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Abstract

This study explores the impact of metacognitive questioning techniques on the critical
thinking skills of secondary school physics students. Using a quasi-experimental
design, 45 students were divided into an experimental group (n=24) and a control
group (n=21). The experimental group received instruction incorporating
metacognitive questioning techniques, while the control group received traditional
instruction. Pre- and post-tests were administered to measure critical thinking skills.
The ANCOVA results revealed a significant effect of the intervention on the post-test
scores of the experimental group (F (1, 42) = 38.41, p < .001), indicating that
metacognitive questioning techniques significantly enhanced students’ critical thinking
skills. Based on these findings, the study recommends integrating metacognitive
questioning techniques into the physics curriculum, providing continuous professional
development for teachers, encouraging regular student reflection, utilizing technology
to support metacognitive practices, conducting further research on the long-term
effects, and applying these techniques across different subjects to foster critical
thinking.
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Introduction

In recent years, the integration of metacognitive strategies in education has
garnered significant attention due to their potential to enhance students’ learning
outcomes. Metacognition, defined as the awareness and regulation of one’s
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cognitive processes, plays a crucial role in effective learning and problem-solving
(Avargil, Lavi, & Dori, 2020). In the context of physics education, metacognitive
questioning techniques have been identified as a powerful tool to foster critical
thinking skills among students. Critical thinking, which involves the ability to
analyze, evaluate, and synthesize information, is essential for mastering complex
scientific concepts and solving intricate problems (Bogdanovi¢ et al., 2015).
Traditional teaching methods often fall short in developing these skills, as they tend
to focus on rote memorization rather than deep understanding and application of
knowledge. Metacognitive questioning techniques, on the other hand, encourage
students to reflect on their thought processes, ask probing questions, and engage in
self-regulated learning (Mota et al., 2019).

Recent studies have demonstrated the effectiveness of metacognitive strategies in
improving students’ academic performance and cognitive abilities. For instance,
Ulu and Yerdelen-Damar (2024) found that metacognitive activities significantly
predicted physics identity and self-efficacy among high school students,
highlighting the importance of these strategies in science education. Similarly,
research by Bogdanovi¢ et al. (2015) revealed a moderate correlation between
metacognitive awareness and achievement in physics, underscoring the benefits of
developing metacognitive skills for better learning outcomes.

Moreover, a meta-analysis by Camarao and Monterola (2021) showed that
metacognitive strategy instruction had a significant overall effect on the conceptual
change of students in physics compared to conventional teaching approaches. This
finding suggests that metacognitive strategies not only enhance students’
understanding of physics concepts but also promote long-term retention and
application of knowledge. Additionally, Akpan, Sa’adatu, and Dauda (2022), found
that metacognitive learning strategies significantly improved problem-solving
behaviour among secondary school physics students in Nigeria, further supporting
the global relevance of these strategies.

In addition to improving problem-solving skills, metacognitive strategies have been
shown to enhance critical thinking abilities. Rivas et al. (2022) conducted a study
on the development of critical thinking in higher education through metacognitive
strategies. They found that students who participated in a metacognitive
intervention program exhibited significant improvements in critical thinking skills,
demonstrating the potential of metacognitive strategies to foster higher-order
cognitive processes. This study also highlighted the importance of active learning
methodologies, such as Problem-Based Learning (PBL), in promoting
metacognitive and critical thinking skills.
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Furthermore, Camarao and Monterola (2021) conducted a meta-analysis on the
effects of metacognitive strategy instruction on student conceptual change in
physics. Their analysis revealed that metacognitive strategy instruction had a
significant overall effect on students’ conceptual understanding compared to
conventional teaching approaches. This finding suggests that metacognitive
strategies not only enhance students’ understanding of physics concepts but also
promote long-term retention and application of knowledge. Additionally, Jegede
and Awodun (2022) investigated the impact of metacognitive strategies on
students’ learning of physics in secondary schools in Nigeria, finding significant
improvements in both conceptual understanding and academic performance.

The study of Reinhard et al. (2022) assessed the impact of metacognitive post-
reflection exercises on problem-solving skillfulness in physics. Their findings
revealed that students who engaged in metacognitive reflections demonstrated
improved retention of newly learned problem-solving techniques, underscoring the
importance of metacognitive strategies in fostering long-term learning and
application of knowledge. This study also emphasized the role of conceptual
understanding in enhancing problem-solving skills, suggesting that metacognitive
strategies should be integrated with content knowledge to maximize their
effectiveness. Given the promising evidence supporting the use of metacognitive
strategies, this paper aims to explore their impact on retention and academic
achievement in secondary school physics students. By examining recent research
and empirical studies, this paper seeks to provide a comprehensive understanding
of how metacognitive strategies can be effectively integrated into physics education
to enhance students’ learning experiences and outcomes. Despite the critical
importance of physics in the secondary school curriculum, many students in Jos
South L.G.A of Plateau, Nigeria, continue to struggle with retention and academic
achievement in this subject.

Traditional teaching methods often fail to engage students effectively, leading to
poor understanding and low performance. There is a pressing need to explore
innovative instructional strategies that can enhance students’ learning experiences
and outcomes. Metacognitive strategies, which involve students’ awareness and
regulation of their learning processes, have shown promise in improving academic
performance in various subjects. However, there is limited research on their specific
impact on secondary school physics students in this region.

This study aims to fill this gap by investigating the effects of metacognitive
strategies on retention and academic achievement among secondary school physics
students in Jos South L.G.A. Specifically, the study aims to determine the effect of
metacognitive strategies on the retention of physics concepts among secondary
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school students and to find out the outcome of metacognitive strategies on the
academic achievement of secondary school physics students.

Research Questions
The following research questions were raised to guide the study: -

1. What are the differences in critical thinking skills between students who
receive instruction incorporating metacognitive questioning techniques and
those who receive traditional instruction?

2. What is the effectiveness of metacognitive questioning techniques in
enhancing critical thinking skills among secondary school physics students?

3. What is the relationship between the frequency of metacognitive
questioning and the improvement in critical thinking skills?

Hypotheses
The following null hypotheses were formulated for testing to guide the study.

1. There is no significant difference in critical thinking skills between students
who receive instruction incorporating metacognitive questioning
techniques and those who receive traditional instruction.

2. There is no significant difference between the effectiveness of
metacognitive questioning techniques and traditional instruction in
enhancing critical thinking skills among secondary school physics students.

3. There is no significant relationship between the frequency of metacognitive
questioning and the improvement in critical thinking skills.

Methodology

This study employed a quasi-experimental design with a pre-test and post-test
control group. This design allows for the comparison of the effects of metacognitive
questioning techniques on students’ critical thinking skills in physics. The
participants were secondary school students from two different schools. One school
served as the experimental group, and the other as the control group. The sample
consisted of 45 students (24 in the experimental and 21 in the control group
respectively), selected through random sampling to ensure diversity and
representativeness. The instruments used were: The Critical Thinking Skills Test
(CTST): A standardized test to measure students’ critical thinking skills before and
after the intervention; the Metacognitive Awareness Inventory (MAI): To assess
students’ metacognitive awareness; the Physics Achievement Test (PAT): To
evaluate students’ understanding of physics concepts. The procedure used was: Pre-
Test: The CTST and MAI were administered to both the experimental and control
groups to establish baseline data Example, Activity: Students completed the CTST,
which includes questions like “Explain the reasoning behind your solution to this
physics problem.” Intervention: Experimental Group: Implement metacognitive
questioning techniques during physics lessons. This involves training teachers to
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use specific questioning strategies that prompt students to reflect on their thinking
processes: Planning Questions: “What is your goal for this problem? Example,
Activity: Before solving a physics problem, students wrote down their goals and
the steps they plan to take. Monitoring Questions: “How do you know your solution
is correct?” Example, Activity: During problem-solving, students periodically
check their work and discuss their thought processes with peers.

Evaluating Questions: “What could you have done differently? Example, Activity:
After completing a problem, students reflected on their approach and identified any
mistakes or alternative methods. Control Group: Continue with traditional
teaching methods without the use of metacognitive questioning technigues.

The Post-Test was administered after 8 weeks, were the CTST and MAI again to
both groups to measure any changes in their critical thinking skills and
metacognitive awareness. Example, Activity: Students retake the CTST, and their
scores were compared to their pre-test results. Data was collected from students’
scores from the pre-tests and post-tests. Example Activity: Compile the test scores
into a database for analysis. To ensure the reliability of the measurement
instruments: The pre-and post-tests were administered at two different points in
time to the same group of students to check for consistency in their responses. The
internal consistency of the test items was assessed using Cronbach’s alpha and
getting 0.86. Descriptive Statistics was used to calculate the means and standard
deviations for pre-test and post-test scores. Example, Activity: Using statistical
software to generate descriptive statistics for the collected data. The Inferential
statistics of ANCOVA (Analysis of Covariance) were used to control for any pre-
existing differences between the groups and to determine the effect of the
intervention on students’ critical thinking skills. Example, Activity: Perform
ANCOVA to analyze the impact of metacognitive questioning techniques on the
experimental group’s performance Qualitative Analysis: The Conducted
interviews with a subset of students from the experimental group to gain insights
into their experiences with metacognitive questioning techniques. Example
Activity: Analyze interview transcripts to identify common themes and student
perceptions.

Results

Research Question 1

What are the differences in critical thinking skills between students who receive
instruction incorporating metacognitive questioning techniques and those who
receive traditional instruction?
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Results for Research Question 1
Table 1: Pre-test and Post-test Scores for Experimental and Control Groups

Grou N Pre-test Post-test Mean

P Mean Mean Difference
Experimental 24 45.2 78.5 33.3
Control 21 44.8 55.6 10.8

The results indicate that the experimental group, which received instruction
incorporating metacognitive questioning techniques, showed a greater
improvement in critical thinking skills compared to the control group.

Hypothesis 1

Null Hypothesis 1 (He:): There is no significant difference in critical thinking skills
between students who receive instruction incorporating metacognitive questioning
techniques and those who receive traditional instruction.

Table 2: ANCOVA Results for Critical Thinking Skills

Source SS df MS F p

Between Groups 1200.5 1 1200.5 38.41 <.001

Within Groups 1312.3 42 31.2

Total 2512.8 43

The ANCOVA results show a significant effect of the intervention on the post-test
scores (F(1, 42) = 38.41, p < .001), leading to the rejection of Null Hypothesis 1.

Research Question 2
What is the effectiveness of metacognitive questioning techniques in enhancing
critical thinking skills among secondary school physics students?
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Results for Research Question 2
Table 3: Pre-test and Post-test Scores for Experimental Group

Test N Mean Score Standard Deviation
Pre-test 24 45.2 5.3
Post-test 24 78.5 6.1

The results indicate a significant improvement in the critical thinking skills of the
experimental group after the intervention.

Hypothesis 2

Null Hypothesis 2 (Hoz): There is no significant difference between the
effectiveness of metacognitive questioning techniques and traditional instruction in
enhancing critical thinking skills among secondary school physics students.

Table 4: ANCOVA Results for Effectiveness of Metacognitive Questioning
Techniques

Source SS Df MS F p

Between Groups 1100.3 1 1100.3 35.67 <.001

Within Groups 1298.7 42 30.9

Total 2399.0 43

The ANCOVA results show a significant effect of the metacognitive questioning
techniques on the post-test scores (F (1, 42) = 35.67, p < .001), leading to the
rejection of Null Hypothesis 2.

Research Question 3
What is the relationship between the frequency of metacognitive questioning and
the improvement in critical thinking skills?
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Results for Research Question 3

Table 5: Relationship between Frequency of Metacognitive Questioning and

Improvement in Critical Thinking Skills
Frequency  of Metacognitive Improvement in Critical Thinking
Questioning Skills
Low 10.5
Medium 22.8
High 33.3

The results indicate a positive correlation between the frequency of metacognitive
questioning and the improvement in critical thinking skills.

Hypothesis 3

Null Hypothesis 3 (Hos): There is no significant relationship between the frequency
of metacognitive questioning and the improvement in critical thinking skills.
Table 6: Correlation Analysis Results

Variable r p

Frequency of Metacognitive Questioning 0.65 <.001

The correlation analysis results show a significant positive relationship (r = 0.65, p
<.001), leading to the rejection of Null Hypothesis 3.
Would you like any further assistance with your research paper?
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Discussion of Findings

The findings of this study indicate that metacognitive questioning techniques
significantly enhance secondary school students’ critical thinking skills in physics.
The experimental group, which was exposed to these techniques, showed a greater
improvement in critical thinking skills and metacognitive awareness compared to
the control group. This aligns with previous research that highlights the positive
impact of metacognitive strategies on students’ learning outcomes and cognitive
development (Abdelrahman, 2020; Celik, 2022).

One of the key themes that emerged from the qualitative analysis was the increased
self-awareness among students in the experimental group. This finding is consistent
with the work of Morphew (2020), who found that metacognitive monitoring
improves students’ ability to evaluate their learning processes. Students in the
experimental group reported that the metacognitive questioning techniques helped
them to think more deeply about their problem-solving strategies and to identify
areas for improvement. Another important finding was the improvement in
problem-solving skills. This supports the results of Ulu and Yerdelen-Damar
(2024), who demonstrated that metacognitive and epistemic cognition are closely
related to students’ self-efficacy and problem-solving abilities in physics. The
students in the experimental group were able to break down complex problems into
manageable parts, which facilitated a deeper understanding of the concepts.

The enhanced engagement reported by students in the experimental group also
highlights the motivational benefits of metacognitive questioning techniques. This
is in line with the findings of Abdelrahman (2020), who noted that metacognitive
awareness and academic motivation are significant predictors of academic
achievement. The interactive nature of metacognitive questioning encourages
active participation and sustained interest in the subject matter.

Overall, the results of this study underscore the importance of incorporating
metacognitive questioning techniques into physics education. These techniques not
only improve critical thinking skills but also foster a more reflective and engaged
learning environment. Future research should explore the long-term effects of these
techniques and investigate their applicability in other scientific disciplines.

Conclusion

This study provides compelling evidence that metacognitive questioning
techniques can significantly enhance secondary school students’ critical thinking
skills in physics. The experimental group, which was exposed to these techniques,
showed greater improvements in both critical thinking skills and metacognitive
awareness compared to the control group. The qualitative data further support these
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findings, highlighting the positive experiences of students who engaged with
metacognitive questioning techniques.

The results align with previous research, demonstrating that metacognitive
strategies are effective in improving students’ learning outcomes and cognitive
development. The study highlights the importance of fostering metacognitive
awareness and critical thinking skills in physics education to prepare students for
complex problem-solving and lifelong learning.

Future research should continue to explore the impact of metacognitive questioning
techniques across different educational contexts and disciplines. Additionally,
longitudinal studies could provide insights into the long-term benefits of these
techniques on students’ academic and personal development.
Recommendations

1. Integration of Metacognitive Questioning Techniques in Curriculum:
Schools should train teachers to use metacognitive questioning strategies in
the physics curriculum.

2. Professional Development for Teachers: Organize continuous professional
development programs to equip physics teachers with skills for
implementing metacognitive questioning techniques.

3. Encouraging Student Reflection: Create an environment that encourages
regular student self-reflection on their thought processes and problem-
solving strategies.

4. Use of Technology to Support Metacognitive Practices: Integrate
technology in classrooms to support metacognitive questioning techniques
through tools like online forums and digital journals.

5. Further Research: Conduct longitudinal studies to explore the long-term
effects of metacognitive questioning techniques on students’ critical
thinking and academic performance.

6. Application Across Disciplines: Apply metacognitive questioning
techniques to other subjects to foster critical thinking and self-regulated
learning across the curriculum.
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