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Objective: This study aims to determine the influence of blended learning and
inquiry based learning on students' 21st-century thinking ability in learning in
schools. Method. This research is a type of meta-analysis research. Data is
obtained through the google scholar database; ScienceDirect, Wiley and ERIC.
Obtained 26 articles analyzed. The research data was analyzed with the help
of the JASP application by presenting the results of the heterogeneity,
publication bias, effect size, funnel plot and forest plot test results. Results:
The application of blended learning and inquiry-based learning models can
improve students' 21st-century thinking skills compared to conventional

© 06 660 O

models (g= 1.062; 95% CI 0.45; 0.93; p < 0.001) Analysis of moderator
variables shows that the variation of models, education levels, subjects, and
skills of the 21st century has a significant influence. These findings explain
that blended learning and inqyiry based learning models are effectively used
to improve students' 2l1st-century thinking skills in schools.. Novelty:
Blended Learning and Inquiry-Based Learning, into a single meta-analysis
framework that focuses on developing students' 21st century thinking skills.
Not only does it measure the effectiveness of each model, but it also
comprehensively evaluates the synergistic impact of the two on students'
critical, creative, communication, and collaborative thinking aspects.

INTRODUCTION

In an era of rapid globalization and digital transformation, 21st-century thinking
skills including critical thinking, creative thinking, problem-solving, collaboration, and
communication are essential for students to adapt and contribute effectively in modern
society (Asnur et al.,, 2024; Ramalingam et al., 2021). According to Trilling and Fadel
(2009), these skills are part of the learning and innovation skills needed to face the
complex challenges of this century. Critical thinking skills allow individuals to analyze
information in depth, while creative thinking drives innovation and new solutions
(Feyza & Seyda, 2023). Effective collaboration and communication are also key in an
increasingly integrated and team-based work environment. Care et al. (2018)
emphasized that the integration of 4C skills in the educational curriculum can improve
students' readiness to face the dynamic world of work. They highlight the importance
of a holistic assessment of these skills to ensure balanced development. The application
of a 21st-century learning model that emphasizes communication, creativity, critical
thinking, and collaboration significantly improves student (Nurhidayat et al., 2024;
Dewanto et al., 2023).
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The development of digital technology has revolutionized the world of education in
the 21st century, driving a transformation from traditional learning approaches to more
innovative, student-centered models. The integration of technologies such as artificial
intelligence, virtual reality, and adaptive learning platforms allows for the
personalization of the learning process according to individual needs and learning
styles (Chamidah et al., 2024). This not only increases student engagement, but also
strengthens the development of critical thinking, problem-solving, and creativity
skills—competencies that are urgently needed in today's digital society (Zainil et al.,
2023; Antonio & Prudente, 2023). Additionally, technology encourages more effective
collaboration and communication through digital tools such as interactive whiteboards,
game-based learning apps, and virtual learning environments. These innovations allow
students to work together on projects across geographical and cultural boundaries,
broadening their horizons and social skills. However, technology adoption also requires
education systems to adapt, including in terms of teacher training, digital
infrastructure, and policies that support technology-based learning (Al-Kamzari &
Alias, 2025; Ramalingam et al., 2021).

Technological advances should help the effectiveness of student teaching in schools.
However, the problem of students' ability to master 21st-century skills is found. The
results of previous research show that the thinking skills of 21st-century students in
school are still in the low category (Fitria et al., 2024; Kardoyo et al., 2020; Hujjatusnaini
et al., 2022); (Rochmawati et al., 2020; Zulyusri et al., 2023; Wardani & Fiorintina, 2023).
In fact, from the basic education level to the university, 21st-century thinking skills are
still relatively low (Zainil et al., 2023; Yanto & Enjoni, 2022; Arabloo et al., 2022). In the
application of the blended learning model in schools, teachers have difficulty in
improving students' critical and creative thinking skills (Zayyinah et al., 2022; Asrizal et
al., 2023; Fitri & Asrizal, 2023; Wardani & Fiorintina, 2023; Dewanto et al., 2023; Zulkifli
et al., 2022); (Putri et al., 2023; Oktarina et al., 2021). Efforts to improve students' 21st-
century skills through creating an effective and enjoyable learning atmosphere.

One of the solutions to develop 21st-century thinking skills in students is the
application of blended learning and inquiry-based learning models. The blended
learning model can improve students' achievements, attitudes and critical thinking
skills in learning activities (Syarifudin et al., 2024; Korkmaz & Karakus, 2009; Umit
Yapici & Akbayin, 2012; Badrus & Arifin, 2021). Blended learning models can drive
science process skills and student learning outcomes (Tika & Agustiana, 2021). The
application of blended learning is very good for improving students' achievement and
21st-century thinking skills as well as student motivation (Rahman et al., 2020; Sunardi
et al., 2021; Zulkifli et al., 2022). In addition, blended implementation can improve
literacy, student performance and creative thinking skills (Vo et al., 2017; Wilkes et al.,
2020; Shamsuddin & Kaur, 2020; Loépez-Pérez et al.,, 2013). Blended inquiry-based
learning can encourage students to be more active and creative in students (Jelita et al.,
2022; Agbi & Yuangsoi, 2022; Aidoo et al., 2022). Through this learning, students can
develop critical and cooperative thinking skills as well as science literacy (Mutmainah
et al.,, 2019; Ernawati & Sari, 2022; ika & Agustiana, 2021; Gumilar et al., 2019; Ahmadi
et al.,, 2021). The inquiry based learning model can improve the understanding of
concepts and learning achievements as well as students' academic abilities in learning
activities (Hussain et al., 2023; Bao & Yunus, 2024; Zain & Jumadi, 2018). However, the
results of the study also reported that the blended learning and inquiry-based learning
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models of students had difficulty in managing time and managing independent
teaching (Mursid et al., 2022; ElSayad, 2023). In addition, the application of the blended
learning and inquiry learning model of students is often constrained in the use of
technology, creating a less attractive learning atmosphere (Khodabandelou et al., 2020;
Sandstrom et al., 2016).

Various studies have reported the influence of blended learning and inquiry based
learning on students' 21st century thinking skills. However, until now there has been no
comprehensive research on the influence of these models. Therefore, this study aims to
determine the influence of blended learning and inquiry based learning on students'
21st-century thinking ability in learning in schools.

RESEARCH METHOD

This study uses a meta-analysis research method to determine the influence of
blended learning and inquiry-based learning on students' 21st-century thinking ability.
Meta-analysis is a research method that collects, analyzes, and draws a statistically
significant conclusion from previous research (Juandi et al., 2021; Tamur et al., 2020;
Oktarina et al., 2021; Wantu et al., 2024). For meta-analysis in this study, following the
guidelines To conduct a meta-analysis, this study follows the guidelines Preferred
Reporting Items for Systematic Review and Meta-Analyses (PRISMA) (Martin et al., 2022;
Lazonder & Harmsen, 2016). This meta-analysis stage is a) collecting research data; b)
coding; c) calculate effect size; d) determining of moderate effects of research
characteristics (Antonio, 2022; Li et al., 2022;Suyatmo et al., 2023). From the results of
data selection through PRISMA, 26 relevant studies were obtained.

Search Article and Inclusion Criteria
The data sources in this study came from the databases of google scholar, Scopus,
ERIC, Sciencedirect, Wiley and Taylor of Francis. The data search keyword is blended
learning; inquiry-based learning and skills for the 21st century. The data screening
process uses the PRISMA method to carry out the research insertion and exclusion
process. The inclusion criteria in this meta-analysis are as follows:
1. This research was published in the 2015-2025 range.
2. The research is at the elementary, junior high, high school and university education
levels.
3. The research comes from national journals with ISSNs, indexed by Scopus or SINTA.
4. This research is related to blended learning and inquiry based learning in school
learning.
5. The research does not cover the health sector.
6. The research must report the number of samples; Effect size values and standard
errors.

Figure 1. Explain the inclusions and exclusions in this meta-analysis. The number of
studies obtained was 756 studies in the google scholar database; 23 studies from Wiley,
14 studies from ScienceDirect, 5 studies from Taylor of Francis and 43 studies from the
ERIC database.
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Figure 1. Prisma Flow Diagram

Data Analysis

Data analysis in this study was carried out quantitatively by combining various
studies to analyse the effect of size-blended learning and inquiry-based learning on
21st-century thinking skills. The data is analysed using Excel and JASP applications.
Furthermore, the JASP application is used to calculate the value of heterogeneity,
publication bias, effect size, funnel plot, and forest plot. The classification of the effect
size value is g = 0.2 (small effect), g = 0.5 (medium effect), g = 0.8 (large effect), g = 1.2
(very large effect) (Sawilowsky, 2009).

RESULTS AND DISCUSSION
Results

Description of Characteristics of a Meta-Analysis Study

In this study, 27 studies met the inclusion criteria from 836 studies. Articles that
meet the inclusion criteria are coded to facilitate data analysis. Furthermore, the article
was grouped by author, education level, model, 4C skills, and database, subject and
effect size. This meta-analysis consists of 2 models used, namely blended learning and
inquiry based learning. The Education Level consists of elementary school to college
students. In addition, the skills seen are «critical, creative, collaborative and
communicative thinking skills. The research data used in this study can be seen in Table

1.
Tabel 1. Characteristics of a Meta-Analysis Study

Journal Education Level Models 4C Skills Source l*?ffect
Code size(g)
PL1 Elementary Blended learning Critical Thinking ERIC 0.76
PL2 Secondary Inquiry learning  Creative Thinking  Google Scholar 0.92

School

PL3 University Blended learning Critical Thinking ScienceDirect 1.34
PL4 University Blended learning Critical Thinking Wiley 2.90
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Journal Education Level Models 4C Skills Source l*?ffect
Code size(g)
PL5 University Blended learning Critical Thinking ERIC 1.64
PL6 Secondary Blended learning  Critical Thinking ERIC 0.43
School
PL7 University Inquiry leaning Collaborative ERIC 0.87
PL8 University Inquiry learning Collaborative Google Scholar 0.31
PL9 University Blended learning Critical and Wiley 1.71
Creative thinking
PL10 University Blended learning  Creative Thinking Wiley 2.37
PL11 University Inquiry leaning Communication ~ Google Scholar 1.97
PL12 University Inquiry learning Communication  Google Scholar 1.22
PL13 Elementary Blended learning Critical Thinking ScienceDirect 0.55
PL14 Elementary Blended learning Critical Thinking ScienceDirect 0.39
PL15 Elementary Inquiry leaning Critical Thinking ERIC 0.78
PL16 Elementary Inquiry learning Critical Thinking ERIC 2.34
PL17 Secondary Blended learning Collaborative ERIC 1.69
School
PL 18 Secondary Blended learning ~ Creative Thinking ~ Google Scholar 0.35
School
PL19 Secondary Blended learning  Critical Thinking  Google Scholar 0.91
School
PL 20 Secondary Blended learning Critical Thinking ~ Google Scholar 1.19
School
PL21 University Blended learning  Critical Thinking  Google Scholar 0.33
PL 22 University Blended learning  Critical Thinking  Google Scholar 0.65
PL 23 University Inquiry Learning Critical and Google Scholar 1.77
Creative thinking
PL 24 University Inquiry Learning  Creative Thinking ~ Google Scholar 0.29
PL 25 Elementary Inquiry Learning Communication Wiley 0.37
PL 26 Elementary Inquiry Learning Communication ERIC 1.26

Effect size test results of Blended Inquiry-Based Learning on 21st Century Skills

In this meta-analysis, a random-effect model was used to determine the variation
of research data included in the meta-analysis. The random effect model allows for the
incorporation of data from different studies by accounting for the overall variation and
heterogeneity of the study (Borenstein & Hedges, 2009; Santosa et al., 2020; Tamur et
al., 2021). The results of the heterogeneity test used a random effect model from 26
studies that analysed the influence of blended inquiry-based learning on students' 21st-
century skills, presented in the form of forest plots. Information related to data codes,
error standards, point estimation, effect size (g), and 95% CI can be seen in the forest
plot in Figure 2.

Figure 2. The distribution of effect size values in forest plots showed significant
results. The range of effect size distribution interval CI 95% is between 0.29 to 2.37.
Furthermore, the average value of the effect size is 1,062 included in the category of
high effect size. In the heterogeneity test, the data is presented through Q, p and I
values. (Juandi et al., 2021; Tamur et al., 2020a). Uji heterogenitas berfungsi untuk
mengetahui pengaruh blended inquiry based learning terhadap keterampilan berpikir
abad-21 siswa. Temuan ini menunjukan adanya perbedaan peningkatkan pembelajaran
dengan model blended inquiry beased learning terhadap kemampuan berpikir abad-21
siswa dibandingkan dengan model konvensional lainnya ( g= 1.062; 95% CI 0.45; 0.93;
p <0.001) dapat dilihat pada Tabel 2.
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Figure 2. Forest Plot
Tabel 2. Results Meta-Analysis

Variable Overall 95% CI
Lower Upper
Number of Sample (K) 26
Heterogeneity of Test 170.081 1.35
P-Value < 0.001*
Standard Score (Z) 7.583 0.318 2.871
Effect size (g) 1.062
Heterogeneity test (I2 %) 96.118  94.082 98.071

“p-value < 0.05 significant effect

Results of the Blended Inquiry Based Learning Model Effect on Moderator

Variables

The results of the heterogeneity test allow the analysis of the moderator effect of
each study. The hypothesis test on the moderator effect functioned to determine the
significant influence of p < 0.05. Furthermore, in the analysis of the moderator effect

consisting of variables of model variation, level of education, year of publication, and

21st-century skills can be seen in table 3.

Table 3. Moderator Analysis

Moderator k Effect Size (g) Category Qb P-Value
Model Variation 21.017 0.000
Blended Learning 34 0.92 High Effect
Inquiry-based 48 0.63 Medium
learning effect
Blended IBL 30 0.31 Small Effect
Average 0.98
Level of 34.017
Education
Elementary school 40 0.92 High Effect
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Moderator k Effect Size (g) Category Qb P-Value
Secondary school 20 1.02 High Effect
University 60 1.24 High Effect
Average 1.06
Subject 11.932 0.003"
Sosial Science 140 1.52 High Effect
Sains 90 0.93 High Effect
Average 1.22
4C 25.081 0.001*
Critical Thinking 46 0.86 High Effect
Creative 30 1.05 High Effect
Collaborative 40 0.62 High Effect
Communication 42 0.73 Medium
Effect

Publication Bias

Publication bias checks in meta-analyses are important to find out whether or not
there is bias from each study. Publication bias can arise from various factors that affect
(Borenstein & Hedges, 2009; Zulyusri et al., 2023). Publication bias check in this study
was through a polt funnel, and Egger's test. The plot funnel functions to determine the
symmetry of the collapse of duplicated research results ( (Tamur et al., 2021; Oktarina et
al., 2021; Ichsan et al., 2023). Egger's test is used to determine whether or not there is a
publication bias statistically based on the relationship between the research sample and
the reported effects. Therefore, publication bias testing can identify more accurate
research results. The results of the publication bias test can be seen in Figure 3. And
Table 4.
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Figure 3. Funnel Plot
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Table 4. Result Egger’s Test
Variable Egger’s Test  File Drawer Analysis Funnel Plot Asymetry
z 0.287
P 0.082 0.061
Fail Safe N 3.291
Target Significancy <0.001

Based on Figure 3. The results of the funnel plot analysis are symmetrical. The
result of the funnel plot is supported by a p< value of 0.05 then the effect size
distribution is symmetrical with the value of p in Egger's Test and p = 0.061.
Furthermore, the test Value Rosenthal Fail safe N is 3291 greater compared to the value
of 5k+10. So, because the value of 5k+ 10 is smaller than the results of the Rosenthal
Fail Safe N test, it can be concluded that there is no publication bias in this study.

Discussion

The results of this study show that blended learning and inquiry based learning
have a significant influence on the thinking ability of 21st-century students with an
average effect size value of 1,062. blended learning which combines online and face-to-
face learning, provides flexibility and access to a wide range of learning resources, and
is able to improve student learning performance and attitudes (Cao, 2023); Sukkamart
et al., 2025). Inquiry-based learning has also been shown to be effective in developing
students' critical thinking skills and high-level thinking skills (Anthony et al., 2022;
Antonio & Prudente, 2023). Blended learning facilitates the integration of technology
with interactive and reflective classroom activities, while inquiry-based learning
emphasizes the process of active exploration, investigation, and problem-solving by
students. Both approaches support the development of 4C skills (critical thinking,
creativity, collaboration, communication) essential to student success in the 21st century
(Fitria et al., 2024; Chernikova et al., 2020; (I-Kamzari & Alias, 2025).

Blended Learning enables a combination of hands-on interaction and the flexibility
of digital technology that drives personalization of learning. This approach has been
proven to increase students' independence, motivation, and critical thinking skills
(Garrison & Vaughan, 2008; Halverson et al., 2017). With digital technology, students
can access the material at any time, while face-to-face sessions allow for deepening and
discussion. This strategy is in line with the characteristics of today's digital generation
who are accustomed to quick access to information and project-based learning
approaches and collaborations (Yuliyanti et al., 2023).The integration of the two models
has a significant positive impact on students' critical thinking, creativity, collaboration,
and communication skills with consistent effect measures across various levels of
education and disciplines. These findings confirm that the combination of blended
learning and inquiry-based learning creates a dynamic learning environment and
supports the development of students' 21st-century skills(Dewanto et al., 2023; Utomo
et al., 2023). The importance of implementing integrated learning that combines
blended learning and inquiry-based learning in the 21st century education curriculum
(Aka et al., 2025). Schools and educators are advised to adopt learning strategies that
utilize digital technology while encouraging active student engagement through an
inquiry process to prepare students to become critical, creative, and collaborative
individuals to face future challenges (Maftuh et al., 2025; Ruswinarsih et al., 2025)
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Blended Learning and Inquiry-Based Learning are separate from learning
outcomes, but there are still limited studies that specifically examine the impact of the
integration of the two on 21st-century thinking skills. Results from various studies also
show varying levels of effectiveness depending on the context of implementation, level
of education, and instructional design used (Nurhidayat et al., 2024; Sukontawaree et
al., 2022)Therefore, meta-analysis is needed to systematically synthesize empirical
findings to obtain a more objective and generalizable picture. Blended Learning and
Inquiry-Based Learning in improving students' 21st century thinking skills. Through
this approach, it is hoped that the most effective effect size, moderator factors, and
implementation patterns can be identified. The results of the research will make a
theoretical contribution to the development of 21st-century learning models, as well as
provide practical guidance for educators, policy makers, and curriculum designers in
designing more adaptive and innovative learning strategies (Ilma et al., 2023).

CONCLUSION

Fundamental Finding: From the results of this study, it can be concluded that the
application of blended learning and inquiry based learning models can improve
students' 21st-century thinking skills compared to conventional models (g= 1.062; 95%
CI 0.45; 0.93; p < 0.001) Analysis of moderator variables shows that variations in
models, education levels, and skills of the 21st century have a significant influence.
These findings explain that blended learning and inqyiry based learning models are
effectively used to improve students' 21st-century thinking skills in schools. This
integrative model combines the flexibility of technology with the power of inquiry
pedagogy in building students' deep understanding and problem-solving skills.
Consistent effectiveness across different levels of education suggests that this model is
adaptive to diverse learning contexts. Thus, the application of this integration-based
learning model is recommended as a pedagogical strategy that is relevant and
responsive to the demands of education in the digital era and future complexity..
Implication: The effectiveness of integrating Blended Learning and Inquiry-Based
Learning in enhancing students' 21st-century thinking skills provides a solid foundation
for educators and policymakers to adopt and develop more interactive, flexible, and
student-centered learning models. By combining digital technology and an inquiry
approach that encourages exploration and problem-solving, teachers can create a
learning environment that is more dynamic and relevant to the needs of the times. In
addition, these findings also encourage educational institutions to provide adequate
training and resources so that teachers are able to implement both methods
effectively. Limitation : The limitations of the variety of studies analysed, where most
of the available research comes from a specific educational context so that the results
may be less generalizable to all levels or areas of education. In addition, differences in
study design, duration of interventions, and instruments for measuring 21st-century
thinking ability between studies may also affect the consistency of these meta-analysis
findings. Future Research: Further research is suggested to explore more deeply the
influence of the integration of Blended Learning and Inquiry-Based Learning on a
variety of more diverse educational contexts, including different levels and cultural
backgrounds.
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