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Article History Demonstrating higher-order thinking skills is crucial for thriving in a volatile,

Received: uncertain, complex, and ambiguous (VUCA) environment. In science education,
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glcz;t:edn;ber 2023 stimulate students' higher-order thinking skills. While prior research has shown
evidence of its positive impact on student achievement, no study has critically
synthesized its effect on students' higher-order thinking skills in the context of
science learning. Thus, this study conducted a meta-analysis following the

Keywords

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
Inquiry-based approach

Higher-order thinking skill protocol. The study extracted twenty-six (26) effect sizes from twenty (20) studies,
Science education involving 1,349 students exposed to both inquiry-based and conventional
Meta-analysis approaches. Using the Comprehensive Meta-analysis Software, effect size
(Hedges g) was calculated to determine the magnitude of the effectiveness of
inquiry-based approaches. The overall weighted effect size of g = 0.893
demonstrates that inquiry-based approaches have a significantly large and positive
impact on students' higher-order thinking skills. Moderator analysis suggests that
regardless of students' educational level, scientific discipline, or level of inquiry,
the use of the inquiry-based approach in teaching scientific concepts maximizes
students' higher-order thinking skills. Although various inquiry-based approaches
were effective when combined with other instructional strategies for teaching
scientific concepts, only a few studies integrated technology into the
implementation of inquiry-based approaches in science. Given the positive
findings of this meta-analysis, science teachers are further encouraged to adapt
inquiry-based approaches to enhance their teaching practices and support students
in strengthening their higher-order thinking skills.

Introduction

The 21st century is characterized by a volatile, uncertain, complex, and ambiguous (VUCA) environment. It is
marked by the rapid and dynamic progress of technology, shifting societal norms, and intricate global challenges
(Jerald, 2009; Valtonen et al., 2021). To adeptly navigate the multifaceted changes, individuals must be able to
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develop higher-order thinking skills, enabling them to make informed decisions and contribute meaningfully as
responsible members of society (Kurniawati, 2021; Miterianifa et al., 2021; Saavedra & Opfer, 2012). In science
education, teachers play a pivotal role in fostering and nurturing students' higher-order thinking skills through
effective pedagogical approaches (Barak & Shakman, 2008). Emerging from the constructivist perspective on
learning, the inquiry-based approach has increasingly been recognized as a potent pedagogy for stimulating
students' higher-order thinking skills. Although existing research has demonstrated its potential effectiveness in
improving students’ learning outcomes (Heindl, 2019; Kacar et al., 2021; Oztirk et al., 2022), the impact of
inquiry-based learning on students' higher-order thinking skills in the context of science learning remains
unexplored. Hence, the objective of this meta-analysis was to examine the effectiveness of inquiry-based
approaches in developing students' higher-order thinking skills. It aimed to generate valuable insights on the
current state of literature about inquiry-based approach and students’ higher-order thinking skills in science

learning.

Despite the unprecedented challenges posed by the COVID-19 pandemic, the primary objective of science
education remains the promotion of scientific literacy. Scientific literacy encompasses a broad spectrum of
knowledge and skills, including understanding scientific phenomena, cultivating positive attitudes towards
scientific knowledge, and honing process skills such as formulating and exploring scientific inquiries and drawing
inferences from evidence (American Association for the Advancement of Science, 1993; K to 12 Science
Curriculum, 2016). Achieving scientific literacy is crucial for individuals to participate effectively in a rapidly
evolving society. Thus, science education curricula must focus on educating individuals toward this goal (Ozdem
et al., 2010). These elements of scientific literacy should be cultivated through lived experiences where students
engage in problem-solving, investigations, and project development (Hurd, 1998). To achieve this end, science
teachers should be able to adhere to sound and evidence-based pedagogies that can lead students towards the

promotion of scientific literacy.

Central to scientific literacy is the development of higher-order thinking skills. In the past decades, relevant
researches in science education have long concentrated on higher-order thinking (HOT) skills and emphasized
their significant role in the process of science learning (Sun et al., 2022). Teachers aim to foster these cognitive
aspects of science learning among students. Thinking skills encompass a wide array of concepts, including
information evaluation, reasoning, problem-solving, argument analysis, decision-making, and self-regulated
learning (Schraw & Robinson, 2011). Within the realm of thinking skills, two primary tiers exist: higher-order
thinking skills (HOTSs) and lower-order thinking skills (LOTS). LOTS pertain to a lower level of knowledge that
relies solely on memorization, retrieval, and comprehension, whereas HOTs involve the application, analysis,
evaluation, and creation processes. The latter entails activities such as applying learned concepts, analyzing
situations, evaluating arguments, and generating new ideas (Silitonga et al., 2020). Higher-order thinking skills
play a critical role in knowledge construction and academic achievement (Tanujaya et al., 2017). Both critical and
creative thinking are part of these skills, eliciting active engagement from learners. Active learning occurs when
students analyze, evaluate, and create. Critical thinking involves logical contemplation and avoiding hasty
conclusions, leading to systematic analysis and reflective learning (Scriven & Paul, 1987). Students exhibiting

higher-order thinking can apply their knowledge, synthesize information, and evaluate scientific ideas and
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hypotheses (Hurd, 1999). Critical and creative thinking enrich cognitive prowess (Conklin, 2011), necessary for
success in daily life challenges (Prayitno & Titikusumawati, 2018). Taking all of these into account, teachers are
encouraged to instill higher-order thinking skills among their students, moving beyond surface-level

understanding (Sulaiman et al., 2017) and shifting from rote memorization (Zivkovil., 2016).

In the pursuit of developing students' higher-order thinking skills, several challenges have been encountered by
teachers. Studies by Barak and Shakman (2008) and Halim et al., (2020) found that some teachers utilized teaching
strategies that hinder students' development as independent thinkers. Some teachers may attempt to foster higher-
order thinking skills but primarily view it as a means to convey subject content effectively. Additionally, only a
minority of teachers consider the development of higher-order thinking as an essential goal in Physics learning.
Furthermore, challenges arise from the lack of support, training, and available learning materials, the excessive
emphasis on content assessment, and the misconception, difficulty, and time-consuming nature of approaches that
support students' higher-order thinking skills (Gutierez, 2015). To continuously enhance teaching and learning
practices, especially in the post-pandemic period, science teachers must demonstrate a comprehensive
understanding of evidence-based instructional strategies that they can adapt to nurture students’ higher-order
thinking skills.

Numerous approaches and strategies have been employed to assist students in enhancing their higher-order
thinking skills. Anchored on the constructivist educational philosophy, inquiry-based learning approach has been
utilized to nurture students' scientific thought processes (Artika & Nurmaliah, 2023). Inquiry-based learning puts
a premium on acquiring knowledge through inquiry and problem-solving, underpinned by critical and creative
thinking (Ismail & Alias, 2006). Within the classroom context, inquiry-based learning motivates students to
emulate the practices of scientists (Keselman, 2003; Pedaste et al., 2015). It empowers students to meticulously
observe the natural world, question their observations, and seek evidence to address these inquiries. Throughout
this iterative process, students are expected to employ and refine their inquiry skills, which encompass activities
such as making observations, posing inquiries, formulating hypotheses, designing research methodologies,
deriving evidence-backed conclusions, and effectively communicating findings (National Research Council
[NRC], 2000). Involvement in scientific inquiry activities assists students in cultivating critical thinking abilities

and honing their skills in knowledge construction (Schneider & Krajcik, 2002).

Learning science by doing science in the classroom setting involves four progressively intricate levels: limited
inquiry, structured inquiry, guided inquiry, and open inquiry. In the context of open inquiry, students explore
questions they formulate themselves, following the procedures they have designed. For instance, Abaniel (2020)
implemented an open inquiry model in Physics, where students crafted questions for their experimental
investigation. Collaborating within groups, they devised and carried out experimental procedures stemming from
their queries, leading them to insightful conclusions. Subsequent to conducting experiments, students presented
their laboratory reports and shared their experimental designs, findings, and conclusions with their peers. Guided
inquiry, on the other hand, involves students investigating questions presented by the teacher, while utilizing
procedures they have designed or chosen. Ural (2016) exemplifies this, as students were presented with semi-

structured Chemistry problems and encouraged to devise experimental approaches using provided materials. An
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essential aspect was the justification of conclusions drawn from observations and experimental outcomes. In
structured inquiry, students delve into teacher-posed questions following prescribed procedures. In limited
inquiry, students verify principles through activities where results are predetermined (Banchi & Bell, 2008; Duran
& Dokme, 2016). A meta-analysis conducted by Lazonder and Harmsen (2018) demonstrates the pivotal role of
guidance in successful inquiry-based learning. Students who receive guidance of some form develop greater
skillfulness during tasks, achieve more success in acquiring information through investigative practices, and attain
higher scores on tests assessing learning outcomes. Moreover, Sadeh and Zion (2011) suggest that teachers should
provide students increased opportunities for greater involvement in open inquiry-based projects, allowing them

to have greater autonomy, improved higher-order thinking skills, and a deeper understanding of science concepts.

Inquiry-based learning has gained increasing recognition within science curricula, international research
initiatives, and classroom instruction. The application and impact of inquiry-based approach across various
subjects have been extensively investigated (Pedaste et al., 2015). Consequently, meta-analyses have been
conducted to synthesize findings from individual studies on inquiry-based learning. For instance, Kacar et al.,
(2021) conducted a meta-analysis on the effects of inquiry-based learning concerning students' academic
achievement across different grade levels and publication types. This study revealed that inquiry-based learning
enhances academic performance across grade levels. Notably, it exhibits greater efficacy at the high school level
compared to other educational level, with effect sizes showing no significant variation by publication type (i.e.,
articles and theses). Meanwhile, Aktamis et al., (2016) found that inquiry-based science education enhances
academic performance and aids in honing science process skills and attitudes, though its impact on student
achievement is more pronounced. Zheng et al., (2018) also explored the effectiveness of combining mobile
devices with inquiry-based learning, discovering a substantial positive effect on students' learning outcomes.
Heindl (2019) showcased a positive effect size for the consistent application of inquiry-based learning in primary
and secondary schools. Finally, a second-order meta-analysis was conducted by Oztiirk et al., (2022),

demonstrating that inquiry-based learning moderately enhances students’ learning outcomes.

Despite the favorable evidences obtained from previous meta-analyses, the impact of inquiry-based learning on
students' higher-order thinking skills remains unexplored. Prior meta-analyses did not exclusively concentrate on
science classroom instruction and its effect on students' higher-order thinking abilities (Kagar et al., 2021; Zheng
et al., 2018). Additionally, previous meta-analyses revealed that the outcomes of inquiry-based approaches could
be influenced by moderating variables. Ozturk et al.,'s (2022) comprehensive second-order meta-analysis
incorporated moderating variables such as the type of inquiry employed (Lazonder & Harmsen, 2016; Cakir,
2017; Sar1 & Sasmaz- Oren, 2020), content domains (Zheng et al., 2018; Cakir & Giiven, 2019), and grade levels
(Armagan et al., 2017; Kagar et al., 2021). However, when scrutinizing prior meta-analyses, other potentially
influential variables like country of study, specific scientific disciplines, level of inquiry, and duration of
implementation were not taken into account. To the best of the researchers' knowledge, no quantitative meta-
analysis has delved into these specific aspects. Therefore, the objective of this meta-analysis was to analyze the
efficacy of inquiry-based approaches in enhancing students' higher-order thinking skills within the realm of
science education. Moreover, a moderator analysis was conducted, incorporating the aforementioned variables to

yield significant insights into the effectiveness of inquiry-based approaches. The outcomes of this meta-analysis
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are deemed valuable in providing useful insights that can equip teachers’ understanding, skills, and confidence
when designing and implementing inquiry-based learning experiences in their science classrooms, fostering the

development of higher-order thinking skills among students.

Research Questions

The main objective of this study is to examine the effectiveness of inquiry-based approaches on students” higher-
order thinking skills in science learning using a meta-analysis. Specifically, this study aimed to answer the
following questions:
1. How effective are inquiry-based approaches in maximizing students’ higher-order thinking skills?
2. How do the effectiveness of inquiry-based approaches vary according to the:
2.1. students’ higher-order thinking skills;
2.2. students’ education level,
2.3. scientific discipline;
2.4. duration of the implementation;
2.5. inquiry level?
3. What were the inquiry-based approaches that have been employed to improve students’ higher-order
thinking skills?

Method

Research Design

A systematic review was employed in this study, utilizing explicit and systematic methods to critically synthesize
the findings of individual studies that address a clearly formulated question (Higgins et al., 2019). In this context,
the impact of the inquiry-based approach on students' higher-order thinking skills was examined through the
analysis of existing empirical studies. More specifically, a meta-analysis was employed for this purpose, involving
the application of a set of statistical analyses and the synthesis of quantitative findings from multiple studies that
are comparable (Cohen, 1988; Pigott & Polanin, 2020). The utilization of meta-analysis facilitated the
examination and synthesis of the existing literature on inquiry-based learning and students’ higher-order thinking
skills in a manner that follows logical, transparent, and analytical procedures (Gough et al., 2017). The goal of
meta-analysis is to propose a new direction for future research and seeks to draw broad conclusions about the
current state of the literature (Cohen et al., 2007; Creswell, 2013).

Literature Search Procedures

As depicted in Figure 1, the selection of relevant studies was guided by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) protocol (Moher et al., 2009; Antonio, 2022). For the
identification of research articles, six (6) meta-search engines, namely Google Scholar, SCOPUS, ERIC, Semantic
Scholar, PubMed, and OpenAlex, were utilized. Furthermore, a manual search was conducted to comprehensively

survey the literature and minimize potential biases by manually seeking potential research articles that might not
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have been captured in the initial search (Vassar et al., 2016). Using Harzing's Publish or Perish (PoP) software in
the literature search, empirical studies published from January 2017 until the third quarter of 2022 were
intentionally sought. The meta-search engines were strategically queried using keywords such as ‘inquiry-based
learning’, ‘effects’, ‘effectiveness’, and ‘thinking skills’, with certain adjustments made to accommodate specific
retrieval sources. Additionally, search terms related to distinct forms of inquiry-based approaches (e.g., Argument-
Driven Inquiry) were also employed in the search engines to achieve a comprehensive analysis of the inquiry-

based learning approaches.

[ Identification of studies via databases and registers
pr—
Records identified from:
= Google Scholar (n = 1225)
£ SCOPUS (n = 35)
& ERIC (n = 62)
%' Semantic Scholar (n = 220)
£ PubMed (n = 12)
E Open Alex (n=12)
Manual Search (n = 14)
Records excluded (n = 85)
N’
I \ 4 Online checking of duplicates (n = 59)
Manual checking of duplicates (n = 26)
Records screened
—>
(n=1580)
&
5
3
o v
g Articl luded (n = 1321)
Title and abstract screenin 1cles excluded (n =
! — reening —»| Reasons: developmental type of
(n=1495) ..
research; not empirical research; not
written in English language
pr— i
R i Articles excluded (n = 154):
FuE text articles assessed for eligibility ic Cﬁz’zl‘iwﬂ(:mﬂabll -
o= (l’l =1 74) Not a published research article (e.g., thesis) (n=7)
E Published in conference proceeding (n = 40)
-& No comparison of groups (n = 28)
= Insufficient quantitative data (n = 38)
= Did not focus on science subject (n = 6)
Did not focus on higher-order thinking skill (n = 10)
Did not specify actual duration of implementation
(n=13)
- Not written in English language (n = 6)
—
= .. . .
% Studies included in review
= (n=20)
b= Individual effect sizes
= (n=26)
N—

Figure 1. Flow Diagram of the Literature Search Using PRISMA Protocol

The flow diagram of the literature search conducted through the PRISMA protocol is shown in Figure 1. Over the
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period spanning from January 2017 to September 2022, a total of 1,580 research articles were retrieved by various
meta-search engines during the initial literature search. Employing a data cleanup tool, fifty-nine (59) duplicates
were removed. Nonetheless, due to differences in formatting, including variations in wording and numerical
presentation, certain duplicates went undetected by the online tool, necessitating manual verification and removal
(n=26). After the abstracts were meticulously screened, a remaining pool of 174 articles underwent evaluation
based on the predetermined inclusion and exclusion criteria.

Inclusion and Exclusion Criteria

Purposively, only research articles relevant to the scope of this study were investigated and analyzed. The
inclusion criteria for article selection were established by the researchers, encompassing the following aspects:

a) availability of the full text copy of the article online;

b) manuscript being written in the English language;

c) classification as an empirical study;

d) date of publication falling between 01 January 2017 and 30 September 2022;

e) evident inclusion of explicit reference to an inquiry-based approach in the article's title or abstract;

f) utilization of experimental and/or quasi-experimental methods;

g) provision of sufficient statistical or quantitative data (e.g., posttest means, standard deviations);

h) utilization of higher-order thinking skills as the primary learning outcome;

i) conduct of research in a K-12 or higher education setting, and;

j) focus on any scientific disciplines.
Out of the initial pool of 174 research articles, 154 studies were excluded for the following reasons: a)
unavailability of full-text: 6; b) not a published research (e.g., thesis): 7; ¢) publication in a conference proceeding:
40; d) absence of comparison group: 28; e) insufficient quantitative data: 38; f) lack of focus on science subject:
6; g) absence of focus on thinking skills: 10; h) failure to specify actual duration: 13; i) not written in the English
language: 6. Subsequent to the exclusion of the aforementioned 154 research articles, twenty (20) research articles
were identified as eligible for inclusion in the meta-analysis. Given that five (5) studies investigated multiple
higher-order thinking skills (Al-Balushi et al., 2017; Denis-Celikere & Dere, 2022; Lu et al., 2020; Ping et al.,
2020), twenty-six (26) effect sizes were extracted from the 20 research articles to quantify the magnitude of the
effect of the inquiry-based approach on students' higher-order thinking skills. All of the twenty (20) included

studies have been designated with an asterisk (*) in the reference list.

Coding Procedures

The twenty (20) research articles were subjected to critical analysis by the researchers, and numerous relevant
pieces of information were analyzed and coded. These descriptive features were carefully noted by the researchers:
a) the authors and the year of publication; b) the country in which the study was conducted; c) the specific higher-
order thinking skill under investigation; d) the educational level of the student-participants; e) the scientific
discipline to which the study pertained; f) the particular inquiry-based approach employed; g) the level of inquiry

associated with the approach; h) the duration of implementation; i) the comparison of groups, including statistical
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data such as posttest means, standard deviations, and sample size. These data were subsequently documented
within Google Sheets. The coding procedures were conducted by the first author under the direct supervision of
the second author. The latter then verified the coded data to ensure its accuracy and reliability. Both authors

arrived at a consensus regarding the finality of the coded data.

Effect Size Calculation

To assess the effectiveness of the inquiry-based approaches in enhancing students' higher-order thinking skills,
the researchers calculated the effect sizes, denoted as Hedges' g, for the 20 studies employing the Comprehensive
Meta-Analysis Version 4 software (Borenstein et al., 2022). Effect sizes quantify the disparity between the control
and experimental groups (D’Angelo et al., 2014). Hedges' g, representing the standardized mean difference, was
adopted, wherein it is equivalent to the mean difference between the experimental and control groups divided by
the standard deviation (Hedges & Olkin, 1985). The preference for Hedges' g over Cohen's d stemmed from its
greater capacity to correct for bias emerging from small sample sizes (Borenstein et al., 2009). Effect size
magnitude was classified according to Cohen's (1988) criteria: large (g > 0.80), medium (0.50 < g < 0.79), small
(0.20 £ g<0.49), and no effect (g < 0.19). A positive effect size indicates the superiority of the group exposed to
the inquiry-based approach in comparison to the control group receiving conventional instruction. Furthermore,
mixed effects analysis was employed to ascertain potential variations in the effectiveness of the inquiry-based
strategy across categories such as country, students' higher-order thinking skills, students' level of education,
scientific discipline studied, duration of implementation, and level of inquiry. To quantify and visualize
publication bias, the Begg-Mazumdar test was employed (Begg & Mazumdar, 1994). All tests were accompanied

by 95% confidence intervals, and p-values below 0.05 were deemed to have statistical significance.

Results and Discussion

The following sections present the results and discussion of the study, comprising of three main sections. Firstly,
the descriptive features of the included studies are elucidated, followed by the presentation and discussion of the
effectiveness of the inquiry-based approach through meta-analysis. Finally, the various inquiry-based approaches
employed in the included studies are thoroughly examined in the latter part of the paper.

General Study Characteristics

This meta-analysis encompasses the analysis of twenty (20) research studies that met the inclusion criteria.
Collectively, these studies involved a total of 1,349 students of different nationalities who were exposed to both
inquiry-based and conventional approaches. The descriptive features of these studies, including authors and
publication years, the country of implementation, the specific higher-order thinking skill under investigation, the
educational level of student-participants, the scientific discipline focus, the particular inquiry-based approach
employed, the level of inquiry associated with the approach, the duration of implementation, and group
comparisons consisting of statistical data such as posttest means, standard deviations, and sample size, are

presented in detail in Table 1.

258



International Journal of Education in Mathematics, Science, and Technology (IJEMST)

Table 1. Descriptive Features of the Included Studies
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A total of twenty (20) research studies with twenty-six (26) extracted effect sizes were included in the meta-

analysis. Interestingly, all of these studies, which investigated the effects of inquiry-based teaching approaches

on students' higher-order thinking skills, were conducted in Asia. More specifically, Turkey accounted for 40%
of the included studies, followed by the Philippines (15%), Malaysia (10%), and Indonesia (10%). Meanwhile,
5% of the studies was conducted in China, Lebanon, Taiwan, Thailand, and Oman. Kacar et al., (2021) conducted

a meta-analysis of studies in Turkey and found that the inquiry-based approach positively influences students'
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academic success. This suggests that in Turkey, there is a growing acknowledgment of the effectiveness of this
approach, as reflected in the growing literature. Aside from Turkey, these findings indicate that inquiry-based
learning appears to have gained traction in the Asian region, where it is widely promoted as an instructional
approach in science classrooms. In Asia, a shift toward an inquiry-based curriculum was observed, following the

global trends in science education reform (Ramnarain, 2018).

Additionally, it was found that such studies were conducted across all levels of education. Specifically, students
at the secondary level constituted the majority of the studies (75%), followed by those at the elementary level
(15%) and tertiary level (10%). Existing studies on inquiry-based learning were noted to be most frequently used
at the secondary level. This is potentially due to the fact that such an approach has been explicitly encouraged in
the curriculum in the secondary level, particularly in the Philippines (K to 12 Science Curriculum, 2016). The
findings further suggest the applicability of the inquiry-based approach across levels of education. Science
teachers, whether at the elementary or tertiary level, can employ this approach to teach scientific concepts by

designing and implementing inquiry learning experiences adapted to the students’ levels of interests and abilities.

Moreover, it was observed that the included studies investigated a variety of higher-order thinking skills. In
particular, the effectiveness of inquiry-based approaches in improving students' process skills was investigated in
20% of the studies, while critical thinking was explored in 15%. On the other hand, 10% of the studies examined
students' argumentative, inquiry, metacognitive, and creative thinking skills. Meanwhile, 5% of the studies
focused on students' spatial thinking, scientific reasoning, problem-solving, logical thinking, and overall higher-
order thinking. Since process skills play a crucial role in science learning, several studies have aimed to improve
these skills among students, which are essential when performing inquiry-based investigations. Moreover, the
inclusion of critical thinking apart from developing students’ content knowledge implies that science education
has become more relevant in the twenty-first century. Teachers and science education researchers have
increasingly recognized the development of students' higher-order thinking skills as a potent mechanism to prepare

them for coping with the demands of the 21st century.

Furthermore, when examining the specific inquiry-based approaches, it was determined that the included studies
adhered to various levels of inquiry to stimulate students” higher-order thinking skills. Seventy-five (75%) of the
included studies utilized guided inquiry, 20% used structured inquiry, and 10% employed open inquiry. Given the
crucial role of teachers as instructional facilitators, most teachers used and implemented an inquiry-based
approach at the guided inquiry level to provide adequate scaffolding to their students while conducting scientific
investigations (Zion et al., 2007). The use of guided inquiry creates a balance of opportunities between structured
learning and independent exploration, catering to varying levels of student autonomy and competence
(Kirschner et al., 2006).

Additionally, not all students may be able to engage in higher levels of inquiry, particularly open inquiry, due to
the need for prior experience and a lack of necessary knowledge and abilities. These findings align with the meta-
analysis conducted by Lazonder and Harmsen (2018), which demonstrated the pivotal role of guidance in

successful inquiry-based learning. Students who receive guidance of some form develop greater skillfulness
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during tasks, achieve more success in acquiring information through investigative practices, and attain higher
scores on tests assessing learning outcomes. However, given the limited number of studies that adhered to open
inquiry in the present-meta-analysis, Sadeh and Zion (2011) suggest that teachers should offer students increased
opportunities for greater involvement in open inquiry-based projects. This would ultimately grant students more

autonomy, promote higher-order thinking, and foster a deeper understanding of science concepts.

Regarding scientific disciplines, the inquiry-based approach was most frequently used (25%) in the fields of
Physics, Biology, and Chemistry. On the other hand, Earth Science was taught using an inquiry-based approach
in 20% of the included studies, while 5% utilized this approach to teach combined Earth Science and Chemistry
concepts, as noted in a single study. This indicates that various scientific concepts can be effectively taught using
an inquiry-based approach, which can actively engage students in the processes and nature of science while

learning scientific concepts (Cairns & Areepattamannil, 2017).

Finally, in terms of the duration of implementation, the majority of studies (40%) implemented the inquiry-based
approach for 7-9 weeks, 20% used it for 4-6 weeks, 15% used it for 10-12 weeks, and 5% of the studies used it
for 1-3 weeks and 13-21 weeks. Different duration lengths were observed in the implementation of inquiry-based
approaches. Several literature points to the time-consuming nature of inquiry-based approach (Demaria et al.,
2019; Wilson, 2020) because they require students to possess extensive knowledge and skills to address scientific
inquiries; thus, studies lasting up to 24 weeks have been conducted. The nature of the inquiry-based approach

used and the time allotted for the unit in which it was implemented may also influence the duration length.

Effectiveness of Inquiry-based Approach in Improving Students’ Higher Order Thinking Skills

Table 2 presents the heterogeneity value, average effect size, and confidence intervals based on the analysis effect
model. The heterogeneity analysis was found to be significant (p < .05), and the Q-Value with 25 degrees of
freedom was 171.315, indicating that the studies included in the meta-analysis do not have a common effect size
and are therefore significantly heterogeneous (Borenstein et al., 2009). Thus, the random-effects model must be
employed (Ellis, 2010). Additionally, I, yielded a value of 85.407%, indicating high heterogeneity and suggesting
that moderator analysis can be conducted (Higgins & Thompson, 2002). The calculated effect sizes for the

random-effects model range between 0.622 (lower limit) and 1.164 (upper limit) at a 95% confidence level.

Table 2. Overall Effect Size and Heterogeneity Analysis

Model Effect size and 95% confidence interval Test of null Heterogeneity statistics
(2-Tailed)
k  Hedges’ Std. Varian  Lower  Upper z- p- Q- df  p-value 12
g error ce Limit  Limit  value value value

Fixed 26 0.785 0.052 0.003 0.683 0.888 15.035 0.000* 171.32 25 0.000* 8541

Random 26 0.893 0.138 0019 0622 1164 6464 0.000*

Note: k = no. of effect sizes; Std.=standard error; Q=Homogeneity Value; df=degrees of freedom; *Significant at p < .05

As revealed by the overall weighted effect size of g = 0.893, inquiry-based approaches have a significant, positive,
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and substantial impact on students' higher-order thinking skills (Cohen, 1988). The effect sizes of Hedges' g for
the individual studies were computed and presented within a 95% confidence interval, which were then visualized
in the forest plot (Table 3). A forest plot is a graphical representation that presents the effect size and its precision
for each study, along with the cumulative effect. It adds a visual dimension to the analysis, revealing whether the
combined effect relies on a limited number or an extensive array of studies, as well as whether the effect size
maintains consistency or exhibits variation (Borenstein, 2022). As can be gleaned in Table 3, the distribution of
effect sizes in the forest plot revealed that the majority of the studies favored the experimental (inquiry-based
approach) group over the conventional approaches. However, these studies exhibited varying effect sizes and
degrees of effectiveness. When examining the individual studies, the maximum effect size was g = 3.201 (Kirict
& Bakarei, 2021), while the minimum effect size was g = -0.367 (Tan et al., 2020). Additionally, the lower and
upper limits of the effect sizes in the studies ranged between g = -0.959 (Tan et al., 2020) and g = 3.938 (Kiric1 &
Bakirei, 2021).

Table 3. Effect Sizes Distribution and Forest Plot of Studies that used Inquiry-based Approach

Hedges’ g SE Variance l;::::: Ef:::: Z-value | p-Value Hedges’ g and 95% CI
Afifa et al., (2021) 0.575 0.309 0.096 [-0.031| 1.181 1.858 0.063
Al-Balushi et al., (2017a) 0.524 0.260 0.068 0.015 | 1.034 2.017 | 0.044* _._
Al-Balushi et al., (2017b) 0.056 0.255 0.065 |-0.445| 0.557 0.219 0.827 _._
Denig-Celikere and Dere (2022a) 2.100 0.375 0.141 1.364 | 2.836 5.594 | 0.000* —._
Denig-Celikere and Dere (2022b) 0377 0.302 0.091 |-0.216 | 0.969 1.246 0213 +
Deprem et al., (2022) 0.141 0.255 0.065 |-0.359 | 0.642 0.554 0.580 --._
Eymur (2018) 0.869 0.259 0.067 0.362 | 1.376 3.359 | 0.001* _._.
Farah and Ayoubi (2020) 2.810 0.453 0.205 1.923 | 3.697 6.209 | 0.000* .
Idul and Caro (2022) 0.471 0.212 0.045 0.055 | 0.886 2.222 | 0.026* _._
Isiker and Emre (2021) 0.390 0.290 0.084 |-0.179 | 0.959 1.343 0.179 __._
Kamarudin et al., (2017) 0.861 0.260 0.068 0.351 | 1.371 3.307 | 0.001* _._
Karakas and Sarikaya (2020) 0.673 0.217 0.047 0.247 | 1.099 3.098 | 0.002* _._
Kiricr and Bakarer (2021) 3.201 0.376 0.142 2463 | 3.938 8.507 | 0.000* +
Kuvac and Koc (2018) 0.474 0.280 0.079 |-0.075| 1.023 1.692 0.091 —l—
Lin et al,, (2021) 0.714 0.189 0.036 0.344 | 1.084 3.784 | 0.000* -.-
Lu et al., (2020a) 1.042 0.289 0.084 0.475 | 1.609 3.602 | 0.000* —.—
Lu et al., (2020b) 0.802 0.282 0.80 0.248 | 0.355 2.843 | 0.004* _._
Lu etal., (2020¢c) 1.637 0.301 0.099 1.048 | 2.226 5.448 | 0.000* _.' —
Luetal,, (2020d) 0.476 0.266 0.069 | -0.040 | 0.991 1.809 0.070 _._
Ping et al., (2020a) 2.541 0.321 0.103 1.911 | 3.170 7.911 | 0.000* +
Ping et al., (2020b) 1.072 0.255 0.065 0.572 | 1.573 4.198 | 0.000* _._
Ramirez and Monterola (2019) 0.778 0.233 0.054 0.322 | 1.234 3.343 | 0.001* _.-
Songsil (2019) 1.469 0.229 0.053 1.021 | 1.917 6.428 | 0.000% _._ _._
Tan et al., (2020) -0.367 0.302 0.091 |[-0.959 | 0.225 | -1.215 | 0.224 _ -'_
Ural and Dadli (2020) 0.279 0.272 0.074 |-0.254 | 0.812 1.026 0.305 _._
Ural and Gengog (2020) 0.210 0.239 0.057 |-0.258 | 0.678 | 0.881 0.379 ‘
Pooled 0.893 0.138 0.019 0622 | 1.164 | 6464 | 0.000% } 4
Prediction Interval 0.893 -0.470 | 2.247
-4.00 -2.00 0.00 2.00 4.00
Favors control Favors experimental

Note: *p < 0.05

Out of the 26 effect sizes extracted from the 20 studies, 16 effect sizes found statistically significant p-values,
indicating notable differences (p < .05) in the posttest mean scores between the experimental and control groups
concerning students' higher-order thinking skills. This reflects that students exposed to the inquiry-based approach
had increased opportunities for hands-on and minds-on learning, enhancing their thinking skills compared to

students exposed to the conventional approach. However, 10 effect sizes found no significant differences (p > .05)
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in students' higher-order thinking skills based on the posttest mean scores between the experimental and control
groups. This lack of significance could be attributed to a variety of factors, including the instructional strategy
employed in the control group. Some of the included studies incorporated inquiry-based activities in the control
group by integrating concept mapping, problem-solving, group discussions, and brainstorming into their existing
curricula (Al-Balushi et al., 2017b; Afifa et al., 2021; Denis-elikere & Dere, 2022b), which could have potentially

increased the performance of the students in the control group.

Given the positive and large overall weighted effect size of g = 0.893, these findings of the present meta-analysis
are consistent with previous studies that established the potential of inquiry-based learning in fostering students’
thinking skills (Duran & Dokme, 2016; Oztiirk et al., 2022; Rahmi et al., 2019; Thaiposria & Wannapiroon, 2015).
This positive outcome can be associated with the inherent constructivist nature of the inquiry-based approach,
falling within the realm of inductive teaching approaches. This approach empowers students to engage in
exploration and interpretation of a range of a set of observations or data, or a complex real-world problem (Prince
& Felder, 2006). It is a learner-centered approach to teaching, emphasizing student learning over the mere
transmission of content or knowledge (Kember, 1997). The scientific processes afforded by inquiry-based
approach underscore vital facets of scientific thinking (Pedaste et al., 2015). It creates opportunities to spark
students' curiosity through scientific inquiry; enable students to gather evidence for formulating explanations
related to scientific questions; evaluate their explanations, potentially including alternative interpretations rooted
in scientific comprehension; and effectively communicate and substantiate proposed explanations (National
Research Council, 2000). These processes allow students to effectively harness their higher-order thinking skills,

enabling them to adeptly fulfill assigned tasks.

Moderator Analysis of the Included Studies Using Inquiry-based Approach

Considering the significant heterogeneity analysis, inquiry-based approaches were found to have a varied impact
on students' higher-order thinking skills based on the included studies (p < .05). Thus, moderator analysis was
conducted using the following variables: the country of study, the specific higher-order thinking skill under
investigation, the educational level of student-participants, the scientific discipline focus, the level of inquiry
associated, and the duration of implementation. Table 4 presents the results of the moderator and subgroup
analyses of studies that investigated the effect of inquiry-based approach on students’ higher-order thinking skills.
The effect sizes (Hedges’ g) of the subgroups are arranged in descending magnitude, starting from the largest

effect size down to the smallest effect sizes.

Table 4. Moderator and Subgroup Analyses of Studies that investigated the Effect of Inquiry-based Approach

Moderator Subgroups k Test for Effect Test for
Heterogeneity
Hedges’ g 95% CI Q- p-value
LL UL value
Country Lebanon 1 281 1.923 3.697 37.253  0.000*
Malaysia 3 1.474 0.52 2.428
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Thailand 1 1.469 1.021 1.917

Indonesia 3 0.995 0.004 1.986

Taiwan 4 0.976 0.499 1.453

Turkey 8 0.745 0.217 1.273

China 1 0.714 0.344 1.084

Philippines 3 0.323 -0.274  0.921

Oman 2 0.288 -0.171 0.747
Higher-order argumentative thinking 2 1.981 0.932 3.03 26.530  0.005*
thinking Skill creative thinking 2 1.879 -0.695  4.452

critical thinking 4 1.472 0.695 2.249

inquiry skills 4 1.016 0.426 1.607

higher-order thinking 1 0.861 0.351 1.371

logical thinking 1 0.778 0.322 1.234

problem-solving 1 0.714 0.344 1.084

spatial thinking 1 0.524 0.015 1.034

process skills 5 0.371 -0.052  0.793

reflective thinking 2 0.323 -0.074  0.719

metacognitive thinking 2 0.292 -0.077 0.662

scientific reasoning 1 0.056 -0.445  0.557
Educational Secondary 20 0.969 0.611 1.327 2.234 0.327
Level Elementary 4 0.732 0.488 0.976

Tertiary 2 0.598 0.262 0.935
Scientific Physics 9 1.131 0.591 1671  4.366 0.359
Discipline Biology 6 0.974 0.257 1.691

Chemistry 6 0.734 0.162 1.306

Earth Science 4 0.647 0.4 0.894

Earth Science and Chemistry 1 0.471 0.055 0.886
Inquiry Level open inquiry 2 1.659 -1.339 4657  5.008 0.082

guided inquiry 19 0.957 0.674 1.240

structured inquiry 5 0.388 -0.043  0.818
Duration 16-18 weeks 1 1.469 1.021 1917  20.247  0.005*

4-6 weeks 5 1.248 0.182 2.313

19-21 weeks 4 0.976 0.499 1.453

7-9 weeks 10 0.897 0.389 1.404

10-12 weeks 3 0.651 0.402 0.9

1-3 weeks 1 0.575 -0.031 1181

22-24 weeks 1 0.471 0.055 0.886

13-15 weeks 1 0.141 -0.359 0.642

Random-effects model, *p < 0.05;

In terms of the country of implementation, the study conducted in Lebanon (n = 1) yielded the largest effect size
on students' higher-order thinking skills (g = 2.81), followed by studies in Malaysia (g = 1.474), Thailand (g =
1.469), Indonesia (g = 0.995), and Taiwan (g = 0.976). Medium effect sizes were found in studies from China (g
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=0.714) and Turkey (g = 0.745). The studies in the Philippines (g = 0.323) and Oman (g = 0.288) produced small
effect sizes. The heterogeneity test indicates that the effect sizes of the included studies differ significantly when
grouped by country of implementation (Qp = 37.253; p < .05). These results are inconclusive given the limited
number of studies included in each subgroup. Despite the heterogeneity, these studies showed positive effects in

favor of the inquiry-based approach.

The varying degrees of effectiveness revealed in the results could be attributed to the science education curriculum
followed by these countries, students' cultural backgrounds, and the type of inquiry-based approach and its actual
implementation. For instance, Malaysia's science curriculum encourages explicit teaching of science process
skills, utilizing practical work through inquiry as a strategy to enhance students' science process skills (Ping et al.,
2020). In Thailand, strategies were found ineffective in promoting argumentative expression; hence, the
implementation of an argument-driven inquiry approach resulted in large effect sizes for students' higher-order
thinking skills (Songsil et al., 2019). While the Philippine curriculum promotes inquiry-based learning, students
may lack the necessary knowledge and experience in conducting scientific inquiry investigations, crucial for
developing higher-order thinking skills. Notably, studies in the Philippines and Oman focused on developing
students' process skills and spatial logical thinking, which require longer exposure to yield significant results or
larger effect sizes (Fischer, 2009; Schwartz & Fischer, 2006).

When the studies were grouped by the higher-order thinking skill examined, it was found that using an inquiry-
based approach had the most significant impact on enhancing students' argumentative thinking (g = 1.981),
followed by creative thinking (g = 1.879), critical thinking (g = 1.472), inquiry skills (g = 1.016), and overall
higher-order thinking (g = 0.861). Students' logical thinking (g = 0.778), problem-solving (g = 0.714), and spatial
thinking (g = 0.524) showed medium effects. Meanwhile, process skills, reflective thinking, and metacognitive
thinking displayed marginal effects (g = 0.371, g = 0.323, and g = 0.292, respectively). However, students'
scientific reasoning showed no significant effect (g = 0.056). Taken together, a significant difference was found

when studies were grouped based on different higher-order thinking skill outcomes (Qp = 26.530; p < .05).

In studies by Ping et al., (2020) and Songsil (2019), the argument-driven inquiry approach was used as the primary
instructional approach, which likely contributed to the largest effect sizes seen in students' argumentative thinking.
Encouraging students to develop and defend scientific arguments based on their inquiry-based investigations
provided opportunities for students to actively engage in scientific argumentation, thus maximizing their
argumentative thinking skills. For example, Ping et al., (2020) utilized the 7E inquiry approach, embedding
argument-driven inquiry in data analysis and argumentation phases. In the study by Songsil (2019), socioscientific
issues (SSI) were used during argumentation sessions, possibly explaining the large effect sizes obtained.
Altogether, these findings add to the growing body of literature on the effectiveness of scientific argumentation
in developing students” higher order thinking skills (Giri & Paily, 2020; Foutz, 2018; Hasangebi et al., 2021; Sari
& Islami, 2020).

Conversely, small effect sizes were observed in students' process skills, reflective thinking, and metacognitive

thinking. According to Chen et al., (2019), developing higher-order thinking skills, including reflective thinking
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skills, requires time and consistent exposure to inquiry experiences that put a premium on metacognitive and
reflective thinking (Antonio, 2020; Fischer, 2009; Schwartz & Fischer, 2006). Some studies lacked clear learning
opportunities for the development of these skills; for instance, Denis-Celikere and Dere (2022) combined
problem-based learning with experiments, where students completed assessments but had limited chances for
reflection. It is therefore important for teachers to incorporate reflective learning opportunities during inquiry-
based learning experiences among students. Integrating metacognition and reflection during inquiry-based
learning has the potential to enhance students' learning outcomes (Antonio, 2020; Farah & Ayoubi, 2020; Seraphin
et al., 2012). Recent studies highlight that metacognition, involving the understanding and regulation of one’s
thinking, can lead students towards authentic engagement and thoughtful learning (Akben, 2020; Stanton et al.,
2022). Employing metacognitive strategies, such as metacognitive scaffolding and prompts, can effectively

support students in accomplishing their inquiry-based tasks (Kalemkus & Bulut-Ozek, 2022).

As regards the educational level, the inquiry-based approach most significantly benefited students at the secondary
level (g = 0.969), followed by those at the elementary (g = 0.732) and tertiary (g = 0.598) levels, resulting in
medium effects. The effect sizes across the included studies did not significantly differ from one another (Qp =
2.234; p >.05). This outcome further establishes that the effectiveness of the inquiry-based approach in enhancing
students’ higher-order thinking skills did not vary based on students’ educational levels. Regardless of the
educational level, the use of inquiry approaches seems to consistently yield positive results on students' higher-
order thinking skills; hence, science teachers are encouraged to employ it in teaching scientific concepts, either at
elementary or tertiary level. Interestingly, a greater effect was observed among secondary students, which might
be attributed to their heightened curiosity and interest in scientific investigations during their adolescent years.
Furthermore, the popularity of inquiry-based learning in secondary schools could have contributed to its greater

impact among these students.

Concerning scientific disciplines, the inquiry-based approach had the most pronounced impact on enhancing
students' higher-order thinking skills in Biology (g = 0.974) and Physics (g = 1.131). Earth science (g = 0.647)
and Chemistry (g = 0.734) both showed medium effect sizes, while a smaller effect size was found in Chemistry
and Earth Science (g = 0.471). Overall, no significant differences were observed among the effect sizes of the
included studies when grouped by scientific discipline investigated (Qy, = 4.366; p > .05). The larger effect sizes
in Biology and Physics could be attributed to the inherent nature of these disciplines. The abstract and complex
nature of Biology and the hands-on experiences required in Physics align well with the inquiry-based approach.
Given that no significant differences were observed among the effect sizes when the scientific discipline was
taken into account, these findings underscore that inquiry-based learning can be successfully applied to teach a
diverse range of scientific concepts, leading to improved scientific learning and enhanced higher-order thinking
skills.

Finally, when examining the inquiry-based approaches in terms of inquiry level, open inquiry-based approaches
had the most substantial effect size (g = 1.659), followed by guided inquiry (g =0.957), whereas structured inquiry
yielded a small effect size (g = 0.388). However, no significant difference was found across the different inquiry

levels (Qp = 5.008; p >.05). Notably, open inquiry is often considered the most challenging level of inquiry-based
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learning. In here, the teacher presents a context while students select their own inquiry questions, design their

experiments, and draw conclusions (Abaniel, 2021).

The largest effect size noted in open inquiry level can be linked to its affordances, including the provision of
greater autonomy, promotion of higher-order thinking, and fostering a deeper understanding of science concepts
(Sadeh & Zion, 2011). Meanwhile, guided inquiry involves the teacher providing research questions, with students
designing experiments to answer them. While structured inquiry focuses on hands-on investigations through
teacher-provided questions and procedures, higher levels of inquiry, particularly guided and open inquiry, better

enhanced students' higher-order thinking skills.

Hence, this could be the probable reason of the larger effect size obtained for guided and open inquiry levels.
Literature showed that structured inquiry is insufficient for developing critical thinking skills (Berg et al., 2003).
Nonetheless, the findings suggest that students' higher-order thinking skills can be developed regardless of the
inquiry level. Therefore, it is encouraged for teachers to continue employing inquiry-based approach across

various levels of inquiry in teaching scientific concepts to cultivate students’ higher-order thinking skills.

Moreover, regarding the implementation duration of the inquiry-based approach, it's worth noting that positive
effect sizes were calculated albeit varying durations. The study that utilized the inquiry-based approach over 16-
18 weeks yielded the largest effect size of g = 1.469. This was followed by five studies with an inquiry-based
approach lasting 4-6 weeks (g = 1.248), four studies lasting 19-21 weeks (g = 0.976), and ten studies lasting 7-9
weeks (g = 0.897).

Studies lasting 10-12 weeks (g = 0.651) and 1-3 weeks (g = 0.575) showed medium effect sizes, while studies
spanning 22-24 weeks (g = 0.471) yielded small effect sizes. No effect was observed in studies spanning 13-15
weeks. The heterogeneity test indicates significant differences in effect sizes when considering implementation
duration (Qp = 20.247; p < 0.05). The novelty effect, leading to positive results when introducing an inquiry-based
approach, might explain the diminished effect over time (Clark, 1983). While positive effect sizes were achieved,
these results emphasize the importance of considering the implementation duration of the inquiry-based approach
in teaching. Hence, teachers should vary instructional approaches to sustain students’ learning motivation and

engagement.

Inquiry-based Approaches employed in the Included Studies

The inquiry-based instructional approaches employed in the included studies were also identified to generate
valuable information on the current state of literature about inquiry-based learning and students’ higher-order
thinking skills in science learning. Figure 2 illustrates the effect sizes of these approaches, organized in descending

order of magnitude.

The present meta-analysis revealed the diverse inquiry-based approaches employed by the individual studies to

improve students’ higher-order thinking skills within the context of science learning. Specifically, out of the 20
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included studies, 15 distinct inquiry-based approaches were identified and applied in teaching various scientific
concepts across different educational levels. Argument-driven inquiry emerged as a prominent approach, featured
in multiple studies (Afifa et al., 2021; Deprem et al., 2022; Eymur, 2018; Isiker & Emre, 2021; Karakas &
Sarikaya, 2020; Ural & Gengog, 2020). This approach encourages students to formulate and defend scientific

arguments based on their inquiry-based investigations (Antonio & Prudente, 2021).

science, technology, engineering and mathematics (STEM) supported research-
inquiry-based learning

inquiry-based learning and reflection I 281
modified argument-driven inquiry I 1.794
revised argument-driven inquiry using socio-scientific issues NN 1.469
critique-driven inguiry [INNNNEEEEEN 0.976
problem-based learning I 0.957

I, 3.201

practice laboratory and routine teaching I 0.661
computer-supported collaborative learning with scripting activity N ©.778
inquiry-based science and engineering program I 0.714
argument-driven inquiry NN 0.524

process-oriented guided inquiry learning I 0.471

argumentation-based instruction I 0.455
inquiry-based learning with virtual simulation [N 0.288
authentic problem-based learning [N 0.279

flipped inquiry-itssad |EEEmNEN

-1 -0.5 0 0.5 1 15 2 25 3 35
Effect Size (Hedges' g)

Figure 2. Inquiry-based Approaches employed in the Included Studies

Note: Effect size magnitude was classified according to Cohen's (1988) criteria: large (g = 0.80), medium (0.50 < g <0.79), small (0.20 <g
<0.49), and no effect (g < 0.19).

Additionally, variations of this approach were found, such as the modified argument-driven inquiry (Lu et al.,
2020), critique-driven inquiry (Ping et al., 2020), and revised argument-driven inquiry using socio-scientific issues
(Songsil, 2019), highlighting the adaptability of the approach to cater to different educational contexts and respond
to societal issues. On the other hand, problem-based learning was seen to be another widely adopted strategy
(Denis-Celikere & Dere, 2022; Kuvac & Koc, 2018; Ural & Dadli, 2020). This student-centered approach involves
challenging students with authentic and complex problems to solve, fostering their problem-solving skills, and
encouraging deeper understanding and engagement with the subject matter (Funa & Prudente, 2021). Meanwhile,
inquiry-based learning, both in its standard form and combined with virtual simulations, was adapted by several
studies (Al-Balushi et al., 2017). The incorporation of virtual simulations allows students to explore concepts in
a controlled yet immersive digital environment, promoting hands-on and minds-on experiences (Antonio &
Castro, 2023).

Furthermore, modifications have been made to improve inquiry-based instruction in the form of flipped inquiry-
based learning (Tan et al., 2020) and process-oriented guided inquiry learning (Idul & Caro, 2022), proving its
applicability in various learning modalities. Moreover, the inclusion of interdisciplinary approaches was evident,

such as the integration of STEM (science, technology, engineering, and mathematics) components within
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research-inquiry-based learning (Kirici and Bakirci, 2021; Lin et al.,, 2021), underscoring the value of
interdisciplinary connections in fostering a deeper comprehension of scientific concepts. Several studies
underscored the importance of critical reflection and collaborative learning. Furthermore, Farah and Ayoubi
(2020) integrated reflection into inquiry-based learning, enhancing metacognition and fostering a deeper
understanding. Similarly, Ramirez and Monterola (2019) implemented collaborative learning with scripting
activities to facilitate collaborative problem-solving, highlighting the social nature of scientific inquiry. The
emphasis on reflection and collaborative learning reinforces the need to nurture metacognitive thinking and

interpersonal skills alongside subject-specific knowledge during inquiry-based learning.

Employing Cohen's (1998) criteria, seven (7) of these approaches exhibited effect sizes that could be categorized
as having a positive and large impact on students' higher-order thinking skills. These approaches, listed in
decreasing order of effect size magnitude in Figure 2, are as follows: science, technology, engineering, and
mathematics (STEM)-supported research-inquiry-based learning, inquiry-based learning and reflection, modified
argument-driven inquiry, revised argument-driven inquiry using socio-scientific issues, critique-driven inquiry,

problem-based learning, and practice laboratory and routine teaching.

Upon closer examination, it becomes apparent that inquiry-based approaches have been integrated with other
teaching approaches to enhance students' scientific learning and higher-order thinking abilities. The identification
of various approaches used in the studies included in the meta-analysis is indicative of the continuous
improvement of teaching practices. Science teachers are innovating inquiry-based learning approach by
integrating multiple strategies in their science classrooms to cultivate students' higher-order thinking skills. For
example, Kirc and Bakrc (2021) integrated STEM activities and inquiry-based learning to teach secondary
students about force and energy, resulting in the highest effect size of g = 3.201. In this study, students formulated
questions, designed and conducted experiments to find answers, demonstrating an open inquiry level.
Contextualization and interdisciplinary learning were evident due to the incorporation of relevant force and energy
issues, potentially contributing to the development of higher-order thinking skills. Similarly, Dongsil et al., (2019)
introduced socio-scientific issues in a Grade 10 science unit to contextualize students' argument-driven inquiry
learning (g = 1.469). This approach, involving interdisciplinary contextualization and inquiry-based methods,
aligns with existing literature indicating students” development of scientific knowledge, higher-order thinking

skills, and mindset to innovate for real-world problems (Acut & Antonio, 2023).

Medium effect sizes were obtained for the following inquiry-based approaches: computer-supported collaborative
learning with scripting activity (g = 0.778), inquiry-based science and engineering programs (g = 0.714), and
argument-driven inquiry (g = 0.524). Ramirez and Monterola (2019) utilized computer-supported collaborative
learning (CSCL) with scripting activity, where ideas were encapsulated within a worksheet acting as a script. This
structured inquiry approach likely contributed to the medium effect size. Similarly, Lin et al., (2021) implemented
an inquiry-based science and engineering program for kindergarten pupils, with the medium effect size possibly

reflecting the extensive scaffolding required for young learners to develop higher-order thinking skills.

Additionally, small effect sizes were observed for process-oriented guided inquiry learning (g = 0.471),
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argumentation-based instruction (g = 0.455), inquiry-based learning with virtual simulation (g = 0.288), and
authentic problem-based learning (g = 0.279). Idul and Caro (2022) utilized process-oriented guided inquiry
worksheets focused on concept exploration, development, and application. The small effect size could partly be
attributed to the novelty effect, given the exposure to POGIL-based activities for two quarters. Social loafing can
could have also occurred during collaborative tasks such as POGIL, impacting group effort. On a different note,
Tan et al., (2020) reported a negative effect size (g = -0.367) while comparing the effectiveness of inquiry-based
and flipped inquiry-based classrooms on science process skills, based on posttest mean scores. Notwithstanding
this observation, Tan et al., (2020) explained that the findings from the independent samples t-test revealed that
there was no significant difference between the flipped inquiry and non-flipped inquiry groups for each science
process skill.

Additionally, results showed that the post-test mean scores of these groups were significantly higher than their
respective pretest mean scores. These findings suggest that while a flipped learning environment provides
flexibility, in-class sessions can deliver heightened social interaction and learning activities (Abate, 2004; Antonio
& Prudente, 2021) that align well with an inquiry-based approach. However, due to the limited number of studies
examining this variable in the meta-analysis, conclusive results regarding the effectiveness of the inquiry-based
approach on students' process skills remain elusive.

In recent times, technology has evolved into an indispensable tool for enhancing the delivery of a more profound
scientific learning experience among students. This advancement presents the potential to offer students novel
avenues through which they can enhance their problem-solving, critical thinking, and communication skills
(Saavedra & Opfer, 2012). Chan and Yang (2018) underscored the importance of technology integration in
guiding students towards actively participating in inquiry practices akin to those employed by scientists. This
facilitates a deeper comprehension of science and the acquisition of meaningful scientific learning experiences.
Consequently, students not only improve their scientific knowledge but also develop essential 21st-century skills
and competencies. In the present meta-analysis, however, when the presence of technology integration in the
included studies was examined, it was found that only 15% of the studies utilized technology to deliver an inquiry-

based approach aimed at enhancing students' higher-order thinking skills.

For instance, Al-Balushi et al., (2017) employed virtual simulations to enhance students' spatial thinking. These
virtual simulations served multiple purposes, including: (1) introducing the topic— students viewed animations
to construct fundamental ideas about the subject; (2) serving as the main activity during the lesson— students
watched animations and completed formative learning worksheets to aid comprehension and reflection on the
animation content; and (3) acting as a summative activity—students engaged with the animation by performing
the simulation part of the package, if feasible. On the other hand, Ramirez and Monterola (2019) allowed students
to utilize earth science courseware as a collaborative learning environment. In this teaching approach, each group
accomplished various subtasks that contributed to the completion of the designated courseware module. Given
this consideration, it is recommended that teachers and researchers in science education integrate educational
technology into the implementation of inquiry-based learning. The influence of technology-enhanced inquiry on

students' learning outcomes, with a particular focus on higher-order thinking skills, may also be examined.
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Publication Bias

The potential for publication bias was assessed by examining the funnel plot. As depicted in Figure 3, the funnel

plot analysis visually displayed an asymmetrical funnel, resulting from an uneven distribution around the average

effect sizes.
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Figure 3. Standard Error Funnel Plot of Publication Bias

To verify this observation, Begg-Mazumdar rank correlation and fail-safe N tests were conducted. The Begg-
Mazumdar rank correlation calculated Kendall's tau as 0.24 (p > 0.05). Moreover, the results of the classical fail-
safe N tests indicated that in order to nullify the overall effect size and render the p-value non-significant (p >
.05), an additional 1,694 studies would need to be included in this meta-analysis. Based on the Begg-Mazumdar

rank results, it can be concluded that there is no evidence of publication bias in the meta-analysis.

Conclusion

The objective of this meta-analysis was to examine the effectiveness of inquiry-based approaches in developing
students' higher-order thinking skills within the context of science learning, spanning the timeframe from January
2017 to September 2022. The meta-analysis of twenty (20) studies that examined the effectiveness of inquiry-
based approaches resulted in a positive and large effect on students' higher-order thinking skills. In comparison to
students who received conventional instructional approaches, those who engaged in inquiry-based learning
demonstrated superior higher-level thinking abilities. Through moderator analysis, existing researches on the

effects of inquiry-based approach on students' higher-order thinking skills yielded varying results across countries.

273



Antonio & Prudente

Significant differences were also found when the effect sizes of the individual studies were grouped according to
students' higher-order thinking skill and implementation duration; however, there were no discernible differences
in the students' educational level, scientific discipline, and inquiry level. These findings suggest that regardless of
students' educational level, scientific discipline, or level of inquiry, the use of inquiry-based approach in teaching

scientific concepts has the potential to maximize students' higher-order thinking skills.

Moreover, several inquiry-based approaches have been used to improve students' higher-order thinking skills,
including STEM-supported research-inquiry, inquiry-based learning and reflection, argument-driven inquiry,
socio-scientific issues, and problem-based learning. The integration of inquiry-based approaches with other
instructional strategies to enhance students’ higher-order thinking skills has become evident based on the included
studies. The identification of various approaches is indicative of the continuous improvement of teaching
practices. Science teachers are innovating inquiry-based learning approach by integrating multiple strategies in
their science classrooms to cultivate students' higher-order thinking skills. Few studies, however, have integrated
technology in the form of virtual simulations and courseware into an inquiry-based approach to foster students'

higher-order thinking skills.

Recommendations

Science teachers at all levels of education are encouraged to use inquiry-based approaches to teach scientific
concepts and to assist their students develop higher-order thinking skills. Professional development training
programs on inquiry-based approaches could be developed and implemented to assist in-service teachers further
improve their instructional practices resulting in students' improved higher-order thinking skills. Greater emphasis
must be placed on developing teachers' technological and pedagogical knowledge of inquiry-based approaches
adaptive in the blended learning environment. Equal importance must also be placed on developing preservice
science teachers’ self-efficacy, understanding, and competencies in designing and implementing inquiry-based
learning experiences. Future research could investigate the effectiveness of other innovative inquiry-based
approaches with technology integration in developing students' higher-order thinking skills, particularly process

skills, scientific reasoning, reflective and metacognitive thinking.
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