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Abstract

This study aims to determine the effectiveness of the problem-based learning model based on
local wisdom on scientific thinking skills in children. This research is a type of quantitative
research with a meta-analysis approach. This meta-analysis analyzed 23 effect sizes obtained
through Google Scholar; Mendeley; ERIC issued in 2022-2025 with 1054 children. Data analysis
with the help of the JASP application. Effect size is calculated with a 95% confidence level. The
results of the data analysis concluded that the summary effect size value obtained through the
random effect model was 1,072 (very high effect size category). These findings show that on
average, children who use the problem-based learning model based on local wisdom can
improve scientific thinking skills in children compared to conventional learning models.
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Introduction

2st century education emphasizes the need to equip children with higher-order
thinking skills to face increasingly complex global challenges (Zulyusri et al., 2023; Asnur et al,,
2024). One of the essential components of this skill is scientific thinking, which involves the
ability to analyze, evaluate, and create evidence-based solutions (Darmawati et al., 2024). At a
child's age, scientific thinking skills are essential because they are the basis for the
development of logic, problem-solving skills, and rational decision-making. By thinking
scientifically, children are not only invited to understand academic concepts in depth, but also
learn how to apply them to solve the daily problems they face (Mar’atussolichah et al., 2024;
Sary et al., 2023).

Scientific thinking skills in children include several cognitive dimensions, such as the
ability to observe phenomena, formulate questions, make hypotheses, and test ideas through
simple experiments (Rahmasari & Kuswanto, 2023; Dewi, 2020). This process not only trains
reasoning, but also encourages children to think critically and creatively. In the context of
education, approaches such as inquiry-based learning or project-based learning can be used to
develop these skills (Kundariati et al., 2022). For example, children are invited to identify
environmental problems around them, design solutions, and evaluate the results. With this
kind of learning, children not only understand the scientific process, but also learn to
collaborate, communicate, and be responsible for the environment and society (Lubis et al.,
2022; Tohri et al., 2022).
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Developing scientific thinking skills from an early age has a significant impact on
children's future in facing the digital era and the Industrial Revolution 4.0 (Ali et al., 2024;
Wantu et al., 2022). This ability helps children to understand complex information, solve data-
driven problems, and make fact-based decisions in the midst of an abundant flow of
information. In addition, scientific thinking skills are also relevant to equip children with
adaptive and innovative attitudes, which are the main needs in the dynamic future world of
work. By building these skills, children are not only prepared to succeed academically, but
also become critical, creative individuals, and able to contribute to building a knowledge-based
society (Sari et al., 2021; Uluk et al., 2024; Jumadi et al., 2021).

Scientific thinking skills in children in Indonesia are still relatively low, as reflected in
the results of international surveys such as the Programme for International Student Assessment
(PISA) and Trends in International Mathematics and Science Study (TIMSS) in 2022. Data from
PISA shows that most students in Indonesia are still at a basic level in understanding scientific
concepts and applying them to solve real-world problems(Ichsan et al., 2023; Luciana et al.,
2024). This indicates that critical and analytical thinking skills, which are at the core of scientific
thinking, have not been fully developed in the national education system. Factors such as
learning approaches that place less emphasis on exploration, experimentation, and logical
reasoning contribute to this condition, so students are more focused on memorization and
outcomes than the learning process itself (Dakabesi & Luoise, 2019).

One of the causes of low scientific thinking skills is the lack of implementation of
relevant and contextual learning models. Many learning methods in Indonesia are still
conventional, with the dominance of lectures and practice questions, so that students are less
actively involved in the critical and scientific thinking process. In addition, learning is often
not associated with the local cultural context which should be able to motivate students to
better understand the material (Maskur et al., 2020). In fact, Indonesia's rich local culture can
be a source of inspiration for scientific learning, such as linking science lessons with traditional
practices or natural phenomena that are familiar to students. The absence of this culture-based
approach causes students to be less emotionally and intellectually engaged, making learning
less meaningful (Uge et al., 2019). Furthermore, the lack of scientific thinking skills and local
culture-based learning models has a long-term impact on the Indonesian education system. In
the era of globalization and the Industrial Revolution 4.0, scientific thinking skills are very
important to equip the younger generation to face technological, economic, and environmental
challenges. Without relevant learning, Indonesian students risk falling behind in global
competition, especially in innovation and mastery of science (Dedios et al., 2024). Therefore,
there needs to be a systematic effort to integrate local culture-based approaches into learning
models that promote scientific thinking. Education policies, teacher training, and the provision
of learning resources that support cultural-based exploration and collaboration are key to
addressing these challenges and improving the quality of national education. Therefore, one
of the learning models that can encourage scientific thinking skills in students is problem-
based learning(Asmayawati et al., 2024; Pujiastuti & Haryadi, 2024).

Problem-Based Learning (PBL) is a learning model that emphasizes solving real
problems as the core of the learning process. In this model, students are faced with situations
or problems that are relevant to daily life to be analyzed, solved, and used as a learning
medium. PBL encourages students to develop critical, creative, and collaborative thinking
skills (Pritchett, 2024), as they not only learn to understand concepts but also apply them to
find solutions. The model is also oriented towards self-paced learning, where students actively
seek information, ask questions, and build their knowledge through exploration and
discussion. In addition, PBL creates a meaningful learning environment, as students feel
directly involved with the material being taught (Daniel Shuttleworth, 2023). This approach
has proven effective in improving higher-order thinking skills, including analysis, evaluation,
and synthesis, which are critical to facing the challenges of the 2Ist century(Zainil et al., 2023;
Hidayah et al., 2023). Furthermore, The use of local wisdom in learning not only provides a
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contextual learning experience, but also helps students understand the importance of
preserving cultural heritage while mastering modern scientific concepts (Net etal., 2024). With
this approach, students are not only trained in scientific thinking, butalso invited to appreciate
and integrate cultural values in problem-solving, so as to create holistic and character
building-oriented learning (Widiana et al., 2024; Nurtamam et al., 2023).

Although many studies have proven the effectiveness of Problem-Based Learning (PBL)
in improving scientific thinking skills, most of these studies focus on the application of PBL in
a global context or based on international standards (Mustofa & Hidayah, 2020; Farizi et al.,
2019). Lack of attention is paid to the integration of local wisdom in the PBL model, which can
increase the relevance of learning while preserving cultural values. In addition, research that
examines the effectiveness of PBL based on local wisdom is generally limited to the level of
case studies or small experiments in one specific region, so the results are less generalizable
(Yustina et al, 2022). Until now, there have not been many meta-analyses that
comprehensively examine the effectiveness of PBL based on local wisdom on scientific
thinking skills in children, especially in the context of Indonesian education which has high
cultural diversity. This creates a research gap in understanding how PBL based on local
wisdom can be applied widely and effectively to develop scientific thinking skills (Ningsih et
al., 2023; Fajri et al., 2023).

Through a meta-analysis approach, this study not only collects empirical evidence
from various studies, but also evaluates the effectiveness of this model comprehensively and
systematically. This research provides new insights by identifying patterns, contextual factors,
and optimal conditions that affect the success of PBL based on local wisdom. In addition, this
research also contributes to the scientific literature by showing how local culture-based
education can bridge the needs of 2l1st-century skill development while strengthening
students' cultural identities in the era of globalization. As such, the research is academically
relevant and provides practical guidance for educators and education policymakers.
Therefore, this study aims to determine the effectiveness of the problem-based learning model
based on local wisdom on scientific thinking skills in children by meta-analysis.

Methodology

This study uses a meta-analysis approach to determine the problem-based learning
model based on local wisdom on scientific thinking skills in children. Meta-analysis is a
research approach that evaluates previous research statistically to reach a conclusion (Tamur
etal., 2020; Badawi et al., 2023; Nurtamam et al., 2023; Zulyusri et al., 2023). The meta-analysis
research procedure can be seen in Figure 1.

Research Collecting and Analyzing
Inclusion Criteria Coding data Statistical

Figure 1. Stages in Meta-analysis ( (Borenstein et al., 2007)

Eligibility Criteria

In the process of searching for data through the Google Scholar, ScienceDirect, Wiley,
ERIC, ProQuest, Fronteins and Web of Science databases, the research must meet several
inclusion criteria, namely a) the research must be published in 2021-2025; b) this research was
obtained through the Google Scholar database; Mendeley; ScienceDirect; and Wiley; c) the
research must be relevant; d) the research must have complete data to calculate the effect size
value; and the sample size > 30 participants.. From the data search, 23 studies were obtained
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that met the inclusion criteria published in 2021-2025 which can be seen in Table 2. Proses
peneyeleksian data menggunakan PRISMA 2020 dapat dilihat pada gambar 1.

c Number of articles based on
= Searches of online database
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= Wiley) (n =223)
5
=
Note issued based on screening
title and abstract ( n=120)
)
g
g Record Screened (n =113)
G
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Duplicated (n=70)
& v
:go Full text articles assessed for
= eligibility (n = 45)
| Record issued based on full text
. l screening (n=22)
(]
o
=
é Number of articles for in the
meta-analysis (n = 23)
Figure 1. Data Selection Process Through PRISMA
Statistical Analysis

Data analysis in this study calculates the effect size value of each study analyzed. The
effect size value in this study is to calculate the effect of the to the effectiveness of . the
problem-based learning model based on local wisdom on scientific thinking skills in children.
According to (Borenstein et al., 2007) The stages of data analysis in the meta-analysis can be
seen in (Figure 1.). Furthermore, the criteria for the effect size value in the study can be seen
in Table 1.

Table 1. Category Effect Size Value

Effect Size Category
0.0<ES< 0.2 Low
0.2<ES< 0.8 Medium

ES> 0.8 High

Source: (Borenstein et al., 2007; Bachtiar et al., 2023; Tamur et al., 2020)

Publication Bias

In the research, publication bias checking was carried out through funnel plot analysis
and Egger's test. Publication bias checks to find out whether or not there was research
discarded in this study.
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Result and Discussion
Based on the results of data search through the database, 23 studies/articles met the
inclusion criteria. The effect size and error standard can be seen in Table 2.

Table 2. Effect Size and Standard Error Every Research

Code Journal Years EffectSize Standard Error Variable Index-Journal
LP1 2021 1.45 0.32 Scientific Thinking Sinta
LP2 2021 0.62 0.30 Scientific Thinking Sinta
LP3 2022 0.76 0.25 Scientific Thinking Scopus
LP 4 2024 0.33 0.16 Scientific Thinking Scopus
LP5 2021 0.79 0.30 Scientific Thinking Scopus
LP 6 2024 1.56 0.34 Scientific Thinking Sinta
LP7 2024 1.98 0.40 Scientific Thinking WOS
LP8 2024 1.62 0.45 Scientific Thinking Scopus
LP9 2025 0.84 0.29 Scientific Thinking Sinta

LP 10 2023 0.75 0.23 Scientific Thinking Sinta
LP11 2022 2.09 0.24 Scientific Thinking Sinta
LP12 2024 1.90 0.40 Scientific Thinking Scopus
LP13 2024 1.51 0.44 Scientific Thinking Scopus
LP 14 2024 0.77 0.30 Scientific Thinking Sinta
LP 15 2021 0.56 0.18 Scientific Thinking Scopus
LP 16 2024 0.81 0.33 Scientific Thinking Scopus
LP 17 2023 0.55 0.20 Scientific Thinking Sinta
LP18 2023 0.73 0.23 Scientific Thinking Sinta
LP19 2023 1.70 0.38 Scientific Thinking Sinta
LP 20 2023 0.94 0.41 Scientific Thinking Scopus
LP 21 2024 1.07 0.32 Scientific Thinking Scopus
LP 22 2024 0.52 0.22 Scientific Thinking Scopus
LP 23 2025 1.25 0.40 Scientific Thinking Scopus

Based on Table 2, the effect size value of the 23 studies ranged from 0.33 to 2.09.
According to Borenstein et al., (2007) Of the 23 effect sizes, 10 studies had medium criteria
effect sizes and 13 studies had high criteria effect size values. Furthermore, 23 studies were
analyzed to determine an estimation model to calculate the mean effect size. The analysis of
the fixed and random effect model estimation models can be seen in Table 3.

Table 3. Fixed and Random effect

Q df p
Omnibus test of Coefficients Model 86.834 1 <0.001
Test of Residual Heterogeneity 142.872 22 <0.001

Based on Table 3, a Q value of 142.872 was obtained higher than the value of 86. 834
with a coefficient interval of 95% and a p value of 0.001 <. The findings can be concluded that
the value of 24 effect sizes analyzed is heterogeneously distributed. Therefore, the model used
to calculate the mean effect size is a random effect model. Furthermore, checking publication
bias through funnel plot analysis and Rosenthal fail safe N (FSN) test (Tamur et al., 2020;
Badawi etal., 2022; Ichsan etal., 2023b; Borenstein etal., 2007; Abdullah etal., 2024). The results
of checking publication bias with funnel plot can be seen in Figure 1 and 2.

58 | Jurnal Obsesi : Jurnal Pendidikan Anak Usia Dini, 9(1), 2025



Effectiveness of PBL Model Based on Local Wisdom on Children's Scientific Thinking Skills

DOI: 10.31004/ obsesi.v9il.6764

Plot ¥
Forest Plot
Study 1 A 1.45 [0.82, 2.08]
Study 2 . | 0.62 [0.03, 1.21)
Study 3 F - 4 0.76 [0.27, 1.25]
Study 4 P 0.33 [0.02, 0.64)
Study 5 . 0.79 [0.20, 1.38]
Study & S | 1.56 [0.89, 2.23]
Study T - 1.98 [1.20, 2.76)
Study 8 } - | 1.62 [0.74, 2.50]
Study 9 " 0.84 [0.27, 1.41]
Study 10 Pom 0.75 [0.30, 1.20]
Study 11 - 2.09[1.62, 2.56]
Study 12 S e 1.80 [1.12, 2.68]
Study 13 . 1.51 [0.65, 2.37)
Study 14 . - 4 0.77 [0.18, 1.36)
Study 15 = 0.56 [0.21. 0.91]
Study 16 e 0.81 [0.16, 1.46]
Study 1T [ ] 0.55 [0.16, 0.94)
Study 18 - 0.7T3[0.28, 1.18)
Study 19 o w 1.70 [0.96, 2.44])
Study 20 e 0.94 [0.14, 1.74]
Study 21 —- 1.07 [0.44, 1.70]
Study 22 . 0.52 [0.09, 0.95]
Study 23 -y 1.25 [0.47, 2.03)
RE Model : —p— 1.03 [0.81, 1.25]
.
Figure 1. Forest Flot
Funnel Plot
O -
0.1
.
2
w 0.2 - .
B i
g P
c
S
o 03 - -
.
.
0.4 -
= T T T 1
fI 0.0 0.5 1.0 1.5 2.0

Figure 2. Funnel Plot
Based on Figure 2, the analysis of the funnel plot is not yet known whether it is

symmetrical or asymmetrical, so it is necessary to conduct a Rosenthal Fail Safe N (FSN) test.
The results of the Rosenthal Fail Safe N calculation can be seen in Table 4.

Tabel 4. Fail Safe N

File Drawer Analysis

Fail Safe N Target Observed
Significance Significance
Rosenthal 2353 0.050 <0.001

Based on Table 4, the Fail Safe N value of 2353 is greater than the value of 5k + 10 =
5(23) + 10 = 125, so it can be concluded that the analysis of 19 effect sizes in this data is not
biased by publication and can be scientifically accounted for. Next, calculate the p-value to test
the hypothesis through the random effect model. The results of the summary effect model
analysis with the random effect model can be seen in Table 5.
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Tabel 5. Summary/ Mean Effect Size

Coefficient
Effect Standard z p 95 % Coefficient
Size Error Interval
Lower Upper
Intercept 1.03 0.11 9.242 <0.01 0.815 1.375

Based on Table 5, the results of the analysis with the random effect model obtained a
lower limit value of 0.815 and an upper limit of 1.375 and a mean effect size value of 1.11. The
effect size category in this study is included in the high category. Furthermore, the results of
the Z test to determine the significance were obtained 9.242 and the p value <0.01, so it can be
concluded that the application of problem-based learningmodel based on local wisdom can
improve scientific thinking skills in children compared to conventional learning models. The
Problem-based learning(PBL) model has been recognized as an effective approach in
improving critical thinking and problem-solving skills in students (Darmawati et al., 2024).
This model prioritizes real problem solving as the main context in the teaching and learning
process, which requires students to actively think and find solutions. One of the latest
developments in PBL is the incorporation of elements of local wisdom in learning materials
(Lubis et al., 2022; Tohri et al., 2022). Local wisdom as a source of knowledge that grows in the
culture and traditions of the community can be a very useful resource in shaping students'
scientific mindset. This study aims to explore the effectiveness of the PBL model based on local
wisdom in improving scientific thinking skills in children.

PBL focuses on giving students challenges to solve problems that are relevant to their
lives. This model supports the development of scientific thinking skills by encouraging
students to identify problems, formulate hypotheses, collect data, and draw conclusions (
Niatin et al., 2022). Previous research has shown that PBL can improve critical thinking and
analytical skills. Adding an element of local wisdom in PBL provides more value because it
helps students to relate learning materials to their cultural experiences, which increases a sense
of ownership of the learning process (Sari et al., 2021). Local wisdom can also build respect for
tradition and the surrounding environment, which enriches the student's learning experience.
In its application, the PBL model based on local wisdom suggests that students are given the
task of solving problems related to their daily lives, using concepts derived from local wisdom.
For example, in the context of science education, students may be required to solve
environmental problems such as sustainable management of natural resources, by referring to
existing local traditions (Jumadi et al., 2021; Dakabesi & Luoise, 2019). This approach not only
improves scientific thinking skills, but also introduces students to the perspective of local
communities towards nature and their natural resources. As time goes by, students learn to
relate scientific theories to practices that exist in their daily lives.

Local wisdom makes a great contribution in building students' character. By utilizing
local wisdom, PBL not only teaches scientific skills, but also forms positive values contained
in local traditions and culture (Maskur et al., 2020). For example, wisdom in terms of waste
management or sustainable agriculture can be integrated in science learning, teaching students
to think holistically and respect the surrounding environment. This is not only beneficial for
the development of their scientific skills, but also provides them with a deeper understanding
of how science can be used to solve real problems in society (Daniel Shuttleworth, 2023). By
applying the PBL model based on local wisdom, it is hoped that students can not only improve
their scientific thinking skills, but also be able to apply the knowledge they have gained to
solve problems in their environment. Children will more easily understand scientific concepts
when they see the direct connection between theory and practice in the real world (Fajri et al.,
2023; Dedios et al.,, 2024). Therefore, this approach is expected to increase students'
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understanding of the importance of science in daily life and encourage them to think critically
about various phenomena that exist around them.

Conclusion

From the results of this meta-analysis, it can be concluded that on average, children
who use the problem-based learningmodel based on local wisdom can improve scientific
thinking skills in children compared to conventional learning models. By integrating local
wisdom in science learning, students not only acquire scientific knowledge, but are also able
to relate scientific concepts to daily life practices that are relevant to their culture. This
encourages students to think critically, creatively, and be able to apply the knowledge gained
in solving real problems in their environment. The implication of this study is that educators
should consider the application of the PBL model based on local wisdom as an approach that
can enrich students' learning experience, as well as help them develop more applicable and
contextual scientific thinking skills. This model also has the potential to build students'
awareness of the importance of preserving traditions and the surrounding environment in the
context of modern education. The Problem-Based Learning (PBL) model based on local
wisdom can be an effective approach in improving children's scientific thinking skills by
connecting science concepts with the cultural context and environment around them. To
optimize its application, it is recommended that teachers design problem-based learning
scenarios that are relevant to students' daily lives.
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