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1. INTRODUCTION

Literature upholds a strong belief on the effectiveness of employing metacognition in science classrooms
[17-[3]- However, it is vague how it is practiced in the classroom which can be attributed to the teacher’s
insufficient understanding of the concept of metacognition, and amplified by the preconceived notion of
metacognitive practice being applicable only for adult learners, and already highly-achieving learners [4]. This
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literature finding highlights a critical challenge in the implementation of metacognition into the classroom which
has diverse learners with different levels of learning abilities. One reason is that an effective teaching of
metacognition in a classroom assumes teacher’s robust understanding of metacognition, coupled with the
appropriate pedagogical knowledge [5], [6]. Second, successful integration of metacognition into classroom
practice requires the teachers explicit embedding of metacognitive knowledge and skills to allow learners creation
of connections, direct instruction of its benefits, and prolonged training and practice [7]-[9]. While metacognition
researches increases in popularity in science education, several research gap exists. One of it is the lack of empirical
studies exploring the development of learner’s metacognitive knowledge [5].

Although this research article does not directly explore on how to develop learners metacognitive
knowledge, it seeks to establish how the student’s pre-existing physics performance is determined by their exercise
or non-exercise of metacognitive practices, even when they are not explicitly trained to employ it. This is essential
to be explored by science educators to present the current state which is necessary for later comparison, when
explicit instruction on metacognitive knowledge is given to the learners. This current research paper aids in this
gap by establishing the strength of association between specific dimensions of metacognition (i.e., knowledge of
cognition, information management, monitoring, evaluation, debugging, and planning) and academic performance
in physics.

Once this is established, empirically-based suggestions on the delivery of physics instruction can be put
forth to allow for a classroom experience that enriches the practice of these metacognitive dimensions. It is also
important to note that the point of view adopted in this research article is mainly cognitive, in contrast to other
works on metacognition which takes a more broader psychological-cognitive perspective such as that of Ben-
David, A., and Orion, N. As such, it is limited in its analysis since it does not take into account the social context
with which learning happens.

In addressing the main goal of this article: establishing how students’ pre-existing metacognitive practice
in physics problem solving correlates with their physic grade, the Physics Metacognition Inventory developed by
Taasoobshirazi and Farley [10] is utilized. The scale has an internal consistency of 0.90, indicating high-reliability
of the instrument in measuring the constructs it intends to measure. It is administered to the laboratory high school
of the Mindanao State University-Iligan Institute of Technology. The results show that students’ level of
proficiency shows strong positive correlation with knowledge of cognition, while evaluation and planning shows
weak-positive correlation.

2. RESEARCH METHOD

This research employs a cross-sectional research design. Cross-sectional research is ideal for this
research’s goal of establishing how high school students’ performance in physics across the entire academic year
is influenced by their exercise of the metacognitive dimensions (i.e., knowledge of cognition, information
management, monitoring, evaluation, debugging, and planning) without necessarily influencing each of these
factors through direct instruction from the teacher. This provides an unbiased perspective of the potential of
students’ exercise of metacognitive dimension, and how it translates into measurable outcomes in their physics
performance.

Data is collected after the fourth quarter physics class of the Grade 9 students in the laboratory high school
of the university. This is intended to allow the students a larger time frame to develop and exercise their own
approach in learning physics, particularly in solving physics problem. Informed consent form is given to the
parents asking for their consent to include their child in the research. In addition, assent form is also accomplished
by the students in consideration that they are still minors. In accomplishing the instrument used in this study (i.e.,
Physics Metacognitive Inventory), students are well oriented with the nature of their participation on the study,
how their aninomity is protected, how their data will be used, and how it will be discarded. Also it is emphasized
that they may leave some item unanswered if they are uncomfortable to disclose it or unable to objectively assess
themselves. The initial number of respondents tallied to 121 Grade 9 students, while only 117 (N =117) were
considered for data analysis after removing data with missing values (i.e., skipped items).

2.1 Research Instrument

Physics Metacognition Inventory (PMI) scale developed by Taasoobshirazi and Farley [10] is utilized.
The scale is a 5-point likert scale consisting of 26 questions covering the six dimensions of metacognition. Six (6)
questions for the knowledge of cognition, four (4) for information management, four (4) for monitoring, four (4)
for evaluation, two (2) for debugging, and six (6) for planning. The scale is phase validated and is found to exhibit
lexical attributes suited for the intended student participants. In addition, the scale has an internal consistency of
0.90, indicating high-reliability of the instrument in measuring the constructs it intends to measure.
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2.2 Statistical Analysis

For statistical analysis, students are categorized according to their level of proficiency, which is adopted
according to the standards of the Department of Education. Shapiro-Wilk’s test for normality reveals non-normal
distribution (p-values < 0.05) of the grades across different levels of proficiency. Thus a non-parametric test (i.e.,
spearman rank correlation) is utilized to establish statistical correlation among the variables of interest (i.e, level
of proficiency and factors on Physics Metacognition Inventory). Analysis is performed on RStudio Version
2023.06.0+421 (2023.06.0+421).

3.  RESULTS AND DISCUSSION

Student respondents are categorized by its level of proficiency according to the standards of the
Department of Education. Grades above 90% are classified as advanced, those within the range of 85 % - 89 %
are classified as proficitient, 80% -84% as approaching proficiency, 75% - 79% as developing, and 74% and below
as beginning. The initial number of respondents tallied to 121 Grade 9 students, while only 117 (N =117) were
considered for data analysis after removing data with missing values (i.e., skipped items). Out of the 117, 20 were
advanced (17.09%), 33 are proficient (28.21%), 46 are approaching proficiency (39.32 %), and 18 are developing
(15.38%) . Shapiro-Wilk’s test for normality reveals non-normal distribution (p-values < 0.05) of the grades across
different levels of proficiency. In the analysis of this data, the scores on the Likert scale is treated to be in the
ordinal scale. Although likert scale is often treated in the interval scale, it is appropriately treated as an ordinal
scale where arithmetic operations is not applicable [11]-[13].

3.1. Student’s proficiency in physics and their knowledge of cognition
Level Knowledge Regulation  Regulation Regulation Regulation Regulation
of of Cognition of of of of of
Profic Cognition: Cognition:  Cognition:  Cognition:  Cognition:
iency information  monitoring  evaluation  debugging planning
management
Level of * 0.40%* 0.09 0.13 0.23* 0.07 0.19*
Proficiency
Knowledge * 0.44%* 0.30% 0.33* 0.21* 0.52*
of Cognition

Regulation * 0.21%* 0.23* 0.27* 0.49*
of

Cognition:

information

management

Regulation * 0.28* 0.27* 0.36*
of

Cognition:

monitoring

Regulation * 0.24* 0.34*
of

Cognition:

evaluation

Regulation * 0.45%
of

Cognition:

debugging

Regulation
of

Cognition:

planning
*significant at 95% confidence interval. Spearman-rank correlation between level of proficiency and
metacognitive dimensions.

Knowledge of cognition spans the individual’s awareness about their own cognition, which scholars
suggest to include declarative, procedural, and conditional knowledge [3]. This roots from Flavell’s
“metacognitive knowledge” , which is defined as the knowledge, ideas, and theories interacting with an
individual’s cognitive tasks and strategies. In this section, it is of prime importance to explicitly distinguish each
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of the components of the knowledge of cognition: declarative, procedural, and conditional knowledge. Declarative
knowledge centers on the individual’s knowledge of oneself as the learner and accounts an analysis of one’s
abilities in relation to the cognitive task. Procedural knowledge refers to the individual’s knowledge on specific
strategies and procedures. Conditional knowledge refers to the strategic and critical evaluation of the required
declarative and procedural knowledge, in relation to a specific cognitive task [10], [14]

Knowledge of cognition exhibits strong, positive relationship (p=0.40) with the learner’s level of
proficiency. This implies that the physics students with better conscious awareness of their own abilities
(declarative), better strategies in approaching a cognitive task (procedural), and better able to judge which approach
works best for a particular task with consideration of one’s own set of cognitive skills (conditional) tends to have
higher grades. On the one hand, this also means that those with less awareness of their declarative, procedural, and
conditional knowledge tends to perform poorly. Interestingly, similar findings can be drawn from a study whose
subject concentration is diverged from physics, in specific physiology Shah & Modna [15], mathematics Mevarech
& Amrany [16] and even in undergraduate teacher education [17], [18]. It might be the case where students’
knowledge of cognition serves as a strong predictor of their learning regardless of the discipline in question.

Learning physics is coupled with problem solving as direct applications of the taught principles. More
often than not, there exist multiple ways to solve a physics problem and it will always yield the same result, so
long as the principles employed is applicable for the specific context in the problem, and the assumptions required
by the principle are met. This then highlights the inevitable advantage of students who have clear conception of
their own abilities (declarative), as they can avoid approaching the problem in an approach that they knew they
have difficulty with, either in understanding the concept itself, or in the application of the principle. As a
consequence, they are able to limit their choices on approaching the problem, while increasing the probability on
getting the answer right since they can rechannel their time towards strategies that they know works for them.
Although this is heavily polarized towards problem solving in physics, one can argue that this is equally applicable
in the context of learning concepts and or principles. In learning physics concepts, students with better knowledge
of cognition can decide against strategies which they know from conscious reflection of how they learn, are
ineffective for them (e.g., they may or may not prefer taking notes while on class).

If learners are not aware of how he/she best learn, or equivalently the learner has low knowledge of their
own cognition, they tend to learn in ways, that may be counterproductive for them, even without them realizing it.
This suggest that one of the teacher’s role in science classroom is to enable student’s metacognitive practice either
through direct instruction or by modelling of these metacognitive strategies [19], [20]. Although this seems to be
an implied practice inside the classroom, unfortunately literature suggests otherwise. Teachers exhibit deficiency
of knowledge as well as skills in bringing the concept of metacognition into classroom instruction [4], [21].

An important implication for teacher education institutions is to check the trainings provided for the
undergraduate science teachers, to include direct instruction along with practical professional development training
in the use of metacognition in the classroom [22]. Needless to say, sufficient and curriculum-supported exercise
of metacognitive practices in science teaching is paramount in supporting students who are in the lower profiency
range. In addition, learners should be provided with an opportunity to reflect on what they understood, what they
find challenging to understand, and what they have not understand [23] This may be in terms of taught concept
and principles, and even on steps or processes when applying the taught principles. The balance between learning
space and structure given to students in a form of guided-inquiry can potentially aid in this [21]. Specific to physics
problem solving, it would be helpful to have probing questions prior to the actual problem solving [24]. These
questions should allow the students to reflect on what they have understood of the concepts or principles and how
it applies to the problem given. It would also help to provide probing questions which allows them to reflect on
the method or process that they are confident in performing. In this way, they are allowed to exercise the knowledge
of cognition, prior to actually solving the problem.

3.2. Student’s proficiency in physics and their regulation of cognition

Scholars define regulation of cognition to encompass both cognitive and metacognitive strategies in
learning performed by the learners in processing an information [25].It is important to note that in cognitive
psychology, this is under the broad category of self-regulated learning (SRL). Self-regulated learning is defined
as the active process employed by the students in the use of strategies to regulate their own learning [26]. Alongside
regulation of cognition includes regulation of motivation, regulation of behavior, and regulation of context [26].
Each of these broad areas are distinct concepts yet interrelated and significantly interacts to influence how students
learn in the context of their exercise of self-regulation. Studies documented that the self-regulatory processes can
be impeded or facilitated by the student’s motivational beliefs such as self-efficacy and the task value attributed
to a particular task [25], [27]. With this being explicitly clear, the current paper singly explores regulation of
cognition and its influence on student’s physics grades without consideration on how regulation of behavior,
motivation, and context might have influenced the research findings.

Regulation of cognition has five (5) distinct constructs; these are information management, monitoring,
evaluation, debugging and planning. Information management encompasses students concious selection on their
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repertoire of strategies to solve a problem [10]. In a physics classroom, this is exhibited by the students through
their conscious selection of specific physics principles and mathematical techniques that guarantee easier solution
for the problem. Monitoring refers to the recurring assessment of the student’s goal (solving the problem) , and
their current performance on the given task [10]. This is evident in a physics classroom when students solving a
problem, constantly check whether the solution is leading towards the expected answer, or their approach on the
problem is deemed problematic since it led to unforeseen complexity, thereby necessating for alternative approach
in solving. Although quite related with monitoring, evaluation is distinct. Evaluation is the appraisal given by the
students only after their work is completed [10]. In the highschool physics classrooms, this is manifested when
students check whether they are getting a sensible or realistic numerical values, or whether they are getting the
appropriate unit for the quantity that is being solved. In connection to monitoring where students may find possible
difficulties in their current approach in solving the problem, the actual resolution is actualized through debugging.
Debugging refers to the students’ act of correcting errors in their solution, and trying out the possible alternatives
[10]. Lastly, planning is the setting and clarifying of goals prior to performing the task. In physics classroom
practice, both in secondary and tertiary level, this is exemplified when students define the known quantities,
identify applicable principles, and the quantity required to be solved.

While all of the five components of regulation of cognition showed positive correlation with the level of
proficiency in Physics, only the constructs of evaluation and planning showed a statistically significant positive
correlation with student’s grade in physics. However, of the two, planning (p=0.19) showed negligible correlation
while evaluation (p=0.23) showed weak correlation. Although these positive correlations are weak, it is essential
to discuss it’s implication for problem solving in high school physics.

This result implies that the student’s grades in physics is correlated to how the student plans the approach
in solving problem, and afterwards evaluating the physical sensibility of their answers [28], [29]. Highly-
performing students tend to practice this frequently compared to their low-performing counterparts. Planning and
monitoring as a metacognitive activity is associated with increase use in problem-solving in mathematics. It
appears that planning and monitoring are standard practices assumed to be employed by the students in
mathematics problem solving [16]. While this might also be true for problem solving in physics, it is noteworthy
to establish that problems in physics are more cognitively demanding for the students since they have to
appropriately utilize the principles in physics while navigating through the rules of mathematics. Thus, there might
be significant differences between mathematics and physics on what cognitive tasks are deemed to be required
more frequently [29]. Hence, in this paper between planning and monitoring which are associated with
mathematics problem solving, planning shows stronger correlation with physics performance. This implies that
highly performing students in Physics tends to capitalize more in appraising the sensibility and physical
implication of their conclusions (conceptual questions) and solutions (problem solving).

This highlights the critical role for educator to provide support in shaping student’s metacognitive ability
to critically evaluate one’s own thinking, as well as the physically sensibility of the conclusions they have reached.
This support can be in a form of structure in the problem solving Ding et al. [30], where students are explicitly
asked to reflect on the physical sensibility of their answers in connection to the learned concepts and principles.
Interestingly, when students who are explicitly trained to employ metacognitive strategies (knowledge of cognition
and regulation of cognition) is compared to those who were not explicitly trained, an interesting result is found. In
problem solving, students with explicit training on metacognitive strategies reports to perform better in
mathematics than their untrained counterparts. They reported that they are consciously thinking on making
connections, using various strategies, and evaluation of their solutions [16]. It is clear that “making connections”
and “using various strategies” are tasked categorized under regulation of cognition, specifically on planning. In
addition, “ evaluation of their solution” is categorized under regulation of cognition, specifically on evaluation. It
is in agreement with our findings in this paper, although the context is different, the other one is in Mathematics,
while this paper is on Physics.

It is also reported that most of the untrained students in metacognition employs “information
management” than other components of the regulation of cognition. As Mevarech, and Amrany notes:

“Most of the control students (75%) did try to comprehend the problem before solving it. A
control student said, for example: “I looked for the givens and wrote them down. I tried to find
out as many givens as possible, and see what is requested”. In contrast, most ofthe IMPROVE
students referred in their responses only to the three other categories: finding connections,
looking for appropriate strategies, and evaluating the solution, but did not try to comprehend the
problem prior to solving it.” [, p. 153]

This is in agreement with the findings of this research article. Although information management and
physics grades are positively correlated, nevertheless, it is not statistically significant.

In a Philippine physics classroom, it is a common practice in teaching the emphasis on establishing the
known quantities and what is asked. These are tasks under “information management”. While it is important in
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physics problem solving, students must be explicitly taught to go beyond this stage. This implies that in teaching
problem solving in physics, teachers must go beyond comprehending the known and unknown quantites, instead
teach the students to direct more of their cognitive attention towards making connections to come up with many
alternative path in finding the answers, plans on how to solve the problem (planning), and measures on evaluating
the accuracy of the solution (evaluation). This can be practically done through incorporating scaffolding questions
[30] as part of the problem solving to force students to articulate what are the laws and principles they have learned,
how these principles are connected to each other, and how to link them together to come up with a technique or
approach in their solution that they are confident in doing.

4. CONCLUSION

This study highlights the role of metacognitive strategies employed by learners, even without direct
instruction, in influencing their academic performance in physics. Using the Physics Metacognition Inventory, it
was found that knowledge of cognition—specifically declarative, procedural, and conditional knowledge—has a
strong positive correlation with physics performance. This suggests that science educators should help students
develop conscious awareness of their cognitive abilities, effective strategies for approaching tasks, and sound
judgment in selecting appropriate methods based on their skills. Interestingly, all five components of the regulation
of cognition also showed positive correlation with proficiency in physics, though only evaluation and planning
were statistically significant. Among these, evaluation demonstrated a stronger relationship, indicating the
importance of guiding students to become critical evaluators of their thinking, conclusions, and the physical
sensibility of their answers. The study recommends replication with different student cohorts to explore how
behavior, motivation, and context interact with these findings. A key suggestion for physics classrooms is to embed
structured problem-solving practices that go beyond identifying known quantities. Specifically, in the preliminary
phase of problem-solving, students should reflect on what they understand, what confuses them, and what they fail
to grasp, including principles and solution techniques. During problem-solving, teachers should prompt students
to recall relevant concepts and eliminate irrelevant ones, helping them form meaningful connections. Finally, after
calculations, teachers must include questions that prompt students to assess the physical reasonableness of their
solutions, thus fostering deeper metacognitive engagement.
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