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ABSTRACT: Constructivist teaching strategies have gained increasing attention in science
education because they emphasize student-centered, inquiry-oriented, and active learning
experiences. This study presents a systematic review of empirical research on constructivist
instructional approaches in secondary science education published between 2019 and 2025.
Following the PRISMA 2020 framework, a structured literature search was conducted using
Scopus, ERIC, and Google Scholar. Eighty-eight records were initially identified, and after
duplicate removal, screening, and eligibility assessment, 43 studies were included in the final
qualitative synthesis. The reviewed literature examined several constructivist approaches,
including Problem-Based Learning, Inquiry-Based Learning, cooperative learning, guided
inquiry laboratory activities, project-based learning, and integrated constructivist instructional
models. A thematic synthesis approach was employed to analyze cognitive, affective, and skill-
based learning outcomes across the studies. Unlike earlier reviews that mainly focused on
single instructional approaches, this review comparatively synthesized multiple constructivist
strategies within a unified analytical framework. The findings revealed that constructivist
instructional approaches were consistently associated with improvements in academic
achievement, conceptual understanding, engagement, critical thinking, science process skills,
creativity, collaboration, and motivation. Problem-Based Learning and Inquiry-Based
Learning emerged as the most frequently implemented and strongly supported strategies.
However, the review also identified important implementation challenges related to
instructional scaffolding, teacher preparedness, classroom management, resource limitations,
and contextual variation. Some studies further suggested that constructivist approaches did not
always produce immediate learning gains when instructional support was insufficient. Overall,
the findings indicate that constructivist teaching strategies offer strong potential for improving
secondary science education when they are carefully designed and effectively facilitated in
classrooms.

KEYWORDS: Problem-based learning; guided inquiry; cooperative learning; science process
skills; STEM pedagogy
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1. Introduction

Science education has increasingly shifted from traditional teacher-centered instruction toward
more student-centered and constructivist approaches that emphasize active participation,
inquiry, collaboration, and problem-solving [1]. Constructivist pedagogy is grounded in the
idea that learners actively construct knowledge through interaction with experiences, prior
understanding, and social engagement rather than passively receiving information from
teachers [2]. The theoretical foundations of constructivist pedagogy are commonly associated
with the works of Piaget, who emphasized cognitive knowledge construction through active
experience, and Vygotsky, who highlighted the importance of social interaction and
collaborative learning in cognitive development. These perspectives collectively support
instructional environments where learners actively engage in inquiry, discussion, reflection,
and problem-solving activities to construct scientific understanding. In secondary science
classrooms, these approaches have gained significant attention because they promote deeper
conceptual understanding, critical thinking, and meaningful engagement in scientific learning
processes [3].

Recent literature consistently highlights the educational value of constructivist and active
learning approaches in science education. Systematic reviews and meta-analyses have reported
that student-centered instructional strategies improve academic achievement and conceptual
understanding [4]. Other studies have also emphasized increased motivation and higher-order
thinking skills among science learners exposed to inquiry-oriented instruction [5]. Research on
active learning and learner-centered pedagogy further suggests that constructivist
environments encourage students to participate more actively in scientific inquiry and
collaborative learning experiences [6]. Inquiry-oriented STEM instruction has likewise been
associated with the development of creativity, inquiry skills, and problem-solving abilities
considered essential for twenty-first century learning [7]. Additional evidence indicates that
instructional design and active engagement strategies significantly contribute to effective
science learning environments in secondary STEM education [8]. Contemporary reviews
further suggest that science achievement and scientific literacy are strengthened when students
participate in guided and student-centered learning activities [9]. Recent studies also continue
to highlight the importance of carefully designed STEM instructional practices in supporting
deeper conceptual understanding and learner engagement [10].

Among the most widely implemented constructivist strategies in science education are
Problem-Based Learning (PBL), Inquiry-Based Learning (IBL), cooperative learning, guided
inquiry laboratory activities, and integrated active learning models. Problem-Based Learning
has been extensively associated with improvements in academic achievement and
metacognitive development [11]. Several studies further reported that PBL strengthens
students’ critical thinking and problem-solving abilities because learners are required to solve
authentic and complex scientific problems [12]. Meta-analytical findings also support the
effectiveness of PBL in improving conceptual understanding and science achievement in
secondary science education [13]. Inquiry-Based Learning, meanwhile, encourages students to
formulate questions, investigate evidence, and construct explanations, thereby strengthening
conceptual understanding and inquiry competence [14]. Other studies also found that inquiry-
oriented learning environments positively influence intrinsic motivation and science process
skills [15]. Additional reviews suggest that inquiry-based instruction becomes more effective

when teachers receive adequate preparation and support for facilitating scientific inquiry [16].
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Cooperative and collaborative learning approaches also contribute significantly to
meaningful science learning by promoting peer interaction, communication, and shared
knowledge construction [17]. Research further indicates that collaborative science learning
environments support engagement and participation among secondary learners [18]. Teacher
guidance also appears to play an important role in maintaining productive collaborative
learning experiences and improving conceptual discussion quality [19]. More recent action
research findings additionally suggest that collaborative science instruction may positively
influence classroom engagement and achievement outcomes when implemented effectively
[20].

Despite the growing evidence supporting constructivist approaches, findings across
studies remain fragmented. Many previous reviews focused primarily on a single instructional
strategy such as PBL or IBL without examining how multiple constructivists approaches
collectively influence learning outcomes in secondary science education [21]. Other studies
emphasized positive academic outcomes while giving comparatively less attention to
implementation challenges, contextual limitations, or contradictory findings associated with
student-centered learning [22]. Some evidence also suggests that constructivist approaches
may not always produce immediate improvements in achievement or student interest when
instructional support is insufficient or poorly structured [23]. These variations highlight the
need for a broader synthesis that critically examines both the strengths and limitations of
constructivist teaching strategies across different educational contexts.

Another important gap involves the limited integration of cognitive, affective, and skill-
based outcomes within a single review framework. Existing literature often examines academic
achievement, motivation, engagement, or science process skills separately, making it difficult
to understand the multidimensional impact of constructivist pedagogy in science classrooms
[24]. Other studies have focused on scientific creativity and inquiry-oriented learning outcomes
without comparatively synthesizing broader learning domains [25]. Recent meta-analytical
evidence further suggests that problem-based, project-based, and inquiry-based instructional
approaches influence multiple dimensions of student learning, including motivation,
engagement, and collaborative competence [26]. However, the increasing number of empirical
and review studies published between 2019 and 2025 has not yet been synthesized
comprehensively within a unified review focused specifically on secondary science education.

To address these gaps, the present study conducts a systematic review of recent empirical
research on constructivist teaching strategies in secondary science education published
between 2019 and 2025. Unlike earlier reviews that concentrated on individual instructional
approaches, this review comparatively synthesizes Problem-Based Learning, Inquiry-Based
Learning, cooperative learning, guided inquiry laboratory activities, project-based learning,
and integrated constructivist models within a single analytical framework. The review
examines cognitive, affective, and skill-based learning outcomes while also identifying
implementation challenges and contextual limitations reported across studies. By integrating
recent evidence from multiple constructivist approaches, this study aims to provide a more
comprehensive and critical understanding of student-centered science instruction and its
implications for future research and classroom practice.
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2. Methodology
2.1. Research design.

This study employed a systematic literature review (SLR) design to examine recent empirical
research on constructivist teaching strategies in secondary science education. The review
focused on student-centered and active learning approaches commonly associated with
constructivist pedagogy, including Problem-Based Learning (PBL), Inquiry-Based Learning
(IBL), cooperative learning, guided inquiry laboratory activities, project-based learning, and
integrated constructivist instructional models. The review followed the PRISMA 2020
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) framework to ensure
transparency, consistency, and replicability throughout the study selection and synthesis
process. To enhance methodological transparency and reduce the risk of selective reporting, a
review protocol was developed prior to the conduct of the study. Although the review protocol
was not formally registered in databases such as PROSPERO due to the educational nature of
the review topic, the protocol predefined the research questions, eligibility criteria, search
strategy, data extraction procedures, and thematic synthesis framework used throughout the
review process. This systematic review aimed to identify the constructivist teaching strategies
most frequently implemented in secondary science education between 2019 and 2025, examine
the cognitive, affective, and skill-based learning outcomes associated with these instructional
approaches, and analyze the implementation challenges and limitations reported across the
reviewed studies.

2.2 Search strategy.

A structured literature search was conducted using three major academic databases: Scopus,
ERIC, and Google Scholar. These databases were selected because of their extensive coverage
of peer-reviewed educational and STEM-related research. Scopus was used to access
internationally indexed journals, ERIC was selected for its specialization in educational
research, and Google Scholar was utilized to identify additional relevant peer-reviewed studies
not indexed in the other databases. To maintain search manageability and relevance, Google
Scholar screening focused primarily on the most relevant peer-reviewed studies appearing
within the initial search result pages based on keyword relevance and alignment with the
inclusion criteria. The search was limited to journal articles published between January 2019
and December 2025 to ensure that the review reflected recent developments in constructivist
science education research. The selected timeframe also allowed the inclusion of contemporary
instructional practices and post-pandemic educational developments related to active learning
and student-centered pedagogy. The search process used Boolean combinations of keywords
associated with constructivist instruction and science education. The search terms included
(“constructivist teaching” OR “constructivist approach” OR “student-centered learning” OR
“active learning”) AND (“problem-based learning” OR “inquiry-based learning” OR
“cooperative learning” OR “guided inquiry”) AND (“secondary science education” OR “high
school science” OR “STEM education”). The search process was conducted between January
and March 2026. Database searches were performed using title, abstract, and keyword fields
whenever database filtering options were available. In Google Scholar, screening was limited
to the first 200 results ranked by relevance to maintain search manageability while ensuring
inclusion of highly relevant peer-reviewed studies. Additional manual screening of reference
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lists from selected review articles was also conducted to identify potentially relevant studies
not captured during the initial database search. The database search initially identified 88
records. After duplicate removal, 76 records remained for title and abstract screening. During
the screening stage, 7 studies were excluded because they did not align with the objectives and
eligibility criteria of the review. The remaining 69 studies underwent full-text assessment for
eligibility. Following detailed evaluation, 19 studies were excluded due to insufficient outcome
reporting and lack of empirical data. Consequently, 43 studies met all inclusion criteria and
were included in the final qualitative synthesis. Figure 1 presents the PRISMA flow diagram
summarizing the study selection process.

Records identified through database searching (n = 88)
Scopus, ERIC, and Google Scholar
[

l Duplicate records removed (n = 12) \

l Records screened by title and abstract (n = 76)

I
[ 1

Full-text articles assessed for REcordslexaluaearaien
eligibility (n = 69) screening (n="7)
I

Full-text articles excluded (n = 19)
- Insufficient Outcome Reporting (n = 11)
- Lack of Empirical Data (n = 8)

Studies included in the

qualitative synthesis
(n=43)

Figure 1. PRISMA 2020 flow diagram of the study selection process.
2.3. Eligibility criteria.

Clear inclusion and exclusion criteria were established prior to the screening process to ensure
consistency and relevance in study selection. Studies were included if they were peer-reviewed
journal articles published in English between 2019 and 2025 and focused on constructivist or
student-centered instructional strategies in secondary science education. Eligible studies were
also required to report empirical findings related to academic achievement, conceptual
understanding, engagement, motivation, critical thinking, science process skills, or other
relevant learning outcomes. Studies were excluded if they focused exclusively on elementary
or tertiary education, involved non-science subject areas, lacked empirical evidence, or
emphasized technology integration without clear pedagogical grounding. Conference
proceedings, editorials, books, and conceptual papers without data were also excluded from the
review. The screening and eligibility assessment processes were conducted systematically to
ensure consistency in study selection. Any uncertainties identified during title—abstract
screening and full-text evaluation were resolved through careful re-examination of the
inclusion and exclusion criteria to maintain methodological consistency throughout the review
process. To improve consistency during the screening and eligibility assessment process,
studies were reviewed through repeated evaluation of titles, abstracts, and full texts based on
the predefined inclusion and exclusion criteria. Ambiguous cases were carefully reassessed to
minimize selection bias and maintain methodological consistency throughout the review
process. The eligibility criteria helped ensure that the review remained focused on empirical
evidence related to constructivist teaching approaches in secondary science education.
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2.4. Data extraction.

Relevant information from the included studies was systematically extracted using a structured
data extraction template to ensure consistency and comparability across studies. The extracted
information included authors and year of publication, country or educational context, research
design, participant characteristics, instructional strategy implemented, reported learning
outcomes, major findings, and identified limitations. This process facilitated thematic
comparison across different constructivist approaches and educational contexts.

2.5 Quality appraisal.

To strengthen the methodological rigor of the review, each included study was evaluated using
several quality indicators commonly applied in educational research reviews. These indicators
included clarity of research objectives, appropriateness of research design, adequacy of sample
description, transparency of intervention procedures, validity and reliability of instruments,
appropriateness of data analysis methods, and reporting of study limitations. To strengthen
methodological rigor and consistency in evidence evaluation, the included studies were
appraised using adapted quality assessment indicators derived from the Critical Appraisal
Skills Programme (CASP) and Joanna Briggs Institute (JBI) educational research appraisal
frameworks. The appraisal criteria included clarity of research objectives, appropriateness of
research design, adequacy of sampling procedures, transparency of intervention
implementation, validity and reliability of instruments, appropriateness of data analysis
procedures, and completeness of reporting. Each study was evaluated descriptively according
to these indicators to support balanced interpretation of methodological strengths and
limitations across the reviewed literature. Studies demonstrating clear methodological
procedures and transparent reporting were interpreted with greater confidence during synthesis,
whereas studies with limited methodological detail were interpreted more cautiously. This
appraisal process contributed to balanced interpretation of the reviewed evidence.

2.6. Data analysis.

A thematic synthesis approach was employed to analyze the findings across the included
studies. The studies were first grouped according to the primary constructivist instructional
strategy examined, namely Problem-Based Learning, Inquiry-Based Learning, cooperative
learning, guided inquiry laboratory activities, project-based learning, and integrated
constructivist models. The reported outcomes were subsequently categorized into three major
domains: cognitive outcomes, affective outcomes, and skill-based outcomes. Cognitive
outcomes included academic achievement and conceptual understanding, affective outcomes
included motivation and engagement, while skill-based outcomes included critical thinking,
creativity, collaboration, and science process skills. Organizing the findings into these domains
enabled clearer identification of recurring patterns, similarities, and differences across
constructivist teaching strategies and educational settings. Because the included literature
involved diverse research designs, educational settings, and outcome measures, the findings
were synthesized narratively through thematic analysis rather than quantitative pooling of
effect sizes. This approach allowed broader comparison of recurring patterns and
implementation themes across heterogeneous studies. A quantitative meta-analysis was not
conducted because the included studies differed substantially in intervention duration,
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participant characteristics, instructional approaches, outcome variables, and methodological
designs. These variations limited statistical comparability across studies and supported the
appropriateness of qualitative thematic synthesis.

3. Results

3.1. Overview of included studies.

A total of 43 studies met all eligibility criteria and were included in the final qualitative
synthesis following the PRISMA 2020 screening process. The included studies were published
between 2019 and 2025 and examined various constructivist teaching strategies implemented
in secondary science education contexts. The reviewed literature consisted of systematic
reviews, meta-analyses, experimental studies, action research, and mixed-methods
investigations that explored the effectiveness of student-centered and active learning
approaches in science classrooms. The studies collectively investigated several constructivist
instructional strategies, including Problem-Based Learning (PBL), Inquiry-Based Learning
(IBL), cooperative or collaborative learning, guided inquiry laboratory activities, project-based
learning, and integrated constructivist instructional models. Across the reviewed studies, the
most frequently examined outcomes included academic achievement, conceptual
understanding, student engagement, critical thinking, science process skills, intrinsic
motivation, creativity, and collaboration. The included studies varied across educational
contexts, research designs, and instructional implementations. Most studies were conducted in
secondary STEM or science classrooms and examined the effects of constructivist instructional
strategies on cognitive, affective, and skill-based learning outcomes. Table 1A summarizes the
representative characteristics of selected included studies.

3.1.1 Distribution of Studies by Research Design

The methodological distribution of the included studies is presented in Table 1. Experimental
and quasi-experimental designs represented the largest proportion of the reviewed literature,
followed by systematic reviews and meta-analyses. This finding indicated that recent
constructivist science education research was strongly supported by both empirical classroom
interventions and evidence synthesis studies. As shown in Table 1, experimental and quasi-
experimental studies accounted for the highest proportion of the reviewed literature (34.9%),
suggesting that many researchers continued to evaluate constructivist teaching approaches
through classroom-based interventions. Meanwhile, systematic reviews and meta-analyses
collectively represented 41.9% of the included studies, reflecting the growing effort to
synthesize evidence on student-centered science instruction.

Table 1. Distribution of included studies by research design.

Research Design Frequency (n) Percentage (%)
Systematic Reviews 11 25.6
Meta-Analyses 7 16.3
Experimental / Quasi-Experimental 15 349
Action Research 4 9.3
Mixed-Methods / Descriptive 6 13.9
Total 43 100
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3.1.2. Distribution by Constructivist Teaching Strategy

The reviewed studies investigated multiple constructivist instructional approaches in secondary
science education. Table 2 summarizes the distribution of studies according to the primary
instructional strategy examined. Problem-Based Learning emerged as the most frequently
investigated constructivist strategy, representing 30.2% of the included studies. Inquiry-Based
Learning closely followed at 27.9%, highlighting the continued emphasis on inquiry-oriented
science instruction in contemporary science education research. Cooperative learning and
guided inquiry laboratory approaches were also commonly explored because of their role in
promoting engagement, communication, and science process skills.

Table 2. Distribution of studies by constructivist teaching strategy.

Instructional Strategy Frequency (n) Percentage (%)
Problem-Based Learning (PBL) 13 30.2
Inquiry-Based Learning (IBL) 12 279
Cooperative / Collaborative Learning 6 14.0
Guided Inquiry Laboratory Activities 4 9.3
Integrated Constructivist Models 4 9.3
Project-Based Learning 4 9.3
Total 43 100

3.2. Effects of Problem-Based Learning (PBL).

Thirteen studies examined the implementation of Problem-Based Learning in secondary
science education. Across these studies, PBL was consistently associated with positive
cognitive and skill-based outcomes. Most studies reported improvements in academic
achievement, conceptual understanding, critical thinking, metacognitive development, and
problem-solving ability. As summarized in Table 3, 11 out of 13 studies (84.6%) reported
significant improvements in academic achievement, while 10 studies (76.9%) identified
enhanced problem-solving and critical thinking skills. In addition, 8 studies (61.5%) reported
increased student engagement and motivation during science learning activities. Meta-
analytical evidence also suggested that PBL produced moderate to strong positive effects
compared with traditional lecture-based instruction. Despite these positive findings, several
studies emphasized that PBL effectiveness depended heavily on instructional scaffolding,
teacher facilitation, and classroom structure. Insufficient guidance and poorly designed
problem scenarios were reported to reduce conceptual clarity and increase student difficulty
during inquiry processes.

Table 3. Reported outcomes of Problem-Based Learning studies.

Learning Outcome Frequency (n) Percentage (%)
Academic Achievement 11 84.6
Critical Thinking / Problem-Solving 10 76.9
Student Engagement 8 61.5
Conceptual Understanding 7 53.8
Motivation / Metacognition 6 46.2
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3.3. Effects of Inquiry-Based Learning (IBL).

Twelve studies focused on Inquiry-Based Learning approaches in science education. The
reviewed studies consistently reported that inquiry-oriented instruction improved conceptual
understanding, science process skills, scientific reasoning, and intrinsic motivation. As
presented in Table 4, 10 studies (83.3%) reported improvements in conceptual understanding,
while 9 studies (75.0%) identified increased science process skills and inquiry competencies.
Furthermore, 8 studies (66.7%) reported improvements in intrinsic motivation and
engagement, suggesting that inquiry activities helped students become more actively involved
in scientific learning. Several studies also highlighted that inquiry-based instruction promoted
creativity and independent thinking because students were encouraged to formulate questions,
analyze evidence, and construct explanations. However, some studies cautioned that overly
open-ended inquiry tasks could overwhelm students when instructional support was
insufficient.

Table 4. Reported outcomes of Inquiry-Based Learning studies

Learning Outcome Frequency (n) Percentage (%)
Conceptual Understanding 10 83.3
Science Process Skills 9 75.0
Engagement / Motivation 8 66.7
Critical Thinking 7 583
Creativity 4 333

3.4. Effects of cooperative and collaborative learning.

Six studies investigated cooperative and collaborative learning approaches in secondary
science classrooms. The findings demonstrated that structured peer interaction positively
influenced engagement, participation, communication, and collaborative problem-solving. As
presented in Table 5, all six studies (100.0%) reported increased student engagement, while
four studies (66.7%) identified improvements in academic achievement and conceptual
discussion quality. Collaborative learning environments also appeared to support confidence
and classroom participation among learners. Nevertheless, some studies reported
implementation challenges related to unequal participation, classroom management
difficulties, and teacher preparedness in facilitating collaborative learning environments
effectively.

Table 5. Reported outcomes of cooperative and collaborative learning studies.

Learning Outcome Frequency (n) Percentage (%)
Student Engagement 6 100.0
Academic Achievement 4 66.7
Collaborative Skills 4 66.7
Conceptual Discussion Quality 3 50.0
Motivation 3 50.0

3.5. Integrated constructivist and project-based approaches.

Integrated constructivist models and project-based instructional approaches were also
associated with multidimensional learning benefits. These studies commonly combined
inquiry, collaboration, problem-solving, and active learning within broader STEM-oriented
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learning environments. Most integrated constructivist studies reported improvements in
academic achievement, creativity, motivation, and higher-order thinking skills. Project-based
approaches were particularly associated with long-term engagement and authentic application
of scientific knowledge. However, the reviewed studies also emphasized that integrated
approaches require extensive planning, teacher preparation, and sufficient classroom resources
to achieve optimal effectiveness.

3.6. Overall distribution of learning outcomes.

The overall learning outcomes reported across the 43 reviewed studies are summarized in Table
6. Cognitive outcomes such as academic achievement and conceptual understanding were the
most frequently reported findings, followed by engagement, critical thinking, and science
process skills. The findings indicate that constructivist teaching strategies most consistently
support cognitive learning outcomes, particularly academic achievement and conceptual
understanding. Nevertheless, affective and skill-based outcomes such as engagement,
motivation, collaboration, and creativity were also frequently reported, demonstrating the
multidimensional impact of student-centered science instruction.

Table 6. Overall distribution of learning outcomes across reviewed studies.

Learning Outcome Frequency (n) Percentage (%)
Academic Achievement 39 90.7
Conceptual Understanding 35 81.4
Student Engagement 31 72.1
Critical Thinking / Problem-Solving 27 62.8
Science Process Skills 24 55.8
Motivation 22 51.2
Creativity 14 32.6

3.6.1. Comparative synthesis of constructivist teaching strategies.

Table 7 presents a comparative synthesis of the major constructivist instructional strategies
identified across the reviewed studies. The table summarizes the dominant learning outcomes,
major instructional strengths, and commonly reported implementation challenges associated
with each approach. Problem-Based Learning and Inquiry-Based Learning demonstrated the
strongest associations with cognitive learning outcomes, particularly academic achievement,
conceptual understanding, and critical thinking. Meanwhile, cooperative and collaborative
learning approaches were more strongly associated with engagement, participation, and
communication-related outcomes. Across all instructional strategies, the findings suggest that
structured facilitation, instructional scaffolding, and contextual adaptation remain critical
factors influencing successful implementation.
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Table 7. Comparative synthesis of constructivist teaching strategies.

Instructional

Dominant Learning Outcomes Major Strengths Common Challenges
Strategy
. . .. . . R i 1! instructi 1
Problem-Based Academic achievement, critical Promotes authentic learning and equires - strong - mstructiona
Learning (PBL) thinking, problem-solvin metacognitive development scaffolding and carefully
& &P & & P structured problems
. Conceptual understanding, Encourages investigation, Open inquiry may cause cognitive
Inquiry-Based . . e .
: science process skills, autonomy, and scientific overload  when  support is
Learning (IBL) o . . .
motivation reasoning insufficient
Cooperatl\{e /Engagement, communication, Enhances peer interaction and Unequal participation and
Collaborative . S classroom management
. collaboration classroom participation . .
Learning difficulties
Guided Inquiry Science process skills, Supports hands-on investigation Requires laboratory resources and
Laboratory Activities conceptual learning and inquiry skills teacher facilitation
Project-Based Creativity, engagement, Encourages  authentic  and Demands extensive planning and
Learning application of knowledge interdisciplinary learning time allocation
- . . i inquiry, Requi high instructional
Integrated Multidimensional learning Comblnes. fnquiry, fsequires ' fstructiona
.. collaboration, and  active preparedness and resource
Constructivist Models outcomes . S
learning availability

3.7. Cross-strategy patterns and emerging themes.

Across all reviewed studies, several recurring patterns emerged. First, constructivist
approaches consistently promoted active participation and deeper engagement in science
learning. Second, instructional guidance and scaffolding appeared to play a crucial role in
determining the effectiveness of student-centered learning environments. Third, blended or
integrated constructivist models demonstrated broader multidimensional outcomes because
they combined inquiry, collaboration, and authentic problem-solving activities. At the same
time, several studies identified contextual and implementation-related limitations. These
included insufficient teacher preparation, time constraints, lack of classroom resources,
cognitive overload during open inquiry activities, and inconsistent student participation during
collaborative tasks. Additionally, a small number of studies reported that constructivist
approaches did not always produce immediate improvements in achievement or interest when
compared with more structured instructional methods. Overall, the reviewed evidence strongly
supports the effectiveness of constructivist teaching strategies in secondary science education
while also highlighting the importance of structured facilitation, contextual adaptation, and
teacher preparedness in successful implementation.

4. Discussion
4.1. Interpretation of the main findings.

This systematic review synthesized 43 studies published between 2019 and 2025 that examined
constructivist teaching strategies in secondary science education. Overall, the findings
demonstrate that student-centered and active learning approaches positively influence multiple
dimensions of science learning, particularly academic achievement, conceptual understanding,
engagement, critical thinking, and science process skills. Across the reviewed studies,
Problem-Based Learning (PBL) and Inquiry-Based Learning (IBL) emerged as the most
frequently implemented and most consistently supported instructional approaches, suggesting
that contemporary science education increasingly emphasizes inquiry, collaboration, and
authentic problem-solving experiences [27]. Additional reviews further support the
effectiveness of inquiry-oriented and learner-centered science instruction in improving science
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learning outcomes [28]. Meta-analytical findings likewise indicate that active and
constructivist instructional strategies consistently support science achievement and conceptual
understanding among secondary learners [29].

The findings indicate that cognitive outcomes remain the most frequently reported
benefits of constructivist instruction. Academic achievement was reported in 90.7% of the
reviewed studies, while conceptual understanding appeared in 81.4% of the studies. Earlier
research suggests that learners develop deeper understanding when they actively engage with
scientific concepts through exploration, investigation, and collaborative reasoning rather than
passive memorization [30]. Other studies also emphasize that active learning environments
improve inquiry competence and student participation in science classrooms [31]. Recent
reviews further associate constructivist STEM instruction with improved scientific reasoning
and inquiry skill development [32]. In constructivist classrooms, students are encouraged to
connect prior knowledge with new experiences, which may explain the consistent
improvements observed in conceptual learning and scientific reasoning [33]. Additional
evidence also highlights the importance of carefully designed STEM instructional strategies in
supporting deeper science learning outcomes [34].

Problem-Based Learning demonstrated particularly strong effects on academic
achievement and critical thinking. Most PBL studies reported improvements in students’ ability
to analyze problems, justify solutions, and apply scientific concepts in authentic contexts [35].
Other meta-analytical evidence further supports the effectiveness of PBL in improving
metacognitive development and higher-order thinking skills among science learners [36].
Additional reviews likewise indicate that problem-solving-oriented science instruction
strengthens conceptual understanding and science achievement [37]. These findings are
consistent with constructivist learning theory, which emphasizes active knowledge
construction through meaningful problem-solving experiences [38]. Furthermore, several
studies suggested that PBL environments support metacognitive development because learners
are required to monitor their reasoning, evaluate evidence, and reflect on their decisions
throughout the learning process [39]. However, the effectiveness of PBL appeared strongly
dependent on instructional scaffolding and teacher facilitation. Studies reported that
insufficient guidance may cause students to focus more on task completion than conceptual
understanding, particularly when problems are overly complex or poorly structured [40].
Additional findings also indicate that beginning science teachers often experience difficulties
implementing inquiry and problem-based approaches effectively during classroom instruction
[41].

Inquiry-Based Learning also produced consistent positive outcomes, especially in
conceptual understanding, science process skills, and intrinsic motivation [42]. Inquiry-
oriented instruction allows students to experience science as an investigative process rather
than simply a collection of facts, thereby encouraging curiosity, experimentation, and
independent reasoning. Several reviewed studies reported that inquiry activities improve
students’ ability to formulate questions, interpret evidence, and communicate scientific
explanations [43]. Moreover, inquiry-based environments were associated with increased
engagement and creativity because students were given greater autonomy in exploring
scientific problems. Nevertheless, the findings also suggest that inquiry-based learning may
become less effective when learners are provided with minimal support. Some studies noted
that overly open-ended inquiry tasks can overwhelm students and reduce instructional
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efficiency, particularly among learners with limited prior knowledge or weak self-regulation
skills. These findings support the view that constructivist instruction becomes most effective
when inquiry and student autonomy are balanced with appropriate scaffolding, structured
facilitation, and contextual instructional support.

Cooperative and collaborative learning approaches also demonstrated strong effects on
engagement and classroom participation. Collaborative environments appear to support
meaningful discussion, peer explanation, communication, and shared problem-solving, which
contribute to deeper understanding of scientific concepts. However, the reviewed studies also
identified several implementation challenges, including unequal participation among group
members, classroom management difficulties, and the need for effective teacher facilitation to
maintain productive collaboration. These findings suggest that cooperative learning becomes
most effective when collaborative tasks are carefully structured and actively monitored by
teachers.

4.2. Beyond academic achievement: multidimensional learning outcomes.

One important contribution of this review is its synthesis of cognitive, affective, and skill-based
outcomes within a single analytical framework. Previous reviews frequently focused on a
single outcome domain, particularly academic achievement. In contrast, the present review
demonstrates that constructivist approaches influence learning in multidimensional ways.
Although academic achievement remained the most commonly reported outcome, affective
outcomes such as engagement and intrinsic motivation were also frequently identified across
the reviewed studies. Increased engagement across multiple studies suggests that constructivist
instruction may help create more meaningful and participatory science learning environments.
Motivation appeared particularly strong in inquiry-based and project-based learning contexts
where students were encouraged to investigate authentic scientific questions, collaborate with
peers, and apply scientific concepts to real-world situations. Skill-based outcomes also
emerged consistently across studies. Science process skills, critical thinking, creativity, and
collaboration were commonly associated with inquiry-oriented and problem-solving
instructional approaches. These findings are important because modern science education
increasingly emphasizes competencies such as reasoning, communication, creativity,
collaboration, and scientific inquiry rather than rote memorization alone. Constructivist
learning environments appear particularly effective in supporting these broader educational
goals because students actively participate in knowledge construction and authentic scientific
practices.

4.3. Critical reflections and contradictory evidence.

Although the overall findings strongly support constructivist teaching strategies, the reviewed
evidence also highlights several limitations and contradictory findings that should be
acknowledged. The present review therefore considered not only positive outcomes but also
studies reporting weaker or inconsistent instructional effects. Some evidence suggests that
constructivist approaches do not always produce immediate improvements in achievement or
student interest, particularly when instructional activities lack sufficient structure, scaffolding,
or alignment with assessment practices.
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The review also revealed that instructional guidance remains a critical factor in successful
implementation. Poorly scaffolded inquiry activities may increase cognitive overload,
confusion, or disengagement among learners, especially among students with limited prior
knowledge or weak self-regulation skills. Consequently, constructivist approaches appear most
effective when balanced with structured facilitation, explicit instruction, and carefully designed
learning supports rather than unrestricted open-ended inquiry.

Teacher preparedness also emerged as a recurring implementation concern. Several
studies reported that science teachers often experience difficulties in facilitating inquiry
discussions, managing collaborative learning environments, and designing authentic problem-
solving activities. Limited professional training, insufficient classroom resources, and time
constraints were frequently identified as barriers to effective implementation. These findings
suggest that the success of constructivist instruction depends not only on instructional design
itself but also on institutional support, teacher competence, and contextual readiness.

4.4 Comparison with previous reviews.

The findings of the present review are generally consistent with earlier systematic reviews and
meta-analyses reporting positive effects of active learning and constructivist instructional
approaches in science education. However, unlike many earlier reviews that focused primarily
on a single instructional strategy such as PBL or IBL, the present study comparatively
synthesized multiple constructivist approaches within one analytical framework. This broader
synthesis allowed clearer identification of recurring instructional patterns and
multidimensional learning outcomes across different educational contexts. Another
distinguishing contribution of this review involves its emphasis on multidimensional learning
outcomes and implementation challenges. While earlier reviews frequently concentrated on
academic achievement alone, the present review integrated cognitive, affective, and skill-based
outcomes while also considering contradictory evidence and contextual limitations. This
approach provides a more balanced understanding of both the strengths and limitations of
constructivist pedagogy in secondary science education. Furthermore, by focusing specifically
on studies published between 2019 and 2025, this review provides an updated synthesis of
recent post-pandemic educational practices and contemporary developments in student-
centered science instruction. The increasing emphasis on inquiry, collaboration, creativity, and
STEM integration observed across the reviewed studies reflects broader educational shifts
toward twenty-first century competencies and active learning environments.

4.5. Implications for science education practice and research.

The findings of this review have several implications for science education practice. First,
constructivist teaching strategies appear most effective when accompanied by structured
instructional guidance and carefully designed learning activities. Teachers play an essential
role in facilitating discussion, scaffolding inquiry processes, clarifying misconceptions, and
maintaining productive collaborative learning environments. Consequently, teacher
professional development programs should focus not only on introducing constructivist
theories but also on developing practical classroom facilitation skills.
Second, the findings suggest that science assessment practices may need to align more closely
with constructivist instructional goals. Traditional assessments emphasizing factual recall may
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not adequately capture the development of inquiry skills, problem-solving abilities, creativity,
and collaboration. Alternative assessments such as performance tasks, reflective activities,
inquiry projects, and collaborative investigations may therefore provide more appropriate
measures of student learning within constructivist classrooms.

Finally, future research should continue examining contextual factors that influence the
effectiveness of constructivist instruction, including classroom resources, teacher expertise,
student readiness, and curriculum alignment. More longitudinal studies are also needed to
investigate the long-term effects of constructivist approaches on scientific reasoning,
motivation, creativity, and STEM-related career outcomes. Future systematic reviews may
additionally benefit from employing multi-reviewer screening procedures, inter-rater reliability
analysis, and quantitative meta-analytic comparisons across specific instructional approaches
to strengthen methodological rigor and evidence comparability.

4.6. Limitations of the review.

Several limitations of the present review should be acknowledged. First, the review included
only English-language peer-reviewed journal articles published between 2019 and 2025, which
may have excluded relevant studies published in other languages or formats. Second, the
included studies demonstrated substantial methodological and contextual variation, limiting
direct comparability across findings. Third, although the review employed structured quality
appraisal procedures, the synthesis remained primarily qualitative and did not include statistical
meta-analysis of effect sizes. Finally, database indexing limitations and the selective screening
approach used in Google Scholar may have resulted in the omission of some relevant studies
despite systematic search procedures.

5. Conclusion

This systematic review synthesized 43 studies published between 2019 and 2025 that examined
constructivist teaching strategies in secondary science education. The findings indicate that
student-centered instructional approaches, particularly Problem-Based Learning, Inquiry-
Based Learning, cooperative learning, guided inquiry laboratory activities, and integrated
constructivist models, generally contribute positively to science learning outcomes. Across the
reviewed literature, constructivist approaches were consistently associated with improvements
in academic achievement, conceptual understanding, engagement, critical thinking, science
process skills, and motivation. The review further suggests that constructivist pedagogy
supports multidimensional learning by encouraging students to actively participate in scientific
inquiry, collaborative discussion, and authentic problem-solving experiences. Rather than
functioning as passive recipients of information, learners in constructivist environments appear
to develop deeper conceptual understanding and broader scientific competencies through active
knowledge construction and social interaction. These findings reinforce the growing emphasis
on inquiry, collaboration, and higher-order thinking within contemporary science education.
However, the review also demonstrates that the effectiveness of constructivist instruction is
strongly influenced by instructional design, teacher facilitation, and contextual implementation
factors. Several studies reported challenges related to insufficient scaffolding, limited teacher
preparedness, cognitive overload during open inquiry activities, unequal participation in
collaborative tasks, and resource limitations. In addition, some evidence suggested that
constructivist approaches may not always produce immediate improvements in achievement or
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interest when implementation lacks sufficient structure and support. These findings highlight
the importance of balanced instructional guidance and careful contextual adaptation in student-
centered science instruction. One important contribution of this review is its comparative
synthesis of multiple constructivist approaches within a single analytical framework. Unlike
previous reviews that focused primarily on individual strategies such as Problem-Based
Learning or Inquiry-Based Learning, the present study integrated cognitive, affective, and skill-
based outcomes across diverse instructional models. This broader perspective provides a more
comprehensive understanding of both the strengths and limitations of constructivist pedagogy
in secondary science education. Overall, the reviewed evidence suggests that constructivist
teaching strategies remain promising approaches for improving science learning when
implemented thoughtfully and supported by effective instructional facilitation. Future research
may further examine long-term learning outcomes, contextual variations across educational
settings, and the comparative effectiveness of blended constructivist models to strengthen
evidence-based science instruction and educational practice.

Acknowledgments

The authors sincerely express their gratitude to Almighty God for His guidance, wisdom,
strength, and countless blessings throughout the completion of this study. The authors also
extend their heartfelt appreciation to Prof. Mauricio S. Adlaon for his valuable supervision,
academic guidance, and insightful recommendations during the conduct of this research.
Furthermore, the authors acknowledge the researchers and scholars whose published works
contributed significantly to the development and completion of this systematic review.

Author Contribution

Conceptualization, literature review, analysis, and writing: Cromwell B. Ancla Jr
Supervision and manuscript review: Mauricio S. Adlaon

Conflict of Interest
The authors declare that there is no conflict of interest regarding the publication of this paper.

References

[1] Akgay, B.; Benek, L. (2024). Problem-based learning in Tiirkiye: A systematic literature review of
research in science education. Education Sciences, 14(3), 330.
https://doi.org/10.3390/educsci114030330.

[2] Bremner, N.; Sakata, N.; Cameron, L. (2022). The outcomes of learner-centred pedagogy: A

systematic review. [International Journal of Educational Development, 92, 102649.
https://doi.org/10.1016/j.1jedudev.2022.102649.
[3] Funa, A.A.; Prudente, M.S. (2021). Effectiveness of problem-based learning on secondary

students’ achievement in science: A meta-analysis. International Journal of Instruction, 14(4), 69—
84. https://doi.org/10.29333/1j1.2021.1445a.

[4] Alarcon, D.A.U.; Talavera-Mendoza, F.; Paucar, F.H.R.; Caceres, K.S.C.; Viza, R.M. (2023).
Science and inquiry-based teaching and learning: A systematic review. Frontiers in Education, 8,
1170487. https://doi.org/10.3389/feduc.2023.1170487.

361


https://doi.org/10.3390/educsci14030330
https://doi.org/10.1016/j.ijedudev.2022.102649
https://doi.org/10.29333/iji.2021.1445a
https://doi.org/10.3389/feduc.2023.1170487

Acta Pedagogia Asiana 5(2), 2026, 346—364

[5] Dah, N.M.; Noor, M.S.A.M.; Kamarudin, M.Z.; Azziz, S.S.A. (2024). The impacts of open inquiry
on students’ learning in science: A systematic literature review. Educational Research Review, 45,
100601. https://doi.org/10.1016/j.edurev.2024.100601.

[6] Chengere, A.M.; Bono, B.D.; Zinabu, S.A.; Jilo, K.W. (2025). Enhancing secondary school
students’ science process skills through guided inquiry-based laboratory activities in biology.
PLOS ONE, 20, €0320692. https://doi.org/10.1371/journal.pone.0320692.

[7]1 Gavrilas, L.; Kotsis, K. (2025). Integrating learning theories and innovative pedagogies in STEM

education: A comprehensive review. Eurasian Journal of Science and Environmental Education,
5, 11-17. https://doi.org/10.30935/ejsee/16538.

[8] Jeskova, Z.; Lukac, S.; Snajder, L.; Gunis, J.; Klein, D.; Kires, M. (2022). Active learning in STEM
education with regard to the development of inquiry skills. Education Sciences, 12(10), 686.
https://doi.org/10.3390/educscil2100686.

[9] Cebrero, J. (2025). 21st century skills and science achievement among secondary school students:
A systematic review. Journal of Turkish Science Education, 22(2), 248-268..
https://doi.org/10.36681/tused.2025.013.

[10] Halawa, S.; Lin, T.-C.; Hsu, Y.-S. (2024). Exploring instructional design in K-12 STEM
education: A systematic literature review. International Journal of STEM Education, 11, 43.
https://doi.org/10.1186/s40594-024-00503-5.

[11] lahi, D.P.; Festiyed; Yerimadesi; Yulkifli; Utami, L.; Ratih, A. (2024). Evaluating the impact of
problem-based learning on students’ metacognition in science learning: A meta-analysis review.
Jurnal Penelitian Pendidikan IPA, 10(8), 526-535. https://doi.org/10.29303/jppipa.v10i8.7892.

[12] Uluginar, U. (2023). The effect of problem-based learning in science education on academic
achievement: A meta-analytical study. Science FEducation International, 34(2), 72-85.
https://doi.org/10.33828/sei.v34.i2.1.

[13] Yasar, M.; Batdi, V.; Kilig, A.N.; Yilmaz, Z.A. (2024). Problem-based learning in science
education: A mixed meta method study. Science Insights Education Frontiers, 24(2), 3972—3992.
https://doi.org/10.15354/sief.24.re406.

[14] Kapict, H.O. (2025). Does inquiry-based learning work better in regular classrooms or computer-
based settings? Instructional Science, 53, 705—728. https://doi.org/10.1007/s11251-025-09711-0.

[15] Mediana, N.; Funa, A.; Dio, R. (2025). Effectiveness of inquiry-based learning (IBL) on improving

students’ conceptual understanding in science and mathematics: A meta-analysis. International
Journal of Education in Mathematics, Science and Technology, 13(2), 532-552.
https://doi.org/10.46328/ijemst.4769.

[16] Strat, T.T.S.; Henriksen, E.; Jegstad, K. (2023). Inquiry-based science education in science teacher
education: A systematic review. Studies in Science Education, 60, 191-249,
https://doi.org/10.1080/03057267.2023.2207148.

[17] Gillies, R.M. (2023). Using cooperative learning to enhance students’ learning and engagement
during inquiry-based science. Education Sciences, 13(12), 1242,
https://doi.org/10.3390/educsci13121242.

[18] Laid, S.M.T.; Adlaon, M.S. (2025). A systematic review of innovative teaching strategies in

science: Exploring hands-on learning, technology integration, and student-centered approaches.
Acta Pedagogia Asiana, 4, 101-114. https://doi.org/10.53623/apga.v4i2.645.
[19] Lee, G.; Kang, D. (2024). A systematic review of research on cooperative/collaborative learning

in science and engineering education in the Republic of Korea. Asia-Pacific Science Education,
10(2), 162—195. https://doi.org/10.1163/23641177-bjal0081.
[20] Saifuddin, T.; Matloob, F. (2025). Transforming classrooms through collaboration: Enhancing

engagement and achievement in secondary science education through action research. Social
Science Review Archives, 3(3), 292-305. https://doi.org/10.70670/sra.v313.863.

362


https://doi.org/10.1016/j.edurev.2024.100601
https://doi.org/10.1371/journal.pone.0320692
https://doi.org/10.30935/ejsee/16538
https://doi.org/10.3390/educsci12100686
https://doi.org/10.36681/tused.2025.013
https://doi.org/10.1186/s40594-024-00503-5
https://doi.org/10.29303/jppipa.v10i8.7892
https://doi.org/10.33828/sei.v34.i2.1
https://doi.org/10.15354/sief.24.re406
https://doi.org/10.1007/s11251-025-09711-0
https://doi.org/10.46328/ijemst.4769
https://doi.org/10.1080/03057267.2023.2207148
https://doi.org/10.3390/educsci13121242
https://doi.org/10.53623/apga.v4i2.645
https://doi.org/10.1163/23641177-bja10081
https://doi.org/10.70670/sra.v3i3.863

Acta Pedagogia Asiana 5(2), 2026, 346—364

[21] Yeung, E.K.L.; Zhong, M.; Huang, J.; Chan, M.H.; Siu, C.; Cheung, H. (2024). Constructivist
learning approaches do not necessarily promote immediate learning outcome or interest in science
learning. The Asia-Pacific Education Researcher, 34, 753—764. https://doi.org/10.1007/s40299-
024-00893-8.

[22] Jerrim, J.; Oliver, M.; Sims, S. (2019). The relationship between inquiry-based teaching and
students’ achievement: New evidence from a longitudinal PISA study in England. Learning and
Instruction, 61, 35—44. https://doi.org/10.1016/j.learninstruc.2018.12.004.

[23] Leeuwen, A. van; Janssen, J. (2019). A systematic review of teacher guidance during collaborative
learning in primary and secondary education. Educational Research Review, 27, T1—89.
https://doi.org/10.1016/j.edurev.2019.02.001.

[24] MacIntosh, N.; Asghar, A. (2025). An integrated framework to motivate student engagement in
science education for sustainable development. FEducation Sciences, 15(7), 903.
https://doi.org/10.3390/educscil 5070903.

[25] Pinar, F.; Panergayo, A.; Sagcal, R.; Acut, D.; Roleda, L.; Prudente, M. (2025). Fostering scientific
creativity in science education through scientific problem-solving approaches and STEM contexts:
A meta-analysis. Disciplinary and Interdisciplinary Science Education Research, 7, 18.
https://doi.org/10.1186/s43031-025-00137-9.

[26] Wijnia, L.; Noordzij, G.; Arends, L.; Rikers, R.; Loyens, S. (2024). The effects of problem-based,
project-based, and case-based learning on students’ motivation: A meta-analysis. Educational
Psychology Review, 36, 29. https://doi.org/10.1007/s10648-024-09864-3.

[27] Arega, N.; Hunde, T. (2025). Constructivist instructional approaches: A systematic review of
evaluation-based evidence for effectiveness. Review of FEducation, 3, €70040.
https://doi.org/10.1002/rev3.70040.

[28] Doolittle, P.; Wojdak, K.; Walters, A. (2023). Defining active learning: A restricted systematic
review. Teaching and Learning Inquiry, 11, 25. https://doi.org/10.20343/teachlearninqu.11.25.

[29] Smith, K.; Maynard, N.; Berry, A.; Stephenson, T.; Spiteri, T.; Corrigan, D.; Mansfield, J.;
Ellerton, P.; Smith, T. (2022). Principles of problem-based learning (PBL) in STEM education:
Using expert wisdom and research to frame educational practice. Education Sciences, 12(10), 728.
https://doi.org/10.3390/educscil2100728.

[30] Magaji, A. (2021). Promoting problem-solving skills among secondary science students through
problem-based learning. [International Journal of Instruction, 14(4), 549-566.
https://doi.org/10.29333/171.2021.14432a.

[31] Magaji, A.; Adjani, M.; Coombes, S. (2024). A systematic review of preservice science teachers’
experience of problem-based learning and implementing it in the classroom. Education Sciences,
14(3), 301. https://doi.org/10.3390/educsci14030301.

[32] Navy, S.; Maeng, J.; Bell, R; Kaya, F. (2021). Beginning secondary science teachers’
implementation of process skills, inquiry, and problem-based learning during the induction years:
A randomised controlled trial. International Journal of Science Education, 43, 1483—1503.
https://doi.org/10.1080/09500693.2021.1919334.

[33] Li, X.; Zhang, Y.; Yu, F.; Zhang, X.; Zhao, X.; Pi, Z. (2024). Do science teachers’ beliefs related
to inquiry-based teaching affect students’ science process skills? Disciplinary and
Interdisciplinary Science Education Research, 6, 1. https://doi.org/10.1186/s43031-023-00089-y.

[34] Stevenson, E.; Dawborn-Gundlach, M.; Van Driel, J.; Krell, M. (2025). Supporting secondary
school science teachers to teach science inquiry skills. Eurasia Journal of Mathematics, Science
and Technology Education, 21, em2670. https://doi.org/10.29333/ejmste/16614.

[35] Meulenbroeks, R.; Van Rijn, R.; Reijerkerk, M. (2023). Fostering secondary school science
students’ intrinsic motivation by inquiry-based learning. Research in Science Education, 54(3),
339-358. https://doi.org/10.1007/s11165-023-10139-0.

363


https://doi.org/10.1007/s40299-024-00893-8
https://doi.org/10.1007/s40299-024-00893-8
https://doi.org/10.1016/j.learninstruc.2018.12.004
https://doi.org/10.1016/j.edurev.2019.02.001
https://doi.org/10.3390/educsci15070903
https://doi.org/10.1186/s43031-025-00137-9
https://doi.org/10.1007/s10648-024-09864-3
https://doi.org/10.1002/rev3.70040
https://doi.org/10.20343/teachlearninqu.11.25
https://doi.org/10.3390/educsci12100728
https://doi.org/10.29333/iji.2021.14432a
https://doi.org/10.3390/educsci14030301
https://doi.org/10.1080/09500693.2021.1919334
https://doi.org/10.1186/s43031-023-00089-y
https://doi.org/10.29333/ejmste/16614
https://doi.org/10.1007/s11165-023-10139-0

Acta Pedagogia Asiana 5(2), 2026, 346—364

[36] Xu, S.; Reiss, M.; Lodge, W. (2024). Enhancing scientific creativity through an inquiry-based
teaching approach in secondary science classrooms. International Journal of Science Education,
48, 619-636. https://doi.org/10.1080/09500693.2024.2419987.

[37] Salih, H.M.; Arif, J.; Sabri, S. (2024). Collaborative learning in computer labs for science
education. Ascarya: Journal of Islamic Science, Culture, and Social Studies, 4(1), 12-23.
https://doi.org/10.53754/iscs.v4i1.659.

[38] Ospankulova, E.; Maxutov, S.; Lathrop, R.; Anuarova, L.; Balta, N. (2024). Science students’
attitudes, learning, critical thinking and engagement in project-based learning. Cogent Education,
12, 2445358. https://doi.org/10.1080/2331186X.2024.2445358.

[39] Sutiani, A.; Situmorang, M.; Silalahi, A. (2021). Implementation of an inquiry learning model with
science literacy to improve student critical thinking skills. International Journal of Instruction, 14,
117-138. https://doi.org/10.29333/iji.2021.1428a.

[40] Nguyen, K.; Borrego, M.; Finelli, C.; DeMonbrun, M.; Crockett, C.; Tharayil, S.; Shekhar, P.;
Waters, C.; Rosenberg, R. (2021). Instructor strategies to aid implementation of active learning: A
systematic  literature review. [International Journal of STEM  Education, 8, 9.
https://doi.org/10.1186/s40594-021-00270-7.

[41] Mpaso, C.N.; Xuefu, X. (2025). Student-centred approaches: Translating theory into practice by

science teachers in Malawi secondary schools’ context. Unnes Science Education Journal, 14(1),
140-152. https://doi.org/10.15294/usej.v14i1.12474.

[42] Ridani, M.; Arianingrum, R. (2024). Type of active learning implementation in science education:
A systematic review. Indonesian Journal of Educational Research and Review, 7(2), 394-403.
https://doi.org/10.23887/ijerr.v7i2.65623.

[43] Saad, R.B.; Garcia, A.L.; Garcia, J.M.C. (2025). Mapping constructivist active learning for STEM:
Toward sustainable education. Sustainability, 17(13), 6225. https://doi.org/10.3390/sul7136225.

® © 2026 by the authors. This article is an open access article distributed under the terms
@ = and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).

364


https://doi.org/10.1080/09500693.2024.2419987
https://doi.org/10.53754/iscs.v4i1.659
https://doi.org/10.1080/2331186X.2024.2445358
https://doi.org/10.29333/iji.2021.1428a
https://doi.org/10.1186/s40594-021-00270-7
https://doi.org/10.15294/usej.v14i1.12474
https://doi.org/10.23887/ijerr.v7i2.65623
https://doi.org/10.3390/su17136225

