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ABSTRACT 

      Science curriculum emphasizes scientific literacy and metacognition as essential competencies for the 21st century and positively contributes to Higher-Order 

Thinking Skills (HOTS). To support, this study aimed to develop lesson menus that promote scientific literacy based on learners’ perceived levels of metacognition, 

as well as their HOTS. Furthermore, the study aimed to assess the designed lesson menus and determine the learners’ scientific literacy, while identifying the 

significant relationships between scientific literacy and metacognition level, and HOTS, as well as the significant difference between the pre- and post-tests of 

learners in terms of their HOTS. The study employed a descriptive-developmental design, with 55 Grade 7 learners from the pilot section of Talipan National High 

School serving as respondents. The study's findings revealed that learners have high awareness in terms of declarative knowledge, conditional knowledge, planning, 

information management strategies, comprehension monitoring, and evaluation, and very high awareness in procedural knowledge and debugging strategies. 

Findings also revealed that learners’ thinking skills improved from an unistructural to a multistructural level (LOTS) while also attaining a relational level (HOTS) 

based on the pre-test and post-test results. The designed lesson menus, which included metacognitive and HOTS-based activities, were assessed to demonstrate 

evidence that all aspects of learning outcomes, learning activities, and evaluating learners’ performance had been addressed. Learners’ scientific literacy was also 

found to be very high in terms of body of knowledge, way of thinking, and way of investigating, and fair in terms of the integration of technology and society. Results 

also indicated a significant relationship between the learners’ body of knowledge, procedural knowledge, and way of thinking, as well as their approach to 

investigating, integrating technology and society, and higher-order thinking Skills (HOTS). There is also a significant difference between the pre-test and post-tests 

of learners in terms of their higher-order thinking Skills (HOTS), which revealed that the developed lesson menus promoted scientific literacy among Grade 7 

learners. 
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1. Introduction 

Education in science is crucial for equipping people with the skills necessary to respond, adapt, and function effectively in various contexts and 

circumstances, enabling them to face challenging times. Globally, the aim of science education is now scientific literacy (Sutrisna, 2021; Wahab, Wasis, 

& Yuliani, 2023). Scientific literacy is now essential for overcoming the challenges of the Fourth Industrial Revolution. This is particularly true when 

learning science, which can immediately interact with everyday phenomena (Widowati, 2017; Ahmad, 2018; Wahab, Wasis, & Yuliani, 2023).  

Despite the goal of promoting scientific literacy in young learners to streamline teaching and learning, this presents a serious challenge for teachers, who 

are the primary drivers of the educational system as reflected from the Philippine’s poor ranking in the 2018 and 2022 cycles of Programme for 

International Student Assessment (PISA) in science, where the country's average science literacy scores placed second-worst out of 78 and third-worst 

out of 81 participating countries, respectively. According to these findings, most Filipino learners are not prepared for after-school life. This entails a 

significant focus on increasing research to improve Filipino students’ scientific literacy and achieve better performance in international evaluations. 

Additionally, this suggests that learners should be encouraged to develop their ability to apply Higher-Order Thinking Skills (HOTS) in science to address 

real-life challenges (Palines & Dela Cruz, 2021; Acido & Caballes, 2024). 

The metacognition level of learners is one aspect that affects their capacity to solve science literacy problems. This is because metacognition impacts 

how students learn. “Thinking about thinking” is a sought-after definition of metacognition, which is the capacity to think critically about something. To 

comprehend and feel more effectively and efficiently, metacognition is essential for managing and controlling one's mental processes (Pamungkas, 

Aminah, & Nurosyid, 2019).  

Supported by the reviews made by Boğar (2018), several studies have found that metacognitive awareness enhances learning. Students are more successful 

in the learning process and use learning tools more efficiently when their metacognitive awareness increases. According to the empirical data shown in 
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the studies, some discrepancies exist between metacognition and scientific literacy. These findings can also guide upgrading or innovating classroom 

lessons to develop better competencies (Khafifi, Sitepu, Yulianto, & Masturi, 2020). 

Incorporating metacognition into the curriculum is the most effective method to enhance students' Higher-Order Thinking Skills (HOTS). Teachers often 

underutilize metacognitive skills as a functional approach to teaching Higher-Order Thinking Skills (HOTS), even though acquiring HOTS is intrinsically 

tied to metacognitive skills. As a result, teachers face difficulties in incorporating Higher-Order Thinking Skills (HOTS) into their lessons (Liline, 

Tomhisa, Rumahlatu, & Sangur, 2024). 

There is substantial proof that metacognition is necessary for successful HOT in science education (Zohar & Barzilai, 2015). Higher-order thinking and 

metacognitive skills are crucial for producing students who can compete intellectually in the face of future challenges in knowledge acquisition. Every 

student should be taught these skills to develop the human capital needed to support the nation in the challenging era of globalization (Sulaiman, 

Subramaniam, & Kamarudin, 2019). 

In this study, the metacognitive model proposed by Schraw (1998) is utilized. Schraw breaks down metacognition into two primary categories: the 

knowledge of cognition and the regulation of cognition. Two significant points regarding the understanding of cognition and its regulation are the 

relationship between them and the fact that they are both domain-general due to their broad spectra (Boğar, 2018). 

According to the studies made by Crispino-Ceballo and Yangco (2015), Sabna and Hameed (2016); Kallio, Virta, Kallio, and Boğar (2018); Erenler and 

Cetin (2019); and Hassan, Venkateswaran, Agarwal, Sulaiman, and Burud (2022), Schraw describes the first category, the knowledge of cognition as a 

person’s own cognitive and the general awareness of what they understand regarding their thinking. Declarative knowledge, procedural knowledge, and 

conditional knowledge are its three subcategories. Declarative knowledge is the understanding of the learning process and circumstances in which 

individuals are involved, their cognitive framework, what they are aware of and unaware of, and whether or not they carry out their responsibilities. The 

understanding of how to apply learning procedures effectively and when to utilize one's learning processes and problem-solving techniques is known as 

procedural knowledge. In comparison, conditional knowledge refers to understanding how something is carried out, whether it is done alone or not, and 

under what circumstances. 

The second category is the regulation of cognition, which involves an act that controls cognitive knowledge and includes five fundamental parts: planning, 

information management strategies, comprehension monitoring, debugging strategies, and evaluation. Metacognition encompasses a multitude of 

metacognitive processes and knowledge used to monitor current thought processes, and several studies have proven that it is closely related to cognitive 

elements, such as higher-order thinking.   

Furthermore, according to Syahputra's (2019) research, as presented in the paper of Sholihah, Sumardjoko, Sumardi, Muhibbin, and Haryanto (2023), in 

the context of science literacy skills, students find it difficult to respond to HOTS questions since they are unable to remember or understand information, 

grasp ideas, or understand fundamentals. Teachers use the SOLO taxonomy to plan, define, recognize, and assess learning outcomes, experiences, and 

assessments across various cognitive difficulty levels, thereby meeting the highly anticipated goals of curriculum creation and competency standards. 

The SOLO taxonomy can effectively assess students' thinking skills and aptitude, determine their learning strengths and weaknesses, and address any 

weaknesses (Nunaki, Damopolii, Nusantari, & Kandowangko, 2019).  

Teachers use questions as a standard tool in the classroom to elicit responses from their students and assess their understanding of the material. A particular 

strategy they employ is to use questions to help students understand concepts more deeply by having them answer questions structured according to the 

SOLO levels. The 5 Levels of Understanding of the SOLO Taxonomy, according to Biggs and Collis (1982), are the following: Prestructural, 

Unistructural, Multistructural, Relational, and Extended Abstract. The teacher encourages relational and abstract thinking by posing higher-level 

questions. Effective questioning advances concepts from the basic to the sophisticated. 

Teachers can evaluate the quality of their students' learning outcomes using SOLO, which was created to categorize learning outcomes according to their 

complexity. It can also be used as a framework for characterizing the various degrees of complexity in higher-order cognitive abilities. Learners who are 

capable of higher-order thinking demonstrate no less than the relational level of SOLO complexity (Pegg, 2020; DepEd, NEAP, RCTQ, PNU & SiMERR, 

2022).  

According to preliminary studies, scientific literacy is influenced by higher-order thinking skills. Various study's findings demonstrated a linear 

correlation between scientific literacy and higher-order thinking skills. A science curriculum built on scientific literacy must encompass several key 

categories. More precisely, Chiapetta (1991) and Udeani (2013) divide scientific literacy into four themes or categories: (1) science as a body of 

knowledge, (2) science as a way of thinking, (3) science as a way of investigating, and (4) science as an interaction of science, technology, and society.  

Science, as a body of knowledge, examines ideas, rules, theories, concepts, and facts. Science as a way of thinking offers a comprehensive overview of 

science and scientists, particularly in the context of research. Science, as a way of investigating, assigns issues to encourage thinking and action. A 

summary of the effects of science on society can be found in the interactions between science, technology, and society (Rusilawati, Sunyoto, & Sri 

Mulyani, 2015; Febriana & Purbayanti, 2022; Murniati, Susilo, & Listyorini, 2023). 

Alongside scientific literacy, learners must be effective and employ metacognitive techniques every time they study. Suppose one objective of education 

is to prepare students for a lifetime of learning. In that case, supporting students in recognizing their knowledge and controlling their activities is essential. 

When students develop their metacognitive skills, they typically exhibit an increase in confidence (Jaleel & Premachandran, 2016). 
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Science teachers play a crucial role in fostering students’ scientific literacy. Thus, planning learning opportunities and activities is crucial to learners with 

diverse thinking skills and metacognition levels. With proper planning of science lessons and teaching instructions, scientific literacy in Grade 7 learners 

can be achieved in the long run. Extensive lesson planning is necessary to effectively incorporate metacognition and Higher-Order Thinking Skills 

(HOTS) in science learning to promote scientific literacy in learners. According to Karimova and Nasimov (2023), a lesson plan is the teacher’s blueprint 

or instructional roadmap regarding what should be taught to students and how it will be done in the classroom. Teachers can then create learning 

opportunities for their students and devise ways to assess their development through comments on their progress. The three vital aspects addressed and 

integrated into an effective lesson plan are objectives for student learning, or the intended learning outcomes; teaching and learning activities; and 

techniques for evaluating learners’ performance.  

With Filipino learners consistently underperforming in global assessments, particularly in science, the need to enhance scientific literacy remains a 

significant concern in the Philippine Educational System. Thus, the recalibrated Science Curriculum has been developed in the new DepEd MATATAG 

Curriculum. Rooted in the Filipino learners’ persistent low achievement on global standardized tests, matched with the ongoing phased implementation 

of the new MATATAG curriculum, this emphasizes the critical need to direct studies toward scientific literacy.   

These changes and development to the educational landscape have led the researchers to explore opportunities to augment the scientific literacy of Grade 

7 learners during the initial phase of implementation of the MATATAG Curriculum through investigating their metacognitive awareness and analyzing 

their HOTS using SOLO Taxonomy. 

The current shift in the new science curriculum, although intended to enhance the scientific literacy of learners in its first-phased implementation, poses 

a greater challenge to teachers due to a lack of resource materials and teacher preparedness to cater to the various skills and levels of thinking of Grade 7 

learners regarding the new curriculum goals. Furthermore, as Grade 7 students transition from their elementary years, support in understanding the 

scientific world is crucial during their formative high school years.  

As the foundation of junior high school, Grade 7 learners in the pilot section of Talipan National High School, a very large public secondary school in 

the district of Pagbilao, located in SDO-Quezon Province, should possess enhanced scientific literacy to work with research-based outputs, such as 

Science Investigatory Projects (SIP), and be prepared to participate in outside-school activities and events related to science and technology. This will 

enable them to improve their scientific literacy in their younger years as they journey through junior and senior high school. This study aimed to serve as 

an enrichment program to enhance the academic experience of Grade 7 learners and challenge them academically, specifically those in the homogeneous 

pilot class.  

Driven to explore these areas as a science teacher to enhance the quality of Grade 7 learners’ scientific literacy and improve their metacognitive awareness 

and higher-order thinking Skills (HOTS) using SOLO-based assessments, this will be further beneficial in developing enrichment activities and planning 

advanced teaching and learning instructions to create avenues for learners to master lower-order thinking skills and attain higher-order thinking skills in 

preparation for being a scientifically literate, nation-building citizen in the future. Offering insights into the variables that impact scientific literacy and 

metacognition, especially in the context of Grade 7 science education, can significantly advance our knowledge of education, particularly in the local 

context. These findings can influence curriculum design, pedagogical methods, and educational policies that advance scientific literacy and metacognitive 

abilities. 

2. Statement of the Problem 

This study aimed to develop lesson menus incorporating metacognition and higher-order thinking skills activities to promote scientific literacy among 

Grade 7 students of Talipan National High School, S.Y. 2024-2025, specifically for the Quarter 3 lesson on Forces. The study analyzed their metacognitive 

awareness and higher-order thinking skills (HOTS) using the SOLO Taxonomy.  

Specifically, it sought answers to the following questions:  

1. How do the learners perceive their level of metacognition using the Metacognitive Awareness Inventory as to: 

1.1. knowledge of cognition, 

1.1.1. declarative knowledge,  

1.1.2. procedural knowledge, and  

1.1.3. conditional knowledge 

1.2. regulation of cognition,  

1.2.1. planning,  

1.2.2. information management strategies,  

1.2.3. comprehension monitoring,  

1.2.4. debugging strategies, and  
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1.2.5. evaluation? 

2. How do the learners’ responses on LOTS- and HOTS-based assessments are classified into the SOLO Model as to:  

2.1. lower order thinking skills (lots), and  

2.1.1. prestructural,  

2.1.2. unistructural, and  

2.1.3. multistructural 

2.2. higher order thinking skills (hots). 

2.2.1. relational, and  

2.2.2. extended abstract? 

3. How is the designed lesson menu utilizing metacognition and HOTS-based activities can be assessed as to:  

3.1. learning outcomes,  

3.2. learning activities, and 

3.3. evaluating learners’ performance? 

4. What is the scientific literacy of students in pre- and post-assessment in terms of: 

4.1. body of knowledge,  

4.2. way of thinking, 

4.3. way of investigating, and  

4.4. integration of technology and society? 

5. What challenges and learning improvements do learners encounter? 

6. Is there a significant relationship between scientific literacy and: 

6.1. metacognition level,  

6.2. higher-order thinking skills (hots)? 

7. Is there a significant difference between the pre-assessment and post-assessment of learners as to their higher-order thinking skills (HOTS)?        

3. Methodology 

This study employed a quantitative approach, utilizing a descriptive-developmental research design. The results of the survey and the developed HOTS-

based assessments served as the basis for developing lesson menus that incorporated metacognition and HOTS-based activities to promote scientific 

literacy further. This approach aided in enriching and deepening the learners' understanding of their metacognition levels and HOTS levels by classifying 

and profiling them according to the SOLO Taxonomy, promoting scientific literacy. 

A quantitative method was employed for the metacognitive awareness self-assessment inventory and in analyzing and interpreting the scores obtained in 

the developed HOTS-based assessment. To further explore opportunities, clarify feedback, and address challenges during the pilot implementation phase 

of the developed material (Lesson Menus), a qualitative research approach was employed, utilizing semi-structured interviews. This was designed to 

assess the learners’ thinking skills (LOT and HOT), the level of their responses in the assessments based on the SOLO taxonomy, and the challenges or 

learning improvements they encountered while answering the HOTS-based assessment and the metacognitive awareness inventory.  

The respondents of the study were the 55 Grade 7 learners from the homogeneous class of the pilot section of Talipan National High School, Pagbilao I 

District, Pagbilao, Quezon, who were chosen purposively, as the aim of this study was to provide enrichment or avenues for advanced learners. 

Additionally, these learners are more exposed and on the frontline of various academic and co-curricular activities; thus, support to enhance their 

metacognition, Higher-Order Thinking Skills (HOTS), and scientific literacy is crucial. These kinds of learners were the beneficiaries of this study, as it 

utilized baseline data to provide them with extended learning opportunities and challenges, given that they can easily master the basic competencies 

compared to other sections. To successfully prepare them for the demands of the new curriculum and academic excellence in Science and Technology, 

enrichment should be provided to give them more time to study concepts with greater depth, breadth, and complexity.  

The research instruments that were employed in the entire study include a metacognition self-assessment questionnaire, LOTS- and HOTS-based 

assessment in promoting scientific literacy, table of specifications (TOS) for the developed assessment, a rubric with indicator of students’ responses for 
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classifying learners into the SOLO Model, a checklist for the developed lesson menus with metacognition and HOTS-based activities on Science 7 lesson, 

and a semi-structured interview questions for gathering feedback and clarifications on the developed assessment and lesson menus.  

The self-assessment questionnaire was the adapted Metacognitive Awareness Inventory (MAI) from Schraw and Dennison (1994), employing a 

dichotomous question with True or False options. The MAI has two major sections, further divided into subcategories: knowledge of cognition 

(declarative, procedural, and conditional knowledge), and regulation of cognition (planning, information management strategies, comprehension 

monitoring, debugging strategies, and evaluation), which consists of a total of 52 statements.  

Metacognition is crucial in education since successful lifelong learning requires students to self-regulate their learning habits. As a result, metacognitive 

skills are crucial for both teachers and students. By creating reliable and valid quantitative measures for psychological phenomena such as metacognition, 

researchers can contribute to this effort. The Metacognitive Awareness Inventory (MAI) is the most often used assessment for this purpose (Gutierrez, 

Londoño, Jiménez, Morán, Cuadro, Daset, & Arias, 2024).  

This MAI was a widely employed, valid, and reliable tool for assessing the metacognitive awareness of students, which will help researchers incorporate 

appropriate curricular interventions. Thus, it is one of the instruments that will be utilized in this entire study. One of the studies conducted with MAI is 

the study by Safitri, Suryani, Asrowi, and Sukarmin (2024). After applying MAI as a metacognition evaluation tool to mathematical problem-solving, it 

was determined that the questionnaire is a viable and reliable way to assess metacognition as an affective domain. Additionally, it was suggested that to 

improve students' metacognitive awareness, efforts should be made to integrate the notion of metacognition into the classroom process of solving 

mathematical problems.  

A LOTS- and HOTS-based assessment was developed to test the learners’ scientific literacy, comprising 25 questions: 15 multiple-choice questions, 6 

short-answer type questions, and 4 labelling/data completion questions. This was supported by the Table of Specifications (TOS), which incorporated 

several sub-indicators of the four categories of scientific literacy aligned with the corresponding MATATAG Curriculum Science 7 Quarter 3 

competencies.  

A rubric with an indicator of students’ responses to classify learners’ responses on the short-answer test as to the SOLO Model (Prestructural, 

Unistructural, Multistructural, Relational, and Extended Abstract) that was supported by semi-structured interview questions. The questions primarily 

focused on the learners’ reflection on their metacognitive awareness and self-assessment of how they approach questions that promote LOTS and HOTS.  

The study was conducted in three phases. In the first phase, a quantitative-descriptive approach was employed, utilizing a self-assessment questionnaire 

to identify the metacognitive level of 55 Grade 7 learners and obtain scores from the developed HOTS-based pre-assessment, anchored to the MATATAG 

Curriculum Science 7 Quarter 3 lesson on forces. Their responses to the open-ended and non-multiple-choice test questions enabled them to be classified 

at different levels of the SOLO Model.  

In the second phase, lesson menus incorporating metacognition and Higher-Order Thinking Skills (HOTS) were developed to promote scientific literacy 

based on the responses collected from the metacognitive awareness survey and pre-assessment. There was a collection of 8 lesson menus crafted on the 

Quarter 3 lesson about forces (net force, balanced and unbalanced forces, and free-body diagram) subjected to mixing and matching of one aspect of 

metacognition – knowledge of cognition (declarative, procedural, conditional), and regulation of cognition (planning, information management, 

comprehension monitoring, debugging, and evaluation) to one of SOLO Model (Prestructural, Unistructural, Multistructural, Relational, and Extended 

Abstract). These lesson menus were evaluated by Grade 7 science teachers and a master teacher in terms of the menus’ learning outcomes, learning 

activities, and evaluating learners’ performance. The crafted lesson menus were utilized for two consecutive weeks, composed of 8 one-hour science 

class sessions.  

After the period utilizing the developed lesson menus, a post-assessment was conducted to determine the scientific literacy of learners in terms of science 

as a body of knowledge, science as a way of thinking, science as a way of investigating, and science as an integration of technology and society. A 

gathering of feedback was immediately conducted by conducting semi-interviews with learners to gather their experiences based on the challenges and 

learning improvements they encountered.   

In the final phase, following the analysis above, lesson menus incorporating metacognition and HOTS-based activities were designed to promote scientific 

literacy in the Science 7 Quarter 3 lesson on Forces, structured according to the official DepEd MATATAG Weekly Lesson Log (2024). 

The study adhered to acceptable ethical criteria by obtaining a letter of consent and approval from the appropriate authorities. Since Grade 7 learners are 

involved in the study, parents' consent was obtained to allow their participation. To ensure the confidentiality of all information gathered from them, the 

researcher ensured that anonymity was maintained during the collection of pertinent data. All involvement was non-compulsory and did not in any way 

result in harm or present any hazards. 

Frequency, percentage, descriptive statistics, including basic statistical techniques such as mean and standard deviation were utilized to assess the gathered 

data. For the responses from the semi-structured interviews, thematic analysis was employed to identify recurring themes or patterns related to challenges 

and learning improvements resulting from the utilization of lesson menus crafted with metacognition and Higher-Order Thinking Skills (HOTS). 

The chi-square test was used to identify the relationship between scientific literacy and metacognition level, and Pearson's r was used to determine the 

relationship between scientific literacy and higher-order thinking skills (HOTS). A paired t-test was used to determine the significant difference in the 

pre-assessment and post-assessment scores of Grade 7 learners in Science lessons about forces in terms of their Learning Outcomes (LOTS) and Higher-

Order Thinking Skills (HOTS).   
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4. Results and Discussion 

Table 1 presents the results of metacognitive awareness among 55 grade 7 students in a homogeneous section, specifically in terms of their knowledge 

of cognition. The data reveal considerable patterns in students' metacognitive awareness of various kinds of knowledge. The majority of students 

demonstrate high awareness in terms of declarative and conditional knowledge, as well as very high awareness in terms of procedural knowledge.  

Table 1.  

Learners’ perceived level of metacognition using the Metacognitive Awareness Inventory in terms of Knowledge of Cognition  

Declarative Knowledge Procedural Knowledge Conditional Knowledge 

VI 

Score  f % Score  f % Score f % 

8-9 4 7.27 4 25 45.00 5 17 30.91 VHA 

6-7 27 49.09 3 18 33.00 4 25 45.45 HA 

4-5 20 36.36 2 9 16.00 3 10 18.18 AA 

2-3 4 7.27 1 2 4.00 2 3 5.45 LA 

0-1 0 0.00 0 1 2.00 1 0 0.00 VLA 

Total 55 100 Total 55 100 Total 55 100   

Legend: Verbal Interpretation (VI): Very High Awareness (VHA), High Awareness (HA), Average Awareness (AA), Low Awareness (LA), Very Low 

Awareness (VLA) 

Most learners demonstrate a very high level of awareness in terms of procedural knowledge, which means they have a good understanding of which 

approach is most appropriate and how to carry out a specific activity using their learning methodologies. This high procedural knowledge result may 

derive from the hands-on, inquiry-based design of science lessons. A very high awareness of procedural knowledge can be attained by continuing to 

expose learners to the implementation of different procedures or strategies through various situations that facilitate discovery, cooperative learning, and 

problem-solving, specifically in the context of science learning.  

The majority of learners perceived their level of conditional knowledge as high, showing that they have a clear understanding of the circumstances in 

which such strategies will be used in their learning. It means that learners have a high awareness of choosing the best learning techniques based on the 

demands of a specific condition. As learners in the pilot section, they are perceived to have a determination to develop their processes and skills to achieve 

better learning outcomes. Thus, they can monitor their own learning progress and make adjustments to their strategies.  

For declarative knowledge, nearly half of the learners perceived their level of awareness as high, which means that learners understand their learning 

processes, factual knowledge, and strategies. They are highly aware of what they know and what they do not know their strengths and weaknesses, and 

whether they fulfill their tasks and responsibilities.  

The results also showed that, despite the majority of learners having high awareness, there were several learners with average and low awareness, which 

means that many of them were still facing difficulties in understanding their cognitive processes and what information should be employed to strengthen 

their learning weaknesses. These scores suggest that learners are exposed to activities that may positively influence their understanding of their learning 

processes.  

The quality of the learners’ responses on the Metacognitive Awareness Inventory (MAI) depends heavily on the students’ characteristics as they belong 

to the pilot section, which was pre-classified as learners with above average or high-level academic ability, thus, is closely related to their high ability to 

be metacognitively aware and be more mindful about what they are doing and know why they are doing.  

Although all three sub-domains (declarative, procedural, and conditional) under the knowledge of cognition show minimal numbers of learners with low 

and very low awareness, this indicates a baseline metacognitive competence across their class. Supported by the study of Bakkaloglu (2020), it is evident 

that to develop conceptual knowledge or content knowledge, all three categories of cognitive knowledge (declarative, procedural, and conditional) are 

required, as well as present in successful learners, as backed by numerous studies.  
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Table 2.  

Learners’ perceived level of metacognition using the Metacognitive Awareness Inventory in terms of Regulation of Cognition  

Planning 

Information 

Management 

Strategies 

Comprehension 

Monitoring 
Debugging Strategies Evaluation 

VI 

S
c
o

re
 

f %
 

S
c
o

re
 

f %
 

S
c
o

re
 

f %
 

S
c
o

re
 

f %
 

S
c
o

re
 

f %
 

7-8 
1

5 
27.27 9-10 9 16.36 7-8 11 20.00 5 35 63.64 6-7 5 9.09 VHA 

5-6 
2

2 
40.00 7-8 29 52.73 5-6 27 49.09 4 16 29.09 4-5 33 60.00 HA 

3-4 
1

6 
29.09 5-6 14 25.45 3-4 12 21.82 3 4 7.27 2-3 14 25.45 AA 

1-2 2 3.64 3-4 3 5.45 1-2 5 9.09 2 0 0.00 1 2 3.64 LA 

0 0 0.00 0-2 0 0.00 0 0 0.00 1 0 0.00 0 1 1.82 VLA 

Tota

l 

5

5 
100 Total 55 100 

Tota

l 
55 100 

Tota

l 
55 100 Total 55 100  

Legend: Verbal Interpretation (VI): Very High Awareness (VHA), High Awareness (HA), Average Awareness (AA), Low Awareness (LA), Very Low 

Awareness (VLA) 

Table 2 reflects the level of metacognition among learners in terms of their regulation of cognition across its five dimensions. Most learners have a very 

high awareness of debugging strategies, and the majority showed high awareness in planning, information management strategies, comprehension 

monitoring, and evaluation.  

Learners demonstrate a very high awareness of debugging strategies, indicating that they are highly aware of their strategies to improve their performance 

and address comprehension difficulties. This shows that whenever they do not grasp the ideas or concepts they are studying, they know what they should 

do and can eventually correct their errors (self-debugging and peer-assisted strategies). This highlights the idea that being part of a high-performing class, 

correcting, clarifying, and performance evaluation have been a conventional part of their school life to maintain their standards. As supported by the 

paper of Hindun, Nurwidodo, and Ghofar (2020), they stated that when a student's performance and comprehension improve throughout learning, 

debugging techniques are used. 

Most learners perceived their metacognitive level in planning as high awareness, which shows that they can determine suitable strategies and materials 

before undertaking specific tasks. These learners are highly aware of selecting appropriate strategies and allocating resources and time that can affect 

their performance in achieving results by thinking about what they will do to address the problems they are facing; they are also highly aware of the 

necessary adjustments and goals before performing a task.  

However, considerations for learners who have average and low awareness of planning should be given sufficient attention. Erenler and Cetin (2019), as 

cited in their paper, noted that students who participated in numerous scientific writing activities in their study showed a significant improvement in the 

planning component. With these, as young as grade 7 learners they should be exposed to simple scientific writings and scientific investigations, as these 

require strategic planning skills in terms of goal setting and time organization.  

Similarly, the data reveal that the learners have a high awareness of information management strategies, comprehension monitoring, and evaluation, 

which suggests that learners are highly aware of their strategies and approaches to process and understand the information more effectively, ability to 

assess performance, application, and progress through learning; and capacity to assess the efficacy of their output, performance, and plan strategy once 

the learning process is over, respectively. These indicate that majority of learners in the grade 7 pilot section are highly aware of employing a variety of 

techniques and skill sets to assess their own learning objectives and process information effectively (elaborating, organizing, summarizing, and selectively 

focusing). 

Supported by the claim of Hassan, Venkateswaran, Agarwal, Sulaiman and Burud (2022) that metacognition abilities are of vital importance in a student-

centered strategy that gives students autonomy over their learning, thus the incorporation of the abovementioned metacognitive activities were substantial 

for the enrichment of lesson menus matched with HOTS-based activities in promoting scientific literacy to grade 7 learners from the pilot section.  
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Table 3.  

Classification of learners based on their responses on the LOTS- and HOTS-based assessment as to SOLO Taxonomy levels 

Points 

Pre-Test Post-Test 

SOLO LEVELS 

f % f % 

Higher-Order Thinking Skills (HOTS) 

3.20 - 4.00 0 0.00 1 1.82 Extended Abstract 

2.40 - 3.19 1 1.82 24 43.64 Relational 

Lower-Order Thinking Skills (LOTS) 

1.60 - 2.39 10 18.18 26 47.27 Multistructural 

0.80 - 1.59 35 63.64 4 7.27 Unistructural 

0.00 - 0.79 9 16.36 0 0.00 Prestructural 

Total 55 100 55 100   

Table 3 reveals an improvement in learners’ thinking skills from lower-order to higher-order thinking following the development and utilization of lesson 

menus incorporating metacognitive and HOTS-based activities, as evidenced by the progression from the unistructural level in the pre-test to the relational 

level in the post-test of the SOLO Model. Prestructural responses were eliminated, and extended abstract thinking emerged in the post-test.  

Most of the learners’ responses were classified as unistructural in the pre-assessment on the science seven lessons about forces, in which learners could 

only explain one piece of information or idea about forces without any more explanation. The results mean that learners have background knowledge 

about forces since they already learned this lesson during their elementary years. Likewise, there is a decrease in the number of learners with unistructural 

responses from pre- to post-assessment, which indicates further learning of the concepts of forces in Grade 7.  

The majority of learners’ responses on the post-assessment were classified as multistructural, in which learners were able to answer and employ a variety 

of data related to balanced and unbalanced forces, net force, and free-body diagrams but were unable to identify any connections between them that 

prevented them from drawing significant conclusions. While some learners can draw connections between the various concepts underlying forces, these 

links are not appropriate and lack proper data organization.  

Although the multistructural level is still considered lower-order thinking, most of the remaining learners have a relational level, as indicated by their 

responses on the post-test, which is regarded as deep learning and higher-order thinking. Learners who attained the relational level could apply various 

information about forces to real-world applications and make connections between the information provided to draw relevant conclusions. Their responses 

were consistent, as their presented ideas were coherently connected to facilitate comprehension and generalization.  

The learner who attained the level of an extended abstract in the post-test was able to draw inferences, make generalizations, and utilize the concepts 

regarding forces while transferring and applying the principles and ideas to other disciplines (science, technology, and society) and real-life experiences, 

thus, attaining higher-order thinking based on the open-ended test questions in the assessment provided.  

The shift from lower-order thinking to higher-order thinking is understandable and expected, as learners do not have a strong understanding of the lessons 

on forces, net force, and balanced and unbalanced forces when taking their pre-assessment. However, these findings have significant implications for 

designing lessons in Science, specifically for high-performing learners like them in a homogeneous class. This indicates that junior high school students 

(especially grade 7 learners) need proper guidance in scaffolding their thinking from simple to complex.  

As cited by Kamal and Badr (2020), when applied to literacy instruction, the SOLO taxonomy framework enables deeper learning that can be adapted to 

various student learning levels, including the development of thinking skills. Students can improve their cognitive thinking skills by using the questioning 

method. Additionally, in the study by Damopolii, Nunaki, Nusantari, and Kandowangko (2020), it is claimed that one critical ability that must be 

developed in the twenty-first century is thinking, and the SOLO taxonomy is specifically used to measure thinking ability and evaluate learners. As 

science teachers, these results imply that tailored instruction can successfully scaffold students from simple to complex knowledge (Zohar & Dori, 2021).  
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Table 4.  

Assessment of the designed lesson menus utilizing metacognition and HOTS-based activities in terms of learning outcomes 

LEARNING OUTCOMES Mean SD VI 

1. The specific topic of the lesson is clearly specified.  3.00 0.00 EA 

2. The learning objectives are concise and uses clearly defined active verbs of knowledge, skills, 

and attitudes. 3.00 0.00 EA 

3. The learning objectives clearly state valid method of assessment which directly measures learning 

outcomes. 2.88 0.35 EA 

4. The learning objectives directly state metacognitive awareness strategies in an improved learning 

to various parts of the lesson measurable by different activities.  2.88 0.35 EA 

5. The learning objectives let the learners know exactly what is expected of them. 3.00 0.00 EA 

6. The learning objectives are developmentally appropriate and suitable for the level of learners. 2.75 0.46 EA 

7. The content standards, performance standards, and learning competencies are listed correctly 

based on the Science 7 MATATAG Curriculum. 3.00 0.00 EA 

8. The learning objectives are directly aligned with the standards and correctly unpacked from the 

learning competencies.   3.00 0.00 EA 

9. The learning objectives are directly aligned with standard cognitive difficulty and listed from 

lower- to higher-level cognitive processes attainable throughout the lesson.  2.88 0.35 EA 

10. The learning objectives are attainable within the allocated time frame as reflected on the lesson 

menus. 2.88 0.35 EA 

Overall 2.92 0.15 EA 

Legend: Verbal Interpretation (VI): 2.34 – 3.00 Evident and all aspects are addressed (EA); 1.67 – 2.33 Evident but lacking some aspects (EL); 1.0 – 

1.66 Not Evident (NE)  

 

Table 4 presents the responses of eight experts, comprising Grade 7 teachers and a master teacher, in evaluating the developed lesson menus with 

metacognitive awareness and higher-order thinking skills. The results display an overall evident trend, with all aspects addressed, yielding a mean of 2.92 

in terms of learning outcomes. The results demonstrate that the designed lesson menus on unit lesson about forces, specifically, net force, balanced and 

unbalanced forces, and free-body diagram show clarity, alignment, and developmental appropriateness, incorporating metacognitive strategies and higher-

order thinking skills within the Science 7 MATATAG Curriculum competencies. 

The slightly lowest score in developmental appropriateness suggests areas for minor refinement, potentially in differentiating instruction for diverse 

learners. These findings are particularly relevant given current emphases on standards-based curriculum design and metacognitive integration in science 

education (OECD, 2023). The results suggest that teachers can create lesson plans that simultaneously address content standards, metacognitive 

development, and Higher-Order Thinking Skills (HOTS) progression. The results of this study provide a model for integrating cognitive and 

metacognitive objectives while maintaining strong curriculum alignment—a crucial balance in 21st-century science education. 

Table 5.  

Assessment of the designed lesson menus utilizing metacognition and HOTS-based activities in terms of learning activities 

LEARNING ACTIVITIES Mean SD VI 

1. Learning activities have sufficient details to guide instruction with ease; anyone could understand 

and use it.  2.88 0.35 EA 

2. Learning activities have the potential to arouse interest of target students and actively engages 

students throughout the lesson. 3.00 0.00 EA 

3. Learning activities provide various, clear opportunities for learners to analyze their own progress 

of mastery of the learning objectives.  3.00 0.00 EA 

4. All content presented in the lesson is accurate, clearly connected to the lesson objectives, and 

useful in understanding the big ideas underlying lesson content.   2.88 0.35 EA 
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5. Instruction follows a logical sequence – the sequence of activities purposefully scaffolds students 

toward achieving the lesson’s objectives. 3.00 0.00 EA 

6. Learning activities foster the development of lower order thinking skills (LOTS) to higher order 

thinking skills (HOTS). 3.00 0.00 EA 

7. Learning activities are differentiated to meet a variety of students’ understanding and responses 

through purposeful questioning to help progress from one SOLO level to another (Unistructural -> 

Multistructural -> Relational -> Extended Abstract). 3.00 0.00 EA 

8. Learning activities promote increasing complexity of students’ thinking and understanding using 

the SOLO levels towards relational and extended abstract. 2.88 0.35 EA 

9. Learning activities encourage metacognitive awareness through knowledge of cognition or their 

general knowledge about what they know about their thinking.  3.00 0.00 EA 

10. Learning activities promote metacognitive awareness through regulation of cognition strategies 

like planning, information management, comprehension monitoring, debugging, and evaluating.  2.75 0.46 EA 

Overall 2.94 0.11 EA 

Legend: Verbal Interpretation (VI): 2.34 – 3.00 Evident and all aspects are addressed (EA); 1.67 – 2.33 Evident but lacking some aspects (EL); 1.0 – 

1.66 Not Evident (NE)  

 

Table 5 shows the responses of the science teachers-evaluators in terms of learning activities which demonstrate that the lesson menus integrated with 

metacognition and HOTS-based activities contain reflect that the necessary indicators were all addressed and evident for varied learning activities, with 

an overall mean score of 2.94.  

Effective teaching requires teacher planning, specifically creating learning opportunities, which calls for a great deal of expertise, making it a challenging 

and heavily context-dependent task. Thus, extensive planning for learning activities requires time, research, and alignment with learning objectives and 

the diverse levels, needs, and characteristics of learners.  

These results are particularly relevant considering current educational priorities that emphasize deeper learning and self-regulated learning competencies 

(Pellegrino, 2021). The high ratings across all dimensions confirm that the lesson menus effectively balance content delivery with the development of 

cognitive and metacognitive skills through differentiated and individualized activities. 

Table 6.  

Assessment of the designed lesson menus utilizing metacognition and HOTS-based activities in terms of evaluating learners’ performance 

EVALUATING LEARNERS’ PERFORMANCE Mean SD VI 

1. States a clear plan for evaluating mastery of learning objectives.  3.00 0.00 EA 

2. Assessment is closely aligned with lesson objectives.  3.00 0.00 EA 

3. Assessment prompts are clearly explained and are differentiated in reference to SOLO levels to 

meet the varied needs of students. 2.75 0.46 EA 

4. Assessment strategies are described and an assessment tool such as rubric is given. 3.00 0.00 EA 

5. Assessment engages students' higher-level thinking. It supports student choice and encourages 

students to take responsibility for their learning by having open-ended questions.  2.88 0.35 EA 

6. Incorporates methods of learners’ self-assessment.  2.75 0.46 EA 

7. Applies appropriate assessment strategies to measure student knowledge and improvement in 

performance at the completion of the learning process. 2.88 0.35 EA 

8. Includes explanation of how and when students will receive feedback on assessment. 2.88 0.35 EA 

9. Includes student reflection on the level of their metacognitive awareness throughout the lesson.  2.88 0.35 EA 

10. Foster students’ plan for self-improvement in their metacognitive awareness.  3.00 0.00 EA 

Overall 2.90 0.16 EA 
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Legend: Verbal Interpretation (VI): 2.34 – 3.00 Evident and all aspects are addressed (EA); 1.67 – 2.33 Evident but lacking some aspects (EL); 1.0 – 

1.66 Not Evident (NE) 

Table 6 displays the results for the evaluation of lesson menus in terms of evaluating learners’ performance the evaluation components of the lesson 

menus demonstrate evidence and all aspects are addressed based on the indicators presented, with an overall mean of 2.90, particularly in their clarity, 

alignment with objectives, and promotion of higher-order thinking.  

The scores for assessment planning, objective alignment, and fostering self-improvement plans highlight the menus' evident integration of standards-

based assessment principles (McMillan, 2023). Notably, the inclusion of metacognitive reflection and self-assessment supports the development of higher-

order thinking learners, which is a critical outcome in science education.  

These findings are particularly relevant given current shifts toward competency-based assessment and formative evaluation practices in STEM education 

(National Research Council, 2022). The feedback mechanisms and focus on metacognitive growth indicate that these menus move beyond traditional 

testing to support the holistic development of learners, specifically those in advanced classes.  

Effective teaching requires teacher planning, which has been studied from a different facet, including goals, procedures, and outcomes (Lilly, Bieda & 

Youngs, 2022). Thus, to assess and evaluate whether learners have attained the specific goals for context, skills, or abilities, and to check if there is 

learning development, a well-structured activity for evaluation should be crafted that perfectly aligns with the given learning objectives.  

Table 7 below shows the scientific literacy of students in the pre-test and post-test in terms of science as a body of knowledge, revealing an improvement 

from very low to very high scientific literacy.  

Table 7.  

Scientific literacy of students in pre- and post-assessment in terms of body of knowledge  

Score 

Pre-Test Post-Test 

Verbal Interpretation 

f % f % 

80-100 1 1.82 40 72.73 VH 

66-79 24 43.64 15 27.27 H 

56-65 0 0.00 0 0.00 F 

40-55 0 0.00 0 0.00 L 

30-39  26 47.27 0 0.00 VL 

0-29 4 7.27 0 0.00 EL 

Total 55 100 55 100   

Legend: 80-100 Very High (VH); 66-79 High (H); 56-65 Fair (F); 40-55 Low (L); 30-39 Very Low (VL); 0-29 Extremely Low (EL) (Sarini, Widodo, 

Sutoyo, & Suardana, 2024; Arikunto, 2021)  

The majority of the learners obtained a very high scientific literacy as revealed on their answers on the post-assessment questions in terms of science as 

a body of knowledge which means that learners were able to consistently identify, explain, and apply scientific and scientific-related knowledge in a 

range of objects and complex life circumstances through presentation of scientific facts and theories. Learners were also able to formulate sound arguments 

and resolve issues, support their judgments with evidence through the presentation of scientific hypotheses, and clearly exhibiting scientific thinking in 

evaluating the most effective scientific method for investigating the hypothesis.  

The elimination of scores below 66, coupled with the increase in very high and high levels, demonstrates the positive effect of the developed lesson 

menus enriched with activities built around HOTS and metacognition. These findings align with current research emphasizing the importance of explicit 

content integration in metacognitive and HOTS-based instruction (National Research Council, 2022). The results suggest that combining conceptual 

understanding with higher-order thinking strategies creates an important framework for science learning. 

These outcomes are especially relevant in STEM education reform efforts that prioritize both content mastery and scientific reasoning (OECD, 2023). 

Supported by the study of Rusilowati, Kurniawati, Nugroho, and Widiyatmoko (2016), they claim that to attain scientific literacy in terms of body of 

knowledge, teachers should teach concepts in great detail; students should comprehend the main idea being taught by the teacher; they should have 

enough knowledge of scientific facts, terminology, and concepts; and be able to express agreement or disagreement with an issue before offering a 

scientific explanation. 
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Table 8.  

Scientific literacy of students in pre- and post-assessment in terms of way of thinking 

Score 

Pre-Test Post-Test 

Verbal Interpretation 

f % f % 

80-100 0 0.00 27 49.09 VH 

66-79 3 5.45 20 36.36 H 

56-65 7 12.73 6 10.91 F 

40-55 22 40.00 2 3.64 L 

30-39  8 14.55 0 0.00 VL 

0-29 15 27.27 0 0.00 EL 

Total 55 100 55 100   

Legend: 80-100 Very High (VH); 66-79 High (H); 56-65 Fair (F); 40-55 Low (L); 30-39 Very Low (VL); 0-29 Extremely Low (EL) (Sarini, Widodo, 

Sutoyo, & Suardana, 2024; Arikunto, 2021)  

Table 8 shows the scientific literacy of students in pre-test and post-test in terms of science as a way of thinking. The results demonstrate an improvement 

in students' scientific way of thinking following the enrichment, with a shift from low-level thinking to a very high-level way of thinking.  

The results reveal that learners can identify forces acting on objects, describe everyday situations that demonstrate balanced and unbalanced forces, and 

draw free-body diagram (FBD) to represent the relative magnitude and direction of the forces involving balanced and unbalanced forces by answering 

questions through the use of materials, charts, and tables; calculations and explanation of answers; and involving learners in experiments or thinking 

activities. 

Some learners attained a high level of scientific literacy and were able to apply scientific ideas and scientific knowledge to life circumstances; compare 

and assess relevant scientific data to address real-world issues through inquiry, making connections and critical thinking; and develop arguments and 

explanations based on the experimental setup and supporting data presented in tables  (Organization for Economic Cooperation and Development (OECD) 

and Program for International Student Assessment (PISA), 2022).  

These gains reflect that the enrichment and developed lesson menus, embedded with metacognitive and HOTS-based activities, have successfully 

developed students' capacity for scientific reasoning, analysis, and evidence-based thinking—core competencies emphasized in current science education 

reforms (OECD, 2019).  

However, the persistence of learners’ responses at fair and low levels suggests that some students may require additional scaffolding to fully develop 

these cognitive skills. Rusilowati, Kurniawati, Nugroho, and Widiyatmoko (2016) suggested that for learners to achieve high scientific literacy in terms 

of science as a way of thinking, they should get adequate instruction in critical thinking, inductive and deductive reasoning, causality and scientific data 

analysis. Learning materials should inform learners about the workings of the scientific world, focusing on thinking, reasoning, and reflection.  

The results strongly support the continued emphasis on developing scientific ways of thinking in conjunction with content knowledge. With the recent 

pilot implementation of MATATAG Curriculum in Grade 7, the researcher believes that with an enormous amount of learning competencies to be covered 

for a specific period in each quarter, inquiry, collaborative, and discovery learning approaches in science are somehow compromised due to a burden of 

scientific concepts needed to be imparted to learners. Thus, teachers are allotting more time to lecture discussions to cope with the content knowledge 

required for specific grade levels.  
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Table 9.  

Scientific literacy of students in pre- and post-assessment in terms of way of investigating 

Score 

Pre-Test Post-Test 

Verbal Interpretation 

f % f % 

80-100 0 0.00 22 40.00 VH 

66-79 0 0.00 21 38.18 H 

56-65 8 14.55 8 14.55 F 

40-55 17 30.91 4 7.27 L 

30-39  9 16.36 0 0.00 VL 

0-29 21 38.18 0 0.00 EL 

Total 55 100 55 100   

Legend: 80-100 Very High (VH); 66-79 High (H); 56-65 Fair (F); 40-55 Low (L); 30-39 Very Low (VL); 0-29 Extremely Low (EL) (Sarini, Widodo, 

Sutoyo, & Suardana, 2024; Arikunto, 2021)  

Table 9 displays the results on the scientific literacy of students in the pre-test and post-test, focusing on science as a means of investigation. The data 

reveal gains in students' investigative skills, ranging from extremely low to very high levels.  

These reflect that learners can effectively respond to the question intent in terms of understanding and discussing how scientists experiment, the historical 

development of an idea, empirical nature and objectivity of science, deductive and inductive considerations of science, cause-and-effect relationship, 

facts and evidence, scientific methods and problem-solving through the MATATAG aligned competencies on in Science 7 Quarter 3 lessons about forces 

acting on objects, balanced and unbalanced forces, and free-body diagram (FBD) to represent the relative magnitude and direction of forces.  

Learners who achieved a high level of scientific literacy were also able to apply scientific concepts and knowledge to real-world situations, compare and 

evaluate pertinent scientific data to address real-world issues through inquiry, critical thinking, and connection-making, and formulate arguments and 

explanations based on the supporting data. 

These findings demonstrate the impact of the metacognitive and HOTS-based approach in cultivating essential scientific inquiry skills, including 

experimental design, data interpretation, and evidence evaluation—competencies strongly emphasized in contemporary science standards. The remaining 

fair-to-low levels suggest that some students may require more intensive support in investigative processes, particularly in scientific practice, connecting 

evidence to claims—a known challenge in science education (Osborne, 2023).  

The findings validate the integration of investigation-focused learning instructions with metacognitive strategy instruction in science classrooms that 

regularly promote laboratory activities or experimentation, exposing learners to scientific investigations (such as determining independent and dependent 

variables) and refraining from spending time on rote memorization instead of focusing on science process skills. Learners should also be given regular 

activities that focus on observing, measuring, classifying, inferring, recording data, experimenting, and other scientific methods (Rusilowati, Kurniawati, 

Nugroho & Widiyatmoko, 2016). 

Table 10.  

Scientific literacy of students in pre- and post-assessment in terms of integration of technology and society 

Score 

Pre-Test Post-Test 

Verbal Interpretation 

f % f % 

80-100 2 3.64 9 16.36 VH 

66-79 2 3.64 11 20.00 H 

56-65 6 10.91 19 34.55 F 

40-55 21 38.18 13 23.64 L 

30-39  7 12.73 0 0.00 VL 

0-29 17 30.91 3 5.45 EL 

Total 55 100 55 100   
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Legend: 80-100 Very High (VH); 66-79 High (H); 56-65 Fair (F); 40-55 Low (L); 30-39 Very Low (VL); 0-29 Extremely Low (EL) (Sarini, Widodo, 

Sutoyo, & Suardana, 2024; Arikunto, 2021)  

Table 10 presents the results of the scientific literacy of grade 7 learners based on their pre-test and post-test scores in science, specifically in terms of its 

interaction with technology and society. The findings demonstrate an increase from a low to a fair level in terms of describing the usefulness, negative 

effects, problems, and careers and jobs in the field of science and technology for society.  

This means that learners demonstrate making inferences about the situations and issues of the role of science and technology from explicit phenomena, 

directly linking explanations to aspects of life situations from different disciplines of science and technology, and reflecting on behaviors and using 

evidence and scientific understanding to explain decisions as presented by the questions regarding how the development of MAGLEV trains, as a 

breakthrough and innovation in modern transportation, was interconnected to science, technology, social issues, and affected society and the economy by 

offering various kinds of jobs and careers; how does friction play a significant role in the operation of transportation modes like bicycles and cars; and 

how the production and disposal of lotions and lubricants harm the environment, affect communities and public health, while taking the necessary steps 

to reduce the negative effects of these products while still benefiting from their use.  

For teachers to support learners’ understanding of how science, environment, technology, and society interact, it must be ensured that students are aware 

of the issues based on scientific literacy and propose the necessity of creating assessment tools and materials that are based on scientific literacy and that 

can gauge students' proficiency in this area to utilize the full extent of current technological sophistication from solid understanding of science (Rusilowati, 

Kurniawati, Nugroho & Widiyatmoko, 2016). 

This pattern suggests that while metacognitive and HOTS-based activities can develop a basic awareness of science-technology-society (STS) 

relationships, many students continue to struggle with analyzing these connections—a finding consistent with research identifying STS integration as 

particularly challenging for secondary learners (Sadler, 2021). The results highlight both the potential and limitations of the current approach, revealing 

that while foundational STS understanding can be developed through metacognitive and Higher-Order Thinking Skills (HOTS) strategies, higher-level 

integration may require more targeted, context-rich learning experiences (Zeidler & Sadler, 2023). 

Table 11.  

Thematic analysis of the learners’ challenges encountered during the implementation of the lesson menus  

Themes Subthemes Verbatim data extracts 

1. Difficulty in Goal 

Setting and Self-

Reflection 

Lack of Clarity and 

Awareness of Personal 

Goals 

 

“In terms of planning, I do not usually put goals and I don’t have actual goals 

and don’t set goals in mind. I found difficulty in the task where I need to 

determine my personal goals.” (S13) 

 Confusion in 

Metacognitive 

Activities 

“As I answered the metacognitive awareness survey, I was a little confused 

at first, since I didn’t understand some words, but I mostly checked the 

“false” boxes because I’m not a very intelligent student.” (S13) 

 Struggles in Structured 

Reflection Activities 

“The task that requires us to enumerate our “Personal Goals” since I don’t 

really have any much goals in life and I don’t set up goals.” (S13) 

2. Conceptual 

Difficulties in 

Science  

Difficulty in 

Understanding and 

Constructing Free-

Body Diagrams (FBD) 

“Kung ire-rate ko po siya 1-10, irerate ko po siya as 8 dahil po sa Free-Body 

Diagram, Ma’am. Nahihirapan po ako doon. Mahirap po siya sa akin – 

gravitational, air, normal force, iyong mga forces po na ilalagay doon.” (S6) 

 Difficulty in Force 

Analysis and Vector 

Representation 

“Medyo nalito lang po ako sa pag-analyze po ng Net Force base sa haba ng 

arrows po. ‘Yong sa Free-Body Diagram po medyo nalilito po kasi ako kung 

gaano po kalaki ang forces na na-aapply sa mga bagay, doon po sa vectors.” 

(S9) 

3. Collaborative and 

Time-Pressured 

Learning 

Unequal Participation 

in Pair Work  

“Medyo nahirapan po ako kasi po, ako po 'yong nagsasagot po talaga hindi 

po 'yong partner ko po, tumutulong naman po ang partner ko po sa ideas, 

pero mostly po ay ako po talaga ang nagsasagot. Medyo kinabahan po ako 

kung tama ang mga sagot ko, pero tama naman po pala.” (S5) 

 Time Constraints and 

Distractions During 

Collaborative Work 

“Minsan din po ay nakakapressure ang timer o oras para lang magawa 'yong 

mga activities. Medyo nahirapan po ako sa pagsasagot ng ilang activities 

dahil sa time pressure po at medyo nadi-distract din po ako sa mga katabi ko 

po na nagdi-discuss din po ng mga activities.” (S4) 
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4. Confidence and 

Motivation Issues 

Demotivation due to 

Complex Tasks 

 

 

“May part po kaming nahihirapan doon sa ilang metacognitive activities 

dahil nakakatamad pong magbasa minsan.” (S4) 

“Na-demotivate po talaga ako sa FBD. Doon po ako medyo na-demotivate 

sa pagsusukat po ng mga forces gamit ang arrows.” (S6, S15) 

 

 

Self-Doubt and Low 

Academic Confidence 

“Sa metacognitive activities, medyo ayaw ko po na tinatanong ako kung 

natutunan ko po talaga ang lesson dahil hindi naman po talaga sa ayaw, 

medyo natatanggalan lang po ako ng confidence kasi kapag nalalaman ko po 

na hindi ko po talaga kaya.” (S8) 

 

Table 11 reveals the themes and subthemes of the learners’ verbatim feedback regarding their experienced challenges or difficulties, struggles, worries, 

confusions, and issues met during the pilot implementation phase of the lesson menus with integrated metacognitive and HOTS-based activities about 

the lessons on net force, force vector, free-body diagram, and balanced and unbalanced forces, which were collected from a semi-interview made after 

the enrichment activities and assessments. 

Upon answering the Metacognitive Awareness Inventory, some learners were a bit confused about what to do and what the inventory was asking them, 

as it was their first time completing a survey of this kind. While engaging in metacognitive activities between HOTS-based tasks on forces designed to 

enhance declarative knowledge, information management strategies, comprehension monitoring, and evaluative skills, some students experienced 

difficulties in answering reflective questions about their personal goals. They had a hard time enumerating their personal goals before the start of the 

lesson and assessing whether they met their goals at the end of the lesson, as they were uncertain about what to evaluate. This was because they were 

unsure about their goals and were not accustomed to setting goals. They were aware and focused on the lesson targets or goals for the concepts and skills 

they needed to learn and attain during a specific class session.  

Some were challenged in terms of analyzing the force vectors or the length of the arrows needed to be drawn for a specific type of force involved in 

drawing the FBD for a certain situation. These difficulties arose due to a lack of focus, as they mentioned, because they were easily distracted by the 

other groups or pairs discussing their assigned tasks, and some of them had partners who were not equally exerting effort to think and work as they were. 

They also admitted that they were a bit distracted because they were working under time pressure. After all, there was only a designated time to finish 

each task, so they had to think and work quickly, which led to issues in efficiently processing the information. Some learners were hesitant to answer the 

MAI because they thought that lower scores indicated a lower level of intelligence. As a result, they felt nervous upon learning their weaknesses from 

the survey, as they were also overthinking whether their provided answers to the activities were correct.  

Table 12.  

Thematic analysis of the learners’ learning improvement encountered during the implementation of the lesson menus  

Themes Subthemes Verbatim data extracts 

1. Enhanced Self-

Awareness and 

Metacognitive 

Growth 

Self-Discovery and 

Personal Skill 

Assessment 

 

 

“I found a bit of improvement on myself since I’m a bit of a slowpoke and I 

can’t think fast ‘coz it will really hurt my head or twist up some words in my 

head. But then, after going through all of those, I have realized that there is 

something I need to improve in myself and gave me a clearer view on what 

things I need to focus on.” (S13) 

 Goal Setting and 

Reflection 

“Na-realize ko po na may mababang points po ako doon po sa mga time 

management, nalaman ko po na kulang po ako dito at dapat ko pong i-

improve ang paghahati-hati ng oras kung ano po ang dapat ko pong i-

prioritize.” (S10) 

2. Improved Scientific 

Conceptual 

Understanding and 

Application 

Mastery of Force-

Related Concepts 

 

 

“The most interesting part for me was the FBD-related activities because I 

was able to connect and use my previous knowledge about forces, 

specifically, the types of forces to understand and do the FBD for a certain 

object or situation.” (S12) 

 Learning Through 

Active Engagement 

“The activity that interests me the most was the one where we use the real-

life game, the “Arm Wrestle”, to identify the different types of forces and I 

have found out that I am physically weak.” (S13) 
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3. Development of 

Higher-Order 

Thinking Skills 

Enhanced Analysis, 

Critical Thinking 

and Problem-Solving 

“Nakatulong po ang mga activities para mas ma-analyze po ang mga 

bagay-bagay at ma-improve po ang critical thinking and problem-solving 

abilities dahil mas lumawak po ang aking kaalaman.” (S3) 

“Nakatulong po ang mga activities dahil mas napapaunlad po nito ang isip 

po para mas lalong mag-isip, talagang pagaganahin po ang isipan kung 

ano po ang mga dapat isagot.” (S4) 

 Real-World 

Application 

“The activities in our lesson really affect my critical thinking and problem-

solving activities because the activities allowed me to explore on my own 

and think deeply before answering.” (S12) 

4. Motivation and 

Engagement in 

Learning 

Increased Interest in 

Science 

“Mas nakatulong po 'yong mga activities para maging malinaw po sa amin 

kung saan po kami nalilito o kung saan po kami nahihirapan, nababawasan 

po 'yong mga problema po namin sa academics.” (S4) 

 Collaborative 

Learning Benefits 

 

“Opo, naapektuhan po ako ng mga metacognition activities. Lalo na po 

kapag mayroon pong pair / group activities, pinagsasama-sama po namin 

ang ideas / experience po namin habang nag-aanswer po kami kaya mas 

natutunan ko po ‘yong ilang konsepto sa FBD kahit medyo nahihirapan po 

ako dito.” (S6) 

 

Table 12 presents the themes and subthemes of the learners’ shared learning experiences, highlighting opportunities that promote development, growth, 

and further learning. Interestingly, the core themes that emerged in the challenges also surfaced as the positive counterparts of their learning improvement. 

The reason for this may be rooted in the idea that learners found themselves improving because they were challenged to go beyond their existing thinking 

skills and abilities.  

Students reported better self-understanding, many realized their learning habits, and some identified their strengths and weaknesses. The personal 

experiences of learners during the study revealed that the activities were initially challenging, but they ultimately helped clarify their goals and objectives. 

Additionally, many had cited a better understanding of the types of forces, including balanced and unbalanced forces, as well as net force calculations 

with their real-world applications. They believed that the hands-on activities reinforced their understanding of the concepts and improved their observation 

and reasoning skills through shared experiences in pair and group work, which enhanced idea exchange and debates. With the implementation of various 

metacognitive and HOTS-based activities in the lesson on forces, many learners became more curious due to interactive tasks that increased their 

participation.  

Based on the responses of learners to the challenges and learning improvement they have experienced, it only shows that the metacognitive and HOTS 

activities improved learners’ views in terms of self-regulation like goal setting and reflection (self-assessment), understanding of scientific literacy (topics 

on types of forces, balanced & unbalanced forces, FBD, and net force), collaborative and critical thinking skills. These findings align with research on 

metacognition’s role in deeper learning (Veenman, 2017) and HOTS development through inquiry (Zohar, 2020). 

Thus, with several positive feedbacks from the students, it may be suggested to expand metacognitive exercises across subjects, use more real-world 

scenarios to reinforce concepts, and provide differentiated support for varying skill levels. Backed by their responses when asked about what to improve 

in the process, they requested more critical thinking opportunities, metacognitive activities, and hands-on and collaborative tasks and suggested providing 

more examples for clarity. They also suggested including the metacognitive awareness survey to learn more about the learners. The learners strongly 

endorsed the continuation and sustained use of the reflective activities because they were challenged by these and had expressed their appreciation for 

the activities’ application to real life and the teacher’s facilitation and support for their continued learning.  
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Table 13.  

Test of the relationship between scientific literacy and metacognition level 

Scientific Literacy 

Knowledge of Cognition Regulation of Cognition 
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Body of Knowledge -0.033 0.321* -0.132 0.209 -0.206 -0.063 -0.166 -0.112 

Way of Thinking 0.052 -0.154 -0.047 -0.096 -0.178 0.107 0.074 -0.070 

Way of Investigating -0.145 -0.200 -0.042 0.059 -0.249 -0.119 0.004 -0.124 

Integration of 

Technology and 

Society -0.110 -0.031 0.022 -0.019 -0.223 -0.050 -0.022 -0.090 

Note. * p < .05, ** p < .01, *** p < .001 
   

 

Table 13 shows that there is no significant relationship between the domains of scientific literacy and metacognition in terms of knowledge and regulation 

of cognition, except for the body of knowledge and procedural knowledge. 

This one statistically significant correlation suggests that students’ very high awareness of their understanding of how to apply scientific processes, which 

approach is most appropriate and how to use their learning strategies to perform a specific task (procedural knowledge) supports their mastery of core 

scientific content and the collection of theories on the physical and natural world from various scientific disciplines (body of knowledge). As cited in the 

study by Goren and Kaya (2023), students must be aware of how they think and learn when analyzing and observing scientific theories to understand and 

comprehend the nature of science. 

Similarly, this may also suggest that individuals with a stronger understanding of scientific facts and principles (the body of knowledge) tend to have a 

better understanding of how to use and regulate the information and can employ various strategic approaches when resolving issues and difficulties 

(procedural knowledge). The relationship can be attributed to the notion that if learners know how to apply their knowledge and when to apply the process 

in completing a task or activity, it will be easier for them to obtain scientific knowledge organized by facts, ideas, rules, theories, hypotheses, and models. 

On the other hand, if learners have a deep understanding of scientific facts, principles, and laws, specifically regarding to types of forces, net force 

calculation, balanced and unbalanced forces, and free-body diagram (FBD), and can effectively remember knowledge or information about scientific 

concepts, then, their understanding of their various learning and memory techniques that are most effective will be much easier.  

The reasons for this significant relationship, among others, may be due to several factors. One could be due to the learners’ developmental stage, as they 

were just in grade 7, where higher-order metacognitive skills were still developing. Still, they had stronger procedural knowledge due to its concrete and 

actionable nature. Supported by the idea that these learners in the pilot section were constantly undergoing a student-centered approach through problem-

solving, discovery and cooperative learning in science that enable them better to obtain scientific knowledge (body of knowledge) because they learn and 

remember concepts in science best after doing hands-on, skill-based, and experiential learning (procedural knowledge), specifically, calculating net force, 

creating FBD, identifying forces involved and effects of forces to the movement of the objects through simulations.  Since learning activities in science 

require students to be fully engaged and actively involved in experiments and activities, heightening their procedural knowledge, they can easily recall 

and remember the scientific concepts involved in the procedure, aligning with constructivist theories that emphasize procedural learning in science 

education (Zohar & Barzilai, 2015). This significant correlation is supported by Husamah's (2015) study, which claims that metacognition level is one of 

the elements that affects students' capacity to solve science literacy problems, as metacognition influences how people learn. 

In contrast, the absence of significant correlations for other metacognitive components implies that metacognitive awareness alone may not be directly 

related to the other themes of scientific literacy (way of thinking, way of investigating, and integration of technology and society). For the lack of 

significant correlations with metacognitive components, these results suggest that the dimensions of scientific literacy may not depend heavily on 

metacognitive awareness, as measured in this study. One reason could be the duration of the study, as it was only conducted for two weeks. Abrupt effects 

on metacognition may not be visible in the long run, as they must be constantly enhanced in learners. Similarly, due to time constraints in the pilot 

implementation and with several metacognitive-based HOTS activities, the class sessions operated under compressed schedules, leaving little time for 

reflective pauses, individual planning, evaluation, strategy discussions and modifications to their approaches.  
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Table 14.  

Test of the relationship between scientific literacy and higher-order thinking skills (HOTS) 

Scientific Literacy HOTS 

Body of Knowledge -0.062 

Way of Thinking 0.801*** 

Way of Investigating 0.459*** 

Integration of Technology and Society 0.786*** 

Note. * p < .05, ** p < .01, *** p < .001 

Table 14 displays that there is a significant relationship between scientific literacy themes and higher-order thinking skills, except the body of knowledge. 

The themes of scientific literacy, which focus on active learning and inquiry (a way of investigating), the workings of the scientific effort or thought 

processes (a way of thinking), and the connections between science, technology, and society, are associated with higher-order thinking skills. These 

suggest that higher-order thinking skills are linked to students' ability to engage in scientific reasoning, inquiry processes, and real-world applications of 

science.  

 With the use of the learning menus with metacognitive-based HOTS activities, learners were guided to improve their higher-order thinking 

skills affecting their capability to attain higher level of scientific literacy in terms of way of thinking that enabled them to explain answers regarding the 

different types of forces, effects of forces on objects, and balanced and unbalanced forces through simple activities, games, and actual scenarios; explain 

answer through the use of pictures, diagrams, tables, and charts regarding force vector, net force, and balanced and unbalanced forces; calculate net force 

and use simulations on forces; and perform experiments or thinking activities in designing a force measurer and creating FBD.  

 Learners were also facilitated in enhancing their HOTS to attain a higher level of scientific literacy in terms of way of investigating through 

lesson menus activities which allowed them to discuss facts and evidence regarding the terms associated with types of forces, net force, balanced and 

unbalanced forces; present scientific methods in solving problems on force vectors and FBD, provide cause-and-effect relationship when various forces 

vary in magnitude and direction, and emphasize the empirical nature and objectivity of science through observing, scientific investigations, recording, 

and analyzing data. 

 Supported by the studies of Seprianto, Hasby, Sholihah, Sumardjoko, Sumardi, Muhibbin, and Haryanto (2023), there is a direct correlation 

between literacy and HOTS problem-solving abilities. This connection highlights the importance of literacy skills in optimizing HOTS science problem-

solving skills. Students can develop their critical thinking skills to assess information, understand natural phenomena, and formulate insightful questions 

by cultivating scientific literacy. 

 This holds true for grade 7 learners who can solve complex issues, make informed choices, and discover possible solutions due to higher-

order thinking skills. For them, scientific literacy will be much easier to attain compared to those who struggle with higher-order thinking skills (HOTS). 

Therefore, scientific literacy skills are not only important for academic purposes but also form a foundation for the development of learners’ analytical 

and critical thinking abilities, which are highly relevant to their lives. 

 For learners to be able to efficiently measure, observe, classify, infer, record data, compute, and do experimentation (way of investigating); 

foster curiosity, imagination, reasoning, cause-and-effect links, self-assessment, skepticism, objectivity, and open-mindedness (way of thinking); address 

social and technological issues that are connected to the nature of science (integration of technology and society), higher-order thinking is a pre-requisite 

skill.  

However, the non-significant correlation with body of knowledge implies that factual knowledge acquisition operates somewhat independently from 

HOTS development because even learners with LOTS can acquire this body of knowledge with constant exposure, supporting the distinction between 

"knowing what" and "knowing how" in science education (Duschl, 2021). It also implies that rote memorization of knowledge, such as remembering the 

definitions of types of forces, balanced/unbalanced forces, free-body diagrams, and recalling the formula for net force, does not always enhance Higher-

Order Thinking Skills (HOTS) since these are considered factual knowledge and a lower-order cognitive ability. While HOTS calls for beyond-the-text 

thinking, which memory alone cannot assist. 

Table 15.  

Test of difference between the pre- and post-assessment of learners as to their higher-order thinking skills (HOTS) 

HOTS Pre-test Post-test t-value df p-value VI 

Mean 1.25 2.27 

13.8 54 < .001 Significant 

SD 0.457 0.441 
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 Table 15 shows the significant difference between pre-test and post-test of Grade 7 learners based on their HOTS as revealed by the paired 

samples t-test results, which means that there is a significant improvement in students' higher-order thinking skills from the pre-test following the 

enrichment activities embedded in the lesson menus (metacognitive- and HOTS-based activities) to post-test.  

 The HOTS-based activities embedded in the lesson menus scaffold learners’ thinking skills toward deep learning in applying various 

information about forces to real-world applications and making connections between the information provided to draw relevant conclusions while 

transferring and applying the principles and ideas into other disciplines (science, technology, and society) and real-life experiences, the learners have an 

increased higher-order thinking in terms of the scientific concepts on types of forces, effects of forces on objects, net force, force vector, balanced and 

unbalanced force, and free-body diagram.  

 For grade 7 learners, an increase in their higher-order thinking skills would not only benefit the science curriculum but also improve their 

quality of life in terms of critical thinking and problem-solving, equipping them to be scientifically ready for the future challenges of the technological 

and societal world. Being part of the pilot section, this could mean that they were now equipped with higher-order thinking skills to perform scientific 

tasks and investigations, such as Science Investigatory Projects and other science-related activities.  

The reduced standard deviation in post-test scores suggests the enrichment activities had a leveling effect, helping lower-performing students catch up to 

their peers. These findings gain significance when considered alongside the strong correlations between HOTS and scientific literacy dimensions (Table 

14), implying that the enrichment activities likely produced cascading benefits across multiple learning outcomes. The highly statistically significant 

difference results can be attributed to the significant shift in learners’ responses from unistructural (pre-test) to multistructural and relational (post-test) 

levels of thinking, as reflected in the SOLO taxonomy previously presented in this paper.  

The results align with contemporary research emphasizing the malleability of HOTS through targeted instruction (Zohar, 2020), while also suggesting 

the need for sustained practice to help more students reach the extended abstract level. These findings strongly support the integration of metacognitive 

and HOTS-focused pedagogies in science classrooms. 

5. Recommendations 

Based on the results, analysis and findings presented, the researcher has arrived at the following recommendations: First, teachers may consider adding 

the Metacognitive Awareness survey to their instructions to help learners understand and improve their awareness of their level of metacognition. This 

may also be given to average and low-performing learners to provide teachers with information on how to gauge their learning. For knowledge of 

cognition, teachers may consider implementing weekly reflective journaling with guided prompts to deepen self-knowledge and strategy awareness. For 

regulation of cognition, teachers may consider using different debugging strategies and introduce evaluation rubrics with metacognitive criteria to 

strengthen weaker skills and maintain strong abilities. Second, it is recommended that teachers continue to design learning activities and materials aligned 

with the SOLO model to further explore the quality of learners’ responses in terms of their thinking skills – LOTS or HOTS. This may also be helpful 

for teachers to effectively profile their learners in terms of the level of their thinking skills based on the five levels of SOLO taxonomy. By identifying 

the level of the learner, teachers can provide effective support for students as they transition between SOLO levels (from LOTS to HOTS) through 

differentiated instruction and activities tailored to their developmental needs and cognitive level. Third, it is therefore advised that teachers develop a 

repository of exemplars with HOTS-based activities that incorporate embedded metacognitive elements to provide enrichment for high-performing 

learners. Additionally, teachers should conduct research and benchmarking activities through peer collaboration. Learning menus with differentiated 

activities allow learners to choose activities that interest them without compromising the lesson’s objectives. Fourth, science teachers may consider the 

four themes in developing the scientific literacy of their learners throughout the teaching of various science concepts, and may focus particularly on 

enhancing literacy in science as an interaction of technology and society through activities that explicitly apply content knowledge to societal applications. 

Science teachers may also consider developing learning materials centered on the four themes of scientific literacy to assess learners’ literacy, even in 

distant learning modalities. Fifth, it is advised that teachers continue to vary strategies and learning designs, including individual, paired, and group 

learning, while allowing learners to constantly monitor their learning phase (self-monitoring). It is also recommended that teachers consider adding 

metacognitive wrappers to all science lessons and activities, allowing students to continuously reflect on their metacognitive level and level of thinking 

skills. For the future researchers to further probe the learners’ challenges and learning improvements in terms of metacognition, HOTS, and scientific 

literacy, qualitative study or mixed-method approach may be done to intensify the findings or contribute heavily to existing literature. Sixth, teachers 

may incorporate systematic metacognitive exercises into science classes, such as self-questioning and regular reflection journals to help students improve 

their procedural knowledge and foster the growth of scientific literacy and higher-order thinking abilities. Finally, science teachers may keep using and 

improving teaching techniques that support HOTS, such as inquiry-based learning, problem-solving exercises, and real-world applications to maintain 

and improve the learners’ positive gain after the utilization of these activities.  

References: 

Abdellah, R. (2015). Metacognitive awareness and its relation to academic achievement and teaching performance of pre-service female teachers in 

Ajman University in UAE. In Procedia - Social and Behavioral Sciences (Vol. 174, pp. 560–567). Elsevier B.V. doi: 

https://doi.org/10.1016/j.sbspro.2015.01.707 

Abdullah, N. H. H., Darusalam, G. (2018). Teacher readiness to implement High Level Thinking Skills in teaching. Asia Pac. J. Curric. Teach. 6, 22–

31. 



International Journal of Research Publication and Reviews, Vol 6, Issue 6, pp 4602-4628 June 2025                                     4621 

 

 

Acido, J. V., & Caballes, D. G. (2024). Assessing educational progress: A comparative analysis of PISA results (2018 vs. 2022) and HDI correlation in 

the Philippines. World Journal of Advanced Research and Reviews, 21(1), 462-474. 

Adiguzel, T., Kaya, M. H., & Cansu, F. K. (2023). Revolutionizing education with AI: Exploring the transformative potential of ChatGPT. Contemporary 

Educational Technology, 15(3). 

Adnan, Mulbar, U., Sugiarti, & Bahri, A. (2021). Scientific literacy skills of students: Problem of biology teaching in junior high school in South Sulawesi, 

Indonesia. International Journal of Instruction, 14(3), 847–860. https://doi.org/10.29333/iji.2021.14349a 

Afnan, R., Munasir, M., Budiyanto, M., & Aulia, M. I. R. (2023). The Role of Scientific Literacy Instruments For Measuring Science Problem Solving 

Ability. IJORER: International Journal of Recent Educational Research, 4(1), 45-58. https://doi.org/10.46245/ijorer.v4i1.271 

Aida, S. (2015). Assessment of Awareness of Automated Strategies and High-Level Thinking Skills among Biology Students. Master’s Thesis, Sultan 

Idris University of Education, Tanjung Malim, Malaysia. 

Al Sultan, A., Henson, H., & Lickteig, D. (2021). Assessing preservice elementary teachers’ conceptual understanding of scientific literacy. Teaching 

and Teacher Education, 102, 1-23. https://doi.org/10.1016/j.tate.2021.103327 

AlAli, R., & Wardat, Y. (2024). Low PISA performance students: Factors, perceptions, and improvement strategies. International Journal of Religion, 

5(9), 334–348. https://doi.org/10.61707/nve8gj33 

Antonio, R. P., & Prudente, M. S. (2021). Metacognitive argument-driven inquiry in teaching antimicrobial resistance: Effects on students' conceptual 

understanding and argumentation skills. Journal of Turkish Science Education, 18(2), 192–217. 

Arifiyyati, M. F., Rofi'ah, N. L., & Listyono, L. (2023). Correlation between scientific literacy with higher order thinking skills and self-efficacy in 

biology learning. Jurnal Biolokus: Jurnal Penelitian Pendidikan Biologi dan Biologi, 5(2), 166-176.  

Arikunto, S. (2021). Dasar-dasar evaluasi pendidikan edisi 3. Bumi aksara. 

Artika, W., & Nurmaliah, C. (2023). Improving Critical Thinking Skills Through Higher Order Thinking Skills (HOTS)-Based Science. International 

Journal of Instruction, 16(4). 

Assaly, I., Jabarin, A. (2021). Arab Israeli EFL teachers’ perceptions and practices vis-à-vis teaching higher order thinking skills: Acomplicated 

relationship. Lang. Teach. Res.  

Avargil, S., Lavi, R., & Dori, Y. J. (2018). Students’ Metacognition and Metacognitive Strategies in Science Education. In Y. J. Dori, Z. R. Mevarech, 

& D. R. Baker (Eds.), Cognition, Metacognition, and Culture in STEM Education (Vol. 24, pp. 3364). Springer International Publishing. 

https://doi.org/10.1007/978-3-319-66659-4_3 

Azieyana, A. (2018). Cooperative Learning strategy to improve students’ thinking skills level. J. Educ. Malays, 32, 501–502. 

Aziz, M., & Rawian, R. (2022). Modeling higher order thinking skills and metacognitive awareness in English reading comprehension among university 

learners. In Frontiers in Education 7, p. 991015. Frontiers Media SA. https://doi.org/10.3389/feduc.2022.991015 

Aziz, F. A., Rahman, F. (2018). Highlights of the Study on The Readiness and Needs of Malay Language Teachers in the Implementation of High-Level 

Thinking Skills (KBAT) In the Classroom. PENDETA J. Malay Lang. Educ. Lit. 9, 80–101. 

Baltikian, M., Kärkkäinen, S., & Kukkonen, J. (2024). Assessment of scientific literacy levels among secondary school students in Lebanon: Exploring 

gender-based differences. Eurasia Journal of Mathematics, Science and Technology Education, 20(3), 23-37. https://doi.org/10.29333/ejmste/14279 

Bakkaloglu, S. (2020). Analysis of Metacognitive Awareness of Primary and Secondary School Students in Terms of Some Variables. Journal of 

Education and Learning, 9(1), 156-163. https://doi.org/10.5539/jel.v9n1p156 

Bernardo, A. B., Cordel, M. O., Calleja, M. O., Teves, J. M. M., Yap, S. A., & Chua, U. C. (2023). Profiling low-proficiency science students in the 

Philippines using machine learning. Humanities and Social Sciences Communications, 10(1), 1-12. 

Bieda, K. N., Lane, J., Evert, K., Hu, S., Opperman, A., & Ellefson, N. (2020). A large-scale study of how districts’ curriculum policies and practices 

shape teachers’ mathematics lesson planning. Journal of Curriculum Studies, 52(6), 770–799. https://doi.org/10.1080/00220272.2020.1754921 

Binali, T., Tsai, C.-C., & Chang, H.-Y. (2021). University students’ profiles of online learning and their relation to online metacognitive regulation and 

internet specific epistemic justification. Computers & Education, 175, 104315. https://doi.org/10.1016/j.compedu.2021.104315 

Boğar, Y. (2018). LITERATURE REVIEW ON METACOGNITION AND METACOGNITIVE AWARENESS. Anadolu Öğretmen Dergisi, 2(2), 136-

168. 

Boud, D., & Soler, R. (2016). Sustainable assessment revisited. Assessment & Evaluation in Higher Education, 41(3), 400-413. 

https://doi.org/10.1080/02602938.2015.1018133 

https://doi.org/10.46245/ijorer.v4i1.271
https://doi.org/10.3389/feduc.2022.991015
https://doi.org/10.5539/jel.v9n1p156


International Journal of Research Publication and Reviews, Vol 6, Issue 6, pp 4602-4628 June 2025                                     4622 

 

 

Cansiz, M., & Cansiz, N. (2019). Reconceptualizing and field testing the scientific literacy framework by exploring the aspect of scientific literacy in 

Turkish science curriculum. Journal of Baltic Science Education, 18(5), 681–691. https://doi.org/10.33225/jbse/19.18.681. 

Cervin-Ellqvist, M., Larsson, D., Adawi, T., Stöhr, C., & Negretti, R. (2021). Metacognitive illusion or self-regulated learning? Assessing engineering 

students’ learning strategies against the backdrop of recent advances in cognitive science. Higher Education, 82(3), 477-498. 

https://doi.org/10.1007/s10734-020-00635-x 

Chang, T. C., Lyu, Y. M., Wu, H. C., & Min, K. W. (2024). Introduction of taiwanese literacy-oriented science curriculum and development of an aligned 

scientific literacy assessment. Eurasia Journal of Mathematics, Science and Technology Education, 20(1), 111-129. 

https://doi.org/10.29333/ejmste/13930 

Chiapetta, E., Filman, and Sethna, G, "A method to quantity major themes of scientific literacy in science textbooks," Journal of Research in Science 

Teaching, 28(8), pp. 713-725, 1991.  

Čipková, E., Karolčík, Š., & Scholzová, L. (2020). Are secondary school graduates prepared for the studies of natural sciences? – evaluation and analysis 

of the result of scientific literacy levels achieved by secondary school graduates. Research in Science and Technological Education. 

https://doi.org/10.1080/02635143.2019.1599846 

Constantino, J. A., Sison, M. H., & De Guzman, P. S. (2020). Metacognitive Awareness and General Average Grade of 2nd Year BEED and BSE Students 

of NEUST-SIC. International Journal of English Literature and Social Sciences, 5(2), 358-363. 

Crawford, B. A., & Capps, D. K. (2018). Teacher Cognition of Engaging Children in Scientific Practices. In Y. J. Dori, Z. R. Mevarech, & D. R. Baker 

(Eds.), Cognition, Metacognition, and Culture in STEM Education (Vol. 24, pp. 9–32). Springer International Publishing. https://doi.org/10.1007/978-3-

319-66659-4_2 

Crispino-Ceballo, M. A. T., & Yangco, R. T. (2015). Reflective Idea-Image Connections: Effects of Pupil Metacognitive Awareness and Concept 

Understanding in Science. Alipato: A Journal of Basic Education, 6. 

Damopolii, I., Nunaki, J. H., Nusantari, E., & Kandowangko, N. Y. (2020). The effectiveness of Inquiry-based learning to train students’ thinking skill 

based on SOLO taxonomy. In Journal of Physics: Conference Series (Vol. 1567, No. 4, p. 042025). IOP Publishing. 

Dang, N. V., Chiang, J. C., Brown, H. M., & McDonald, K. K. (2018). Curricular activities that promote metacognitive skills impact lower-performing 

students in an introductory biology course. Journal of Microbiology & Biology Education, 19(1), 1–9. doi: https://doi.org/10.1128/jmbe.v19i1.1324 

Despojo, A. G. B., & Garcia, J. F. (2024). STRUCTURE OF THE OBSERVED LEARNING OUTCOME (SOLO) AND LEVEL OF THINKING 

SKILLS IN SCIENCE. Ignatian International Journal for Multidisciplinary Research, 2(5), 1923-1939. https://doi.org/10.17613/mkg3-sp19 

Desyana, N. (2020). Analysis of Student Learning Responses using a solo taxonomy of temperature and heat material. Inquiry: Science Education Journal, 

9(1), 63. https://doi.org/10.20961/inkuiri.v9i1.41407 

Dewi, C. A., Khery, Y., & Erna, M. (2019). An ethnoscience study in chemistry learning to develop scientific literacy. Jurnal Pendidikan IPA Indonesia, 

8(2), 279–287. https://doi.org/10.15294/jpii.v8i2.19261 

Dewi, C. A., Erna, M., Martini, M., Haris, I., & Kundera, I. N. (2021). Effect of contextual collaborative learning based ethnoscience to increase student’s 

scientific literacy ability. Journal of Turkish Science Education, 18(3), 525–541. https://doi.org/10.36681/tused.2021.88 

Dori, Y. J., Avargil, S., Kohen, Z., & Saar, L. (2018). Context-based learning and metacognitive prompts for enhancing scientific text comprehension. 

International Journal of Science Education, 40(10), 1198–1220. https://doi.org/10.1080/09500693.2018.1470351 

Dragoş, V., & Mih, V. (2015). Scientific literacy in school. Procedia-Social and Behavioral Sciences, 209, 167-172. 

Dumaraos, J. (2022). Level of Complexity in Utilizing SOLO Taxonomy Among Grade Six Pupils at Callejon Elementary School. International Journal 

of Arts, Sciences and Education, 3(4), 17-23. 

Dunlosky, J., & Rawson, K. A. (2015). Practice tests, spaced practice, and successive relearning: Tips for classroom use and for guiding students’ learning. 

Scholarship of Teaching and Learning in Psychology, 1(1), 72–78. https://doi.org/10.1037/stl0000024 

Duschl, R., Maeng, S., & Sezen, A. (2021). Learning progressions and teaching sequences: A review and analysis. Studies in Science Education, 47(2), 

123-182. 

Ellado, P. M. M. (2021). Teachers’ metacognition and Higher Order Thinking Skills (HOTs) of Elementary School learners in Eastern Samar, Philippines. 

International Journal of Humanities and Innovation (IJHI), 4(4), 169-174. 

Erenler, S., & Cetin, P. S. (2019). Utilizing Argument-Driven-Inquiry to Develop Pre-Service Teachers' Metacognitive Awareness and Writing Skills. 

International Journal of Research in Education and Science, 5(2), 628-638. 

Fakhriyah, F., Masfuah, S., & Mardapi, D. (2019). Developing scientific literacy-based teaching materials to improve students’ computational thinking 

skills. Jurnal Pendidikan IPA Indonesia, 8(4), 482–491. https://doi.org/10.15294/jpii.v8i4.19259 

https://doi.org/10.17613/mkg3-sp19


International Journal of Research Publication and Reviews, Vol 6, Issue 6, pp 4602-4628 June 2025                                     4623 

 

 

Febriana, M., & Purbayanti, R. T. (2022). The effect of applying student worksheets based on scientific literacy to the theme of always saving energy on 

students ‘material understanding. In International Conference of Early Childhood Education in Multiperspectives (pp. 395-400). 

Feiz, J. P. (2016). Metacognitive awareness and attitudes toward foreign language learning in the EFL context of Turkey. In Procedia-Social and 

Behavioral Sciences (Vol. 232, pp. 459–470). doi: https://doi.org/10.1016/j.sbspro.2016.10.063 

Fleur, D. S. (2021). Metacognition: Ideas and insights from neuro- and educational sciences. Npj Science of Learning, 11. 

Forbes, C. T., Neumann, K., & Schiepe-Tiska, A. (2020). Patterns of inquiry-based science instruction and student science achievement in PISA 2015. 

International Journal of Science Education, 42(5), 1-10. https://doi.org/10.1080/09500693.2020.1730017 

Garcia, J. F., & Despojo, A. G. B. (2024). STRUCTURE OF THE OBSERVED LEARNING OUTCOME (SOLO) AND LEVEL OF THINKING 

SKILLS IN SCIENCE. Ignatian International Journal for Multidisciplinary Research, 2(5), 1923–1939. https://doi.org/10.5281/zenodo.11236127 

Goren, D., & Kaya, E. (2023). How is students’ understanding of nature of science related with their metacognitive awareness?. Science & Education, 

32(5), 1471-1496. 

Gutierrez de Blume, A. P., Montoya Londoño, D. M., Jiménez Rodríguez, V., Morán Núñez, O., Cuadro, A., Daset, L., & Arias, W. L. (2024). 

Psychometric properties of the Metacognitive Awareness Inventory (MAI): Standardization to an international Spanish with 12 countries. Metacognition 

and Learning, 1-33. https://doi.org/10.1007/s11409-024-09388-9 

Hadiprayitno, G., Lestari, N., Kusmiyati, K., Sukri, A., & Irawan, J. (2022). An Analysis on Students Problem-Solving Skill and Scientific Literacy Based    

on    Higher    Order    Thinking    Skills (HOTS) Viewed    from    Gender. Jurnal Penelitian Pendidikan IPA, 8(5), 2508–2512. 

https://doi.org/10.29303/jppipa.v8i5.2287  

Halpern, D. F., & Dunn, D. S. (2021). Critical thinking: A model of intelligence for solving real-world problems. Journal of Intelligence, 9(2), 22. 

Hamzah, H., Hamzah, M. I., & Zulkifli, H. (2022). Systematic literature review on the elements of metacognition-based higher order thinking skills 

(HOTS) teaching and learning modules. Sustainability, 14(2), 813. https://doi.org/10.3390/su14020813 

Hanifha, S., Erna, M., Noer, A. M., & Talib, C. A. (2023). Socioscientific issue-based undergraduate student worksheets on scientific literacy and 

environmental awareness. Jurnal Pendidikan IPA Indonesia, 12(4), 504–513. https://doi.org/10.15294/jpii.v12i4.45817. 

Hassan, M. N., Mustapha, R., Yusuff, N. A., Mansor, R. (2017). Development of Higher-Level Thinking Skills Module in Primary School Science 

Subjects: Teacher Needs Analysis. Hum. Sci. 9, 119–125. 

Hassan, S., Venkateswaran, S. P., Agarwal, P., Sulaiman, A. R. B., & Burud, I. A. S. (2022). Metacognitive Awareness and Its Relation to Students’ 

Academic Achievement: Time to Ponder Its Implication in Delivery of The Curriculum. 

Hastari, RC, Anggreini, D., & Wiyanti, K. (2021). The Students' Thinking Level in Solving Mathematics Problems Based on SOLO Taxonomy as Viewed 

from the Mathematics Anxiety. Journal of Educational Sciences, 17(2), 126–136. 

Hernández-Ramos, J., Pernaa, J., Cáceres-Jensen, L., & Rodríguez-Becerra, J. (2021). The Effects of Using Socio-Scientific Issues and Technology in 

Problem-Based Learning: A Systematic Review. Education Sciences, 11(10), 640. https://doi.org/10.3390/educsci11100640 

Hindun, I., Nurwidodo, N., & Ghofar Candra Wicaksono, A. (2020). Metacognitive awareness components of high-academic ability students in biology 

hybrid learning: Profile and correlation. JPBI (Jurnal Pendidikan Biologi Indonesia), 6(1), 31-38. 

Hook, P., Wall, S., & Manger, R. (2015). An action research project with SOLO Taxonomy Book 1: How to introduce and use SOLO as a model of 

learning across a school. Essential Resources Educational Publishers Limited. 

Husamah, H. (2015). Blended project based learning: Metacognitive awareness of biology education new students. Journal of Education and Learning, 

9(4), 274–281. doi: https://doi.org/10.11591/edulearn.v9. i4.2121 

Husamah, H., Fatmawati, D., & Setyawan, D. (2018). OIDDE learning model: Improving higher order thinking skills of biology teacher candidates. 

International Journal of Instruction, 11(2), 249–264. 

Husamah, H., Suwono, H., Nur, H., & Dharmawan, A. (2022). The development and validation of environmental literacy instrument based on spirituality 

for prospective science teachers. Eurasia Journal of Mathematics, Science and Technology Education, 18(12), 260-280. 

https://doi.org/10.29333/EJMSTE/12732 

Husna, N., Halim, A., Evendi, E., Syukri, M., Nur, S., Elisa, E., & Khaldun, I. (2022). Impact of Science Process Skills on Scientific Literacy. Jurnal 

Penelitian Pendidikan IPA, 8(4), 1827–1833. https://doi.org/10.29303/jppipa.v8i4.1887 

Hussain, D. (2015). Meta-cognition in mindfulness: A conceptual analysis. Psychological Thought, 8(2), 132141. doi: 

https://doi.org/10.5964/psyct.v8i2.139 

Ibrahim, N. H., Zanaton, H. I. (2017). Cognitive Meta Strategies for High Level Thinking Skills In Teaching and Learning Process. Educ. Symp. 1, 441–

449. 

https://doi.org/10.5281/zenodo.11236127
https://doi.org/10.3390/su14020813
https://doi.org/10.29303/jppipa.v8i4.1887


International Journal of Research Publication and Reviews, Vol 6, Issue 6, pp 4602-4628 June 2025                                     4624 

 

 

Ichsan, I. Z., Rahmayanti, H., Purwanto, A., Sigit, D. V, Singh, C. K. S., & Babu, R. U. M. (2020). HOTS AEP-COVID-19: Students knowledge and 

digital worksheet of ILMIZI environmental learning model. International Journal of Advanced Science and Technology, 29(6), 5231–5241.  

IDEK, M. S. B. (2020). Fostering ESL critical reading skills through solo taxonomy (Doctoral dissertation, Universiti Teknologi MARA). 

Irwan, D., Luthfiana, A., Putra, M. I. R., & Lahir, M. (2023). Check for updates Metacognitive Awareness Towards Academic Learning. In Proceedings 

of the 3rd International Conference on Education and Technology (ICETECH 2022) (Vol. 745, p. 270). Springer Nature. 

Istyadji, M., & Sauqina (2023). Conception of scientific literacy in the development of scientific literacy assessment tools: A systematic theoretical 

review. Journal of Turkish Science Education, 20(2), 281-308. https://doi.org/10.36681/tused.2023.016 

Jaleel, S. (2016). A Study on the Metacognitive Awareness of Secondary School Students. Universal Journal of Educational Research, 4(1), 165-172. 

https://doi.org.10.0.51.133/ujer.2016.040121 

Jamian, A. R., Othman, S., & Azhar Md Sabil, J. M. (2016). Teacher’s Readiness in the Implementation of Thinking Skills towards Non-Malay Students’ 

Essay Writing. PENDETA J. Malay Lang. Educ. Lit, 7, 1-8. 

Jia, X., Li, W., Cao, L. (2019). The role of metacognitive components in creative thinking. Front. Psychol. 10. 

Jufrida, J., Basuki, F. R., Kurniawan, W., Pangestu, M. D., & Fitaloka, O. (2019). Scientific literacy and science learning achievement at junior high 

school. International Journal of Evaluation and Research in Education, 8(4), 630-636. 

Kahar, M. S., Susilo, Abdullah, D., & Oktaviany, V. (2022). The effectiveness of the integrated inquiry guided model stem on students’ scientific literacy 

abilities. International Journal of Nonlinear Analysis and Applications, 13(1), 1667–1672. https://doi.org/10.22075/IJNAA.2022.5782 

Kallio, H., Virta, K., & Kallio, M. (2018). Modelling the components of metacognitive awareness. International Journal of Educational Psychology, 

7(2), 94-122. 

Kamal, S., & Badr, I. (2020). SOLO Taxonomy in a Visible Learning School: A Quasi-Experimental Design to Study the Effect of SOLO Taxonomy on 

Student Metacognitive Ability SOLO Taxonomy as a Framework of Designing Comprehension Strategies. 

Karimah, A., & Ramdani, A. (2021). Improving Students' Scientific Literacy: Learning Studies Using Science Teaching Materials on Circulatory System 

Materials. Prisma Sains: Jurnal Pengkajian Ilmu Dan Pembelajaran Matematika Dan IPA IKIP Mataram, 9(1), 57. 

Karimova, S., & Nasimov, J. (2023). WHAT IS A LESSON PLANNING?. Talqin va tadqiqotlar, 1(18). 

Kelp, N. C., McCartney, M., Sarvary, M. A., Shaffer, J. F., & Wolyniak, M. J. (2023). Developing science literacy in students and society: Theory, 

research, and practice. Journal of Microbiology & Biology Education, 24(2), 1–14. https://doi.org/10.1128/jmbe.00058-23 

Khaeruddin, K., Indarwati, S., Sukmawati, S., Hasriana, H., & Afifah, F. (2023). An analysis of students’ higher order thinking skills through the project-

based learning model on science subject. Jurnal Pendidikan Fisika Indonesia, 19(1), 47-54. 

Khasanah, A. N., Sajidan, S., Widoretno, S. (2017). Effectiveness of critical thinking indicator-based module in empowering student’s learning outcome 

in respiratory system study material. J. Pendidik. IPA Indones. 6, 187–195 

Kober, N. (2015). Reaching Students: What Research Says About Effective Instruction in Undergraduate Science and Engineering (p. 18687). National 

Academies Press. https://doi.org/10.17226/18687 

König, J., Bremerich-Vos, A., Buchholtz, C., & Glutsch, N. (2020). General pedagogical knowledge, pedagogical adaptivity in written lesson plans, and 

instructional practice among preservice teachers. Journal of Curriculum Studies, 52(6), 800-822. https://doi.org/10.1080/00220272.2020.1752804 

Labroo, A. A., & Pocheptsova, A. (2016). Metacognition and consumer judgment: Fluency is pleasant, but disfluency ignites interest. Current Opinion 

in Psychology, 10, 154-159. https://doi.org/10.1016/j.copsyc.2016.01.008 

Lavi, R., Tal, M., & Dori, Y. J. (2021). Perceptions of STEM alumni and students on developing 21st century skills through methods of teaching and 

learning. Studies in Educational Evaluation, 70, 101002. https://doi.org/10.1016/j.stueduc.2021.101002 

Liline, S., Tomhisa, A., Rumahlatu, D., & Sangur, K. (2024). The Effect of the Pjb-HOTS learning model on cognitive learning, analytical thinking skills, 

creative thinking skills, and metacognitive skills of biology education students. Journal of Turkish Science Education, 21(1), 175-195. 

https://doi.org/10.36681/tused.2024.010 

Lilly, S., Bieda, K. N., & Youngs, P. A. (2022). How early career elementary teachers vary in planning mathematics instruction. Journal of Mathematics 

Teacher Education. https://doi.org/10.1007/s10857-022-09551-6 

Lim, W., Son, J. W., & Kim, D. J. (2018). Understanding preservice teacher skills to construct lesson plans. International Journal of Science and 

Mathematics Education, 16(3), 519–538. https://doi.org/10.1007/s10763-016-9783-1 

Lu-ong, A. L. (2023). Evaluating the scientific literacy skills of undergraduate biology students. Psych Educ, 15(7), 712–720. 

https://doi.org/10.5281/zenodo.10371373 

https://doi.org/10.36681/tused.2023.016
https://doi.org.10.0.51.133/ujer.2016.040121
https://doi.org/10.36681/tused.2024.010


International Journal of Research Publication and Reviews, Vol 6, Issue 6, pp 4602-4628 June 2025                                     4625 

 

 

Luzyawati, L., Hamidah, I., Fauzan, A., & Husamah, H. (2025). Higher-order thinking skills-based science literacy questions for high school students. 

Journal of Education and Learning (EduLearn), 19(1), 134-142. 

Mahardika, A. I., Arifuddin, M., Alkaf, N., Saputra, B., Hayati, M., & Nicosia, N. (2022). The effectiveness of wetland environment static fluid e-module 

to train learners' science literacy. Cypriot Journal of Educational, 17(12), 4556–4569. http://dx.doi.org/10.18844/cjes.v17i12.8190 

Maryani, I., Prasetyo, Z. K., Wilujeng, I., & Purwanti, S. (2022). Higher-order thinking test of science for college students using multidimensional item 

response theory analysis. Pegem Journal of Education and Instruction, 12(1), 292-300. 

Matisa, N. S, Mahamod, Z. (2021). Level of Knowledge, Attitude and Problems of Malay Language Teachers Towards the Application of High-Level 

Thinking Skills in Teaching and Learning Comsas. Asian People J. 4, 93–107. 

McDowell, L. D. (2019). The roles of motivation and metacognition in producing self-regulated learners of college physical science: A review of empirical 

studies. International Journal of Science Education, 41(17), 2524-2541. https://doi.org/10.1080/09500693.2019.1689584 

McMillan, J. H. (2023). Classroom assessment. International Encyclopedia of Education: Fourth Edition, 519–528. https://doi.org/10.1016/B978-0-12-

818630-5.10064-8 

Miller, T. M. (2017). Measurement, theory, and current issues in metacognition: An overview. ACS Symposium Series, 1269, 1–15. doi: 

https://doi.org/10.1021/bk-2017-1269.ch001 

Millis, B. J. (2016). Using metacognition to promote learning. IDEA Paper, 63(December), 1–9. Retrieved from 

http://www.ideaedu.org/Portals/0/Uploads/Documents/IDEA Papers/IDEA Papers/PaperIDEA_63.pdf 

Misrom, N. B., Muhammad, A., Abdullah, A., Osman, S., Hamzah, M., & Fauzan, A. (2020). Enhancing students’ higher-order thinking skills (HOTS) 

through an inductive reasoning strategy using geo-gebra. International Journal of Emerging Technologies in Learning (iJET), 15(3), 156-179. 

Molan, S., Weber, D., & Kor, M. (2022). Shaping children’s knowledge and response to bushfire through use of an immersive virtual learning 

environment. Journal of Educational Computing Research, 60(6), 1399-1435. 

Muhali, M., Prahani, B. K., Mubarok, H., Kurnia, N., & Asy’ari, M. (2021). The Impact of Guided-Discovery-Learning Model on Students’ Conceptual 

Understanding and Critical Thinking Skills. Jurnal Penelitian Dan Pengkajian Ilmu Pendidikan: E-Saintika, 5(3), 227–240. 

https://doi.org/10.36312/esaintika.v5i3.581 

Muhali, M., Yuanita, L., & Ibrahim, M. (2019). The Validity and Effectiveness of the Reflective-Metacognitive Learning Model to Improve Students’ 

Metacognition Ability in Indonesia. Malaysian Journal of Learning and Instruction, 16(2), 33–74. https://doi.org/10.32890/mjli2019.16.2.2 

Mulbar, U., Rahman, A., & Ahmar, A. (2017). Analysis of the ability in mathematical problem-solving based on SOLO taxonomy and cognitive style. 

World Transactions on Engineering and Technology Education, 15(1). https://ssrn.com/abstract=2940939  

Murniati, N., Susilo, H., & Listyorini, D. (2023). Check for updates A Comprehensive Scientific Literacy Analysis of Biology Textbooks Used by 

Indonesian Senior High Schools. In Online Conference of Education Research International (OCERI 2023) (Vol. 775, p. 410). Springer Nature. 

Mutalib, S., Kanreng, M. Z. (2017). Implementation of HOTS in Formative Assessment for Slots for Malay Language Communication: Case Study. Natl. 

J. Early Child. Educ. 6, 18–33. 

Negretti, R. (2021). Searching for Metacognitive Generalities: Areas of Convergence in Learning to Write for Publication Across Doctoral Students in 

Science and Engineering. Written Communication, 38(2), 167–207. https://doi.org/10.1177/0741088320984796 

Nuangchalerm, P., El Islami, R. A. Z., & Prasertsang, P. (2022). Science Attitude on environmental conservation of thai and indonesian novice science 

teacher students. International Journal of STEM Education for Sustainability, 2(2), 148–155. https://doi.org/10.53889/ijses.v2i2.62 

Nurajizah, U., Windyariani, S., & Setiono, S. (2018). Improving students’ metacognitive awareness through implementing learning journal. JPBI (Jurnal 

Pendidikan Biologi Indonesia), 4(2), 105–112. doi: https:// doi.org/10.22219/jpbi.v4i2.5788 

Nurwidodo, N., Ibrohim, I., Sueb, S., & Husamah, H. (2023). “Let’s transform!”: A systematic literature review of science learning in COVID-19 

pandemic era. Eurasia Journal of Mathematics, Science and Technology Education, 19(2), em2224. 

OECD (2019). PISA 2018 assessment and analytical framework. OECD Publishing. 

OECD (2023). Equity in education in PISA 2022. OECD Publishing.   

Osborne, J. (2023). Science, scientific literacy, and science education. In Handbook of research on science education (pp. 785-816). Routledge. 

Ouyang, Y., Yang, G., Zhu, Y., Tan, Q., & Liu, X. (2020). Better regulatory performance without greater cognitive resource expenditure: The effect of 

motivational states on self-regulation. Personality and Individual Differences, 166, 110170. https://doi.org/10.1016/j.paid.2020.110170 

Öz, H. (2016). Metacognitive awareness and academic motivation: A cross-sectional study in teacher education context of Turkey. In Procedia - Social 

and Behavioral Sciences (Vol. 232, pp. 109–121). doi: https://doi.org/10.1016/j.sbspro.2016.10.035 



International Journal of Research Publication and Reviews, Vol 6, Issue 6, pp 4602-4628 June 2025                                     4626 

 

 

Pahrudin, A., Irwandani, Triyana, E., Oktarisa, Y., & Anwar, C. (2019). The analysis of pre-service physics teachers in scientific literacy: Focus on the 

competence and knowledge aspects. Jurnal Pendidikan IPA Indonesia, 8(1), 52–62. https://doi.org/10.15294/jpii.v8i1.15728 

Pakpahan, R. A. (2022). Improving Students’ Scientific Literacy Through Problem Based Learning. Jurnal Pendidikan LLDIKTI Wilayah 1 (JUDIK), 

2(02), 68–73. https://doi.org/10.54076/judik.v2i02.257 

Pamungkas, Z. S., Aminah, N. S., & Nurosyid, F. (2019). Analysis of Students' Metacognition Level in Solving Scientific Literacy on the Topic of Static 

Fluid. Journal of Education and Learning (EduLearn), 13(1), 66-73. 

Pantiwati, Y., & Husamah, H. (2017). Self and peer assessments in active learning model to Increase metacognitive awareness and cognitive abilities. 

International Journal of Instruction, 10(4), 185–202. doi: https://doi.org/10.12973/iji.2017.10411a 

Parwata, I. G. A. L., Jayanta, I. N. L., & Widiana, I. W. (2023). Improving metacognitive ability and learning outcomes with problem-based revised 

Bloom's Taxonomy oriented learning activities. Emerging Science Journal, 7(2), 569-577. 

Pegg J. (2020) Structure of the Observed Learning Outcome (SOLO) Model. In: Lerman S. (eds) Encyclopedia of Mathematics Education. Springer, 

Cham 

Pellegrino, J. W. (2021). Some Thoughts From the Learning Sciences. The Science of Learning and Development: Enhancing the Lives of All Young 

People. 

Philippine National Research Center for Teacher Quality (RCTQ), Philippine Normal University, SiMERR National Research Centre-University, 

Australian Government, Department of Education (2022). Do Your Learners Do the Thinking? Developing Learners’ Higher-Order Thinking Skills in 

Science for Grades 7, 8, 9, & 10. A Professional Learning Package on the PPST Indicators 1.5.2 and 1.5.3.  

Picardal, M. T., & Sanchez, J. M. P. (2022). Effectiveness of contextualization in science instruction to enhance science literacy in the Philippines: a 

meta-analysis. International Journal of Learning, Teaching and Educational Research, 21(1), 140-156. 

Ploj Virtič, M. (2022). Teaching science & technology: Components of scientific literacy and insight into the steps of research. International Journal of 

Science Education, 44(12), 1916–1931. https://doi.org/10.1080/09500693.2022.2105414 

Punnithann, S. (2018). Relationship of High-Level Thinking Skills and Metacognitive to Teaching in Working Making in among Elementary School 

Science Teachers in Thumb District. Bachelor’s Thesis, University Putra Malaysia, Serdang, Malaysia. 

Putranta, H. (2019). Synthesis of the cognitive aspects’ science literacy and higher order thinking skills (HOTS) in chapter momentum and impulse. In 

Journal of Physics: Conference Series (Vol. 1397, No. 1, p. 012014). IOP Publishing. 

Rahmat, I., & Chanunan, S. (2018). Open inquiry in facilitating metacognitive skills on high school biology learning: an inquiry on low and high academic 

ability. International Journal of Instruction, 11(4), 593–60. 

Rajakumari, V. P., Ruslin, A. (2020). Learning Styles and Metacognitive Strategies in Chemistry Mastery in School. In Proceedings of the 3rd 

International Conference on Governance Education and Business, Kuala Terengganu, Malaysia, pp. 29–42. 

Retnawati, H., Djidu, H., Kartianom, A., & Anazifa, R. D. (2018). Teachers' knowledge about higher order thinking skills and its learning strategy. 

Problems of Education in the 21st Century, 76(2), 215-231. 

Ridzal, D. A., & Haswan, H. (2023). Analysis of the correlation between science literacy and critical thinking of grade eight students in the circulatory 

system. Jurnal Pijar Mipa, 18(1), 1-5. 

Rusilowati, A., Kurniawati, L., Nugroho, S. E., & Widiyatmoko, A. (2016). Developing an Instrument of Scientific Literacy Assessment on the Cycle 

Theme. International Journal of Environmental and Science Education, 11(12), 5718-5727. 

Rusilowati, A., Nugroho, S. E., Susilowati, E. S. M., Mustika, T., Harfiyani, N., & Prabowo, H. T. (2018). The development of scientific literacy 

assessment to measure student’s scientific literacy skills in energy theme. In Journal of Physics: Conference Series (Vol. 983, No. 1, p. 012046). IOP 

Publishing. 

Rusilawati, A., Sunyoto, E. N., & Sri Mulyani, E. S. (2015). Developing of Science Textbook Based on Scientific Literacy for Seventh Grade of Secondary 

School. In Proceedings of International Conference on Mathematics, Science, and Education. 

Sabna, E., & Hameed, A. (2016). Metacognitive awareness for ensuring learning outcomes among higher secondary school students. IOSR Journal of 

Humanities and Social Science (IOSR-JHSS), 21(4), 101-106. 

Safi'i, A., Muttaqin, I., Hamzah, N., Chotimah, C., Junaris, I., & Rifa'i, M. K. (2021). The effect of the adversity quotient on student performance, student 

learning autonomy and student achievement in the COVID-19 pandemic era: evidence from Indonesia. Heliyon, 7(12). 

Saido, G. M., Siraj, S., Bin-Nordin, A., & Al-Amedy, O. S. (2015). Higher order thinking skills among secondary school students in science learning. 

The Malaysian Online Journal of Educational Science, 188 3(3), 13–20. 

https://doi.org/10.54076/judik.v2i02.257


International Journal of Research Publication and Reviews, Vol 6, Issue 6, pp 4602-4628 June 2025                                     4627 

 

 

Sargioti, A., & Emvalotis, A. (2020). Attitudes towards science and the impact of epistemic beliefs on pre- service primary teachers’ scientific literacy. 

Educational Journal of the University of Patras UNESCO Chair, 7(1), 174–189. http://dx.doi.org/10.26220/une.3239 

Sarini, P., Widodo, W., Sutoyo, S., & Suardana, I. N. (2024). Scientific Literacy Profile of Prospective Science Teacher Students. IJORER: International 

Journal of Recent Educational Research, 5(4), 1026-1039. 

Sekaryanti, R., Cholily, Y. M., Darmayanti, R., Rahma, K., & Maryanto, B. P. A. (2022). Analysis of Written Mathematics Communication Skills in 

Solving Solo Taxonomy Assisted Problems. JEMS: Jurnal Edukasi Matematika Dan Sains, 10(2), 395-403. 

Sevimli, D. (2018). Comparison of the metacognitive awareness levels between successful and unsuccessful teams in the turkish men’s second volleyball 

league. Universal Journal of Educational Research, 6(12), 2715–2720. doi: https://doi.org/10.13189/ujer.2018.061203 

Shohib, M., Rahayu, Y. S., Wasis, W., & Hariyono, E. (2021). Scientific literacy ability of junior high school students on static electricity and electricity 

in living things. IJORER: International Journal of Recent Educational Research, 2(6), 700-708. 

Sholahuddin, A., Susilowati, E., Prahani, B. K., & Erman, E. (2021). Using a cognitive style-based learning strategy to improve students’ environmental 

knowledge and scientific literacy. International Journal of Instruction, 14(4), 791–808. https://doi.org/10.29333/iji.2021.14445a 

Sholihah, I. M., Sumardjoko, B., Sumardi, Muhibbin, A., & Haryanto, S. (2023). Strategic Factors Skills for Solving Hots Science Questions for Batik 

Junior High School of Surakarta Grade 8th. Jurnal Penelitian Pendidikan Journal of Research in Science Education, 9(12), 10-860. 

https://doi.org/10.29303/jppipa.v9i12.5724 

Siswanto, J., Suyidno, S., Mahtari, S., Fitriyani, F., Febriani, W., & Sari, E. (2023). The barriers to developing students' scientific literacy in learning 

physics of quantities and measurements. Jurnal Pendidikan Sains Indonesia (Indonesian Journal of Science Education), 11(2), 206-220. 

Smith, A. K., Black, S., & Hooper, L. M. (2017). Metacognitive knowledge, skills, and awareness: A possible solution to enhancing academic achievement 

in African American adolescents. Urban Education, 1–15. doi: https://doi.org/10.1177/0042085917714511 

Soh, M. A. C., Ajmain, M. T., Hehsan, A., Mohamed, A. M. (2020). Mastery of high-level thinking skills (KBAT) among Islamic education teachers in 

Hulu Langat district (proficiency of higher order thinking skills (HOTs) among Islamic education teachers in Hulu Langat district). World J. Educ. 2, 

135–149. 

Stylos, G., Siarka, O., & Kotsis, K. T. (2022). Assessing Greek pre-service primary teachers’ scientific literacy. European Journal of Science and 

Mathematics Education, 11(2), 271–282. https://doi.org/10.30935/scimath/12637 

Sukmawati, W., & Zulherman, Z. (2023). Analysis of Changes in Students’ Scientific Literacy Ability After Attending Lectures Using the RADEC 

Model. Jurnal Penelitian Pendidikan IPA, 9(3), 1039–1044. https://doi.org/10.29303/jppipa.v9i3.2846 

Sulaiman, T., Subramaniam, P., & Kamarudin, N. (2019). The influence of higher order thinking and metacognitive skills towards hands-on teaching 

among primary school science teachers. International Journal of Academic Research in Progressive Education and Development, 8(4), 245-258. 

http://dx.doi.org/10.6007/IJARPED/v8-i4/6497 

Suwono, H., Maulidia, L., Saefi, M., Kusairi, S., & Yuenyong, C. (2022). The development and validation of an instrument of prospective science 

teachers’ perceptions of scientific literacy. Eurasia Journal of Mathematics, Science and Technology Education, 18(1), 211-231. 

https://doi.org/10.29333/EJMSTE/11505 

Syarifah, H., Indriwati, S. E., & Corebima, A. D. (2016). Metacognitive skills and motivation differences between male and female Xth grade student of 

public senior high school in malang through reading questioning and answering (RQA) combined with think pair share (TPS) learning strategy. JPBI 

(Jurnal Pendidikan Biologi Indonesia), 2(1), 10–18. doi: https://doi.org/10.22219/jpbi.v2i1.3367 

Syazana, S., Zamri, M. (2018). The perception of Sri Aman District Primary School Malay language teachers on high level thinking skills in teaching 

and learning. Int. J. Malay World Civilis. 6, 63-78. 

Taber, K. S. (2015). Affect and meeting the needs of the gifted chemistry learner: Providing intellectual challenge to engage students in enjoyable learning. 

In Affective Dimensions in Chemistry Education (pp. 133–158). Springer Berlin Heidelberg; Scopus. https://doi.org/10.1007/978-3-662-45085-7_7 

Tai, J., Ajjawi, R., Boud, D., Dawson, P., & Panadero, E. (2018). Developing evaluative judgement: Enabling students to make decisions about the quality 

of work. Higher Education, 76(3), 467-481. https://doi.org/10.1007/s10734-017-0220-3 

Tran, D., Nguyen, A. T. T., Nguyen, D. T., Ta, P. T. M., Pham, N. T., & Huynh, B. T. (2023). Changes in lesson plans as teachers participate in a 

professional development on statistical literacy. International Journal of Learning, Teaching and Educational Research, 22(5), 281-301. 

Triana, H., Abustang, P. B., Utomo, E., Rakhman, G. G. F., & Fahrurrozi, F. (2023). Assessment Evaluation Using Solo Taxonomy for Measuring Levels 

of Critical Thinking Skills: PYP International Baccalaureate Case Study. Prisma Sains: Jurnal Pengkajian Ilmu dan Pembelajaran Matematika dan IPA 

IKIP Mataram, 11(2), 581-595. 

Tsai, Y., Lin, C., Hong, J., & Tai, K. (2018). The effects of metacognition on online learning interest and continuance to learn with MOOCs. Computers 

& Education, 121, 18-29. https://doi.org/10.1016/j.compedu.2018.02.011 

https://doi.org/10.29303/jppipa.v9i3.2846


International Journal of Research Publication and Reviews, Vol 6, Issue 6, pp 4602-4628 June 2025                                     4628 

 

 

Udeani, "Quantitative Analysis of Secondary School Biology Textbooks for Scientific Literacy Themes," Research Journal in Organizational Psychology 

and Educational Studies, 2(1), pp. 39-43, 2013. 

Van Merriënboer, J. J., Kirschner, P. A., & Frèrejean, J. (2024). Ten steps to complex learning: A systematic approach to four-component instructional 

design. Routledge. 

Vandegrift, E. V. H., & Cavanagh, A. J. (2019). Building Student Literacy and Metacognition Through Reading Science in the News. CourseSource, 6, 

2332-6530. https://doi.org/10.24918/cs.2019.37 

Veenman, M. V. (2017). Assessing metacognitive deficiencies and effectively instructing metacognitive skills. Teachers College Record, 119(13), 1-20. 

Vrieling, E., Stijnen, S., & Bastiaens, T. (2018). Successful learning: Balancing self-regulation with instructional planning. Teaching in Higher Education, 

23(6), 685-700. https://doi.org/10.1080/13562517.2017.1414784 

Wahab, M. N. N. D., Wasis, W., & Yuliani, Y. (2023). Profile of Junior High School Students’ Scientific Literacy. IJORER: International Journal of 

Recent Educational Research, 4(2), 176-187. https://doi.org/10.46245/ijorer.v4i2.292 

Wang, L., Yuan, Y., & Wang, G. (2024). The construction of civil scientific literacy in China from the perspective of science education. Science and 

Education, 33(1), 249269. https://doi.org/10.1007/s11191-022-00367-7 

Wijnia, L., & Baars, M. (2021). The role of motivational profiles in learning problem-solving and self-assessment skills with video modeling examples. 

Instructional Science, 49(1), 67-107. 

Wirzal, M. D. H., Halim, N. S. A., Nordin, N. A. H. M., & Bustam, M. A. (2022). Metacognition in science learning: bibliometric analysis of last two 

decades. Jurnal Penelitian Dan Pengkajian Ilmu Pendidikan: E-Saintika, 6(1), 43-60. 

Wirzal, M. D. H., Nordin, N. A. H. M., Bustam, M. A., & Joselevich, M. (2022). Bibliometric Analysis of Research on Scientific Literacy between 2018 

and 2022: Science Education Subject. International Journal of Essential Competencies in Education, 1(2), 69–83. 

https://doi.org/10.36312/ijece.v1i2.1070 

Yanqun, Z. (2019). The significance and instruction of metacognition in continuing education. International Forum of Teaching and Studies, 15(1), 29–

37. Retrieved from https://www.questia.com/library/journal/ 1P4-2210885926/the-significance-and-instruction-of-metacognition 

Yee, M. H., Zainol, N. S., I., Razak, C. W., Tee, T. K., & Kok, B. C. (2019). Level of Metacognitive Awareness Strategies among Technical Students. 

International Journal of Engineering and Advanced Technology, 8(6s3), 669–673. https://doi.org/10.35940/ijeat.f1123.0986s319 

Yuliana, I., Cahyono, M. E., Widodo, W., & Irwanto, I. (2021). The effect of ethnoscience-themed picture books embedded within context-based learning 

on students’ scientific literacy. Eurasian Journal of Educational Research, 317–334. https://doi.org/10.14689/ejer.2021.92.16 

Yuliati, L., Hapsari, A. A., Nurhidayah, F., & Halim, L. (2018). Building scientific literacy and physics problem solving skills through inquiry-based 

learning for STEM education. In Journal of Physics: Conference Series (Vol. 1108, No. 1, p. 012026). IOP Publishing. 

Zeidler, D. L., & Sadler, T. D. (2023). Exploring and expanding the frontiers of socio-scientific issues. In Handbook of research on science education 

(pp. 899-929). Routledge. 

Zohar, A., & Barzilai, S. (2015). Metacognition and teaching higher order thinking (HOT) in science education: Students' thinking, teachers' knowledge, 

and instructional practices. In R. Wegerif, L. Li & J. Kaufman (Eds.), Routledge international handbook of research on teaching thinking (pp. 229-242). 

Oxon, UK: Routledge. 

\ 

 

 

https://doi.org/10.46245/ijorer.v4i2.292
https://doi.org/10.36312/ijece.v1i2.1070

