has been widely
recognized as an effective student-centered
approach that uses real-world problems to
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stimulate critical thinking and problem-
solving skills (Maryati, 2018; (Karmaham et
al., 2026); (Tahir, Tati, & Rahayu, 2023).
Empirical studies have shown that PBL can
significantly improve students’ learning
outcomes compared to conventional
methods (Azer, 2011; Pourshanazari et al.,
2012). These findings suggest that PBL has
strong potential to enhance both cognitive
achievement and student engagement.
Nevertheless, existing studies on
PBL are often limited to specific contexts
and vyield inconsistent results. Moreover,
there is a lack of comprehensive synthesis
studies that systematically evaluate the
effectiveness of PBL in science learning
using recent empirical evidence. This
indicates a clear research gap that
necessitates further investigation. Therefore,
this study aims to analyze the effectiveness
of the Problem-Based Learning model in
improving science learning outcomes
through a systematic review and meta-
analysis. This study is expected to provide
robust evidence regarding the impact of PBL
and contribute to the development of
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effective instructional strategies in science
education.

METHODS
a. Research Studies

Study this aim for look effectiveness
application model problem based learning in
learning where could increase results study
student. This type of research is meta-
analysis using secondary data and
guantitative for interesting conclusion which

Search articles according to keywords

Databased: EBSCO, Google Scolar and Taylor & -

Francis
Search Results: n=1890

article filters (n=847)

!

Complete articles are considered eligible
(n=31)

Meta-analysis articles (n= 4)

accurate form effect sizes with literature
search of the EBSCO database, Google
Scolar and Taylor & Francis. Cross study
keywords sectional is as follows: "Problem
based learning " and" education " and"
science learning outcomes". Analysis and
reading of articles were obtained using a
search procedure with the PRISMA
Technique (Preferred Reporting Items for
Systematic Reviews&Meta-analyses)(David
Moher et al., 2009) as follows:

Remove duplicate data
n= 1043

Articles discussing PBL and learning outcomes

Free access articles(n=246)
Publication articles in Indonesian (n=119)
Publication articles in English (n=319)
Full text articles (n=35)

Not cross-sectional = 84
Irrelevant title: 39

(n=5)

’ Complete articles are excluded with reasons
outcome does not discuss PBL and learning

outcomes (n=28)

Figure 1. PRISMA Flowchart.

b. Population and sample

The population and sample are the
articles included in the research, namely
articles that have been published from 2019-
2023, the articles studied are full text articles
with an observational research design. The
research sample was school students who
applied the PBL model, the research data
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was multivariate and the final result of the
study was influence.
c. Criteriainclusion and exclusion
Exclusion in research is a criterion for
research subjects not being able to represent
the sample because they do not meet the
requirements as a research sample (Syahra,
2010) , while inclusion criteria are exclusion
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criteria, also known as rejection criteria,
which are conditions that cause subjects who
meet the inclusion criteria cannot be
included in the study (Muhtarom, 2015).
Inclusion and exclusion criteria in study this
is free access articles, articles publication in
Indonesian and English, full text articles, no
cross-sectional, relevant title

d. Definition operational variable

The operational definition of the
variable is discussing PBL and learning
outcomes with data analysis carried out use
Review application Manager 5.3 with count
score effect sizes and heterogeneity for
determine model studies combined and form
results end from meta-analysis plot forest
(Wijiwinarsih et al., 2019).

RESULTS AND DISCUSSION
1. Results

The literature search was conducted
using the EBSCO, Google Scholar, and
Taylor & Francis databases for articles
published between 2019 and 2023. Based on
the initial keyword search, a total of 1,890

http://ejournal.ummuba.ac.id/index.php/JIPTI/

articles were identified. After applying
inclusion and exclusion criteria, 847 articles
were retained. Following further screening
using the PRISMA framework, only 4
articles met the eligibility criteria and were
included in the meta-analysis.

The selected studies originated from
two continents, namely Asia and Europe, as
illustrated in Figure 2. The meta-analysis
was performed using Review Manager 5.3.

The Forest Plot results indicate that
students who were taught using the
Problem-Based Learning (PBL) model
achieved  higher  learning  outcomes
compared to those taught using non-PBL
models, with a standardized mean difference
of 1.09 (P < 0.001; 95% CI: 0.29-1.89; 12 =
94%). This result suggests a statistically
significant effect of the PBL model on
science learning outcomes.

The heterogeneity test shows a high
level of variability among the included
studies (12 = 94%), indicating substantial
differences across study results. In addition,
the Funnel Plot analysis (Figure 3) suggests
no significant publication bias.
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Figure 2. Map of the Research Study Area

2. Discussion

The significant effect of PBL on
students’ learning outcomes can be
explained by its student-centered approach,
which actively engages learners in problem-
solving processes. According to
constructivist learning theory, knowledge is
built through active interaction with the
environment. In this context, PBL provides
opportunities for students to develop critical
thinking, problem-solving  skills, and
independent learning.

The use of real-world problems in
PBL encourages students to connect
theoretical  knowledge with  practical
situations, thereby enhancing understanding
and retention. This is consistent with
cognitive learning theory, which emphasizes
meaningful  learning  through  active
engagement. Furthermore, PBL facilitates
collaborative learning, allowing students to
exchange ideas and construct knowledge
socially.

Based on the 4 articles analyzed
using review manager 5.3, it shows an
interpretation: from the results of the forest
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plot it is known that students who are given
learning by applying the PBL model have
1.09 units higher to get good learning
outcomes compared to students who are
given the application of non-PBL models,
namely assessment The meta-analysis
resulted in the application of the PBL
heterogeneity model. The heterogeneity of
this article was evaluated using the 12

Penerapan Model PBL Penerapan Model Non PBL

Std. Mean Difference

parameter. According to ReVVMan analysis,
we determined 12 is 93% classification 100%
which has good heterogeneity. It was found
that to improve learning outcomes using the
PBL model is a better model to apply in
learning <0.10 (p <0.001; 95% CI: 0.29 —
1.89; 12 = 94%) in Figure 3.

$td. Mean Difference

Study or Subgroup Mean SD  Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Ahrret 2022 6439 1352 31 5252 1116 31 0.95[0.42,1.47] .

Privadi 2019 TEAE 7.1 25 42.04 13.26 25 334 [2.46 4.22] =

Setyosari 2020 5587 16.11 97 53.85 16.11 102 0.12 F0.15,0.40] L

Wiael 2022 16.63 2.37 120 15.41 2.99 120 0.45[0.19 0.71] L

Total (95% CI) 273 278 100.0% 1.09 [0.29, 1.89]

Heterogeneity: Tau®= 0.60; Chi*=49.99, df=3 (P < 0.00001}; F= 94% =-1UD 1DD=

Test for overall effect: £= 2.67 (P = 0.008)

-50 0 a0
Penerapan Model Mon PBL  Penerapan Model PBL

Figure 3. Forest plot the effectiveness of the PBL model on science learning outcomes

Based on research results (Endah
Amalia et al., 2022), the use of the PBL
model results from hypothesis testing with
the t-test showing a significant average of
less than 0.05, which means that the use of
the PBL model is effective in increasing
problem solving abilities. In the meta-
analysis study, it was shown that the
application of the PBL model was
significantly more effective than
conventional learning methods in critical
thinking in assessing knowledge (p = 0.29),
problem solving aspects (p = 0.47), and self-
directed learning aspects (p = 0.47). (0.34)
(Manuaba et al., 2022).Developing abilities
in science learning is very important because
these abilities are used in various aspects of
everyday human life, an alternative learning
model that can develop critical abilities
thinking and learning outcomes is the PBL
model (Widowati, 2009) .

http://ejournal.ummuba.ac.id/index.php/JIPTI/

In the problem-solving ability at the
end of the study, the mean problem-solving
ability of the experimental class was 80.15
while that of the control class was 73.01,
meaning that the application of Problem
Based Effective learning on problem solving
abilities(Dzulfikar et al., 2012). There was a
significantly higher increase in the cognitive
abilities of students in the experimental class
that were treated with the application of the
PBL learning model using exe -learning
compared to the control class that used the
lecture model(Syefriyani, 2018). This is
supported by the Funnel from journal 4
funnel plots, it is known that there is no
publication bias in Figure 3.

250


http://ejournal.ummuba.ac.id/index.php/JIPTI/

Volume 7 No. 1, November (2026)

JIPTI

E-ISSN: 2720-9725
P-ISSN: 2987-8462

- SE(END)
01t
nay

03t

o4t

\ , SMD‘
BT 50 i 50 100

Figure 3. PBL model effectiveness funnel
plot.

Based on systematic reviews and meta-
analytic research on influence application of
problem based learning models and results
study student own effective influence to
results study student . According to the
problem based learning model could
increase results study student (Ningsih &
Prasetyo, 2020) , (Ilham, 2018). According
to Arends (Trianto , 2009), PBL is a learning
model in which students work on problems
authentic build knowledge they own |,
develop inquiry and thinking , develop
independence and trust self . PBL was
developed According to theory psychology
modern cognitive, learning is a process
where student in a manner active build his
knowledge with interact with environment
learn. PBL ( Problem Based Learning ) is a
possible learning model student study in a
manner structured with solve problems in
the real world , so expand knowledge
student (Sari, 2014). The application of the
PBL model resulted in a significant increase
in learning motivation with percentages of
93% and 98% compared to lectures using
the traditional method of 78% (Klegeris &
Hurren, 2011).

http://ejournal.ummuba.ac.id/index.php/JIPTI/

CONCLUSION
This study demonstrates that Problem-
Based Learning (PBL) is effective in

improving  students’ science learning
outcomes,  with  significantly  higher
performance  compared to non-PBL

approaches (P < 0.001; 95% CI: 0.29-1.89;
12 = 94%). These findings provide robust
evidence supporting PBL as an effective
instructional strategy for promoting higher-
order thinking and enhancing learning
outcomes in science education.
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