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Abstract

Inquiry-based learning (IBL) is regarded as an effective model for cultivating higher-order thinking
skills but the precise components that enhance critical thinking skills remain inadequately
comprehended. This study aims to investigate the impact of IBL on critical thinking skills in further
detail. A literature search was performed utilizing the Scopus and ERIC databases for publications
from 2000 to 2024. Specifically, quantitative empirical studies were reviewed with pre-
experimental or quasi-experimental designs. 25 articles (divided into 36 studies) were selected
and showed a substantial mean effect size of 1.27 [95% confidence interval: 0.78; 1.76], indicating
a significant impact of IBL. Substantial heterogeneity (I = 92.0%) indicated contextual variation,
which necessitated subgroup analysis based on educational level, teaching strategies, information
and communications technology utilization, duration, and evaluation. The findings highlight
nuances in applying IBL and propose evidence-based recommendations to optimize its
application in education, thus significantly contributing to the discussion on effective pedagogies
for developing critical thinking skills.

Keywords: inquiry-based learning, critical thinking skills, science education, systematic review,

meta-analysis

INTRODUCTION

The role of inquiry-based learning (IBL) has garnered
significant interest in the field of science education in
recent years (Jegstad, 2023; Strat et al., 2024). IBL is
acknowledged as an effective method for enhancing
students’ higher-order thinking skills (Antonio &
Prudente, 2023; Oztiirk et al, 2022), particularly in
fostering critical thinking skills (Gémez & Suérez, 2020;
Kaczké & Ostendorf, 2023). The cultivation of critical
thinking skills is an essential objective in science
education, as numerous studies highlight its importance
in equipping students to address complex real-world
challenges (Kabatas Memis & Cakan Akkas, 2020; Paige
et al., 2024; Rizki & Suprapto, 2024). Critical thinking has
been accommodated by inquiry learning models to
enhance critical thinking (Kilbane & Clayton, 2023; Wale
& Bishaw, 2020; Zheng et al., 2018).

However, the implementation of IBL faces various
challenges (Bansal, 2021; Inel-Ekici & Ekici, 2022;
Nawanidbumrung et al., 2022). For instance, a study by
Arsal (2017) has found that pre-service teachers who
practiced IBL teaching did not show statistically
significant progress in critical thinking dispositions
among students as compared to those taught with
conventional teaching. Most teachers need a more
transparent and adequate understanding of critical
thinking or the requirements to develop students’ critical
thinking skills and competencies. Research by Essalih et
al. (2024) has shown that little initiative is given to
students who are expected to produce a sequence of
steps or actions in a particular order without prior
reflection and without necessarily understanding it.
Teachers do not give the impression that they
understand the requirements for cultivating critical
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Contribution to the literature

e This systematic meta-analysis provides robust empirical evidence on the specific effects of IBL on
students’ critical thinking skills within the context of science education.

e Unlike prior studies that broadly examine higher-order thinking skills, this research specifically targets
how various aspects of IBL impact critical thinking outcomes.

e The study applied a rigorous quantitative methodology, analyzing a large number of empirical research
articles to guarantee thorough insights. Key moderating factors, including education level, teaching
strategy, information and communications technology (ICT) media, duration, and type of assessment,
were identified as elements that could improve the effectiveness of IBL.

thinking in students. Enugu and Hokayem (2017)
studied the challenges pre-service teachers faced when
implementing the 5E model. They found that they did
not have sufficient content knowledge and thus had
difficulties explaining and elaborating phases. Teachers
should practice guiding, assisting, and facilitating the
integration of critical thinking into their teaching style
(Ramnarain, 2023; Soysal, 2021). Meanwhile, research by
Yun and Crippen (2024) found a gap in utilizing new
technologies. More attention needs to be paid to the use
of technology to support the modelling process by
students and the utilization of simulations. These
findings indicate that there is an urgent need for effective
educational interventions in promoting critical thinking
in science education (Essalih et al., 2024).

Although previous studies have reviewed the
evidence of the positive impact of IBL on critical thinking
skills  (Boonsathirakul & Kerdsomboon, 2023;
Praminingsih et al., 2022; Sari et al., 2023), the weakness
of previous findings is the need for a systematic and
comprehensive approach in evaluating the impact of IBL
on critical thinking skills. Many studies focus only on
one aspect of IBL or only on a specific group without
considering the various contextual factors that can
influence learning outcomes (Harefa et al., 2016). Gaps
in the literature regarding the systematic synthesis of
existing research on the impact of IBL on students’
critical thinking skills. Most studies focus on individual
or isolated outcomes, and there is a need for
comprehensive meta-analytic research that combines
findings from multiple studies to provide a more robust
and generalizable understanding of this relationship
(Ananda & Usmeldi, 2023).

The novelty of this study lies in its more
comprehensive approach to evaluating the impact of IBL
on critical thinking skills through meta-analysis. The
study examines the overall impact of IBL and explores
how factors such as teaching strategies, ICT media,
duration, education level, and assessment methods. By
thoroughly considering the empirical evidence, this
study offers critical new insights for developing more
effective teaching strategies, media use, and assessment
in IBL. This synthesis evaluates the effectiveness of IBL
and identifies the conditions that enhance its benefits,
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thereby contributing to improved educational practices
and policies.

This study aimed to assess the effectiveness of IBL on
the critical thinking skills of students in science
education. The specific objectives are to identify the
characteristics of effective IBL interventions, examine the
influence of contextual factors, and provide
recommendations for future practice and research. This
study aims to enhance science education and develop
critical thinking skills essential for success in
contemporary society. This study aims to elucidate the
specific impact of IBL on critical thinking skills and to
identify potential moderating factors. The following
research questions (RQs) will be addressed:

RQ1. What is the overall effect of IBL on the critical
thinking skills of students?

RQ2. What is the effect of IBL on students’ critical
thinking  skills considering  moderator
variables?

METHOD

Meta-Analysis Framework

Meta-analysis serves as an essential method for
integrating knowledge across diverse scientific
disciplines, including education, to synthesize prior
research and empirically validate theoretical
frameworks (Chaudhary & Singh, 2022; Tikito & Souissi,
2019). The meta-analysis procedure in this study
followed the steps proposed by Hansen et al. (2022). This
study used the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) guidelines (Barta
etal., 2022; Wei et al., 2023) to guarantee a systematic and
transparent review process. The 4-phase flow chart
serves to visualize and monitor the various stages of this
analysis (Figure 1).

The process encompasses distinct phases ranging
from planning to the presentation of results (Geng & Su,
2024). Formulating RQs and establishing inclusion and
exclusion criteria for selected studies (Ting et al., 2023).
Gathering and choosing studies that meet the
established criteria. Data were extracted from each
selected study based on the relevant variables. The data
extracted were organized and prepared for statistical
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Figure 1. PRISMA flow diagram (Source: Authors” own elaboration)

Table 1. The specific search in the Scopus and ERIC databases

Database Specific search
Scopus TITLE-ABS-KEY ( effect AND inquiry AND on AND critical AND thinking )
ERIC Effect inquiry based learning on critical thinking

analysis. This analysis’s results were interpreted by
examining the practical and theoretical implications (Yu
& Xu, 2022).

Search Strategy and Sources

Table 1 presents the search terms employed in the
Scopus and ERIC databases to locate literature regarding
the impact of IBL on critical thinking skills. The search
aimed to identify empirical studies that examined the
impact of IBL on critical thinking skills, facilitating a
thorough meta-analysis of the findings.

Inclusion and Exclusion Criteria

Journal articles were chosen due to their rigorous
peer review process, which ensures high academic
reliability. The analyzed publication period spans from
January 2000 to June 2024. This timeframe was selected
to encompass pertinent data from the past to the present,
facilitating a review that reflects the evolution of
research in this domain over an extended duration
(Smela et al., 2023). The review included only studies
published in English. This decision was made to
streamline the review process and facilitate accurate
interpretation and analysis of the included studies by
researchers. The review encompassed studies from

various countries, providing a comprehensive
perspective on the research topic (Kolaski et al., 2023).
This review employed a quantitative research method,
facilitating the analysis of statistically significant results.
This review excluded qualitative and mixed-methods
research to concentrate on studies with clearly
measurable outcomes that allow for aggregation and
comparison (Nakagawa et al., 2023). Table 2 presents the
inclusion and exclusion criteria employed for the
selection of studies in this systematic review.

Statistical Analysis

This research employed R Studio, a widely utilized
statistical analysis platform in meta-analysis (Le Thi
Tuyet et al, 2024). The collected data typically
encompasses effect size, standard deviation (SD), sample
size (N), and moderator variables including education
level, assessment, ICT media, and study location. After
data collection, it is imported into R Studio for structural
analysis. The pooled effect sizes of the analyzed studies
were derived using a random-effects model. The
analysis subsequently produces summary statistics of
the aggregated effect sizes (Harrer et al., 2021).

The effect size measures the difference between the
control and experimental groups according to the
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Table 2. Inclusion and exclusion criteria (Strat et al., 2024;

Table 3. Interval effect size (Cohen, 1988)

Winje & Lendal, 2020) Interval effect size Interpretation
Criteria Inclusion  Exclusion Effect size < 0.50 Small effect
Type of publication 0.50 < Effect size < 0.80 Medium effect
Journal articles X 0.80 < Effect size Large effect
Conference papers X
Re.zports ) X Table 4. Summary of selected studies
Dissertations X Characteristics Value
Books and book chapters X Number of studies (k) 36
Publication period Number of observations (O) 3,932
January 2000-June 2024 S Observations (experimental [OE]) 2,093
Language Observations (control [OC]) 1,839
English x SMD 1.2691
Other X 95% CI [0.7813; 1.7568]
Place of study z 5.1
Worldwide S p-value < 0.0001
Type of study
Empmcal mvgshgatwns X that might influence the results of the meta-analysis,
Literature reviews X . .
Theoretical reviews N such as education level or s.tudy locatlo.n (.Zhar}g et al.,
Roscarch mothods 2024). These gnal}/ses provide further 1n§1ght into the
Qualitative X fa.ctors Contrlbutmg to outcome variation .across
Quantitative N different Contexfcs (Cromley et al., 2023; Rap(?so—Rlvas et
Mixed methods X al.,'2024). To estimate the betweep-study variance (1?), to
Participants in the study estlrr}ate the be.tween-st.ud}.f Varlance.(rz), we use;d the
Primary student X restricted maximum likelihood estimator, which is
Secondary student X known for providing more accurate and less biased
Undergraduate X estimates (Kooren et al, 2024, Wen et al, 2015).
Master student X Publication bias assessment ensures that the results are
PhD student X not influenced by selective publication of studies that
Focus on the subject only report significant results (Nakagawa et al., 2023).
Science X Funnel plots (graphical analysis) and Egger's test
Biology X (statistical test) were used to identify potential of
Chemistry X publication bias (Egger et al., 1997).
Physics X
Others X

criteria set by Cohen (1988). The effect size is calculated
using Hedges” g, which adjusts for bias in the
standardized mean difference (SMD) between the two
groups (Hedges et al., 1989). Using the right formula,
Hedges’ g provides a more accurate estimate of how
much the IBL approach affects students” critical thinking
skills compared to the conventional teaching method, as
presented in Table 3.

Visualizing the analysis results using a forest plot
(Gillette et al., 2018). Forest plot displays the effect size
of each study along with its confidence interval (CI),
providing a visual representation of the distribution and
homogeneity of the study results (Li et al, 2020;
Malapane et al., 2022). A heterogeneity test (Q-test) is
performed using the I? statistic to measure the extent to
which variation among study results is due to natural
differences between studies (Calik & Wiyarsi, 2024). The
I? statistic is calculated by comparing the Q value and the
degrees of freedom (df), and the I? percentage indicates
the degree of heterogeneity present (Kim et al., 2020).
Moderator analysis was conducted to explore variables
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RESULTS

The 25 empirical studies in Table Al in Appendix A
were broken down into 36 different study entries (shown
in the in Table B1 in Appendix B) because some studies
provided more than one set of statistical data, such as
SD, mean, and N values. This meant that a single study
could provide multiple relevant effect sizes to be
analyzed separately. For example, the study by Lu et al.
(2020) provides four different values (marked as Lu et
al., 2020a, 2020b, 2020c, 2020d) indicating that the study
had several different sample groups or experimental
conditions.

A study by Ku et al. (2014) was divided into three
sub-studies (Ku et al., 2014a, 2014b, 2014c). Other
studies, such as Duran and Doékme (2016) and Kim et al.
(2012), have two and three sub-entries indicating
differences in the data presented. This process of
splitting studies is essential to capture variation within
the same study, allowing for a more comprehensive
analysis of the conditions and variables tested. As such,
the total number of studies analyzed increased to 36
entries despite coming from 25 studies to ensure all
relevant data were included in this meta-analysis.
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Table 5. Examination of the heterogeneity of studies based
on 12 and Cochran’s Q-statistic

Criteria Value
Heterogeneity (7?) 2.1363 [1.5552; 4.8359]
Heterogeneity (1) 1.4616 [1.2471; 2.1991]
I 92.0% [89.9%; 93.7%]
H 3.54 [3.15; 3.97]
Q-test 437.47

df 35

Test of heterogeneity p-value < 0.0001

Table 4 describes significant findings related to the
impact of the interventions tested in the 36 studies. The
main effect size measured using the SMD was 1.2691. We
assume that the SMD value mentioned is the effect size
using Hedges” g. The value suggests that, on average,
there is a sizable effect of the intervention using the
Hedges’ g model. The value explains that the
intervention using the inquiry model has a considerable
effect on average. The difference between the
experimental and control groups is significant in the
context studied. The 95% CI ranged from 0.7813 to
1.7568. Since all these intervals are above zero, this result
indicates that the effect is statistically significant. The z-
value of 5.10 with a p-value of less than 0.0001 confirms
that these results are highly statistically significant,
indicating a high probability that these results are not
due to chance.

Experimental Control
Study Total Mean SD Total Mean SO
Kurniati et al., 2024 22 485 180 25 450 206
Arsal, 2017b 28 22085 1143 28 21679 2182
Duran & Dokme, 20163 25 807 237 2 749 226
Ku etal, 2014c 189 2699 420 8 3558 478
Kim et al, 2012b 208 1580 5S40 195 1370 S50
Kim et al, 2012a 108 1680 S80 170 1480 S.10
Kuetal, 2014a 169 S750 7.34 85 5482 693
Hwang & Chen, 2016 S0 400 085 S1 372 073
Wen et al, 2023b 38 406 054 40 373 104
Taylor et al., 2018 208 12275 768 199 11952 84
Kim et al, 2012¢ 106 1670 S60 88 1430 810
Isiklar & Abali Ozturk, 2022 20 330 087 20 297 089
Wen et al, 2023a 3 415 0865 4 373 104
Lu et al, 20208 25 7872 730 28 7218 1494
Liang et al, 2021 21 452 07N 2 405 081
Ay & Daghan, 2023 35 779.49 25629 35 62480 22391
Karakas & Sarikaya, 2020 44 6990 ©66 44 85838 S07
Aldoo et al, 2022 §2 1522 177 48 1360 218
Polat & Aydin, 2020a 41 16009 18867 40 14232 2339
Aiman et al., 2020 30 8243 980 28 7228 127
Lu et al,, 2020b 25 8288 &4 28 7114 1372
Luetal, 2020c 28 8000 7.18 30 7080 939
Pahrudin et al, 2021 25 7620 565 25 7000 441
Rosidin et al, 2019 28 7131 739 26 8202 787
Polat 8 Aydin, 2020b 35 189.00 1920 40 14232 2339
Iiitaris et al., 2020 34 1N29 1 32 981 1.14
Cornejo et al, 2022 S4 1134 249 41 739 295
Yasa et al, 2024 §3 7184 1434 S§7 4507 2067
Duran & Dokme, 2016 20 674 348 23 245 197
Lu et al, 20204 28 8504 .00 30 7183 972
Pursiasari et al, 2020 28 7740 910 28 6280 7.3
Ku et al, 20140 169 3337 478 85 2442 443
Farah & Ayoubi, 2020 19 1837 342 19 10588 173
Greenwald 8 Quitadamo, 2014a 42 8633 176 27 7712 267
Greenwald & Quitadamo, 20140 42 8914 126 27 8005 170
Prayogi et al, 2023 27 2174 143 28 632 187
Random effects model 2093 1839
Heterogenety: [ = 52% < = 21383 p <001

The heterogeneity analysis in Table 5 explains the
significant variation among the study outcomes. The
tau-squared (r?) measures the actual variance among
study effects, which is 2.1363, indicating considerable
between-study variability in effect size. Tau (r), the
square root of 12, was 1.4616, giving a more intuitive idea
of the level of variation. The sizable value confirms the
presence of significant variability among the study
results. The Q-test showed a Q value of 437.47 with 35 df
and a minimal p-value (p <0.0001), confirming that there
is statistically significant heterogeneity among the
results of these studies, meaning that the differences
between studies are not only due to random error but
also other factors that have not been identified.

Another measure of heterogeneity, 12, had a value of
92.0%. The proportion of total variability in the results is
due to heterogeneity between studies rather than
random error. With a value of 92%, almost all of the
variability in these results is due to natural differences
between studies rather than random error. In addition,
the H value of 3.54, which is greater than 1, also indicates
considerable heterogeneity among the studies. Further
Q-testing using the Q statistic revealed a value of 437.47
with df of 35 and a p-value of less than 0.0001. These
results, suggesting significant heterogeneity among the
studies, corroborate previous findings of substantial
variation in results. Figure 2 presents a forest plot graph
displaying the results of a meta-analysis on the effect of
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Figure 2. Effect sizes distribution and forest plot of studies about effect IBL on critical thinking skills (Source: Authors” own
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inquiry learning on students’ critical thinking. The forest
plot graph combines data from 36 studies involving
various experimental and control groups to evaluate the
effectiveness of the intervention.

The overall SMD value is 1.27 with a 95% CI between
0.78 and 1.76, indicating that, on average, there is a
considerable positive effect of inquiry learning on
students’ critical thinking so that the effect is statistically
significant as the CI does not include zero. The SMD
value greater than one also indicates that the difference
between the experimental and control groups is
considerable in the context studied. The forest plot graph
also showed high heterogeneity among the included
studies, with an I? value of 92%, meaning that most of the
variability in effect sizes between studies is due to
fundamental differences rather than just random
variation. High heterogeneity suggests significant
variation in how the intervention was implemented or in
study characteristics, which could affect the results
(Oztiirk et al., 2022; Yang et al., 2020).

The results of the forest plots indicated that the
inquiry learning analyzed had a significant positive
effect on students’ critical thinking. However, there was
substantial variability among the studies, and further
analysis is needed to identify factors contributing to this
variability and better understand how the inquiry
learning model can be effectively implemented in
various science teaching contexts.

Moderator Analysis

Moderation analysis was conducted to investigate
the potential impact of various moderating variables on
the effectiveness of IBL in improving critical thinking
skills. Given the significant heterogeneity in the study
results, as indicated by the heterogeneity value (t2) of
21363 and the I? value of 92.0%, it is important to
examine how different factors may influence the
relationship between IBL and critical thinking skills. The
high I? value indicates that most of the variability in the
results is due to natural differences between studies
rather than random error. In addition, the H value of 3.54
and the Q-test result of 437.47 indicate highly significant
heterogeneity among these studies. Therefore, variables
such as education level, teaching strategy, country of
study, duration of intervention, science discipline, ICT
medium used, and specific assessment instruments were
considered in this analysis to provide a deeper
understanding of how contextual and methodological
factors may affect the outcomes of IBL interventions.
More detailed information can be seen in Table C1 in
Appendix C.

Education Levels

Students at the undergraduate level showed that IBL
had a very strong influence on critical thinking skills
with a SMD of 2.66 (N =9). Students at the middle school
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level had an effect size of 1.47 (N =7), which was greater
than students at the high school level with a SMD of 0.81
(N = 5), explaining that the inquiry-based approach is
also effective at a very early level of education.
Meanwhile, students at the elementary school level had
a moderate impact with a value of SMD = 0.57 (N = 12).
When assessing the effect of students” education level on
learning outcomes, the data shows that significant
differences in effect sizes between education levels are
different from the assumption that higher education
levels will always show more significant effects.

Learning Strategy

The results of the analysis showed that the IBL
strategy generally had a moderate impact on students’
critical thinking skills with an SMD value of 0.65 (p <
0.01), indicating that the IBL approach as a whole was
moderately effective in improving critical thinking skills,
with effect sizes that could be considered moderate to
large. However, when there is variation in the
effectiveness of various models and approaches within
the IBL framework. For example, the ethnoscience-based
IBL learning strategy (ethno-inquiry) showed a massive
effect with an SMD of 7.27 (N = 1) and the Inquiry-based
clinical case with an effect size of 5.18 (N = 2). Some
specific approaches in IBL, such as smart learning-based
inquiry, IBL and reflection, and new IBL, also showed
significant effect sizes with SMD of 1.41, 2.81, and 1.86,
respectively. The strong effect can be attributed to
students” more active approach and direct involvement
in the learning process, which encourages critical and
reflective thinking. The community of inquiry model
and Inquiry-based ubiquitous gaming environment
showed small effect sizes of 0.41 and 0.39, respectively,
indicating more minor impact than the other IBL
approaches. Nonetheless, these positive effects suggest
that even approaches with more minor impacts can still
be beneficial.

Level of Inquiry

Guided inquiry (N = 24) showed a significant positive
effect with a mean value of 1.46, indicating that the result
is statistically significant, signaling that the method may
effectively achieve the desired goal. Open inquiry (N =
2) showed a moderately significant result with a mean of
1.41. Structured inquiry (N = 9) showed less significant
results with a mean of 0.93 and a CI of 0.67 to 1.19. Since
the CI includes a value of 1, the effect of this method is
similar to zero, indicating the method may not have a
clear impact. Confirmation inquiry (N = 1) explains the
insignificant results with a mean of 0.41 and a CI from -
0.22 to 1.04.

Research Across Countries

The analysis results by country showed variations in
the effectiveness of the IBL strategy on students’ critical
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thinking skills. Results from Canada showed a
significant effect size with the highest SMD of 5.18 (N =
2), indicating that the strategy significantly impacts the
country’s educational context. Similar results were also
seen in Lebanon with an SMD of 281 (N = 1),
consistently impacting students’ critical thinking skills.
Singapore and the United States showed large effect
sizes with SMD of 1.45 (N = 1) and 1.43 (N = 4). Turkey,
China, and Indonesia recorded moderate effect sizes
with SMD of 0.71 (N = 8), 0.75 (4) and 0.59 (N = 8) . In
contrast, in Chile, the effect is small, with a SMD of 0.49,
indicating that although there is a positive impact, it is
not as large as in other countries.

Science Disciplines

Analysis of the research results by discipline showed
variations in the impact of IBL strategies on students’
critical thinking skills. Overall, the studies that examined
various science disciplines showed an SMD of 1.10 (N =
21). Although SMD indicates a moderately positive
impact, the p-value of 0.51 indicates that the result is not
statistically significant and could be due to heterogeneity
in the approaches wused or variations in the
implementation of IBL strategies across different science
sub-disciplines. The impact of IBL strategies on students’
critical thinking skills shows considerable differences.
Studies focusing on physics learning show a very strong
effect size with a SMD of 2.27, indicating that IBL
improves students’ critical thinking skills in physics. In
contrast, the physics discipline showed a lower effect
size with a SMD of 0.95, indicating a more moderate
impact of IBL strategies on students’ critical thinking
skills. Chemistry showed a higher effect size than
biology, with an SMD of 1.58.

ICT Used

Studies that did not mention specific media showed
a high effect size with an SMD of 1.28 and a 95% CI
between 0.70 and 1.86. The p-value of 0.02 indicates that
these results are statistically significant, indicating that
the use of various media in IBL has a moderately strong
positive impact on students’ critical thinking skills.
When looking more closely at the specific media, one can
see significant differences in their effectiveness. For
example, digital media such as digital games showed a
significant impact with an SMD of 3.98 and 95% CI
between 3.03 and 4.92, indicating that digital games have
a very strong influence in improving students’ critical
thinking skills. Traditional media, such as books and
printed materials, showed a more moderate effect size
with a SMD of 1.02 and 95% CI between 0.53 and 1.51.
While it still has a positive impact, more interactive
digital media is needed. Other media, such as e-learning
systems and mind mapping, also show moderate effect
sizes with SMD of 0.89 and 1.02, respectively. These
media are effective in certain situations, mainly when
used to organize information or provide flexible access

to learning materials. Technology-based media, such as
computer simulation, augmented reality, and real-time
media, show moderately high effect sizes.

Duration of Intervention

Analysis of the IBL duration showed that longer
duration affects students” critical thinking skills
substantially. The data showed that programs lasting 1-
4 weeks had a reasonably low effect with a SMD of 0.23
and a 95% CI between 0.09 and 0.76, although these
results were statistically significant (p < 0.01). However,
once the duration reached four weeks, there was a
significant increase in effectiveness, with an SMD of 1.29
and 95% CI between 0.75 and 1.83. The increase in effect
size became more pronounced as the duration increased
to 8 weeks, where the SMD reached 2.09 with a 95% CI
between 0.66 and 3.53. Individual studies involving 6-
week and 16-week durations showed SMD of 2.29 and
2.77, respectively, confirming that increasing the
duration of learning significantly impacts improving
critical thinking skills. The 10-week duration also
showed a significant positive effect with an SMD of 1.48,
suggesting an optimum point where longer duration
starts to yield better results. However, the results vary
when the duration reaches more than one year. For
example, a 1-year duration only showed an SMD of 0.35
with a 95% CI between 0.10 to 0.60, while a 3-year
duration had a much higher SMD of 1.97 with a 95% CI
between 1.04 to 2.91.

Assessment Used

The instruments with the most significant effect sizes
were the Ennis-Weir critical thinking essay test with a
SMD of 5.39 with a 95% CI between 1.81 and 12.58 and
the California critical thinking skills test with a SMD of
5.18 with a 95% CI between 2.32 and 7.13. These high
effect sizes indicate that these instruments are highly
effective in measuring improvements in critical thinking
skills due to IBL interventions. Other instruments that
showed high effect sizes were the James Madison critical
thinking test with a SMD of 2.81 and the critical thinking
skill essay test with a SMD of 1.24. Instruments with the
lowest effect sizes include the critical thinking test
(Miranda, 2003), with a SMD of 0.35 and 95% CI between
0.12 and 0.64.

Type of Assessment

The most frequently used assessment type, essay (N
= 15), explained a strong effect size with a SMD of 1.95,
and this result was statistically significant (p < 0.01). In
contrast, rating scale-based assessments showed a lower
effect size with a SMD of 0.7. Other assessments, such as
closed-ended and multiple choices, showed exciting
variations. Closed-ended questions had a sizable effect
size with a SMD of 3.04. On the other hand, multiple-
choice assessments have a SMD of 1.11 with a 95% CI
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Figure 3. Funnel plot diagram of publication bias (Source:
Authors” own elaboration)

between 0.65 and 1.72, which also shows a significant
effect. The rating scale-based assessment showed an
SMD of 0.70 with a 95% CI between 0.40 to 1.00,
indicating that the rating scale was also effective in
measuring the improvement of critical thinking skills
with moderate effects. At the same time, the assessment
type with the lowest effect is in the form of a
questionnaire with a SMD of 0.39.

Publication Bias

Figure 3 shows no strong indication of publication
bias in the meta-analysis (Egger et al., 1997). Publication
bias occurs when studies with statistically significant
results or larger effect sizes are more likely to be
published than non-significant studies, thus creating
biased results in the available literature (Demena, 2024).
In this plot, the distribution of red dots, representing
individual study results, is symmetrical around the
central vertical line representing the standardized mean
effect size. The symmetry in the plot shows that studies
with both significant and non-significant results are
evenly distributed, indicating that publications are not
skewed to one side of the effect (Linden et al., 2024). Most
points lie within the triangular boundary of symmetry
formed by the dashed line, reflecting the normal
distribution of study results, especially at the top of the
graph where standard errors are lower (studies with
larger N) (Sterne et al., 2011). Although there are some
outliers with large effect sizes on the right side of the
plot, their number and distribution pattern are not
strong enough to suggest publication bias. Some of these
outliers can be explained by methodological variations,
different study characteristics, or the actual effects of the
phenomenon under study rather than as a result of
selection bias (Neethirajan et al., 2005). Based on the
observations, there is no significant visual evidence of
publication bias in the analyzed dataset, and the
symmetric distribution of the study supports this result
on the funnel plot.
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DISCUSSION

General Features

Based on the collected research results, it is evident
that the IBL approach, in its various variations,
consistently improves students’ critical thinking skills
and academic achievement across different levels of
education and science subject areas. This strategy is
applied in various educational contexts worldwide,
including countries in Europe, America, Africa and Asia
(Ramnarain, 2023; Strat et al., 2024). The results show
that the implementation of IBL is effective in promoting
critical thinking, especially when combined with other
learning elements such as technology (Alabidi et al.,
2023; Pahrudin et al., 2021, Wen et al, 2023),
argumentation (Kabatas Memis & Cakan Akkas, 2020),
and local cultural context (Prayogi et al., 2022).

Previous research has shown that an IBL model can
improve students’ critical thinking skills. A research
conducted by Lu et al. (2020) and Pursitasari et al. (2020)
corroborate these findings by showing that learning
models such as Critique-Driven Inquiry and Science
Context-Based Inquiry Learning are not only effective in
improving critical thinking skills but also enrich the
learning process by involving students more actively.
They introduced Smart Learning-Based Inquiry, which
improves critical thinking skills and digital literacy,
expanding the scope and impact of this inquiry-based
approach.

Although numerous studies indicate substantial
enhancements in critical thinking abilities, certain
research, including Arsal (2017), revealed that not all IBL
models produced significant alterations, implying that
the efficacy of these methods is contingent upon the
context of implementation and supplementary learning
strategies employed. Learning methodologies that
amalgamate inquiry-based approaches with
argumentation or philosophy, as demonstrated in
Karakas and Sarikaya (2020), yielded varied outcomes,
suggesting potential for optimizing this strategy through
the adjustment and integration of more diverse methods.

The Overall Effect of Inquiry-based Learning on
Critical Thinking

The research findings show that implementing IBL in
an educational setting significantly positively impacts
the development of critical thinking skills, with a SMD
1.27. The conclusions of Cornejo (2022) highlighted that
the inquiry-based approach effectively promotes critical
thinking skills in students. Using IBL techniques
associated with improving critical thinking skills
compared to traditional teaching methods. The
interactive nature of IBL encourages students’ active
participation in the problem-solving and investigation
process, enhances cognitive engagement and promotes
deeper learning as highlighted by Prayogi et al. (2023
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The hands-on learning experience inherent in IBL
allows students to simulate real-world scientific inquiry
to practically develop critical thinking skills (Karakas &
Sarikaya, 2020). Further analysis showed a statistically
significant positive effect on critical thinking skills (SMD
= 1.45), in line with previous research findings by Lu et
al. (2020), who found that the IBL approach significantly
improved students” analytical and scientific reasoning
skills. Similar conclusions were also drawn by Duran
and Dokme (2016), who noted that students exposed to
inquiry-based science activities showed a marked
improvement in critical thinking performance compared
to those in a traditional learning environment.

The IBL approach, with its student-centered learning
environment, encourages deeper engagement,
motivation, and understanding of the subject matter,
ultimately leading to more positive perceptions and
attitudes toward critical thinking skills (Ku et al., 2014;
Ay & Daghan, 2023). Despite some challenges, such as
the need for structured guidance to prevent cognitive
overload, overall, using IBL in education yields
satisfactory results. Therefore, educators should
consider integrating IBL into various educational
contexts to enhance critical thinking skills and support
the development of independent and analytical learners
who are prepared for complex problem-solving in the
real world (Wan et al., 2024).

Studies by Kurniati et al. (2024) and Arsal (2017)
demonstrate lower or negligible effects, with SMD
values approaching zero, suggesting that IBL does not
consistently yield considerable enhancement. The brief
duration of the intervention, deficiencies in execution, or
discrepancies in student participation levels. These
findings suggest that although IBL is typically beneficial,
its efficacy is mostly contingent upon the manner of
implementation, including the intervention duration,
teacher training, integration with other educational
approaches, and adaptation to the specific situation.
Consequently, forthcoming research must ascertain the
ideal conditions for executing IBL to optimize its
advantages.

Moderator Analysis

Based on the results of moderator analysis, the
effectiveness of IBL on critical thinking skills is
influenced by various factors, including education level,
learning strategy, inquiry level, country, intervention
duration, science field, ICT media, and assessment
instruments used.

Education level plays an essential role as a moderator
in determining the effectiveness of IBL intervention. At
the undergraduate level, the effect of the IBL
intervention is powerful (SMD = 2.66) because students
have benefitted more from complex learning methods
(Cornejo et al., 2022). The ability of students to engage in
a learning process that demands critical and analytical

thinking supports the effectiveness of this intervention,
thus improving their learning outcomes (Jeon et al., 2021;
Prayogi et al., 2022).

Although the intervention still provided benefits at
the elementary school level, the effects were more
moderate compared to the undergraduate group. This
result could be attributed to the more exploratory and
play-focused nature of learning in primary schools that
support student engagement in the inquiry process but
with different levels of depth (Duran & Dokme, 2016;
Yasa et al., 2024). Meanwhile, at the secondary school
level, intervention effects were also cheerful and
moderately strong, but there was more significant
variability in the results. They indicate variations in the
execution of the intervention or the distinct attributes of
pupils at this level. Although the intervention had a
positive effect at the senior high school level, the strength
was smaller compared to the lower level of education
(preschool). It could be due to variations in students’
cognitive development and motivation at this level,
which affect how they respond to the intervention (Polat
& Aydin, 2020). The intervention effect is large at the
preschool level, indicating that a more interactive and
experiential learning approach is appropriate for this age
group. A research study by Iskilarak and Abali Oztiirk
(2022) explains that children in this program exhibit
various characteristics, including multi-dimensional
thinking, the ability to view situations from multiple
perspectives, and the establishment of cause-and-effect
relationships. These features are believed to enhance the
development of their problem-solving skills.

The IBL strategy significantly impacted students’
critical thinking skills, with effects varying between
different approaches. Overall, IBL effectively improved
critical thinking skills, with effect sizes ranging from
moderate to large. Approaches incorporating advanced
technologies such as smart learning-based learning
(Yasa et al., 2024) and inquiry-based game environments
(Liang et al., 2021; Wardani et al., 2017) showed an
enormous effect. This high effectiveness can be
attributed to the interactive and personalized nature of
technology-based learning that enhances student
engagement and encourages critical and reflective
thinking (Spector & Ma, 2019).

However, not all IBL interventions have the same
impact. Some interventions, such as the community of
inquiry model and inquiry-based ubiquitous gaming
environment, showed smaller effect sizes. Although the
impact is positive, this difference suggests that the level
of student engagement and the complexity of the task
given can influence the effectiveness of learning in
improving critical thinking skills (Kaczké & Ostendorf,
2023). Approaches that require direct engagement and
more challenging tasks appear more effective than
passive or structured approaches (Ay & Daghan, 2023;
Martin et al., 2022).
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The different levels of IBL shows that the level of
student engagement and the structure applied in the
inquiry method influence the effectiveness of this
intervention towards improving critical thinking skills .
Guided inquiry and open inquiry showed a significant
and large impact on student’s critical thinking skills,
explaining that when students are given proper
guidance or complete freedom to explore and
investigate, their critical thinking skills can be better
developed (van Uum et al., 2016; Wulandari et al., 2022).
This intervention encourages students to actively engage
in the learning process, ask questions, and seek answers
through experimentation or investigation, which is
essential to developing critical thinking skills (Butcher et
al., 2023).

Conversely, structured inquiry also showed a
significant but slightly lower effect compared to guided
inquiry and open inquiry, explaining that although
providing a framework and structure in the inquiry
process helps students understand the steps that need to
be taken, more limited freedom may reduce the
opportunity for students to develop deeper critical
thinking. Structured inquiry remains effective in
contexts where students may need more support or
direction to initiate the student learning process
(Pahrudin et al., 2021).

Confirmation inquiry showed little effect on
students’ critical thinking skills. Research by Toma
(2022) explained that there was no difference in students’
expectations of success and the intrinsic value of school
science when lecture, confirmation, or structured
inquiry teaching strategies were used. It could be due to
the nature of these methods, which focus more on
confirming or verifying already known information
rather than encouraging new exploration and discovery.
Students tend to be more passive as they follow a
predetermined procedure without thinking of new ways
or solutions and suggests that a more active and
participatory approach is needed to improve critical
thinking skills.

In Canada, Lebanon, the United States, and
Singapore, IBL has significantly impacted critical
thinking skills. High effectiveness indicates that IBL can
be very successful in contexts where students have
access to adequate resources and strong support from
their education system. However, in other countries
such as Turkey, Indonesia, China, and Ghana, the effects
of IBL were more moderate, suggesting that while IBL
still provides positive benefits, other factors influence
how effectively the method is implemented. Factors such
as differences in pedagogical approaches, the quality of
teacher training, or even cultural differences in learning
can affect outcomes. Meanwhile, IBL showed a small
effect in Chile due to implementation limitations or
insufficient curriculum adaptation to support IBL
effectively (Vergara-Diaz et al., 2020).
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The length of time spent implementing this method
affects its effectiveness in improving students’ critical
thinking skills. Interventions with shorter durations,
such as a few weeks or months, often showed large
effects, explaining that IBL can provide significant
benefits even over a relatively short period of time,
especially when the learning strategies are well-
designed and intensively implemented. Interventions
that last for years or those longer than one year show
smaller effects, suggesting that while IBL can improve
critical thinking skills in the long term, there is a risk of
decreased effectiveness over time. Factors such as
student boredom, decreased motivation, or lack of
variety in teaching methods may influence lower results
at longer durations (Marcos-Vilchez et al., 2024). Long-
term interventions do not maintain the intensity and
focus essential to maximize the effects of IBL (Shen et al.,
2024).

IBL is generally effective in science disciplines, with
results showing significant improvements in critical
thinking skills. The effects of IBL are powerful in the
field of biology. It could be due to the nature of biology,
which often involves hands-on experiments and
research, allowing students to more easily engage in the
process of inquiry and development of critical thinking
(Quetal., 2024; Vanc¢ugoviene et al., 2024). Similarly, IBL
has also shown significant effects in chemistry, reflecting
how this method can enhance the understanding of
concepts through in-depth laboratory activities and
experiments (Strippel & Sommer, 2015). Although IBL
showed a significant effect in physics, its slightly lower
impact compared to biology and chemistry could be due
to the complexity of the more abstract physics concepts
that require additional learning strategies to ensure
students can fully utilize the inquiry method (Agustini
& Suyatna, 2018).

The use of ICT media in IBL has a diverse impact on
improving students’ critical thinking skills. Overall, ICT-
based media are effective, with some media showing a
tremendous impact (Chen & Chen, 2024). E-learning
systems and digital games provided positive results,
suggesting that digital technologies allowing in-depth
interaction and personalized learning can significantly
enhance critical thinking skills (Kaczké & Ostendorf,
2023; Liang et al., 2021). The interactivity and flexibility
offered by these digital platforms seem to encourage
students to be more actively involved in the learning
process and explore concepts in greater depth (Zheng et
al., 2018). Wen et al. (2023) explained that integrating IBL
and AR proved more beneficial for students with low
critical thinking skills but had little impact on students
with high critical thinking skills. Media such as books
and printed materials also showed significant effects,
although not as strong as digital media, suggesting that
traditional and concrete media support IBL. These media
do not have the same interactive features that can
enhance engagement and critical thinking as in
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technology-based media. Meanwhile, alternate and
augmented reality games had less impact on critical
thinking skills.

Various assessment instruments used to measure
critical thinking skills show significant differences in the
effectiveness of IBL. Such as the California critical
thinking dispositions inventory (SMD = 0.9), California
critical thinking skills test (SMD = 5.18), and Ennis-Weir
critical thinking essay test (SMD = 5.39), which showed
a considerable impact so indicates that these instruments
are highly effective in measuring the improvement in
critical thinking skills generated by the IBL intervention
(Hix & Ramsey, 2023). These instruments cover various
aspects of critical thinking, such as analysis, evaluation,
and logical reasoning and can capture the various
dimensions of critical thinking skills developed through
IBL. On the other hand, some instruments, such as the
Watson Glaser critical thinking appraisal (SMD = 0.47)
and the lIowa test of basic skills (SMD = 0.4), showed
smaller impacts on critical thinking skills. These results
suggest that these instruments can still detect
improvements in critical thinking skills less sensitive to
the more subtle changes that occur due to IBL (Karakas
& Sarikaya, 2020). Instruments with small impacts are
often more focused on a particular aspect of critical
thinking skills or use a more structured assessment
format and may not fully capture the complexity and
variety of critical thinking that can be developed through
IBL methods (Butler, 2024).

Implications

The effectiveness of IBL depends not only on the
method used but also on the educational level of the
students. The unique characteristics of each educational
level, such as cognitive readiness, motivation, and
learning style, all play a role in determining how
effective the intervention is. Therefore, educators and
policymakers need to consider these factors when
designing and implementing educational interventions,
ensuring that learning strategies are tailored to the
specific needs of students at each educational level. Yun
and Crippen (2024) identified three important abilities to
support students in science IBL. First, it assists students
in capturing and collecting data; second, it provides
relevant learning materials; and third, it connects
learning with real-world contexts.

There have been significant successes in some
countries; further research is needed to understand the
barriers that may exist in countries where IBL has shown
more moderate or modest results. One possible solution
to address these gaps is to develop IBL implementation
guidelines tailored to local needs and characteristics.
Further research is also needed to explore how teacher
training, infrastructure support, and curriculum
adaptation can increase the effectiveness of IBL in
different contexts, ensuring that all students, regardless

of geographical location, can benefit the most from this
learning approach.

Further research is required to comprehend the
obstacles that may be present in countries where IBL has
yielded more moderate or modest outcomes. A potential
option to rectify these deficiencies is to establish IBL
implementation guidelines customized to local
requirements and attributes. Additional study is
required to examine how teacher training,
infrastructural support, and curriculum adaptation can
enhance the effectiveness of IBL in all contexts, ensuring
that all students, irrespective of geographical location,
can optimally benefit from this educational method.

Certain research indicate substantial short-term
advantages; nevertheless, modest long-term outcomes
imply the necessity for alternative measures to sustain
student engagement and learning efficacy (Pattipeilohy
et al.,, 2022). Additional study is required to investigate
how long-term treatments might be restructured to
sustain their efficacy, including more adaptable
methodologies or the integration of other learning
mechanisms. Potential solutions involve creating
curriculum  that  prioritize  diverse  learning
methodologies and offering continuous support for
students and educators during extended interventions to
guarantee the sustainability of IBL advantages
throughout the duration of the intervention. Educators
must also contemplate two essential aspects for
cultivating subject matter expertise: the allocation of
time for science instruction and the establishment of a
learning environment that prioritizes science (Nixon &
Bennion, 2024).

Although some ICT media show great potential,
there is a need for further research on how ICT can be
used more effectively in various educational contexts.
Potential solutions to address this gap include further
training for teachers in the use of new technologies, as
well as more in-depth research on how to better integrate
technologies such as augmented reality, virtual reality,
alternate reality games and artificial intelligence into
existing curricula (Wang et al., 2024). By understanding
the best ways to utilize various learning media,
educators can improve students’ critical thinking skills
more consistently and effectively across various learning
environments (Yeoh et al., 2024).

Variations in the effectiveness of assessment suggest
gaps in understanding how best to measure critical
thinking skills in the context of IBL. While some
instruments effectively measure improvements in these
skills, others may require customization or further
development to be more sensitive to the multiple
dimensions of critical thinking that develop through IBL.
Combining IBL with customized assessment practices
requires significant changes in teaching practices
(Grangeat et al., 2021). Recent research could focus on
developing more holistic and diverse assessment
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instruments that can more comprehensively measure
improvements in critical thinking skills (Cheung et al.,
2023; Walton & Martin, 2023). Collaboration between
researchers and teachers is essential to support changes
in professional knowledge, beliefs and classroom
practices.

CONCLUSION

Overall, this meta-analysis shows that IBL
significantly improves critical thinking skills across
different educational contexts. It is indicated by a high
SMD of 1.2691 and a CI of [0.7813; 1.7568]. This effect was
found to be robust with a highly significant p-value (p <
0.0001), as well as high heterogeneity (I2 = 92%),
indicating considerable variability in effect size among
the studies analyzed. Heterogeneity analysis confirmed
substantial variation among the reviewed studies (12 =
2.1363), prompting further exploration of moderating
factors that influence the effectiveness of IBL. Moderator
analysis revealed several key variables affecting the
success of IBL, including education level, inquiry
strategy, level of inquiry, geographical context, duration
of intervention, discipline, ICT media, and assessment
tools.

The most effective levels of IBL are undergraduate,
junior high, and senior high school. Additionally,
significant positive effects have been observed at the
early childhood education level, suggesting that inquiry
can be tailored to a variety of cognitive levels.
Nonetheless, its influence at the elementary school level
is generally diminished owing to variations in cognitive
development and students” preparedness for intricate
learning methodologies. Diverse inquiry methodologies
produced disparate outcomes, with clinical case-based
inquiry and ethno-inquiry demonstrating notably high
effect sizes, whereas confirmatory inquiry, which
emphasizes  information  verification,  exhibited
diminished influence. The efficacy of IBL differs by
country, with the most significant effects noted in
nations such as Canada, Singapore, and the United
States, underscoring the role of cultural and educational
contexts on its adoption and execution. Moreover,
extended interventions typically yielded superior
results, however short-term therapies also demonstrated
favorable outcomes, reflecting the adaptability of IBL.
IBL proved to be most effective in science and biology,
and its integration with ICT media, such as e-learning
systems and digital games, enhanced learning outcomes,
though traditional media also had significant effects. The
effectiveness of IBL in enhancing critical thinking skills
was demonstrated through many assessment
instruments, with the California critical thinking skills
test and the Ennis-Weir critical thinking essay test
exhibiting substantial effect sizes, so affirming its
relevance across varied evaluative settings.
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Limitations and Future Studies

This study, while providing valuable insights into the
impact of IBL on critical thinking skills, has several
limitations. First, the literature search was restricted to
articles from Scopus and ERIC, potentially excluding
relevant studies from other databases, which could limit
the comprehensiveness of the analysis. Second, the
review only considered studies with pre-experimental or
quasi-experimental designs, excluding other
methodological approaches that may offer different
perspectives. Third, despite the meta-analysis showing a
high mean effect size, the substantial heterogeneity (12 =
92.0%) among studies indicates variability in the effects
of IBL across different contexts, which may limit the
generalizability of the findings. The study’s reliance on
secondary data also constrains the control over
variables, making it difficult to account for all
moderating factors. Additionally, while subgroup
analysis was conducted to explore potential moderators,
other factors such as cultural influences or teacher
characteristics may also play a significant role in the
effectiveness of IBL but were not examined in detail.
Lastly, the inclusion of only quantitative research may
overlook the depth and insights that qualitative studies
could provide on how IBL influences critical thinking
skills in various educational settings.
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APPENDIX A

Table Al. Description of the results of empirical studies about effect IBL on critical thinking skills

Reference

Tittle

Results

Arsal (2017)

Luetal.
(2020)

Kuetal.
(2014)

Greenwald
and
Quitadamo
(2014)

Pursitasari et Jurnal Pendidikan

al. (2020)

Duran and
Dokme
(2016)

Yasa et al.
(2024)

Hwang and
Chen (2016)

Ay and
Daghan
(2023)

Pahrudin et
al. (2021)

Journal Strategy Country
International Journal IBL Turkey
of Science Education

Journal of Baltic Critique- Taiwan
science education  driven inquiry
Instructional Science IBL China

Journal of Inquiry-based Canada
Undergraduate clinical case
Neuroscience
Education

Science Indonesia
IPA Indonesia context-based
inquiry
learning
Eurasia Journal of IBL Turkey
Mathematics,
Science and
Technology
Education
Ingenierie des Smart Indonesia
Systemes learning-
d’Information based inquiry

British Journal of  Inquiry-based  China
Educational ubiquitous
Technology gaming

environment
Education and Flipped Turkey
Information inquiry
Technologies learning

European Journal of STEM-inquiry Indonesia
Educational
Research

The impact of inquiry-based
learning on the critical
thinking dispositions of pre-
service science teachers

The effects of critique-driven
inquiry intervention on
students’ critical thinking and
scientific inquiry competence

Integrating direct and inquiry-
based instruction in the
teaching of critical thinking:
An intervention study
A mind of their own: Using
inquiry-based teaching to
build critical thinking skills
and intellectual engagement in
an undergraduate
neuroanatomy course
Enhancement of student’s
critical thinking skill through
science context-based inquiry
learning

The effect of the inquiry-based
learning approach on student’s
critical-thinking skills

Evaluating the impact of smart
learning-based inquiry on
enhancing digital literacy and
critical thinking skills

Influences of an inquiry-based
ubiquitous gaming design on
students’ learning
achievements, motivation,
behavioral patterns, and
tendency towards critical
thinking and problem solving
The effect of the flipped
learning approach designed
with community of inquiry
model to the development of
students’ critical thinking
strategies and social, teaching
and cognitive presences
The effectiveness of science,
technology, engineering, and
mathematics-inquiry learning
for 15-16 years old students
based on K-13 Indonesian
curriculum: The impact on the
critical thinking skills

The results of the study showed that
prospective teachers in the experimental group
did not show statistically significant progress
in terms of critical thinking tendencies
compared to those in the control group.
The results of the study showed that students
taught with the CDI model were significantly
more effective in terms of critical thinking and
scientific inquiry skills during and after the
CDI intervention.

Students who received training showed
greater improvement on at least one critical
thinking assessment compared to those who
did not receive training.

The results showed that students in
conventional neuroanatomy courses earned
less than 3 percentile national rankings while
IBCC students earned more than 7.5 in one
academic semester using the valid and reliable
California test of critical thinking skills.
The results of the implementation of the
SCOIL model showed an increase in activity
with a high category and the N-gain of critical
thinking skills was in the medium category.
The significance test showed that students’
critical thinking skills with the SCOIL model
were greater than those with the guided
inquiry learning model.

The research findings reveal that science and
technology learning supported by guided
activities developed in line with the IBL
approach has a significant influence on
students’ critical thinking skills in science and
technology subjects.

The results of the study showed that the SLBI
strategy, which includes six stages (orientation,
conceptualization, investigation, digital report
design, reflection, and publishing),
significantly improved critical thinking skills
(effect size of 1.504 is categorized as large)
compared to the traditional inquiry learning
method.

The experimental results showed that the
inquiry approach improved students’
performance in learning achievement and
intrinsic motivation; furthermore, students’
perceptions of their problem solving and
critical thinking also improved significantly.

The findings suggest that it is possible to
eliminate the lack of interaction and feedback
processes, and to develop students’ critical
thinking strategies and their perceptions of
teaching.

The results of the hypothesis test show that
students’ critical thinking skills before and
after using the STEM-based inquiry model are
different, so it can be concluded that the
application of the STEM-based inquiry model
is effective in improving students’ critical
thinking skills.
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Table Al (Continued). Description of the results of empirical studies about effect IBL on critical thinking skills

Reference Journal Strategy Country Tittle Results
Isiklar and  International Journal Community of Turkey  The effect of philosophy for The results of the analysis showed a significant
Abali Oztiirk  of Contemporary — inquiry model children (P4C) curriculum on  difference between the pre-test and post-test
(2022) Educational critical thinking through scores of the two groups in terms of critical
Research philosophical inquiry and thinking skills of the experimental group
problem solving skills through philosophical inquiry in the group

comparison. Although the average post-test
score of the critical thinking skills of the
experimental group through philosophical
inquiry was higher than the control group , no
statistically significant difference was observed
between the two.
Farahand  Journal of Education IBL and Lebanon Enhancing the critical thinking  The findings showed that students in the

Ayoubi in Science, reflection skills of grade 8 chemistry experimental group improved their critical

(2020) Environment and students using an inquiry and  thinking skills significantly, while the critical
Health reflection teaching method thinking of students in the control group
remained the same.

Karakasand Ilkégretim Online  Argument- Turkey  The effect of argumentation-  significant differences were found in favor of
Sarikaya driven inquiry based teaching performed for  the mean scores of the experimental group’s
(2020) environment-energy issues on post-test critical thinking skills (p < 0.05), and
critical thinking of prospective the effect of its implementation was a “middle
classroom teachers effect” (R2: 0.11). The critical thinking level of

the experimental group’s prospective
classroom teachers was found to be higher
than that of the control group.

Kurniatiet ~ KnE Social Sciences IBL Indonesia The effect of inquiry learning The results obtained after the research proved
al. (2024) on the critical thinking skills of ~ that students who were taught using the
students in the era of the inquiry learning model had higher critical

Industrial Revolution 4.0  thinking skills compared to students who were
taught using the conventional learning model.

Aidoo etal. European Journal of Flipped Ghana A mixed-method approach to  The results of the quantitative data analysis
(2022) Science and inquiry investigate the effect of flipped showed a significant improvement in students’
Mathematics learning inquiry-based learning on academic performance and critical thinking
Education chemistry students learning skills in pre- and post-test scores in the
experimental class.
Liang et al. British Journal of Concept Taiwan  Promoting children’s inquiry =~ Quantitative and qualitative analyses were
(2021) Educational mapping- performances in alternate examined to identify the effects of different
Technology based reality games: A mobile learning strategies to support children’s
questioning concept mapping-based learning with ARG. ARG-CMQ improved
approach questioning approach children’s learning achievement, critical

thinking and learning attitudes better than
conventional ARG.

Aiman etal. European Journal of Process Indonesia The influence of process There is a significant difference between the
(2020) Educational oriented oriented guided inquiry critical thinking of students who receive
Research guided inquiry learning (POGIL) model POGIL learning assisted by realia media and
learning assisted by realia media to students who receive expository learning.

improve scientific literacy and
critical thinking skill of
primary school students
Rosidin etal. Jurnal Cakrawala Argument- Indonesia Can argument-driven inquiry The results of the study showed that there was

(2019) Pendidikan driven inquiry models have impact on critical an influence of ADI learning on critical
thinking skills for students  thinking skills in students with high and low
with different personality academic abilities.

types?
Mitarlis et al. European Journal of =~ New IBL Indonesia The effectiveness of new The NIBL model effectively improves the M-
(2020) Educational inquiry-based learning (NIBL)  HOTS of prospective chemistry teachers in
Research for improving multiple higher- terms of CACP thinking skills and contributes
order thinking skills (M- significantly to improving students’ mastery of
HOTS) of prospective organic chemistry concepts.
chemistry teachers

Taylor etal.  Journal of Science Argument- USA  Using argument-based science students in the SWH group scored

(2018) Education for driven inquiry inquiry to improve science  significantly better than the comparison group

Students with achievement for students with  on post-test science achievement scores. The
Disabilities disabilities in inclusive authors also found stronger effect size results
classrooms for the SWH group.
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Table Al (Continued). Description of the results of empirical studies about effect IBL on critical thinking skills

Reference

Journal Strategy Country Tittle Results
Cornejo et al. Electronic Journal of Inquiry Chile  Promoting pedagogy students’”  The results showed statistically significant
(2022) Research in probabilistic scientific skills through critical differences in both variables for the
Educational reasoning thinking program experimental group, with a large effect on the
Psychology investigation variable, and a moderate effect
on the probabilistic reasoning variable.
Wen et al. Educational QIMS inquiry Singapore Integrating augmented reality =~ The use of AR and QIMS has a significant
(2023) Technology into inquiry-based learning  effect in improving students’ critical thinking
Research and approach in primary science skills and knowledge creation skills.
Development classrooms
Polat and Thinking Skills and IBL Turkey The effect of mind mapping on  Inline with the results of the analysis, it is
Aydin (2020) Creativity young children’s critical understood that the critical thinking skill
thinking skills scores of children in experimental group-1 and
experimental group-2 were significantly higher
than those of children in the control group. It
was also found that experimental group-2 who
conducted large group mind mapping made
further progress than children in experimental
group-1 who were subjected to individual
mind mapping studies.
Kim et al. Research in Science IBL USA Project clarion: Three years of  The results indicate that all ability groups of
(2012) Education science instruction in titleI ~ students benefit from an inquiry-based science
schools among K-third grade  learning approach that emphasizes science
students concepts, and that there are positive
achievement effects for young children of low
socioeconomic status who engage in such a
curriculum.
Prayogi et al. Journal of Education Ethno-inquiry Indonesia Dynamic blend of According to the study findings, there has

(2023) and e-Learning

Research

ethnoscience and inquiry in a
digital learning platform (e-
learning) for empowering
future science educators’
critical thinking

been significant progress in CT due to the
dynamic blend of Ethnoscience and inquiry on
digital learning platforms. This study suggests
that the dynamic blend of ethnoscience and
inquiry on digital learning platforms can serve
as a cutting-edge learning method to empower
CT especially in pre-service science teachers.
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APPENDIX B

Table B1. Quantitative studies relating the effect of IBL on students’ critical thinking

Reference Grade level Strategy Ir]i(it;gly Country Duration = Subject  Media ICT Assessments Types
Arsal (2017) Undergraduate IBL Guided Turkey 14 weeks  Science Not California critical ~Questioner
inquiry specified thinking
dispositions
inventory
Luetal. Elementary Critique- Structured  Taiwan 20 weeks Physics Not California critical Essay
(2020a) school driven inquiry  inquiry specified thinking
dispositions
inventory
Luetal. Elementary Critique- Structured  Taiwan 20 weeks Physics Not California critical Essay
(2020b) school driven inquiry  inquiry specified thinking
dispositions
inventory
Luetal. Middle school  Critique- Structured  Taiwan 20 weeks Physics Not California critical Essay
(2020c) driven inquiry  inquiry specified thinking
dispositions
inventory
Luetal. Middle school  Critique- Structured  Taiwan 20 weeks  Physics Not California critical Essay
(2020d) driven inquiry  inquiry specified thinking
dispositions
inventory
Kuetal. High school IBL Guided China 4 weeks  Science Not Watson Glaser ~ Close-ended
(2014a) inquiry specified critical thinking
appraisal
Ku et al. High school IBL Guided China 4 weeks  Science Not Halpern critical ~Open-ended
(2014b) inquiry specified thinking
assessment
Ku etal. High school IBL Guided China 4 weeks  Science Not Halpern critical ~ Close-ended
(2014c) inquiry specified thinking
assessment
Greenwald Undergraduate Inquiry based  Guided Canada 3 weeks  Biology Not California critical Essay
and clinical case inquiry specified  thinking skills test
Quitadamo
(2014a)
Greenwald Undergraduate Inquiry-based  Guided Canada 3 weeks  Biology Not California critical Essay
and clinical case inquiry specified  thinking skills test
Quitadamo
(2014b)
Pursitasari et Middle school Science Guided  Indonesia 3 weeks  Science  Booksand Ennis-Weir critical =~ Multiple
al. (2020) context-based inquiry printed thinking essay test ~ choices
inquiry materials
learning
Duranand  Middle school IBL Guided Turkey = 4weeks  Science Booksand  Critical thinking Essay
Dokme inquiry printed skills scale
(2016a) materials
Duranand  Middle school IBL Guided Turkey = 4weeks  Science  Booksand  Critical thinking Essay
Dokme inquiry printed skills scale
(2016b) materials
Yasa et al. Elementary Smart Open inquiry Indonesia 6 weeks  Science  E-learning CTST-MC Multiple
(2024) school Learning system choices
Based Inquiry
Hwangand  Elementary Inquiry-based Structured China 3weeks  Science Digital game CTST-RS Rating scale
Chen (2016) school ubiquitous inquiry
gaming
environment
Ay and Undergraduate  Flipped Guided Turkey 15 weeks Physics  E-learning  Critical thinking Rating scale
Daghan Inquiry inquiry system strategies for
(2023) learning learning
questionnaire
Pahrudinet  Highschool STEM-inquiry Structured Indonesia 4 weeks  Physics Not CTST-E Essay
al. (2021) inquiry specified
Isiklar and Preschool ~ Community of Confirmation Turkey 10 weeks  Science Not Critical thinking  Rating scale
Abali Ozturk inquiry model  inquiry specified through
(2022) philosophical
inquiry
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Table B1 (Continued). Quantitative studies relating the effect of IBL on students’ critical thinking

Reference Grade level Strategy Ir]f;gly Country Duration  Subject = Media ICT Assessments Types
Farah and Middle school IBL and Guided Lebanon 2 Chemistry Not James Madison Multiple
Ayoubi reflection inquiry semesters specified  critical thinking test  choices
(2020)
Karakas and Undergraduate Argument- Guided Turkey 10 weeks  Physics Not Watson Glaser Multiple
Sarikaya driven inquiry  inquiry specified critical thinking choices
(2020) appraisal
Kurniati et High school IBL Guided  Indonesia Not Biology Not CTST-MC Multiple
al. (2024) inquiry specified specified choices
Aidoo etal. Undergraduate  Flipped Guided Ghana 4 weeks Chemistry E-learning CTST-MC Multiple
(2022) inquiry inquiry system choices
learning
Liang et al. Elementary Concept Structured =~ Taiwan Not Science  Alternate  Critical Thinking ~ Questioner
(2021) school mapping- inquiry specified reality game Strategies for
based mobile Learning
questioning Questionnaire
approach
Aimanetal.  Elementary Process Guided  Indonesia 4 weeks  Science Realia media CTST-MC Multiple
(2020) school oriented inquiry choices
guided
inquiry
learning
Rosidin et al. Middle school =~ Argument- Guided  Indonesia Not Science Not CTST-E Essay
(2019) driven inquiry  inquiry specified specified
Mitarlis et al. Undergraduate ~ New IBL Open Indonesia Not Chemistry Not CTST-E Essay
(2020) Inquiry specified specified
Taylor etal. ~ Elementary = Argument- Guided USA 1month  Science  Computer  The Iowa test of Multiple
(2018) school driven inquiry  inquiry simulation basic skills choices
Cornejo et al. Undergraduate  Inquiry Guided Chile 1 semester Science Not Critical thinking Multiple
(2022) probabilistic inquiry specified task (Miranda, choices
reasoning 2003)
Wen et al. Elementary QIMSinquiry = Guided  Singapore 3 weeks Biology Augmented Critical thinking Open ended
(2023a) school inquiry reality test questions
Wen et al. Elementary QIMSinquiry = Guided  Singapore 3 weeks Biology  E-learning  Critical thinking Open ended
(2023b) school inquiry system test questions
Polat and Preschool IBL Structured  Turkey = 8 weeks  Science Not Critical thinking  Rating scale
Aydin inquiry specified through
(2020a) philosophical
inquiry
Polat and Preschool IBL Structured  Turkey = 8 weeks  Science Not Critical thinking  Rating scale
Aydin inquiry specified through
(2020b) philosophical
inquiry
Kim et al. Elementary IBL Guided USA 1 year Science Not Paul-Elder critical Essay
(2012a) school inquiry specified thinking test
Kim et al. Elementary IBL Guided USA 2years  Science Not Paul-Elder critical Essay
(2012b) school inquiry specified thinking test
Kim et al. Elementary IBL Guided USA 3years  Science Not Paul-Elder critical Essay
(2012c) school inquiry specified thinking test
Prayogi et al. Undergraduate Ethno-inquiry = Guided  Indonesia Not Science  E-learning Ennis-Weir critical Essay
(2023) inquiry specified system thinking essay test
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APPENDIX C

Table C1. Summary of the moderator analysis

Moderate variable Category Number of studies  p SMD 95% CI Effect
Grade level Undergraduate 9 0.01 2.66 [0.71; 4.62] Big
Elementary school 12 0.57 [0.38;0.76] Moderate
Middle school 7 143 [0.89;1.97] Big
High school 5 0.81 [0.15; 1.46] Big
Preschool 3 0.86 [0.43;1.28] Big
Strategy IBL 12 <0.01 0.65 [0.33;0.98] Moderate
Critique-driven inquiry 4 1.07 [0.63;1.51] Big
Inquiry based clinical case 2 518 [2.32;7.13] Big
Science context-based inquiry learning 1 1.77 [1.15; 2.39] Big
Smart learning-based inquiry 1 141 [0.61;1.91] Big
Inquiry-based ubiquitous gaming environment 1 0.39 [0.00; 0.78] Small
Flipped inquiry learning 2 0.74 [0.43;1.05] Moderate
STEM-inquiry 1 1.20 [0.61; 1.80] Big
Community of inquiry model 1 0.41 [-0.22; 1.04] Small
IBL and reflection 1 2.81 [1.89;3.73] Big
Argument-driven inquiry 1 1.30 [0.76; 1.83] Big
Concept mapping-based questioning approach 1 0.60 [-0.01;1.22] Moderate
Process oriented guided inquiry learning 1 0.88 [0.34; 1.42] Big
New IBL 1 1.86 [0.44; 3.28] Big
Inquiry probabilistic reasoning 1 145 [1.00; 1.91] Big
QMIS-inquiry 2 0.43 [0.12; 0.75] Small
Ethno-inquiry 1 7.27 [2.27,10.95] Big
Level Guided inquiry 24 0.02 146 [0.69; 2.23] Big
Structured inquiry 9 0.93 [0.67;1.19] Big
Open inquiry 2 141 [1.08; 1.74] Big
Confirmation inquiry 1 0.41 [-0.22; 1.04] Small
Country Turkey 8 <0.01 0.71 [0.43; 1.00] Moderate
Taiwan 5 0.96 [0.56; 1.36] Big
China 4 0.75 [0.02;1.51] Moderate
Canada 2 5.18 [2.32;7.13] Big
Indonesia 8 0.59 [0.22,0.96] Moderate
Lebanon 1 2.81 [1.89;3.73] Big
Ghana 1 0.87 [0.40; 1.22] Big
USA 4 1.43 [1.00; 1.91] Big
Chile 1 043 [0.12; 0.75] Small
Singapore 2 145 [1.00;1.91] Big
Duration 14 weeks 1 <0.01 0.23 [0.29; 0.76] Small
20 weeks 4 1.07 [0.63; 1.51] Big
4 weeks 8 2.20 [0.48; 3.91] Big
3 weeks 1 1.48 [1.06; 1.91] Big
15 weeks 1 1.66 [1.22;2.11] Big
10 weeks 2 2.81 [1.89;3.73] Big
2 semester 1 247 [0.41; 5.56] Big
Not specified 11 2.40 [0.70; 6.01] Big
1 month 1 2.00 [0.20; 6.00] Big
1 semester 5 1.24 [0.64; 1.85] Big
8 weeks 1 1.02 [0.51; 1.40] Big
1 year 2 0.35 [0.15; 0.64] Small
2 years 1 0.41 [0.12; 0.70] Small
3 years 1 0.41 [0.12; 0.70] Small
Discipline Science 21 0.51 1.10 [0.49;1.71] Big
Physics 7 0.95 [0.67;1.23] Big
Biology 5 227 [0.42; 4.65] Big
Chemistry 3 1.58 [0.45; 2.70] Big
ICT media Not specified 21 0.02 1.28 [0.70; 1.87] Big
Books and printed materials 5 1.17 [0.23; 2.10] Big
E-learning system 3 24 [0.41; 5.56] Big
Digital game 1 3.5 [-0.01; 7.00] Big
Alternate reality game mobile 1 0.39 [0.00; 0.78] Small
Realia media 1 0.88 [0.34; 1.42] Big
Computer simulation 2 0.80 [0.20; 1.22] Big
Augmented reality 1 0.48 [0.03; 0.93] Small
Mind mapping 2 1.02 [0.63; 1.40] Big
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Table C1 (Continued). Summary of the moderator analysis

Moderate variable Category Number of studies  p SMD 95% CI Effect
Assessment California critical thinking dispositions inventory 5 <0.01 0.9 [0.42;1.37] Big
Watson Glaser critical thinking appraisal 2 0.47 [0.19; 0.75] Small
Halpern critical thinking assessment 2 111 [0.45; 2.68] Big
California critical thinking skills test 2 518 [2.32;7.13] Big
Ennis-Weir critical thinking essay test 2 539 [1.81;12.58] Big
Critical thinking skills scale 2 0.87 [0.34; 1.35] Big
CTST-MC 1 0.39 [0.01; 0.78] Small
CTST-RS 1 111 [0.26; 1.97] Big
Critical thinking strategies for learning questionnaire 1 0.62 [0.09;1.15] Moderate
CTST-E 3 1.24 [0.65; 1.83] Big
Critical thinking through philosophical inquiry 1 0.86 [0.43;1.28] Big
James Madison critical thinking test 1 2.81 [1.89;3.73] Big
The Iowa test of basic skills 1 04 [0.20; 0.60] Small
Critical thinking task (Miranda, 2003) 1 0.35 [0.15; 0.64] Small
Critical thinking test 1 0.43 [0.12; 0.75] Small
Paul-Elder critical thinking test 3 0.36 [0.23; 0.50] Small
Type of assessment Questioner 2 <0.01 0.39 [0.01; 0.79] Small
Essay 15 1.95 [0.75; 3.15] Big
Close-ended 2 3.04 [1.06; 5.01] Big
Open-ended 3 1.91 [1.60; 2.22] Big
Multiple choices 9 1.11 [0.64; 1.58] Big
Rating scale 5 0.7 [0.40; 1.00] Moderate
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