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Abstract

This research is quantitative research with meta- analysis methods. The aim of this research is
to describe the effectiveness of the project learning model on student creativity. The research sample
consisted of 10 articles in the accredited national journal Sinta. All articles are the result of research on
physical learning in the science group at the high school level. The data analysis technique used is
calculating the effect size value. Based on the results of the meta- analysis, it was found that the average
total effect size value was 1.55 with a standard deviation of 0.83, which was in the very high category.
This shows that the problem-based learning model is effective in increasing student creativity. The
results further show that the project-based learning model is also effective at various levels of high
school and various physics subject matter.
Keywords : creativity, effect size, meta-analysis, physics, project

1. Introduction

21st century skills are skills that are very important for students to have, especially at the
high school level, so that they can adapt to an increasingly advanced and developing world,
especially in the fields of information media and technology (Umam & Jiddiyyah, 2021). 21st
century skills which are often called 4C skills are critical thinking, creativity, communication,
collaboration. One of the higher level thinking is creative thinking. As part of the 4C skills, it is
mandatory for all students to practice thinking skills as early as possible so they can get used
to higher level thinking. Teachers should be able to empower students to hone their thinking
skills from an early age. One of the high-level thinking abilities is creative thinking which is able
to give birth to creativity (Hermansyah et al., 2017). Creativity refers to the ability to find and
use new ideas that may be unconventional or even strange, but are actually still rational within
the scope of learning (Widiarini, et al., 2021). Thinking skills are needed to face the challenges
of the times and increasingly stringent competencies. The fundamental characteristics of
creative thinking are showing potential in solving problems, arguing based on facts and
emotionally having the mental ability to complete tasks and responsibilities (Erdem & Adiguzel,
2019). Several previous researchers explained that students' creative thinking skills were not
optimal so they needed to be improved or developed to make it easier for students to learn
(Suratno, et al., 2019). There are students who are less able to make assumptions and make
decisions because students' creative thinking skills are not trained during learning activities
(Wojciehowski & Ernst, 2018).

Creative thinking skills are one of the most important competencies in this modern era,
especially in the context of education and student self-development. In the midst of ever-
changing global challenges, the ability to think creatively is the key to solving complex
problems and adapting to new situations. Research shows that creative thinking skills are not
only useful in academic contexts, but also in everyday life and the world of work, where
innovation and creative solutions are needed (Fajri, 2024; Priyambodo et al., 2021). One
important aspect of creative thinking skills is its ability to encourage students to explore new
ideas and find alternative solutions. In education, teachers have a crucial role in developing
these skills.
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Creative thinking skills are also closely related to the use of technology in education. In
the context of the 21st century, educational technology plays an important role in supporting
the development of critical, creative and collaborative thinking skills. Research shows that
technology can increase student engagement and facilitate a more dynamic learning process,
thereby encouraging their creativity (Fajri, 2024; Hasanah et al., 2023). For example, the use
of e-modules and online learning platforms can provide wider access for students to explore
material and collaborate on creative projects (Hasanah et al., 2023). Furthermore, creative
thinking skills are also influenced by psychological factors, such as self-confidence and
motivation. Research finds that students who have high self-confidence tend to show better
creative thinking skills. Therefore, it is important for educators to create a learning environment
that supports and motivates students to actively participate in the learning process
(Priyambodo et al., 2021; Anwar, 2023). Thus, the development of creative thinking skills
depends not only on teaching methods, but also on the emotional and psychological support
provided to students. Overall, creative thinking skills are a fundamental element in modern
education that must be developed through the right approach and adequate support. By
focusing on developing these skills, we can prepare future generations to face increasingly
complex and dynamic challenges in a changing world.

As an alternative in directing students' thinking abilities so that students get used to
empowering themselves during the learning process is to choose a learning model that suits
the learning objectives. Various innovations in learning are needed to develop creative thinking
skills as part of supporting global development which requires students to develop their
thinking abilities to create many ideas (Cheung, 2018). One learning model that can be used
as a facility to develop student creativity is the project-based learning model (Firdaus, et al.,
2022; Widiarini, et al., 2022). The project-based learning model (PjBL) provides teachers with
the opportunity to motivate students to develop appropriate strategies, design projects and
carry out investigations in solving real problems faced (Nuraini & Waluyo, 2021). The project-
based learning model is also one of the learning models recommended by the Ministry of
Education and Culture to be implemented at all levels of education in the Merdeka curriculum
era (Kemdikbud, 2020). The PjBL model will provide opportunities for students to carry out
practical activities freely, search for various learning resources that are appropriate to the topic
on the internet or other places, and collaborate with other students (Santyasa et al., 2020).
There are six stages in the project- based learning model which synergize with the four
dimensions of creativity so that students get more opportunities to develop their creative
thinking abilities. The relationship between PjBL syntax and creativity dimensions is shown in
Table 1.

Table 1. Creativity dimension according to PjBL syntax (Widiarini, et al., 2021)

No PjBL Syntax Developed creativity dimension

1 |[Start with the essential question Fluency, flexibility

2 |Design a plan for the project Fluency, flexibility, originality

3 |Create schedule Fluency, flexibility

4 Monitor the project Fluency, flexibility, originality

5 JAsses the outcomes Fluency, flexibility, originality, elaboration
6 |Evaluate the experience Fluency, flexibility, originality, elaboration

Through the application of the project-based learning model, it will provide opportunities
for students to develop creative thinking skills with six effective learning steps as shown in
Table 1. Each learning step will provide flexibility for students in developing aspects of creative
thinking so that the development of creative thinking skills become more optimal. Creative
thinking skills are very important in modern education, especially through the application of
project-based learning (PjBL) models. This model not only encourages students to be actively
involved in the learning process, but also increases their creative abilities in solving real
problems. Research shows that PjBL is effective in increasing student creativity because it
provides opportunities for collaboration, communication and critical thinking (Sungkono, 2023;
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Noorhalida, 2024; Ekaputra, 2024). Therefore, in this article we will discuss the role of project-
based learning models in developing students' creative thinking skills.

Based on the description above, this research using the meta-analysis method aims to
describe the effectiveness of the project-based learning model on student creativity based on
the effect size value. Bearing in mind the importance of developing students' creative thinking
abilities as early as possible, especially at the high school level where students will be
preparing to undertake further studies at the tertiary level.

2. Method

The method used in this research is the meta-analysis method, namely analyzing 10
articles published in the accredited national journal Sinta. Data was collected by reviewing and
searching articles online. The article search stage uses the help of Google Scholar. The
keywords used are "project-based learning”, "creative thinking", and "creativity". The data
collected in this paper is evaluated based on quality assessment criteria questions, namely:
(1) is the journal accredited by Sinta?; (2) was the journal article published in the 2018-2023
period?; and (3) whether the journal article mentions information on indicators of creative
thinking skill and project-based learning, as well as ways to generate and/or improve students'
creative thinking skills. The inclusion and exclusion criteria established in this meta-analysis
study are presented in Table 2.

Table 2. Inclusion and Exclusion Criteria
Criteria Description

Inclusion 1. The data used are journal articles for the last 6 (six) years
from 2018-2023.
Data is taken from the accredited journal Sinta.
Data describes indicators of creative thinking skills and
ways to generate or improve creative thinking skills by
using project-based learning.
Exclusion 1. The data does not contain complete indicators of creative
thinking.
2. The data does not discuss how to generate or improve
creative thinking skills by using project-based learning.

w N

Researchers collected journal articles from Google Scholar, Research Gate, and SINTA.
The keyword in this research is creative thinking skills. From the article search results, 45
articles were found with the scope of discussing creative thinking skills. The identified articles
will go through several processes by the PRISMA chart (Zarate et al., 2022). Based on the
objects and inclusion and exclusion criteria described above, in this study, 45 articles were
identified. The articles that have been identified will go through several processes by the
PRISMA (Preferred Reporting Iltems for Systematic Reviews and Meta-analyses) chart which
consists of 5 main steps, namely identification, screening, eligibility, and inclusion. Based on
the five stages that have been carried out, 10 articles were obtained that were ready to be
analyzed using meta analysis. Data for all articles are presented in Table 3.

Table 3. All articles data at senior high school level

Code Title Year of Authors Level
published

Al Peran Model Project Based Learning 2018 Rani Nur Arifah Agus XI
dalam Kemampuan Berpikir Kreatif Fajrina,  Supriyono
Kelas XI IPA melalui Materi Fluida Koes Handayanto,
Dinamis Arif Hidaya

A2 Keterampilan Berpikir Kreatif Siswa 2018 Wahyu Pramudita XI
SMA dalam Pembelajaran Project Sari, Arif Hidayat,
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Based Learning (PjBL) pada Materi Sentot Kusairi
Fluida Statis

A3 Efektivitas Model Pembelajaran 2018 Lilin  Triani  Putri, X
Berbasis Proyek (Project Based Harto Nuroso, Nur
Learning) Terhadap Keaktifan Dan Khoiri

Kemampuan Berpikir Kreatif Siswa
Kelas X SMA N 2 Semarang
Ad Model Project Based Learning (PjBL) 2018 Chusnul Fauziah, XI

Berbasis Lesson Study Terhadap Duwi Nuvitalia,
Kemampuan Berpikir Kreatif Siswa Ernawati
SMA Saptaningrum

A5 Pengaruh Model Project Based 2019 Zaskya  Laksmitha X
Learning  terhadap Keterampilan Utami, Nurdin Bukit,
Berpikir Kreatif pada Materi Fluida Mariati P.
Dinamis di SMA Simanjuntak, Motlan

A6 Pengaruh Model Project Based 2020 XI

Learning Berbasis STEM terhadap
Kemampuan Berpikir Kreatif Siswa
pada Materi Pokok Fluida Statis di
Kelas XI SMA Negeri 4 Tebing Tinggi
Tahun Pelajaran 2019/2020

A7  Efektivitas Model Project-Based 2020 Jimmi Andrew X
Learning Terintegrasi STEM (PjBL- Mamahit, Duran
STEM) terhadap Keterampilan Berpikir Corebima Aloysius,
Kreatif Siswa Kelas X Hadi Suwono

A8 Pengaruh  Model Project Based 2020 Nisa Nisriana Nurfa, Xl
Learning Terintegrasi 21st Century Nana

Skills terhadap Kemampuan Berpikir
Kreatif Siswa SMA Fisika
A9 Implemetation of PjBL-STEM to 2021 Asep Saefullah, Andri XI

Improve Students’ Creative Thinking Suherman, Riska Tri
Skills on Static Fluid Topic Utami, Ganesha
Antarnusa, Diana
Ayu Rostikawati,
Robby Zidny
A1l0 Pengaruh Model Project Based 2022 Firda Maulida X
Learning Terhadap  Keterampilan Firdaus, Endang
Berpikir Kreatif Peserta Didik dalam Surahman, Yanti Sofi
Pembelajaran Fisika Materi Momentum Makiyah
Dan Impuls

The meta-analysis used is quantitative because it uses numerical calculations, namely
calculating the effect size value. Effect size is a measure of the quantity of a research result to
determine the correlation or difference between research variables (Putri & Zulyusri, 2022).
The formula for calculating the effect size value is determined from data obtained from the
article. Calculating the effect size value can use 1) group average value and standard
deviation, 2) F test value, 3) t-test value, and 4) chi square value. The effect size categories
are presented in Table 3.

Table 3. Effect Size Categories (Cohen, et al., 2018)
| No | EffectSize (ES) | Category |
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1 0,00-0,19 Neglected
2 0,20-0,49 Small
3 0,50-0,79 Moderate
4 0,80-1,29 High
5 21,30 Very high

3. Result and Discussion

This research is quantitative research that uses meta-analysis methods. Based on the
results of an analysis of 10 articles on Physics learning in high school from the publication
years 2018 to 2022 in Indonesia. The results of calculating the effect size for each article are
presented in Table 4.

Table 4. The categories of effect size articles

No Code Effect Size (ES) Category
1 Al 1.38 Very high
2 A2 0.85 High
3 A3 2.41 Very high
4 A4 3.43 Very high
5 A5 1.83 Very high
6 A6 0.73 Moderate
7 A7 1.42 Very high
8 A8 1.35 Very high
9 A9 0.89 High
10 A10 1.22 Very high

Average ES 1.55 Very high
SD 0.83

In this research, the grouping of article data is described based on grade level and main
material as a need to analyze the author's needs for conducting further development research
regarding learning models and student creativity. Data for grouping effect sizes based on class
level and main material are presented in Table 4 and Table 5.

Table 5. The categories of effect size articles by level

No Level Code Effect Size Average SD Category
1 X A3 2.41

A5 1.83 1.72 0.53 Very high

A7 1.42

A10 1.22
1 X Al 1.38

A2 0.85 1.44 1.01 Very high

A4 3.43

A6 0.73

A8 1.35

A9 0.89

Table 6. The categories of effect size articles by topic
No Topic Code Effect Size Average SD Category
1 Measurements A3 2.41 2.41 - Very high
2 Sound Wave A4 3.43 3.43 - Very high
3 Momentum and Al10 1.22 1.22 - Very high
Impuls
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4 Static Fluid A2 0,85
A6 0,73 0.82 0.08 High
A9 0,89
5 Dynamic Fluid Al 1.38
A5 1.83 1.52 0.27 Very high
A8 1.35

Based on the results of data analysis in Table 4, it appears that the average effect size
value for the effectiveness of the project-based learning model on student creativity is 1.55
with a standard deviation of 0.83 in the very high category. Based on the results of data
analysis in Table 5, it appears that the effect size value for the effectiveness of the project-
based learning model on student creativity at class X and Xl levels is in the very high category,
especially in class X SMA. This shows that the project-based learning model is worthy of being
a learning model choice that can improve students' creative thinking abilities. Apart from that,
based on the data in Table 6, it appears that the project-based learning model is effective in
increasing student creativity in various subject matter. The highest effect is on sound wave
material with an effect size value of 3.43. The lowest effect is on static fluid material, even
though it is the lowest, the effect size for this topic is relatively high. This strengthens the theory
that the project-based learning model is suitable for application at various grade levels in high
school and various physics subject matter. This result has been confirmed by the results of
research conducted by researchers in the articles studied with this meta-analysis.

One of the main advantages of PjBL is its ability to create a learning environment that
supports exploration and innovation. In this context, students not only learn theory, but also
apply their knowledge in real projects that are relevant to everyday life. For example, research
shows that implementing PjBL in physics learning can improve students' creative thinking
abilities, especially when teachers integrate creative thinking indicators in learning steps
(Noorhalida, 2024; Sahtoni et al., 2017). In doing so, students learn to design and implement
projects that require them to think creatively and critically. In addition, PjBL also contributes to
the development of collaborative skills. In projects, students often work in groups, which allows
them to share different ideas and perspectives. This not only enhances individual creativity,
but also strengthens teamwork abilities. Research shows that students who are involved in
PjBL tend to be more creative and able to collaborate well in completing group assignments
(Ekaputra, 2024; Winarko, 2024; Harizon, 2023). Thus, PjBL does not only focus on the final
results of the project, but also on the collaborative process that occurs during learning.

The importance of PjBL in increasing student creativity can also be seen from research
results which show that this model can increase learning motivation. When students are
involved in projects that they chose and designed themselves, they feel more responsible and
motivated to achieve good results. Research shows that PjBL can increase students' learning
motivation and creativity, which in turn contributes to better learning outcomes (Haswan, 2024;
Usmeldi, 2019; Natalia, 2023). By giving students the freedom to explore and create, PjBL
helps them develop the skills necessary to face the challenges of the 21st century. Overall, the
application of the project-based learning model (PjBL) has proven to be effective in improving
students' creative thinking skills. Through this approach, students not only learn to complete
assignments, but also develop critical, collaborative, and creative thinking skills that are so
needed in an ever-changing world. Therefore, it is important for educators to integrate PjBL in
their curriculum to prepare students to face future challenges.

4. Conclusion and Recommendation

Based on the results of the meta-analysis, it was found that the average total effect size
value was 1.55 with a standard deviation of 0.83, which was in the very high category. This
shows that the problem-based learning model is effective in increasing student creativity. The
results further show that the project-based learning model is also effective at various levels of
high school and various physics subject matter. As part of the needs analysis for further
research activities, these results can be used as a basis for testing project-based learning
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models which can be combined with other variables so as to increase the effectiveness of this
model on creative thinking abilities or other abilities.
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