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Abstract — This study explored the effectiveness of metacognitive strategies in enhancing the 

academic performance of students in Biology. Metacognition, defined as the awareness and 

regulation of one’s own thinking processes, plays a crucial role in promoting deeper understanding 

and meaningful learning, especially in science education. The study employed a quasi-

experimental design involving control and experimental groups to measure the impact of 

metacognitive interventions compared to traditional teaching methods. Both groups took a pre-test 

to determine their baseline knowledge, and the results revealed no significant difference between 

them, confirming that they were comparable prior to the intervention. The experimental group was 

then taught using metacognitive strategies—such as guided reflection, self-monitoring tools, and 

problem-solving tasks—while the control group received instruction through conventional 

lectures. After the intervention, a post-test was administered. The experimental group 

demonstrated significantly higher improvement in test scores compared to the control group, as 

supported by statistical analysis (t = 3.24, p < 0.05). Findings suggest that metacognitive strategies 

positively influence students' understanding and performance in Biology. The study recommends 

integrating metacognitive activities into science instruction to promote critical thinking, self-

awareness, and improved academic outcomes. Future research is encouraged to include larger 

sample sizes, other science subjects, and metacognitive awareness assessments to broaden the 

scope of application. 
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I. Introduction 

The ever-evolving nature of science education necessitates the implementation of teaching 

strategies that promote deeper learning and critical thinking. One such approach is the integration 

of metacognitive strategies in the classroom. Metacognition, defined as the awareness and 

regulation of one's cognitive processes, plays a crucial role in students' ability to comprehend and 

retain complex concepts (Flavell, 1979). In Biology education, where students often struggle with 

abstract and multifaceted topics, fostering metacognitive skills can lead to improved academic 

performance and engagement. 
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At Tyler High School, many students face difficulties in understanding fundamental 

biological principles, resulting in lower retention rates and reduced confidence in the subject. 

Traditional instructional methods often focus on content delivery rather than active student 

engagement and self-regulated learning. This research aims to explore the impact of metacognitive 

strategies—such as self-questioning, think-aloud protocols, reflective journaling, and concept 

mapping—on students’ academic success in Biology. By utilizing an experimental quantitative 

research design, this study will provide empirical insights into the effectiveness of metacognitive 

strategies in enhancing learning outcomes. 

This research is significant as it seeks to bridge the gap between theory and practice, 

offering educators at Tyler High School a structured framework for integrating metacognitive 

techniques into their teaching methodologies. The findings will contribute to the growing body of 

literature on metacognition in science education and provide actionable recommendations for 

improving instructional practices. 

Literature Review  

Teaching science in the 21st century poses several persistent challenges that affect both 

educators and students. One major issue is the lack of adequate instructional materials and 

laboratory equipment, particularly in developing countries. According to Talisayon (2019), many 

science classrooms still rely on outdated textbooks and have limited access to hands-on resources, 

which hinders experiential learning. This limitation affects students' conceptual understanding and 

reduces opportunities for inquiry-based instruction. 

Another prominent issue is the insufficient training and professional development for 

science teachers. Many educators enter the teaching profession without specialized training in 

science education, resulting in a lack of content mastery and pedagogical skills (Guzey et al., 

2014). Continuous professional development is often irregular or unavailable, making it difficult 

for teachers to keep up with new scientific advancements and innovative teaching strategies. 

Furthermore, there is an ongoing challenge in making science education inclusive and 

responsive to diverse learners. Research by Lee and Buxton (2010) emphasizes the need for 

culturally relevant pedagogy to engage students from various backgrounds, especially English 

language learners and students with special needs. The absence of inclusive practices contributes 

to the achievement gap and lowers students’ interest and motivation in pursuing science careers. 

Student misconceptions and low engagement in science remain significant barriers to 

effective instruction. Students often enter classrooms with preconceived ideas that conflict with 

scientific concepts, and these misconceptions are difficult to correct without proper interventions 

(Sadler et al., 2013). Combined with traditional lecture-based teaching methods, these issues limit 

the development of critical thinking and problem-solving skills. 
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Language barriers also present a significant gap in learning science, especially for English 

Language Learners (ELLs) and students in multilingual contexts. Science has its own set of 

complex vocabulary, which can be difficult to decode without sufficient language support. Lemke 

(2001) explains that the language of science is dense with technical terms and syntactic 

complexity, creating additional cognitive load for learners. This makes science less accessible and 

affects students’ ability to participate in scientific discourse. 

Motivation and engagement are also major concerns in science learning. Many students 

perceive science as difficult and irrelevant to their daily lives, resulting in low interest and poor 

performance. Osborne and Dillon (2008) emphasized that when students do not see the value or 

personal relevance of science, they are less likely to be engaged or pursue science-related careers. 

This disconnection contributes to declining enrollment in advanced science courses and STEM-

related fields. 

The lack of differentiated instruction and learning support for diverse learners poses a 

challenge in inclusive science education. Learners with disabilities, low academic performance, or 

those from marginalized backgrounds often lack the scaffolding needed to succeed in science 

(National Research Council, 2012). Without appropriate interventions, the achievement gap 

continues to widen, limiting opportunities for many students to fully participate in science learning 

and careers. 

Metacognitive strategies such as self-questioning and concept mapping help students in 

science classes move beyond rote memorization toward deeper conceptual understanding (Zohar 

& Barzilai, 2013). These tools guide learners to reflect on what they know and identify gaps, 

enabling them to reconstruct scientific concepts more meaningfully. 

Metacognitive prompts, such as planning steps before solving problems and evaluating 

solution strategies afterward, significantly enhance scientific problem-solving skills (Schraw et al., 

2006). These strategies foster learners’ ability to think like scientists and approach problems 

analytically. 

The integration of metacognitive strategy instruction in science classes has been shown to 

enhance students’ self-regulated learning, which is crucial for sustained academic success 

(Zimmerman & Schunk, 2011). When students are taught to plan, monitor, and assess their 

learning, they take more responsibility for their progress. 

In science, where students often face complex and abstract information, metacognitive 

scaffolds help reduce cognitive overload by chunking information and encouraging strategic 

processing (Sweller, 1994). This is particularly helpful in subjects like genetics and chemical 

reactions. Teachers who integrate metacognitive strategy instruction report greater confidence in 

facilitating student learning. According to Veenman et al. (2006), professional development in 

metacognitive teaching strategies equips educators to better diagnose learning issues and adapt 

instruction accordingly. 
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Van Opstal and Daubenmire (2015) explored the impact of the Science Writing Heuristic 

(SWH) on students' metacognitive regulation skills in laboratory settings. Their study revealed that 

students engaged in SWH-based instruction demonstrated deeper levels of metacognitive 

engagement, particularly in planning, monitoring, and evaluating their learning processes. The 

collaborative nature of SWH also fostered peer discussions, further enhancing metacognitive 

practices.  

Zohar and Barzilai (2013) conducted a comprehensive review of research on metacognition 

in science education. They identified that while metacognitive strategies are increasingly 

integrated into science instruction, there remains a need for more empirical studies focusing on the 

development of metacognitive knowledge and the effectiveness of these strategies across diverse 

educational contexts. 

Cook, Kennedy, and McGuire (2013) examined the impact of teaching metacognitive 

learning strategies on student performance in general chemistry courses. Their findings indicated 

that students who received instruction on metacognitive strategies achieved higher final grades, 

suggesting that such strategies can effectively enhance academic performance in science 

disciplines. 

Mason and Singh (2016) investigated the impact of guided peer reflection on developing 

effective problem-solving strategies in physics education. Their study revealed that students who 

engaged in structured peer discussions about problem-solving approaches demonstrated improved 

abilities in conceptual analysis, planning, and evaluation. This collaborative metacognitive 

practice facilitated deeper understanding and retention of physics concepts. 

Abdelshiheed et al. (2023) explored how metacognitive skills, specifically time-awareness 

and strategy-awareness, interact with motivation to influence learning across domains. Their 

findings indicated that students who were both highly motivated and possessed strong 

metacognitive skills outperformed their peers in learning logic and subsequently applying it to 

probability. This underscores the importance of metacognitive awareness in facilitating transfer of 

learning. 

Abdelghani et al. (2024) designed an interactive workshop aimed at enhancing children's 

curiosity by training specific metacognitive skills. The pilot study with primary school students 

demonstrated that engaging in activities focused on expressing uncertainty and formulating 

questions improved their metacognitive efficiency and curiosity-driven behaviors. This highlights 

the potential of targeted metacognitive training in early education. 

Moreover, the integration of metacognitive prompts within digital and collaborative 

learning environments has proven particularly effective. Virtual labs, AI-driven platforms, and 

guided peer discussions have shown to boost learners’ self-awareness and autonomy in science 

classrooms (Lee & Baylor, 2016; Kumar et al., 2024). These tools allow learners to engage with 
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content more reflectively and adaptively, providing just-in-time support that fosters lifelong 

learning habits. 

Another key insight from the literature is the versatility of metacognitive interventions 

across educational levels.  

Whether in primary, secondary, or higher education, metacognitive instruction improves 

learners’ ability to transfer knowledge across domains (Abdelshiheed et al., 2023) and apply 

scientific concepts in real-world contexts (Wang & Chen, 2022). These strategies also align with 

constructivist principles, encouraging students to become active participants in their own learning 

journey. 

However, the successful implementation of metacognitive strategies depends greatly on 

teacher preparedness. Research points out that many educators require professional development 

to effectively design and integrate metacognitive instruction into their science teaching (Zohar & 

Barzilai, 2015). Therefore, teacher training programs must prioritize metacognitive pedagogies to 

ensure consistency and sustainability in their application. 

In sum, metacognitive strategies serve as powerful catalysts for meaningful science 

learning. As future research continues to explore innovative methods—especially with the rise of 

AI and learning analytics—there is a clear call for educational systems to invest in and scale up 

metacognitive approaches. Doing so will not only address long-standing gaps in science education 

but also prepare students to become adaptive, reflective thinkers in an ever-evolving world. 

 

II. Methodology 

This study utilized a quantitative experimental research design, specifically a pre-test–post-

test control group design, to investigate the effectiveness of metacognitive strategies in enhancing 

student learning in Unit 10: Ecology, aligned with the Texas Essential Knowledge and Skills 

(TEKS) standards for Grade 9 science. 

Two class sections participated in the study: the experimental group (B4) consisting of 20 

students, and the control group (B3) also with 20 students. The experimental group received 

instruction that integrated explicit metacognitive strategies, such as goal-setting, self-monitoring, 

self-questioning, and reflective thinking activities. These strategies were embedded into daily 

lessons, discussions, and assessments over a three-week period. In contrast, the control group was 

taught the same content using traditional lecture-based instruction without the inclusion of 

metacognitive strategies. 

Both groups were given a pre-test before the instructional period and a post-test after its 

conclusion. The test items were teacher-made and aligned with the TEKS learning standards for 
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Unit 10: Ecology, covering key concepts such as ecosystems, food webs, energy flow, biotic and 

abiotic factors, ecological succession, and environmental sustainability. 

By comparing the differences in the pre- and post-test scores of both groups, the study 

aimed to determine the effectiveness of metacognitive instruction in improving conceptual 

understanding and student performance in ecology. This research design allowed for a controlled 

analysis of how the application of metacognitive strategies may bridge learning gaps and promote 

higher-order thinking in science education. 

Participants or Subjects 

The participants of this study were 40 Grade 9 students from Tyler High School during the 

2024–2025 school year, with 20 students in the experimental group (B4) and 20 in the control 

group (B3). The experimental group received instruction on Unit 10: Ecology using metacognitive 

strategies like self-reflection and goal-setting, while the control group was taught using traditional 

methods. Both groups followed the TEKS curriculum and were taught by the same teacher to 

ensure consistency. Participants were selected through convenience sampling, and proper consent 

was obtained from students and parents in line with ethical research standards. 

Data Collection 

To evaluate the effectiveness of metacognitive strategies in teaching Unit 10: Ecology, this 

study used pre- and post-tests aligned with TEKS standards for Grade 9, covering topics like food 

webs, energy flow, succession, and environmental conservation. Both the experimental group (B4) 

and control group (B3) took a pre-test before a three-week intervention. The experimental group 

received metacognitive-based instruction, while the control group followed traditional methods. 

After the intervention, both groups took a post-test of similar difficulty. The experimental group 

also submitted journals and exit slips, and teacher observations were used to track metacognitive 

behaviors. All data were analyzed to assess the impact on student learning and engagement. 

Data Collection Methods 

This study used quantitative methods to evaluate the effectiveness of metacognitive 

strategies in teaching Unit 10: Ecology to Grade 9 students at Tyler High School. Teacher-made 

pre-tests and post-tests aligned with TEKS standards were given to both the experimental group 

(B4) and the control group (B3) to measure learning before and after a three-week period. Only 

the experimental group received instruction with metacognitive strategies. The tests covered key 

topics like food chains, energy flow, ecosystems, and human impact, and were consistent in format 

to ensure reliability and validity. All assessments were done during class hours, with data kept 

confidential and used only for research. 
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Instruments Used 

This quantitative study used a teacher-made achievement test as the main tool to measure 

Grade 9 students' understanding of Unit 10: Ecology, based on the TEKS standards. The 30-item 

multiple-choice test, used for both pre-test and post-test, covered key topics like energy flow, food 

webs, succession, biotic and abiotic factors, and human impact. A Table of Specifications (TOS) 

was used to ensure alignment with instructional goals and cognitive levels, from basic recall to 

higher-order thinking. The test was reviewed by science educators for clarity and validity, then 

administered in a 40-minute session under standard classroom conditions. 

Data Analysis Procedures 

The pre- and post-test data were analyzed using quantitative methods to evaluate the impact 

of metacognitive strategies on student learning. Mean scores were calculated for both tests in the 

experimental (B4) and control (B3) groups to measure improvement. A paired samples t-test 

assessed score differences within the experimental group, while an independent samples t-test 

compared post-test scores between groups to check for significant effects of the intervention. 

Cohen’s d was computed to measure effect size, and descriptive statistics like mean, standard 

deviation, and range summarized the results. Normality and variance assumptions were tested 

using Shapiro-Wilk and Levene’s tests, with SPSS used for all statistical analyses. 

Ethical Considerations 

This study followed ethical guidelines to protect all participants. Informed consent was 

obtained from students and their parents, and participation was voluntary with no academic 

consequences for opting out. To ensure confidentiality, data were coded and stored securely, with 

results reported in group form only. All instruction and assessments aligned with the regular 

curriculum, and no harmful activities were involved. Approval was secured from school authorities 

and the Institutional Review Board (IRB). Standard procedures were followed during data 

collection and analysis, and students were later offered feedback on their performance and the 

study's findings. 

 

III. Results and Discussion 

It compares the results of the pre-test administered to the control and experimental groups 

before the application of the metacognitive intervention, and the post-test administered after using 

the intervention. The goal was to determine the effectiveness of the metacognitive strategies in 

improving students’ performance in Biology. 

 

 



INTERNATIONAL JOURNAL OF ADVANCED MULTIDISCIPLINARY STUDIES 

Volume V, Issue 2 February 2025, eISSN: 2799-0664 IJAMS  
 

342 

 

Copyright © 2025 IJAMS, All right reserved 

1. Comparison of the Pre-Test Results of the Control and Experimental Groups 

Table 1 

Comparison of the Pre-Test Results of the Control and Experimental Groups 

Treatment N Mean Tstat P Decision 

Control 20 16.50 
0.31 0.83 3.24 

Experimental 20 16.20 

 

Table 1 shows that the experimental group had a mean pre-test score of 16.20, while the 

control group obtained a mean pre-test score of 16.50. Statistical analysis revealed that the null 

hypothesis should be accepted based on the obtained t-stat value of 0.31, which is lower than the 

critical value of t = 2.04. This indicates no significant difference in the mean test scores of the two 

groups, suggesting similar baseline knowledge levels before the intervention. 

2. Comparison of the Pre-Test and Post-Test Results of the Control Group 

A paired t-test was conducted to examine whether the students in the control group showed 

improvement after receiving traditional teaching methods. 

Table 2 

Pre-Test and Post-Test Scores of the Learners in the Control Group 

Control N Mean Tstat Decision 

Pre-Test 
20 

16.50 
13.27 Significant 

Post Test 28.10 

 

Table 2 indicates that the post-test scores of the students in the control group, with a mean 

score of 28.10, were significantly higher than the pre-test scores, which had a mean of 16.50. The 

obtained t-value of 13.27 is greater than the critical value of 2.04, suggesting that traditional 

teaching methods contributed to a significant improvement in the students' knowledge in Biology. 

3. Comparison of the Pre-Test and Post-Test Results of the Experimental Group 

A paired t-test was also used to analyze the pre-test and post-test scores of the experimental 

group, which received the metacognitive intervention. 

Table 3 

Pre-Test and Post-Test Scores of the Learners in the Experimental Group 

Control N Mean Tstat Decision 

Pre-Test 
20 

16.20 
21.01 Reject Ho 

Post Test 33.85 

 

Table 3 shows that the post-test scores of the students in the experimental group, with a 

mean of 36.40, were significantly higher than the pre-test scores, which had a mean of 16.20. The 
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obtained t-value of 19.56 is much higher than the critical value of 2.04, suggesting that the 

metacognitive activities significantly improved the students' performances in Biology. 

4. Post-Test Results of the Control and Experimental Groups After the Intervention 

To assess whether the metacognitive activities resulted in a notable improvement in student 

performance, the post-test results of both the control and experimental groups were compared. 

Table 4 

Means of Post-Test Scores of the Learners in the Experimental and Control Groups 

Treatment N Mean Tstat P Decision 

Control 20 28.10 
3.24 0.001 Significant 

Experimental 20 36.40 

 

The results in Table 4 support the effectiveness of the intervention. The mean post-test 

score of the experimental group (36.40) was significantly higher than that of the control group 

(28.10). The computed t-value of 4.84 exceeds the critical value of 2.04, with a p-value of 0.0001, 

which is lower than the 0.05 significance level. This indicates a significant improvement in the 

academic performances of the experimental group after participating in the metacognitive 

activities. 

Additionally, observations during the study period revealed that students in the 

experimental group were highly engaged in classroom activities. They demonstrated improved 

self-awareness in their learning, actively applied strategies to monitor their understanding, and 

consistently made connections between new content and prior knowledge. This active involvement 

enhanced their metacognitive strategies, enabling them to perform better in Biology. 

The students who participated in the metacognitive activities exhibited strong 

collaboration. They exchanged ideas, discussed concepts with peers, and linked their personal 

experiences to understand the lessons. In contrast, students in the control group, who were taught 

using traditional methods, showed less interaction and engagement during class. 

In conclusion, the results suggest that incorporating metacognitive strategies into Biology 

instruction at Tyler High School significantly enhanced student learning, making the teaching and 

learning process more meaningful and impactful. 

 

IV.  Conclusion 

The pre-test results confirmed that both the experimental and control groups started with 

comparable baseline knowledge in Biology. While the control group showed notable academic 

improvement through traditional lecture-based instruction, the experimental group demonstrated 

even greater gains after receiving metacognitive strategy-based instruction. Statistical analysis 
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revealed a significant difference in post-test scores between the two groups, highlighting the 

effectiveness of metacognitive strategies in enhancing student performance. These results support 

the conclusion that integrating metacognitive activities fosters deeper learning and comprehension 

in Biology by encouraging students to actively manage their own learning. 
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