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	A single The varying impacts of inquiry-based learning, as identified by experts—ranging from significant, moderate, and small positive effects to negative impacts, including the absence of any effect—constitute the central issue of this study. Therefore, this research aims to comprehensively examine the effects of inquiry-based learning based on various studies conducted by researchers worldwide.
This study employs a meta-analysis method by analyzing research studies published between 2020 and 2024. The article screening process follows the PRISMA method, which consists of three stages: identification, screening, and inclusion. To analyze the research data, the study utilizes the JASP software to achieve more accurate results.
The findings indicate that 21 studies have examined the effects of inquiry-based learning. Based on the meta-analysis results, inquiry-based learning has an overall small impact, with an effect size of (d = 0.444). Although the impact is categorized as small, it is still significant in improving student learning outcomes. These findings highlight the importance of inquiry-based learning in enhancing student achievement.
The results of this study are expected to provide valuable insights for educators, researchers, and policymakers in optimizing inquiry-based learning as an innovative strategy for 21st-century education.
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INTRODUCTION
Improving the quality of education to enhance student learning outcomes is one of the top priorities in the field of education, both internationally and in Indonesia. This effort aims to develop responsible and knowledgeable human resources capable of facing global challenges (Al Mamun & Lawrie, 2023; Antonio & Prudente, 2023). Thus, quality education not only produces competent and highly knowledgeable generations but also equips them to navigate an increasingly complex global landscape.
One key indicator of successful learning is student achievement, as good learning outcomes indicate the effectiveness of the educational process in institutions (Asy’ari et al., 2021). To achieve this, various approaches have been implemented to improve student learning outcomes, one of which is the development and application of inquiry-based learning. This learning model emphasizes student exploration, experimentation/investigation, and active engagement in the learning process (Baker et al., 2021).
Inquiry-based learning is grounded in constructivist theory, where students acquire knowledge through direct participation in the learning process. This theory emphasizes that students should not passively receive information but rather engage actively to build their competencies and knowledge independently. Independently acquired competencies tend to be more deeply ingrained in students compared to passive reception or mere listening (Becker et al., 2020; Bhandary et al., 2024). By directly involving students in the learning process—encouraging them to ask questions, seek answers independently, and find solutions on their own—this approach is believed to enhance conceptual understanding, critical thinking, creativity, and problem-solving skills. Inquiry-based learning also fosters self-directed learners with a high sense of curiosity, which is essential for facing the dynamic challenges of the global world (Burhan et al., 2022; Chan et al., 2024).
Inquiry-based learning has been widely implemented in the educational process; however, research findings on its impact vary. This discrepancy necessitates a deeper investigation to comprehensively understand the overall effects of inquiry-based learning on student achievement. Some studies have found that inquiry-based learning significantly enhances students' scientific competencies and technical skills (Juniar, Fardilah, et al., 2021; Nasri et al., 2023; Shofiyah et al., 2020). However, preliminary research suggests that only a few studies report a strong impact on student learning outcomes, while most findings indicate a moderate effect. Additionally, some studies have found that inquiry-based learning has a moderate impact on improving critical thinking skills and scientific competencies (Juniar, Fardilah, et al., 2021; Purba et al., 2021). Conversely, other research suggests that the effect of inquiry-based learning is small in enhancing critical thinking skills, scientific competencies, and student knowledge (Khery et al., 2020; Noer et al., 2020; Sharmila et al., 2022).
Beyond positive impacts—whether large, moderate, or small—some studies have shown that inquiry-based learning has no significant effect on student learning outcomes, particularly in terms of conceptual understanding and critical thinking skills. Previous research has also found that inquiry-based learning does not necessarily enhance students' critical thinking skills (Abidin et al., 2021; Koes-H et al., 2020). Moreover, some studies indicate that this learning approach does not significantly improve student knowledge (conceptual understanding) (Abdellateef Alqawasmi et al., 2024; Ramnarain, 2024; Thongkoo et al., 2024). The diversity of these findings presents a fundamental issue in this study, necessitating a comprehensive analysis to determine the true impact of inquiry-based learning on student achievement.
Understanding the overall impact of inquiry-based learning is crucial for educators and educational institutions to effectively implement this model in the learning process (Sukardi et al., 2024). Therefore, this study adopts a meta-analysis research method to address the identified research problem. Through meta-analysis, this study synthesizes findings from various research studies to provide a more comprehensive understanding (Setyawan et al., 2024). The novelty of this study lies in its holistic examination of the impact of inquiry-based learning, distinguishing it from previous empirical research that focused on specific contexts or populations. This study integrates data from multiple studies conducted in diverse educational settings. Additionally, its findings are expected to bridge gaps in the literature by providing more solid and reliable empirical evidence, thus supporting the development of more effective and evidence-based instructional strategies.
This article aims to explore the impact of inquiry-based learning on student learning outcomes through a meta-analysis approach. By conducting this analysis, educators, researchers, and policymakers are expected to gain deeper insights into selecting effective, relevant, and evidence-based teaching strategies. Consequently, inquiry-based learning can be optimized for implementation in various educational contexts, both locally and globally. Moreover, the results of this meta-analysis are expected to serve as a reference for developing educational policies that promote active and innovative learning, ultimately creating more dynamic and responsive learning environments that meet students' needs in the modern era.
METHODS 
[bookmark: _Hlk189066157]Article Collection Technique
In accordance with the objective of this study, which is to comprehensively examine the effectiveness of e-learning in vocational schools, the research method used is a meta-analysis approach. Meta-analysis is a method used to systematically review, synthesize, and quantitatively estimate (meta-analysis) the results of previous studies on the same research problem. Previous studies serve as the primary data source for meta-analysis research (Dai & Martins, 2024; Setyawan et al., 2024).
The article search technique follows the topic of inquiry using the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) selection method. PRISMA is a systematic method for compiling and selecting articles relevant to the research. This method is highly effective for identifying articles as primary data for meta-analysis. PRISMA consists of four systematically arranged steps: identification, screening, eligibility, and inclusion (Syafii et al., 2022; Wahono et al., 2020). The article search is conducted through well-known academic databases such as IOPscience and IEEE, as well as directly from internationally recognized journal databases, including the International Journal of Interactive Mobile Technologies (iJIM) and the International Journal of Information and Education Technology (IJIET).
Inclusion and Exclusion Criteria
The inclusion and exclusion criteria are established as guidelines for selecting articles as primary data for the meta-analysis. These criteria ensure that the selected articles contain comparable data and meet the predefined standards. Inclusion criteria define the characteristics of articles to be included in the meta-analysis, while exclusion criteria identify articles that do not meet the inclusion requirements and are therefore excluded from the study.
The inclusion criteria consist of five assessment aspects: field of science, year of journal publication, article type, research design, and research data (Agussuryani et al., 2022; Syafii et al., 2022). A detailed breakdown of the inclusion criteria for article selection is presented in Table 1. The exclusion criteria, convers	ely, indicate that any article failing to meet the inclusion criteria listed in Table 1 cannot be used as a primary data source for the meta-analysis.
Table 1. Inclusion Criteria for Article Selection
	No
	Criteria
	Inclusion

	1
	Topic Focus
	Articles discussing the impact of inquiry-based learning implementation in educational institutions.

	2
	Year of Publication
	Articles published between 2020 and 2024.

	3
	Article Type
	Articles published in international journals or conference proceedings.

	4
	Research Design
	Articles employing experimental research methods with a control and experimental group to implement e-learning in the learning process.

	5
	Research Data
	Articles containing post-test data from control and experimental groups, including mean (M), sample size (N), and standard deviation (SD).


Data Analysis Technique
The data analysis technique used in this meta-analysis follows the random effect model with Restricted Maximum Likelihood (Restricted ML). To apply this analysis technique, the collected data must first meet the heterogeneity test requirements. The analyzed data includes the effect size (d) and standard error (SEg) obtained from the primary data of the meta-analysis articles.
To compute the values of d and SEg, each meta-analysis article must contain sample size (N), mean (M), and standard deviation (SD) from post-test scores of the students (Lo & Hew, 2019; Wahono et al., 2020). These data points align with the inclusion criteria established for article selection in this meta-analysis. The effect size is calculated using Equation (1), while the standard error is determined using Equation (2) (Goulet-Pelletier & Cousineau, 2020).
	(1)
	(2)
	(3)
	(4)
The four equations used can be explained as follows: d represents the calculated effect size, M₂ is the mean score of the experimental group, and M₁ is the mean score of the control group. n₁ refers to the sample size of the control group, while n₂ represents the sample size of the experimental group. S₁² denotes the variance of the control group, and S₂² denotes the variance of the experimental group. SEg is the standard error of the effect size, while J is a correction factor used to reduce bias in the effect size calculation. The final variable, Vd, represents the variance of the effect size, which can be determined using Equation (4) (Arlinwibowo et al., 2022; Goulet-Pelletier & Cousineau, 2020)

FINDINGS AND DISCUSSION
Based on the search results for articles related to this study, a total of 205 articles were found that examine the impact of inquiry-based learning in educational institutions. These articles are distributed across various sources: 145 articles from IOPscience, 37 articles from IEEE, 9 articles from IJIM, and 14 articles from IJIET. The first stage of analysis was conducted by broadly examining the main topics of the articles to determine whether they discuss the impact of inquiry-based learning on student learning outcomes. Through this selection process, 83 articles were identified as relevant to this meta-analysis.
A second analysis was then conducted by applying inclusion criteria to assess the articles in greater depth, ensuring that the data and discussions presented were reliable for this meta-analysis. As a result, 25 articles were deemed reliable for further analysis. However, after reviewing the research findings and data provided in the articles, 3 articles were found not to include the impact on student learning outcomes, and 1 article did not use an inquiry-based learning approach. Thus, a total of 21 articles were ultimately included in the study. A more detailed overview of the article screening process is illustrated in Figure 1.
Among the 21 selected articles, 4 articles reported two different impacts of inquiry-based learning on the learning process. First, Purba et al. (2021) stated that inquiry-based learning enhances students' science process skills and critical thinking skills. Second, Thahir et al. (2020) found that STEM-based inquiry learning significantly improves students' scientific attitudes and conceptual understanding. Third, Noer et al. (2020) revealed that inquiry-based learning affects students' reflective thinking skills and self-efficacy. Fourth, Koes-H et al. (2020) reported that integrating inquiry-based learning into the learning process significantly enhances students' prior knowledge and critical thinking skills.
After gathering all the data, an analysis was conducted to determine the effect size and standard error produced in each study. The obtained data and the results of the analysis are presented in Table 2. Based on the overall data collected from 2020 to 2024, studies on this topic were reported in each of these years. The highest number of studies was conducted in 2021, with a total of 10 research studies. The second highest was in 2020, with 9 studies, followed by 1 study in 2022, 2 studies in 2023, and 3 studies in 2024.
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Figure 3. Article Screening Results Using the PRISMA Method
Table 2. Overall Article Data for Meta-Analysi
	Penulis
	Tahun
	Kelas Kontrol
	Kelas Eksperimen
	d
	Er

	
	
	Nc
	Mc
	SDc
	Ne
	Me
	SDe
	
	

	 Juniar et al., 
	2021
	33
	78,40
	6,90
	33
	89,60
	7,70
	0,75
	0,25

	Abidin et al.,
	2021
	24
	69,87
	9,90
	24
	57,15
	7,00
	-0,84
	0,30

	Khery et al.,
	2020
	27
	66,19
	3,10
	27
	69,80
	4,35
	0,40
	0,27

	Purba et al., (Science Process Skills)
	2021
	31
	66,23
	4,92
	30
	73,00
	6,91
	0,55
	0,26

	Purba et al., (Critical Thinking Skills)
	2021
	31
	62,71
	13,20
	30
	71,22
	9,88
	0,43
	0,26

	Sharmila et al.,
	2022
	35
	63,20
	10,37
	35
	70,85
	10,00
	0,40
	0,24

	Thahir et al., (Scientific Attitude)
	2020
	29
	74,00
	6,84
	29
	85,00
	10,73
	0,78
	0,27

	Thahir et al., (Conceptual Understanding)
	2020
	29
	65,00
	7,13
	29
	72,00
	9,06
	0,49
	0,26

	Noer et al., (Reflective Thinking Skills)
	2020
	28
	19,71
	7,79
	28
	25,50
	8,98
	0,40
	0,27

	Noer et al., (Self-Efficacy)
	2020
	28
	86,00
	9,08
	28
	87,54
	8,51
	0,10
	0,27

	Wijaya et al.,
	2020
	30
	65,33
	8,29
	30
	74,60
	5,84
	0,59
	0,26

	Asy’ari et al.,
	2021
	22
	2,14
	0,50
	22
	3,36
	0,53
	0,37
	0,30

	Juniar, Silalahi, et al.,
	2021
	26
	18,08
	3,33
	56
	31,11
	2,32
	1,41
	0,26

	Koes-H et al., (Prior Knowledge)
	2020
	29
	45,03
	16,73
	30
	42,35
	15,78
	-0,12
	0,26

	Koes-H et al., (Critical Thinking Skills)
	2020
	29
	27,77
	11,69
	30
	29,12
	9,56
	0,07
	0,26

	Shofiyah et al.,
	2020
	34
	42,00
	6,21
	34
	63,47
	7,74
	1,49
	0,27

	Ramnarain,
	2024
	166
	2,05
	0,33
	166
	3,41
	0,45
	0,18
	0,11

	Kharismayuni et al.,
	2021
	25
	81,28
	9,22
	25
	87,20
	8,25
	0,39
	0,28

	Pulungan et al.,
	2021
	32
	58,47
	8,66
	33
	66,12
	11,70
	0,46
	0,25

	Dwirahayu et al.,
	2021
	36
	60,56
	20,03
	36
	70,69
	15,22
	0,38
	0,24

	Nasri et al.,
	2023
	23
	76,52
	4,78
	22
	93,44
	4,38
	1,63
	0,34

	Dewi et al.,
	2021
	38
	9,68
	1,17
	38
	11,08
	1,92
	0,21
	0,23

	Marion et al.,
	2023
	30
	50,20
	18,63
	30
	65,13
	18,00
	0,64
	0,26

	Thongkoo et al.,
	2024
	176
	7,61
	2,58
	170
	9,22
	2,87
	0,08
	0,11

	Abdellateef Alqawasmi et al.,
	2024
	35
	16,97
	1,76
	36
	18,19
	2,21
	0,16
	0,24


Note:  Sample kelas kontrol (Nc), Rata-rata kelas kontrol (Mc), Standar deviasi kelas kontrol (SDc), Sample kelas eksperimen (Ne), Rata-rata kelas eksperimen (Me), Standar deviasi kelas eksperimen (SDe), effect size (d), Standar error (Er).

After all the data has been collected, as shown in Table 2, a meta-analysis will be conducted using the JASP software. The overall results of the meta-analysis can be seen in the forest plot effect size shown in Figure 2. Based on the obtained results, it is evident that the impact of inquiry-based learning varies across each study. The lowest effect size is -0.84, which was found in the study by Abidin et al. (2021). Their findings showed that problem-based learning (PBL) was more effective in improving students' mathematical reasoning skills compared to the inquiry learning model. On the other hand, the best result was found by Thahir et al. (2020), with an effect size of 0.78, stating that inquiry-based learning significantly enhances students' scientific attitude. To specifically assess the overall impact of inquiry-based learning, the results are presented in Table 3. From this, it can be concluded that the obtained effect size is 0.444. When interpreted using Cohen's d criteria, the effect size falls under the small category (Goulet-Pelletier & Cousineau, 2020). Therefore, it can be concluded that inquiry-based learning has a small impact on improving students' knowledge in the learning process at educational institutions.
Table 3. Meta-Analysis Effect Size Test Results
	Estimate
	Standard Error
	z
	p
	95% Confidence Interval

	
	
	
	
	Lower

	intercept
	0.444
	0.102
	4.347
	< 0.001


Additionally, the standard error value of 0.102 indicates that the level of uncertainty in the effect size estimate is very low, meaning the results obtained can be considered quite stable and accurate. The z-value of 4.347 suggests a strong relationship between the analyzed variables, and the result is highly statistically significant, as reinforced by the p-value of < 0.001, which means the probability of this result occurring by chance is very small, almost close to zero. Furthermore, the 95% confidence interval ranging from 0.244 to 0.644 provides evidence that the true effect size is almost certainly within this interval. Since this range does not include zero, it can be concluded that the found effect is not only statistically significant but also practically meaningful. Overall, this analysis provides a high level of confidence in the validity and reliability of the results, showing a real and consistent effect, supporting the existence of a significant relationship between inquiry-based learning and students' learning outcomes in educational institutions.
[image: ]
Figure 2. Forest Plot Effect Size Results
After obtaining the results from the meta-analysis, it is essential to examine the potential bias in the research articles used. This step aims to enhance the validity of the data and the results of the meta-analysis conducted (Dai & Martins, 2024; Setyawan et al., 2024). The first test is performed by examining the funnel plot produced by all the studies included in this meta-analysis, as shown in Figure 3. The funnel plot is used to assess the potential publication bias in the meta-analysis. The points representing the studies are spread around the central vertical line, which indicates the average effect size, with a relatively symmetrical distribution. Studies with small standard errors (large sample sizes) are concentrated near the top of the funnel, while studies with larger standard errors (small sample sizes) are spread more widely at the bottom. The symmetry of the plot indicates that the potential for publication bias is low, as there are no significant deviations or patterns showing that certain study results tend to be unreported. However, to confirm this conclusion, additional analyses such as Kendall’s τ test, Egger’s test, and fail-safe N are conducted. The results obtained from these tests are presented in Table 4.
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Figure 3. Publication Bias Testing Results from Funnel Plot
The analysis of publication bias in this meta-analysis shows that Kendall’s τ has a value of 0.238 with a p-value of 0.097. Based on these results, it can be concluded that there is no statistically significant indication of publication bias (p > 0.05). Kendall’s τ test is used to evaluate the relationship between effect size and sample size in individual studies, where a non-significant p-value indicates that the distribution of study effects is not affected by publication bias. Next, Egger’s Test produces a z value of 1.405 with a p-value of 0.160, also showing no significant asymmetry in the funnel plot (p > 0.05). Egger’s Test is used to detect the presence of publication bias through regression analysis on the funnel plot, and this result indicates that the meta-analysis is free from asymmetry bias. Overall, both tests consistently show that publication bias does not significantly affect the reliability of this meta-analysis. Furthermore, the Fail-safe N value is 687,000 with a p-value of 0.001. The Fail-safe N obtained will be compared with the equation 5K + 10 (135); comparing these values, it is found that the Fail-safe N value (687,000) is much larger than 5K + 10 (135). This large value of Fail-safe N indicates that the meta-analysis results are very stable and not susceptible to publication bias. Overall, these findings show that this meta-analysis is free from significant publication bias and has a high level of reliability.
Table 4. Results of Bias Testing with Kendall’s τ, Egger’s Test, and Fail-safe N
	Analysis
	Calculated Value
	p-value

	Kendall’s τ
	0.238
	0.097

	Egger’s Test (z)
	1.405
	0.160

	Fail-safe N
	687,000
	0.001


[bookmark: _GoBack]Discussion
Based on the results of the meta-analysis, it is evident that the impact of inquiry-based learning varies. The lowest effect size is (d = -0.84), while the highest is (d = 1.63). However, the overall average effect size obtained is (d = 0.444) with a p-value of (0.001). These results indicate that inquiry-based learning has a moderate impact on the learning process. Although the impact is moderate, it is significant enough to improve student learning outcomes. The variation in the results is attributed to differences in the context of implementing inquiry-based learning and the quality of teachers in the learning process (Hinostroza et al., 2024; Strat et al., 2024). For example, (Abidin et al., 2021) applied seven steps of inquiry-based learning: asking questions, formulating hypotheses, designing experiments, conducting experiments, analyzing data, drawing conclusions, and applying the results, which yielded less favorable results. Meanwhile, (Nasri et al., 2023) applied six steps of inquiry-based learning: Orientation, Conceptualization, Conducting Investigations, Analyzing Data, Conclusion, and Reflection, which resulted in excellent outcomes.
In the learning process, researchers also integrated STEM (Science, Technology, Engineering, and Mathematics) with inquiry-based learning. The learning process involved eight steps: asking questions and defining problems, developing and using models, planning and carrying out investigations, analyzing and interpreting data, using mathematics and computational thinking, constructing explanations and designing solutions, engaging in arguments from evidence, and obtaining, evaluating, and communicating information. This study found a moderate impact on improving student character and a small impact on enhancing knowledge (conceptual understanding) (Thahir et al., 2020). Meanwhile, (Marion et al., 2023) integrated digital technology (GeoGebra) into inquiry-based learning, which used seven learning steps: orientation, asking questions, experiments, collecting and analyzing data, discussion, conclusion, and evaluation. The results showed a significant improvement in knowledge (conceptual understanding), with a moderate effect size.
This study also reveals that integrating digital technology into the learning process today is very effective for enhancing student knowledge. The integration of technology in inquiry-based learning plays a crucial role in improving its effectiveness, particularly in supporting exploration and student engagement (Kharismayuni et al., 2021; Pulungan et al., 2021). Technologies such as digital simulations, interactive software, and virtual laboratories can help students understand complex concepts through visualization and virtual experiments. According to constructivist theory, technology use can enhance the learning process by providing a resource-rich learning environment, allowing students to explore knowledge independently (Antonio & Prudente, 2023; Heindl, 2019). Moreover, technology allows students to conduct virtual experiments that may not be possible in the classroom due to time, cost, or risk constraints. By utilizing technology, inquiry-based learning can reach more students, increasing active participation and supporting the development of 21st-century skills such as critical thinking, collaboration, and digital literacy (Hinostroza et al., 2024; Muhamad Dah et al., 2024). This integration also helps teachers monitor student progress in real-time, offering opportunities to provide more targeted guidance. Thus, technology is not just a tool but a catalyst for enhancing the effectiveness of inquiry-based learning (Becker et al., 2020; Chan et al., 2024).
Additionally, the teacher's skills in implementing inquiry-based learning are a key determinant of the success of this approach. Based on constructivist theory, teachers act as facilitators guiding students to build their knowledge through exploration, experimentation, and problem-solving. However, teachers who lack a deep understanding of inquiry methods may struggle to create a learning environment that enables active student engagement (Jegstad, 2024; Muhamad Dah et al., 2024). Furthermore, Vygotsky (1978) emphasized the importance of teachers providing appropriate scaffolding so that students can surpass their current abilities through the zone of proximal development (ZPD). Teachers who fail to provide sufficient guidance can leave students feeling lost in the inquiry process, preventing learning goals from being achieved (Antonio & Prudente, 2023; Syahwin et al., 2022). Therefore, intensive training for teachers to understand inquiry strategies, including how to ask thought-provoking questions and guide student exploration, is essential. Moreover, the success of inquiry-based learning also depends on the teacher’s ability to integrate supportive technologies, such as digital simulations or interactive software, to facilitate more effective student exploration (Allen et al., 2022; Nguyen et al., 2022).
The implications of this study suggest that inquiry-based learning has great potential to improve student learning outcomes, particularly in the areas of critical thinking skills, scientific process skills, and curiosity, although its overall impact is modest. This calls for educators and policymakers to prioritize teacher training in inquiry strategies and integrate relevant technologies to support learning (Herut & Setlhako, 2025; Kärkkäinen et al., 2023). Additionally, schools and educational institutions must ensure that inquiry-based learning is designed with consideration of the student context, available resources, and adequate teacher guidance. Further research is needed to explore how inquiry-based learning can be adapted to various conditions and combined with other approaches, such as technology-based learning, to maximize its impact. With these steps, inquiry-based learning is expected to become a more effective and relevant approach in supporting student development in the 21st-century educational era.
CONCLUSION 
Based on the results of the study, it can be concluded that 21 articles were reviewed regarding the use of inquiry-based learning. From the overall meta-analysis, the impact of inquiry-based learning falls into the small category with an effect size of (d = 0.444). Although the impact is categorized as small, statistically, this effect is significant enough to improve student learning outcomes, as indicated by the p-value of 0.001. The results obtained have also been confirmed to be free from publication bias through funnel plot analysis, Kendall’s τ test, Egger’s test, and Fail-safe N. Therefore, the results can be considered valid, and there is no publication bias. Based on the studies analyzed, this research provides important insights for educators, researchers, and policymakers to optimize inquiry-based learning as an innovative strategy in 21st-century education.
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