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 This research investigates the impact of project-based learning (PjBL) on 

enhancing students’ creative thinking abilities through a comprehensive 

meta-analytic study. Creative thinking is recognized as an integral part of 

higher-order thinking skills (HOTS) required for success. Employing the 

preferred reporting items for systematic reviews and meta-analyses 

(PRISMA), studies published between 2014 and 2024 were identified and 

synthesized from the Scopus database. Data analysis, conducted with R, 

assessed the impact of PjBL using effect size (ES) measurements. The 

findings demonstrate that PjBL significantly improves creative thinking 

skills compared to traditional teaching methods. Moderator analysis revealed 

that variables such as educational level, subject area, and learning model 

influence the outcomes, with the highest impact observed in high school and 

inquiry-driven subjects like physics. Variations of PjBL, including 

technology-enhanced models, such as Google Classroom-based approaches, 

further amplified its effectiveness, particularly in virtual learning 

environments. This study highlights PjBL’s adaptability and robust potential 

in fostering creativity and innovation across diverse educational contexts. 

The results provide practical implications for educators in designing tailored 

PjBL strategies to cultivate students’ creative thinking, emphasizing the 

importance of interdisciplinary approaches and technological integration in 

modern education. 
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1. INTRODUCTION 

Higher-order thinking skills (HOTS) encompass various advanced cognitive capabilities, including 

creative thinking abilities [1]. In 21st-century education, creative thinking, along with critical thinking, 

communication, and collaboration, is recognized as one of the key competencies for success [2]. Creative 

thinking is distinguished by four essential attributes: the ability to generate numerous ideas, adapt to diverse 

perspectives, produce innovative concepts, and expand on ideas with detailed reasoning, all of which reflect 

the cognitive components of HOTS. 

Fluency refers to the capacity to quickly produce a variety of ideas, formulate questions, and suggest 

solutions to challenges [3], [4]. Flexibility involves considering diverse perspectives and presenting multiple 

viewpoints. Originality is characterized by the generation of unique ideas and innovative approaches, while 

elaboration refers to refining and expanding on ideas to provide detailed reasoning and adapt concepts to new 

https://creativecommons.org/licenses/by-sa/4.0/
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contexts [5]. Together, these skills enable students to produce broad, high-quality ideas and engage in 

imaginative, innovative thinking [6], [7]. 

Despite the importance of creative thinking, current levels among students remain low, particularly 

after the disruptions caused by the COVID-19 pandemic. Social and psychological challenges such as 

boredom, reduced school engagement, limited peer interaction, diminished motivation, and increased 

dependence on digital tools have significantly impacted students’ cognitive development [8]. Addressing 

these challenges requires innovative pedagogical strategies that emphasize real-world connections and active 

engagement [9]. Among these strategies, project-based learning (PjBL) stands out as an effective approach. 

PjBL is a student-focused method that engages learners in practical, real-world projects, 

encouraging them to apply their knowledge and abilities to solve problems in innovative ways [10]. By 

integrating creativity, critical thinking, and collaboration, PjBL not only improves learning outcomes but also 

fosters essential competencies needed to navigate the complexities of modern life [11], [12]. Across a range 

of disciplines, including biology, mathematics, and language learning, PjBL has consistently demonstrated its 

ability to enhance higher-order thinking skills, including creative thinking [13], [14]. 

PjBL is highly regarded for its ability to improve students’ higher-order thinking abilities, 

particularly their creative thinking skills. Research has shown that PjBL fosters creativity by engaging 

students in project-based activities where they harness their knowledge and abilities to address challenges 

and develop innovative solutions [14]. This approach not only supports improved learning outcomes but also 

fosters essential competencies such as critical thinking, effective decision-making, and innovative problem-

solving [15]. Across diverse educational contexts, including computer numerical control, rotational 

equilibrium, and Arabic language learning, PjBL consistently demonstrates positive impacts on students’ 

creative thinking skills [13], [15], [16]. 

Integrating PjBL with other pedagogical frameworks further amplifies its impact. For instance, the 

Learning Cycle 7E and science, technology, engineering, arts, and mathematics (STEAM) approaches 

provide interdisciplinary learning experiences that foster creativity, collaboration, and innovation [17], [18]. 

These strategies help students develop a broader understanding by connecting concepts across subjects, 

enhancing both critical and creative thinking. 

Digital tools and platforms also strengthen PjBL’s effectiveness. For example, the use of dynamic 

math software and e-learning platforms improves both creativity and self-regulation abilities [19], [20]. Amid 

the COVID-19 pandemic, e-learning tools and flipped learning models emerged as valuable assets, allowing 

students to learn independently through multimedia resources. These digital adaptations created engaging 

environments that stimulated creativity and critical thinking [21], [22]. 

The literature highlights the significant positive influence of PjBL across various educational 

contexts and disciplines. Studies consistently report improvements in both critical and creative thinking skills 

[23]. Meta-analyses and empirical studies confirm that PjBL fosters creativity and innovation by engaging 

students in authentic tasks that require critical thinking, collaboration, and problem-solving [23]. However, 

research findings often show inconsistencies, which may arise from differences in study design, sample 

populations, and assessment methods. Some studies report strong correlations between PjBL and creative 

thinking, while others note more moderate or context-dependent effects. These variations underscore the 

importance of systematic analysis to better understand how specific factors influence PjBL outcomes. 

The purpose of this research is to assess the effectiveness of the PjBL approach in promoting 

students’ creative thinking abilities within the domain of science education. Utilizing a meta-analytic 

methodology, the study aims to present evidence on the connection between PjBL and creative thinking, 

while also identifying the contextual factors—such as educational level, sample size, and learning context—

that influence its effectiveness. The novelty of this study lies in its focus on recent literature (2014–2024) and 

its analysis of how different PjBL variations and contextual factors specifically impact creative thinking in 

science education. 

 

 

2. METHOD 

This study investigates the implications of the PjBL model on developing students’ creative thinking 

skills in science education through a systematic literature review (SLR) and meta-analysis. In order to ensure 

that this review followed the best practices for systematic reviews and meta-analyses, it was based on the 

preferred reporting items for systematic reviews and meta-analyses (PRISMA) recommendations [24].  

Meta-analysis is a widely recognized method for synthesizing prior research and empirically validating 

theoretical frameworks across disciplines [25], [26]. The procedural framework for this study adhered to the 

comprehensive steps outlined by Hansen et al. [27], ranging from planning to the presentation of results. 

The data collection process began with a systematic search of the Scopus database using four key 

phrases: i) “Project-based learning for creative thinking in science”; ii) “Project-based learning for creative 

thinking in chemistry”; iii) “Project-based learning for creative thinking in physics”; and iv) “Project-based 
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learning for creative thinking in biology”. Articles were used in the analysis if they met the following criteria: 

they were published between 2014 and 2024, indexed in Scopus, and written in English. Only journal articles 

were considered, excluding proceedings, books, or other publication formats. Articles were required to 

explicitly measure creative thinking skills and apply the PjBL model within experimental or  

quasi-experimental research designs. Data comprising pre- and post-treatment assessments or comparisons 

between control and experimental groups were also required of qualifying research, which included students 

from a range of educational backgrounds pursuing science-related disciplines including chemistry, biology, 

and physics. 

The selection process for this study adhered to the PRISMA framework, encompassing four key 

stages: identification, screening, eligibility, and inclusion. During the identification phase, all pertinent 

articles were retrieved from the initial search results. In the screening phase, duplicates were removed, and 

titles and abstracts were assessed for preliminary relevance. The eligibility phase involved a detailed 

evaluation of the full text of articles that passed the screening stage, ensuring they met the inclusion and 

exclusion criteria. Finally, in the inclusion phase, articles that fulfilled all the inclusion requirements were 

incorporated into the final meta-analysis. A PRISMA flow diagram was used to illustrate this process in the 

study, as shown in Figure 1. Employing the PRISMA, 241 studies published between 2014 and 2024 were 

identified from the Scopus database, of which 12 met the inclusion criteria. These studies represent diverse 

international contexts, including Indonesia, Spain, Jordan, China, and the Philippines. 
 

 

 
 

Figure 1. PRISMA flow diagram 
 

 

The data analysis for this meta-analysis was performed using the R software. Effect sizes (ES) were 

determined to measure the influence of the PjBL model on students’ creative thinking abilities. The data 

collected included ES values, standard deviations (SD), sample sizes (N), and moderator variables such as 

education level, assessment method, and study location. A random-effects model was utilized to manage 

variability across studies, and heterogeneity was evaluated using the I² statistic [28]. 

Funnel plots were used to evaluate publication bias and ensure the reliability of the meta-analysis 

findings [29]. Additionally, forest plots were created to depict the ES and confidence intervals (CIs) for each 

study. These plots provided a clear representation of the distribution and homogeneity of study results  



Int J Eval & Res Educ  ISSN: 2252-8822  

 

Creative thinking enhancement through project-based learning in science: … (Molani Paulina Hasibuan) 

3997 

[30], [31]. Heterogeneity analysis using the I² statistic determined the degree of variance across studies due to 

differences in methodologies, contexts, or sample characteristics [32]. 

Moderator analysis was performed to investigate factors that could influence the results, such as 

educational levels, assessment methods, or study locations. This analysis provided insights into the 

conditions under which the PjBL model is most effective. ES were interpreted using established interval 

criteria shown in Table 1, where a positive ES demonstrated that the experimental group applying the PjBL 

model outperformed the control group in creative thinking skills. These classifications provided an empirical 

basis for evaluating the overall effectiveness of the PjBL model. 

Publication bias is a common issue in meta-analyses, arising when research with favorable or 

statistically significant outcomes are more often published compared to studies with negative or insignificant 

findings. The pooled effect estimates might be skewed due to this bias, as published studies might not be 

representative of all research on the subject [33]. To detect publication bias, funnel plots were generated 

using R software [34]. These plots display the ES of individual studies (e.g., standardized mean difference 

(SMD)) on the horizontal axis and the standard error on the vertical axis. In an ideal scenario, a symmetrical 

funnel plot indicates that studies with both significant and non-significant results are adequately represented, 

while asymmetry suggests potential publication bias. This analysis also used trim-and-fill techniques to 

estimate and adjust for potential missing studies, enhancing the reliability and accuracy of the meta-analysis 

findings [29], [35]. 

 

 

Table 1. Interval ES 
ES Value 

ES<0.19 No effect 

0.20≤ES≤0.49 Small effect 
0.50≤ES≤0.79 Medium effect 

ES>0.80 Large effect 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Effectiveness of PjBL in improving creative thinking skills 

The reviewed studies, as seen in Table 2, demonstrate the role of PjBL in advancing creative 

thinking skills across different educational levels and disciplines. PjBL, which involves extended projects 

with real-world applications, consistently outperformed or matched problem-based learning (PBL), which 

focuses on structured problem-solving, in fostering creative skills [36]. Variations of PjBL, such as the 

scientific reasoning-based project (SRBP) model, were effective in improving creative thinking components 

like flexibility, elaboration, fluency, and originality [37]. Similarly, the integration of STEAM into PjBL 

significantly enhanced creativity by promoting interdisciplinary learning at the primary school level [38], 

[39]. Another variant, problem-oriented project-based learning (POPBL), proved effective in encouraging 

critical and creative thinking through active teacher-student interactions [40]. During the COVID-19 

pandemic, online adaptations like the project collaborative model assisted by Google Classroom (PjCM-GC) 

maintained or even enhanced creative thinking skills, highlighting its viability as an alternative instructional 

approach [41]. Collectively, these findings underline PjBL’s adaptability and potential to foster creativity 

through real-life challenges, hybrid strategies, and digital tools across diverse educational contexts. 

Forest plots are widely used in meta-analyses to visually summarize and compare the results of 

multiple studies. In these plots, each study is represented by a horizontal line that shows its CI, with a dot or 

box in the center indicating the estimated ES. The width of the horizontal line reflects the uncertainty of the 

estimate, while the pooled ES is displayed at the bottom of the plot as a diamond or other shape, with its 

width representing the CI of the combined estimate [42]. 

The forest plot for this analysis, as shown in Figure 2, illustrates the ES of individual studies and 

evaluates the overall impact of the PjBL model on enhancing students’ creative thinking skills. The analysis 

used a random effects model to account for heterogeneity across studies. Based on Figure 2, the I² 

heterogeneity value of 92% indicates that most of the variability between studies is due to real differences 

between studies, rather than random error. The τ² value of 1.1409 indicates that there is substantial variation 

among the studies analyzed. A p-value of less than 0.01 indicates that this heterogeneity is statistically 

significant. This significant heterogeneity indicates that the results of the twelve studies differ significantly. 

These variations may stem from differences in study designs, population characteristics, measurement 

techniques, or other influencing factors. Although the overall results of the intervention were favorable, the 

high variance suggests that the effectiveness of the PjBL model may differ significantly depending on the 

context and application [31], [42]. 
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The pooled ES was 1.18, with a 95% CI of 0.68 to 1.68, showing a significant positive impact of the 

PjBL model on students’ creative thinking skills [43]. However, the analysis of individual studies reveals 

considerable variability in outcomes. For instance, study R8a had an SMD of -0.16 (95% CI [-0.71; 0.40]) 

and study R11a had an SMD of 0.03 (95% CI [-0.61; 0.67]), both of which indicate no significant effect. 

Similarly, study R1a, with an SMD of 0.35 (95% CI [-0.16; 0.86]), also showed no significant effect. 

Conversely, studies R10 and R2 demonstrated significant positive effects, with SMDs of 0.51 (95% CI [0.04; 

0.99]) and 0.58 (95% CI [0.30; 0.86]), respectively. Notably, study R12b reported the highest SMD at 4.74 

(95% CI [4.03; 5.44]), indicating a very large and significant effect. 
 

 

Table 2. Recapitulation of scientific articles reviewed 

Code Ref. Location Aim of study Method 

Level of 

education/ 
discipline 

Results 

R1a-b [36] Indonesia Evaluate PBL and PjBL-

based chemistry lessons 

with the aim of comparing 
the results for students who 

were trained to think 

critically and creatively. 

Quantitative Senior high 

school/chemistry 

No significant difference in 

outcomes between PBL and 

PjBL. Both models foster 
critical and creative skills at 

similar stages, such as project 

design. 
R2 [44] Spain Explore transversal skills 

training through hybrid 
activities combining PjBL 

and jigsaw techniques. 

Mix method College/biology Hybrid activities improve 

creativity, teamwork, and oral 
communication, which are 

often absent in traditional 

teaching methods. 
R3a-b [37] (a) Indonesia; 

(b) Jordan 

Enhance creative thinking 

skills using the SRBP 

model in the context of 
elementary school teacher 

education. 

Mixed 

method 

College/science Significant improvement in 

creative thinking (flexibility, 

elaboration, fluency, 
originality) using the SRBP 

model. 

R4 [45] Philippines Investigate PjBL’s impact 
on critical thinking among 

primary students. 

Quantitative Primary 
school/science 

PjBL significantly improves 
critical thinking and highlights 

the need for integrating 

project-based strategies into 

textbook content. 

R5 [38] China Examine PjBL-based 

STEAM’s effectiveness on 
creativity development in 

primary school students. 

Quantitative Primary 

school/science 

STEAM-PjBL increases 

creativity significantly over six 
weeks while maintaining 

comparable science knowledge. 

R6 [39] China Explore how PjBL-
STEAM impacts 

elementary students’ 

creativity. 

Quantitative Primary 
school/science 

PjBL-STEAM positively 
influences students’ creativity, 

demonstrating the value of 

integrated project-based 
models. 

R7a-b [46] Indonesia Investigate blended PjBL 

on drawing learning 
outcomes and creative 

thinking skills. 

Quantitative College/physics Interaction exists between 

PjBL and creative thinking 
ability, yielding higher 

outcomes for students with 

greater creativity. 
R8a-b [47] Indonesia Assess PjBL’s impact 

versus direct instruction on 

middle school students’ 

creative thinking. 

Quantitative Junior high 

school/science 

PjBL significantly enhances 

creative thinking in areas like 

temperature and expansion 

compared to direct instruction. 

R9 [48] Indonesia Test a local culture-based 

creative physics problem-
solving model. 

Quantitative Senior high 

school/physics 

Effectively enhancing 

innovative thinking and ability 
to solve issues in physics is the 

Cripics-Qu model. 

R10 [40] Indonesia Assess the influence of the 
POPBL model on the 

development of innovative 

and analytical abilities. 

Quantitative Senior high 
school/biology 

POPBL is effective for 
fostering critical and creative 

thinking through active 

teacher-student interaction. 
R11a-b [49] Indonesia Evaluate e-learning-based 

PjBL’s impact during 

COVID-19 on creative 
thinking. 

Quantitative Senior high 

school/biology 

E-learning PjBL improves 

post-test creative thinking, 

especially originality and 
elaboration, compared to non-

PjBL approaches. 

R12a-c [41] Indonesia Assess the effectiveness of 
PjBL using Google 

Classroom (PjCM-GC). 

Quantitative Senior high 
school/physics 

PjCM-GC significantly 
improves creative thinking 

skills and offers a viable 

alternative for addressing 

creative thinking issues. 
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Figure 2. Forest plot of the effect of PjBL on students’ creative thinking skills 

 

 

The relative contribution of each study to the pooled ES was weighted based on sample size and 

result variability. Studies such as R10, R1b, and R2 had the largest weights (5.4% to 5.6%), while studies 

R12c, R7b, and R9 contributed less, with weights ranging from 4.8% to 5.2%. These weights influence the 

overall estimate, ensuring that larger and more reliable studies have a greater impact on the final pooled 

result. 

Overall, the forest plot confirms that the PjBL model is generally effective in improving creative 

thinking skills across diverse contexts. However, there were significant variations among the study results, 

reflecting differences in the contexts, methods, and populations analyzed. By using the forest plot, 

researchers can gain a comprehensive picture of the effectiveness of the PjBL model in various contexts and 

populations, as well as identify areas where research results may be more or less consistent [43]. 

 

3.2.  Moderator analysis 

The analysis demonstrated in Figure 3 used a random effects model and revealed moderately high 

heterogeneity (I²=86%, τ²=0.6379, p<0.01), suggesting that the observed differences across studies were 

influenced by significant moderator variables rather than random variation alone. Moderator analysis 

examines variables that impact the relationship between independent and dependent variables in a meta-

analysis. Moderators influence the direction or strength of this relationship, providing insights into the 

heterogeneity observed in study outcomes [43]. In this research, moderator analysis was utilized to 

investigate factors affecting the effectiveness of PjBL models in improving creative thinking skills [50]. 

The analysis revealed that the research method significantly impacted outcomes. Quantitative 

methods yielded an SMD of 1.17 (95% CI [0.59; 1.74]), while mixed methods produced an SMD of 1.27 

(95% CI [0.24; 2.30]). Both methods demonstrated a significant positive effect of PjBL on creative thinking 

skills, highlighting the robustness of this instructional model across methodological approaches. 

The effectiveness of PjBL varied across academic levels. High school students experienced the 

greatest benefit, with an SMD of 1.35 (95% CI [0.41; 2.28]). College-level studies followed with an SMD of 

1.02 (95% CI [0.47; 1.56]). Results for primary and junior high school students were more variable, with 

SMDs of 1.49 (95% CI [-0.22; 3.20]) and 0.63 (95% CI [-0.92; 2.18]), respectively. These findings suggest 

that PjBL is particularly impactful at higher academic levels, though its effectiveness may depend on 

contextual factors at lower levels. 

The subject matter also influenced outcomes, with physics showing the most significant effect 

(SMD=2.02, 95% CI [0.90; 3.13]). This was followed by science (SMD=1.11, 95% CI [0.41; 1.82]), biology 

(SMD=0.52, 95% CI [0.30; 0.74]), and chemistry (SMD=0.44, 95% CI [0.08; 0.80]). These differences 

highlight the importance of tailoring PjBL approaches to specific disciplines to maximize their impact on 

creative thinking skills. Sample size also affected the results, with smaller studies yielding an SMD of 1.20 
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(95% CI [0.75; 1.66]) and larger studies producing an SMD of 1.16 (95% CI [0.20; 2.11]). Both categories 

demonstrated significant effects, though smaller samples exhibited slightly higher variability in outcomes. 

 

 

 
 

Figure 3. Moderator analysis of PjBL 

 

 

Assessment types contributed to variations in outcomes. Essay-based assessments yielded an SMD 

of 1.25 (95% CI [0.55; 1.95]). When combined with observation sheets, the effect was greater (SMD=1.64, 

95% CI [0.31; 2.98]). Conversely, studies using questionnaires reported a smaller effect (SMD=0.39, 95% CI 

[0.12; 0.65]). These findings suggest that assessment formats emphasizing qualitative and observational 

elements may better capture the impact of PjBL on creative thinking skills. 

Variations in PjBL implementation revealed notable differences. The project-based blended learning 

model showed the most significant effect (SMD=4.74, 95% CI [4.03; 5.44]), followed by PjBL integrated 

with e-learning (SMD=1.90, 95% CI [1.26; 2.53]). The general PjBL model showed a smaller but still 

positive effect (SMD=0.67, 95% CI [0.14; 1.20]). These results highlight the potential for hybrid and 

technology-enhanced adaptations of PjBL to further enhance its impact. This moderator analysis suggests 

that the effectiveness of PjBL models in improving creative thinking skills is strongly influenced by various 

factors such as research method, academic level, learning content, sample size, type of assessment, and 

learning model used. These mixed results emphasize the importance of considering context and specific 

variables in the application and research of PjBL models. 
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3.3.  Publication bias 

The funnel plot in Figure 4 represents the outcomes of individual studies included in the meta-

analysis. Each dot corresponds to a study, with the horizontal axis showing the ES (e.g., SMD) and the 

vertical axis representing the standard error. Ideally, in the absence of publication bias, the data points would 

be symmetrically distributed around the center line, which represents the pooled effect estimate. However, 

the plot shows asymmetry, with a noticeable clustering of points on one side, suggesting potential publication 

bias. 

Studies with smaller standard errors (indicating larger sample sizes) tend to cluster near the pooled 

effect estimate at the lower part of the funnel plot, whereas those with larger standard errors (indicating 

smaller sample sizes) are more widely scattered toward the top of the plot [35]. The asymmetry observed 

indicates a higher likelihood of publication for studies with significant or favorable results, while those with 

non-significant or negative outcomes may be underrepresented. This pattern highlights the possibility of 

selective reporting, which could lead to an overestimation of the pooled ES in the meta-analysis. 

To address this issue, statistical methods such as trim and fill can be applied. These methods 

estimate the number of potentially missing studies and incorporate them into the analysis to balance the 

distribution. Correcting for publication bias ensures a more accurate and credible representation of the true 

ES. Funnel plots, combined with statistical corrections, play a critical role in identifying and mitigating 

biases, thereby enhancing the reliability and validity of meta-analytic results [29]. 

 

 

 
 

Figure 4. Funnel plot of analyzed studies of PjBL’s impact on creative thinking skills 

 

 

4. CONCLUSION 

This study underscores the significant role of PjBL in enhancing students’ creative thinking skills 

across diverse educational levels and disciplines. PjBL has been shown to foster creative thinking dimensions 

such as flexibility, fluency, elaboration, and originality, often outperforming or equaling other instructional 

approaches like PBL. Variants of PjBL, including the SRBP model and STEAM-integrated approaches, have 

demonstrated effectiveness in both higher education and primary school contexts, while digital adaptations 

such as PjCM-GC proved highly effective in virtual learning environments during the COVID-19 pandemic. 

These results highlight the versatility and adaptability of PjBL in addressing real-world challenges and 

integrating modern pedagogical strategies. 
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Furthermore, the study reveals that the effectiveness of PjBL is influenced by contextual and 

methodological factors such as education level, subject matter, assessment types, and learning models. The 

strongest impacts were observed in high school and college settings, particularly in practical, inquiry-driven 

subjects like physics and science. Moderator analysis also emphasizes the importance of tailored 

implementations to maximize the potential of PjBL. Despite some observed heterogeneity, the overall 

positive outcomes affirm PjBL as a reliable and adaptable instructional approach for fostering creative 

thinking skills in students. These findings confirming the correlation between PjBL and creative thinking 

skill development and demonstrating how its effects vary based on educational and contextual factors. 

The implications of these findings are twofold. First, educators should consider adopting PjBL as a 

core instructional strategy to enhance creative thinking skills, leveraging its adaptability for both in-person 

and virtual learning environments. Tailored implementations, including interdisciplinary and technology-

enhanced approaches, are recommended to align PjBL with the specific needs of students and subject areas. 

Second, researchers are encouraged to explore the interplay between contextual factors and PjBL 

effectiveness further. Future studies should focus on refining PjBL models to address the observed variability 

and ensure optimal outcomes across diverse educational settings. By doing so, PjBL can continue to serve as 

a transformative approach for preparing students to meet the demands of a rapidly evolving world. 

 

 

ACKNOWLEDGEMENTS 

The authors sincerely thank all individuals and organizations whose support and contributions were 

crucial to completing this research, with special acknowledgment to institutional leaders, and colleagues. 

 

 

FUNDING INFORMATION 

Authors state no funding involved. 

 

 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration. 

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Molani Paulina 

Hasibuan 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓    

Widha Sunarno ✓ ✓ ✓  ✓  ✓ ✓ ✓ ✓  ✓ ✓  

Elfi Susanti VH    ✓  ✓    ✓ ✓ ✓  ✓ 

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT 

The authors declare that they have no known competing financial interests or personal relationships 

that could have appeared to influence the work reported in this paper. Authors state no conflict of interest. 

 

 

DATA AVAILABILITY 

The authors confirm that the data supporting the findings of this study are available within the 

article. 

 

 

REFERENCES 
[1] Y.-M. Huang, L. M. Silitonga, and T.-T. Wu, “Applying a business simulation game in a flipped classroom to enhance 

engagement, learning achievement, and higher-order thinking skills,” Computers & Education, vol. 183, p. 104494, Jul. 2022, 
doi: 10.1016/j.compedu.2022.104494. 



Int J Eval & Res Educ  ISSN: 2252-8822  

 

Creative thinking enhancement through project-based learning in science: … (Molani Paulina Hasibuan) 

4003 

[2] F. Novia, D. Nurdianti, and M. B. Purwanto, “English Learning and Innovation Skills in 21st: Implementation of Critical 
Thinking, Creativity, Communication, and Collaboration,” Asian Journal of Applied Education (AJAE), vol. 3, no. 2,  

pp. 113–124, Apr. 2024, doi: 10.55927/ajae.v3i2.8318. 

[3] M. D. W. Ernawati et al., “Do creative thinking skills in problem-based learning benefit from scaffolding?” Journal of Turkish 
Science Education, vol. 20, no. 3, pp. 399–417, Oct. 2023, doi: 10.36681/tused.2023.023. 

[4] B. Wang and P. Li, “Digital creativity in STEM education: the impact of digital tools and pedagogical learning models on the 

students’ creative thinking skills development,” Interactive Learning Environments, vol. 32, no. 6, pp. 2633–2646, Dec. 2024, 
doi: 10.1080/10494820.2022.2155839. 

[5] M.-M. Li and C.-C. Tu, “Developing a Project-Based Learning Course Model Combined with the Think–Pair–Share Strategy to 

Enhance Creative Thinking Skills in Education Students,” Education Sciences, vol. 14, no. 3, p. 233, Feb. 2024,  
doi: 10.3390/educsci14030233. 

[6] S.-Y. Chen, C.-F. Lai, Y.-H. Lai, and Y.-S. Su, “Effect of project-based learning on development of students’ creative thinking,” 

International Journal of Electrical Engineering & Education, vol. 59, no. 3, pp. 232–250, Jul. 2022,  
doi: 10.1177/0020720919846808. 

[7] T. Tang, V. Vezzani, and V. Eriksson, “Developing critical thinking, collective creativity skills and problem solving through 

playful design jams,” Thinking Skills and Creativity, vol. 37, p. 100696, Sep. 2020, doi: 10.1016/j.tsc.2020.100696. 
[8] K. Karakaya, “Design considerations in emergency remote teaching during the COVID-19 pandemic: a human-centered 

approach,” Educational Technology Research and Development, vol. 69, no. 1, pp. 295–299, Feb. 2021, doi: 10.1007/s11423-

020-09884-0. 
[9] M. P. Simanjuntak, J. Hutahaean, N. Marpaung, and D. Ramadhani, “Effectiveness of Problem-Based Learning Combined with 

Computer Simulation on Students’ Problem-Solving and Creative Thinking Skills,” International Journal of Instruction, vol. 14, 

no. 3, pp. 519–534, Jul. 2021, doi: 10.29333/iji.2021.14330a. 
[10] A. Pangemanan, “Application of Contextual Teaching and Learning Approach on Statistics Material Against Student Results,” 

International Education Studies, vol. 13, no. 4, pp. 1–7, Feb. 2020, doi: 10.5539/ies.v13n4p1. 

[11] Y. Anwar, D. Nurfadhilah, and M. Tibrani, “The Effectiveness of the Project Based Learning (PjBL) Model on the Creative 
Thinking Skill of Students in the Human Respiration System,” Jurnal Penelitian Pendidikan IPA, vol. 10, no. 2, pp. 599–608, 

Feb. 2024, doi: 10.29303/jppipa.v10i2.4941. 

[12] U. Yastanti, L. Nurmalia, A. Anggraini, F. Faisal, and T. A. Santosa, “The Effectiveness of Project Based Learning on Students’ 
Creative Thinking Skills in English Language Learning: A Meta-Analysis Study,” International Journal of Multicultural and 

Multireligious Understanding, vol. 10, no. 11, pp. 19–29, Nov. 2023, doi: 10.18415/ijmmu.v10i11.5153. 

[13] E. Rahmawati, S. Muslim, S. Soeryanto, and T. Rijanto, “Enhancing Students Learning Outcomes and Creative Thinking Skills in 
Computer Numeric Control Subject Using Project-Based Learning Model,” Journal of Vocational Education Studies, vol. 4,  

no. 2, pp. 131–142, Dec. 2021, doi: 10.12928/joves.v4i2.4923. 

[14] Y. Yustina, W. Syafii, and R. Vebrianto, “The Effects of Blended Learning and Project-Based Learning on Pre-Service Biology 
Teachers’ Creative Thinking Skills through Online Learning in the Covid-19 Pandemic,” Jurnal Pendidikan IPA Indonesia,  

vol. 9, no. 3, pp. 408–420, Sep. 2020, doi: 10.15294/jpii.v9i3.24706. 

[15] S. Susanto, A. Desrani, A. W. Ritonga, and Y. Rubiyantoro, “Improving Students’ Creative Thinking in Learning Arabic Through 
HOTS Based Project Based Learning Model,” An Nabighoh, vol. 24, no. 1, pp. 1–16, Jun. 2022, doi: 10.32332/an-

nabighoh.v24i1.3924. 

[16] N. Noorhalida, S. Santiani, and J. Annovasho, “Enhancing Students’ Creative Thinking Skills in Equilibrium and Rotational 
Dynamics Through The Implementation of Project Based Learning Modules,” Radiasi: Jurnal Berkala Pendidikan Fisika,  

vol. 17, no. 1, pp. 49–57, Apr. 2024, doi: 10.37729/radiasi.v17i1.4323. 

[17] D. Nafiah, W. Sunarno, and Suharno, “Interaction of Student’s Creativity Thinking Skills Through Project Based Learning and 
Learning Cycle 7E in Parabolic Motion on the Second Grade Students of Senior High School,” Jurnal Penelitian Pendidikan IPA, 

vol. 9, no. 2, pp. 645–649, Feb. 2023, doi: 10.29303/jppipa.v9i2.2449. 

[18] N. D. Permana, I. Lestari, F. D. S. Harahap, Azhar, and A. Defianti, “Project Based Learning (PjBL) Model with STEAM 
Approach: Its Impact on Students Creative Thinking Skills on Energy in Living System Topic,” Journal of Natural Science and 

Integration, vol. 6, no. 2, pp. 186–195, Oct. 2023, doi: 10.24014/jnsi.v6i2.25791. 
[19] M. P. Hasibuan, R. P. Sari, R. A. Syahputra, and N. Nahadi, “Application of Integrated Project-based and STEM-based E-learning 

Tools to Improve Students’ Creative Thinking and Self-Regulation Skills,” Jurnal Penelitian Pendidikan IPA, vol. 8, no. 1,  

pp. 51–56, Jan. 2022, doi: 10.29303/jppipa.v8i1.1050. 
[20] T. T. Wijaya, Y. Zhou, A. Ware, and N. Hermita, “Improving the Creative Thinking Skills of the Next Generation of Mathematics 

Teachers Using Dynamic Mathematics Software,” International Journal of Emerging Technologies in Learning (iJET), vol. 16, 

no. 13, pp. 212–226, Jul. 2021, doi: 10.3991/ijet.v16i13.21535. 

[21] A. Harso, M. Amri, R. Susiloningtyas, H. Sanulita, H. Widodo, and T. A. Santosa, “The Influence of the Flipped Learning Model 

on Creative Thinking Ability in the Revolution 4.0 era,” Edumaspul: Jurnal Pendidikan, vol. 8, no. 1, pp. 438–445, Feb. 2024, 

doi: 10.33487/edumaspul.v8i1.7664. 
[22] Y. A. Wirahayu, G. Nurwahyuni, F. Rosyida, and D. Soelistijo, “The Effect of Hybrid Project-Based Learning Using Animated 

Videos on Creative Thinking Skills in Senior High School,” in 3rd International Conference on Geography and Education 

(ICGE), Oct. 2022, pp. 330–344, doi: 10.18502/kss.v7i16.12178. 
[23] A. F. Siagian, M. Ibrahim, and Z. A. I. Supardi, “Creative-scientific decision-making skills learning model for training creative 

thinking skills and student decision making skills,” Nurture, vol. 17, no. 1, pp. 10–17, Jan. 2023, doi: 10.55951/nurture.v17i1.141. 

[24] S. Arya, A. H. Kaji, and M. A. Boermeester, “PRISMA Reporting Guidelines for Meta-analyses and Systematic Reviews,” JAMA 
Surgery, vol. 156, no. 8, pp. 789–790, Aug. 2021, doi: 10.1001/jamasurg.2021.0546. 

[25] P. Chaudhary and R. K. Singh, “A Meta Analysis of Factors Affecting Teaching and Student Learning in Higher Education,” 

Frontiers in Education, vol. 6, p. 824504, Feb. 2022, doi: 10.3389/feduc.2021.824504. 
[26] T. M. Jensen, “Engaging in literature review, synthesis, and meta‐analysis: A few considerations for family scholars,” Journal of 

Family Theory & Review, vol. 16, no. 3, pp. 457–467, Sep. 2024, doi: 10.1111/jftr.12581. 

[27] C. Hansen, H. Steinmetz, and J. Block, “How to conduct a meta-analysis in eight steps: a practical guide,” Management Review 
Quarterly, vol. 72, no. 1, pp. 1–19, Feb. 2022, doi: 10.1007/s11301-021-00247-4. 

[28] M. Borenstein, “In a meta-analysis, the I-squared statistic does not tell us how much the effect size varies,” Journal of Clinical 

Epidemiology, vol. 152, pp. 281–284, Dec. 2022, doi: 10.1016/j.jclinepi.2022.10.003. 
[29] J. Afonso, R. Ramirez-Campillo, F. M. Clemente, F. C. Büttner, and R. Andrade, “The Perils of Misinterpreting and Misusing 

‘Publication Bias’ in Meta-analyses: An Education Review on Funnel Plot-Based Methods,” Sports Medicine, vol. 54, no. 2,  

pp. 257–269, Feb. 2024, doi: 10.1007/s40279-023-01927-9. 



                ISSN: 2252-8822 

Int J Eval & Res Educ, Vol. 14, No. 5, October 2025: 3994-4005 

4004 

[30] B.-Z. Li, N.-W. Cao, C.-X. Ren, X.-J. Chu, H.-Y. Zhou, and B. Guo, “Flipped classroom improves nursing students’ theoretical 

learning in China: A meta-analysis,” PLoS ONE, vol. 15, no. 8, p. e0237926, Aug. 2020, doi: 10.1371/journal.pone.0237926. 
[31] M. Borenstein, “How to understand and report heterogeneity in a meta-analysis: The difference between I-squared and prediction 

intervals,” Integrative Medicine Research, vol. 12, no. 4, p. 101014, Dec. 2023, doi: 10.1016/j.imr.2023.101014. 

[32] M. Çalik and A. Wiyarsi, “The effect of socio-scientific issues-based intervention studies on scientific literacy: a meta-analysis 
study,” International Journal of Science Education, vol. 47, no. 3, pp. 399–421, 2025, doi: 10.1080/09500693.2024.2325382. 

[33] M. B. Mathur and T. J. VanderWeele, “Estimating publication bias in meta‐analyses of peer‐reviewed studies: A meta‐meta‐

analysis across disciplines and journal tiers,” Research Synthesis Methods, vol. 12, no. 2, pp. 176–191, Mar. 2021,  
doi: 10.1002/jrsm.1464. 

[34] A. Dowdy, D. A. Hantula, J. C. Travers, and M. Tincani, “Meta-Analytic Methods to Detect Publication Bias in Behavior Science 

Research,” Perspectives on Behavior Science, vol. 45, no. 1, pp. 37–52, Mar. 2022, doi: 10.1007/s40614-021-00303-0. 
[35] S. Masoumi and S. Shahraz, “Meta-analysis using Python: a hands-on tutorial,” BMC Medical Research Methodology, vol. 22,  

no. 1, p. 193, Dec. 2022, doi: 10.1186/s12874-022-01673-y. 

[36] A. Suradika, H. I. Dewi, and M. I. Nasution, “Project-Based Learning and Problem-Based Learning Models in Critical and 
Creative Students,” Jurnal Pendidikan IPA Indonesia, vol. 12, no. 1, pp. 153–167, Mar. 2023, doi: 10.15294/jpii.v12i1.39713. 

[37] K. C. Suryandari, R. Rokhmaniyah, and W. Wahyudi, “The Effect of Scientific Reading Based Project Model in Empowering 

Creative Thinking Skills of Preservice Teacher in Elementary School,” European Journal of Educational Research, vol. 10, no. 3, 
pp. 1329–1340, Jul. 2021, doi: 10.12973/eu-jer.10.3.1329. 

[38] L. Cheng, M. Wang, Y. Chen, W. Niu, M. Hong, and Y. Zhu, “Design My Music Instrument: A Project-Based Science, 

Technology, Engineering, Arts, and Mathematics Program on The Development of Creativity,” Frontiers in Psychology, vol. 12, 
p. 763948, Jan. 2022, doi: 10.3389/fpsyg.2021.763948. 

[39] S. Y. Lu, C. C. Lo, and J. Y. Syu, “Project-based learning oriented STEAM: the case of micro–bit paper-cutting lamp,” 

International Journal of Technology and Design Education, vol. 32, no. 5, p. 2553, 2022, doi: 10.1007/s10798-021-09714-1. 
[40] R. Suwistika, I. Ibrohim, and H. Susanto, “Improving critical thinking and creative thinking skills through POPBL learning in 

high school student,” JPBI (Jurnal Pendidikan Biologi Indonesia), vol. 10, no. 1, pp. 115–122, 2024,  
doi: 10.22219/jpbi.v10i1.30172. 

[41] J. Jumadi, R. Perdana, M. H. Hariadi, W. Warsono, and A. Wahyudi, “The impact of collaborative model assisted by Google 

Classroom to improve students’ creative thinking skills,” International Journal of Evaluation and Research in Education (IJERE), 
vol. 10, no. 2, pp. 396–403, Jun. 2021, doi: 10.11591/ijere.v10i2.20987. 

[42] M. Borenstein, “Comprehensive Meta‐Analysis Software,” in Systematic Reviews in Health Research, 3rd ed., M. Egger,  

J. P. T. Higgins, and G. D. Smith, Eds., Hoboken, NJ: Wiley, 2022, pp. 535–548, doi: 10.1002/9781119099369.ch27. 
[43] N. Wang, “Conducting Meta-analyses of Proportions in R,” Journal of Behavioral Data Science, vol. 3, no. 2, pp. 64–126,  

Nov. 2023, doi: 10.35566/jbds/v3n2/wang. 

[44] R. Sanchez-Muñoz, M. Carrió, G. Rodríguez, N. Pérez, and E. Moyano, “A hybrid strategy to develop real-life competences 
combining flipped classroom, jigsaw method and project-based learning,” Journal of Biological Education, vol. 56, no. 5,  

pp. 540–551, Oct. 2022, doi: 10.1080/00219266.2020.1858928. 

[45] H. B. Issa and A. Khataibeh, “The Effect of Using Project Based Learning on Improving the Critical Thinking among Upper 
Basic Students from Teachers’ Perspectives,” Pegem Egitim ve Ogretim Dergisi, vol. 11, no. 2, pp. 52–57, 2021. 

[46] R. Mursid, A. H. Saragih, and R. Hartono, “The Effect of the Blended Project-based Learning Model and Creative Thinking 

Ability on Engineering Students’ Learning Outcomes,” International Journal of Education in Mathematics, Science and 
Technology, vol. 10, no. 1, pp. 218–235, Dec. 2021, doi: 10.46328/ijemst.2244. 

[47] M. de O. Biazus and S. Mahtari, “The Impact of Project-Based Learning (PjBL) Model on Secondary Students’ Creative Thinking 

Skills,” International Journal of Essential Competencies in Education, vol. 1, no. 1, p. 38, 2022, doi: 10.36312/ijece.v1i1.752. 
[48] F. S. Widyaningtyas et al., “Creative Physics Problem Solving Based on Local Culture to Improve Creative Thinking and 

Problem-Solving Skills,” Pegem Journal of Education and Instruction, vol. 14, no. 1, pp. 234–243, 2024. 

[49] Y. Yustina, I. Mahadi, D. Ariska, A. Arnentis, and D. Darmadi, “The Effect of E-Learning Based on the Problem-Based Learning 
Model on Students’ Creative Thinking Skills During the Covid-19 Pandemic,” International Journal of Instruction, vol. 15, no. 2, 

pp. 329–348, Apr. 2022, doi: 10.29333/iji.2022.15219a. 

[50] M. Santhosh et al., “A Meta-Analysis to Gauge the Effectiveness of STEM Informal Project-Based Learning: Investigating the 
Potential Moderator Variables,” Journal of Science Education and Technology, vol. 32, no. 5, pp. 671–685, Oct. 2023,  

doi: 10.1007/s10956-023-10063-y. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Molani Paulina Hasibuan     is a doctoral candidate in Science Education at the 

Faculty of Teacher Training and Education, Universitas Sebelas Maret, Surakarta, Indonesia, 

and a lecturer in Chemistry Education at Universitas Samudra, Indonesia. Her research focuses 

on chemistry education, project-based learning, instructional material development, and 

educational technology. She can be contact at email: molanipaulinahsb@student.uns.ac.id. 

  

https://orcid.org/0000-0002-9664-784X
https://scholar.google.com/citations?user=XhG4tz8AAAAJ&hl=id&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57215595248
https://www.webofscience.com/wos/author/record/32754481


Int J Eval & Res Educ  ISSN: 2252-8822  

 

Creative thinking enhancement through project-based learning in science: … (Molani Paulina Hasibuan) 

4005 

 

Widha Sunarno     is a professor at the Faculty of Teacher Training and Education, 

Universitas Sebelas Maret, Surakarta, Indonesia. His research is centered on physics education 

and science education. His publications cover topics such as the development of interactive 

learning models, science education evaluation, and the integration of technology to support 

physics learning. He can be contact at email: widhasunarno@staff.uns.ac.id. 

  

 

Elfi Susanti VH     is an academic and researcher at the Faculty of Teacher Training 

and Education, Universitas Sebelas Maret, Surakarta, Indonesia. She holds a doctorate in 

Organic Chemistry and currently serves as the Head of the Chemistry Education Study 

Program in the Faculty of Teacher Training and Education. Her publications focus on organic 

chemistry and chemistry education research. She can be contact at email: 

elfisusantivh@staff.uns.ac.id. 

 

https://orcid.org/0000-0002-0805-8042
https://scholar.google.com/citations?user=IVvbtxoAAAAJ&sortby=pubdate
https://www.scopus.com/authid/detail.uri?authorId=57190938651
https://orcid.org/0000-0001-9243-5623
https://scholar.google.com/citations?user=DeTY8ykAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=55532114500
https://www.webofscience.com/wos/author/record/AAD-8032-2022

