Sociology & Social Policy, 2025, 2(3), 191-203
https://www.hillpublisher.com/Journals/ssp/
ISSN Online: 3066-5698

HiLL
PUBLISHING

Assessing Metacognition in Mathematical Word
Problems: A Framework for Teacher Assessment
Practices

Joseph D. Reyes'”, Zenaida Q. Reyes?

!Department of Education, Region 111 — Central Luzon, Pampanga 2000, Philippines.
2Philippine Normal University, Manila 1000, Philippines.

How to cite this paper: Joseph D. Reyes,
Zenaida Q. Reyes. (2025). Assessing Meta-
cognition in Mathematical Word Problems:

Abstract

A Framework for Teacher Assessment
Practices. Sociology & Social Policy, 2(3),
191-203.

DOI: 10.26855/ssp.2025.12.008

Received: October 16, 2025
Accepted: November 25, 2025
Published: December 29, 2025

The metacognition in mathematics assessment on solving word problems, explic-
itly described the questioning strategies to assess metacognition using the two met-
acognitive components namely: knowledge of cognition and regulation of cogni-
tion. The teachers’ knowledge of cognition in mathematics assessment in terms of
declarative knowledge was elaborated to reading and sharing of understanding and
recognizing elements as major metacognitive assessment strategies. Teachers’
procedural knowledge in mathematics assessment was elaborated to demonstrate

a thinking process as a major metacognitive assessment strategy. And the teachers’
conditional knowledge was elaborated to viewing the other angle of the problem
as a major metacognitive assessment strategy. Teachers’ regulation of cognition
in mathematics assessment in terms of planning was elaborated to managing and
visualizing concepts and checking learners as major metacognitive assessment
strategies. Teachers” monitoring regulation in mathematics assessment was elabo-
rated to critiquing on their own work and the others’ work as major metacognitive
assessment strategy. Finally, teachers’ evaluating regulation in mathematics as-
sessment was elaborated to reflect on their own work and check students as a major
metacognitive assessment strategy.
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1. Introduction

Metacognitive assessment strategies play a crucial role in word problems because they focus on evaluating and
understanding an individual's awareness and control over their cognitive processes. Word problem solving requires
more than just the application of mathematical skills; it involves strategic thinking, planning, monitoring, and re-
flection (Veenman, 2005).

Metacognitive assessment strategies are instrumental in fostering a positive and effective learning environment
for students in mathematics. They contribute to the development of essential skills and attitudes that go beyond
specific mathematical content, laying the groundwork for lifelong learning, and success in various academic and
real-world contexts.

Questions are a useful instrument in evaluating students’ intellect and delving into their minds. Good questioning
is exhibited when teachers listen to students' answers. Using questions that begin with a solution, teachers can
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examine the students’ mind and inspire them to participate more; for example, if the area of a rectangle is 24 cm?
and the perimeter is 22 cm, what are its dimensions? Questions that have a wide range of possible methods of
solving provide a great impact in student thinking and reasoning (Steinberg et al., 2004; Wiliam, 2007).

Based on the study of Wiliam (2007) about metacognitive assessment, useful feedback is centered on the task
rather than on scores and grades; it clarifies why something is right or wrong and determines what next move to do
for development. For instance, the feedback, “I want you to go over all of them and write an equal sign in each one”
provides the student an instruction to revise her answer. Proficient teachers don’t spoon feed the answers to the
students who find the subject hard, instead they can guide them, advise them to look for information that can help
and use various ways of solving. Replying to a student who says he can’t follow, a teacher may reply: “Well, the
first part is just like the last problem. Then we add one more variable. See if you can find out what it is. I’ll be back
in a few minutes.” In that way the teacher can encourage the student to do more before she comes back.

On the other hand, Veenman (2005) stated that analysis of think aloud protocols is the most important method in
assessing metacognitive skills where learners must keep on talking. The basic principle of think aloud tells that the
participants must merely verbalize their ideas during their task performance. According to Pressley and Afflerbach
(1995), think aloud protocols can be used for assessing individuals’ text characteristics monitoring, difficulties in
comprehension, and strategies used to understand the text.

Veenman et al. (2014) conducted a study to assess metacognitive skills and argued that it can be assessed by
learning behaviors and impact learning outcome such as students' log-files of computerized tasks. Log- files don’t
meet the metacognitive consideration for the specific enactments; it was validated against other on-line methods.
Participants were given a computerized inductive learning task and added to finish a performance post-test. Through
the processes, high convergent validity between log- file indicators and human judgments of learner activities was
found in the results.

Turan et al. (2009) argued the importance of metacognitive and self-regulated learning skills. The authors’ im-
plemented a different curriculum and used self-regulated learning perception scale and metacognitive awareness
inventory in collecting the data of participants. Significant differences among medical school curricular models are
also found. Students who study problem-based learning curriculum got higher scores compared to other curricular
models.

According to the study of Hodge et al. (2007), tasks show the background of how mathematics is done. Through
tasks, students establish thought regarding the background of mathematics and understanding mathematics. Hen-
ningsen and Stein (1997) asserts that proficient teachers make sure that tasks guide students to improve their com-
prehension in a particular topic and participate in high level mathematical thinking.

Anley et al. (2006) claims that having the students to do tasks and learning experiences that give them the oppor-
tunities to develop their own ideas about important mathematical concepts and relationships, teachers develop stu-
dents’ productivity in mathematics performances and in learning it. Watson and De Geest (2005) explain giving
tasks with a suitable level of mathematical test that will lead to students’ growth and the use of upgrading practical
activities that improve the students’ mathematical thinking and reasoning.

To investigate the metacognition and its relation to achievement goals of Turkish high school students, Sungur
and Senler (2009) tested students' metacognition by its preliminary components. The study used Metacognitive
Awareness Inventory (MALI), Achievement Goal Questionnaire (AGQ), Competence Expectancy Scale, and the
Challenge and Threat Construal. The authors pointed out that respondents had reasonable knowledge about them-
selves as learners, about strategies, and when and how to apply these strategies after confirming the study.

Onovughe and Hannah (2011) examined secondary school students’ awareness and use of metacognitive strate-
gies in comprehending academic materials. Students' awareness and application of some strategies to reading and
comprehension was used in collecting data from the participants. Five sets of questions were used in identifying
purposes of students for reading, while awareness of reading skills and strategies of the participants were graded on
a 2-point scale. In conclusion, a large extent was obtained in each metacognitive strategy in which the students
know about metacognitive strategies. However, individuals applied metacognitive strategies in reading and com-
prehension to a large extent.

In this light, the role of a teacher to select a task for teaching mathematics is crucial in helping learners specifically
in solving problems (Polya, 1985). Hence, by utilizing effective tasks, teachers will be able to help learners solve
word problems with techniques involving analyzing and understanding problems to obtain correct solutions through
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planning, monitoring, and evaluating with the help of knowledge of declarative, procedural, and conditional. Finally,
metacognitive assessment strategies are important in word problem solving as they provide a window into the cog-
nitive processes involved, allowing for targeted interventions and improvements in problem-solving skills. They
contribute to the development of a more effective and efficient problem solver with a deeper understanding of
mathematical concepts.

1.1 Statement of Purpose

This qualitative study aimed to propose a model of assessing metacognition in solving mathematical word problems.
Specifically, this study sought answers to the statement in pursuit of academic contributions in mathematics educa-
tion Describe how teachers teach learners’ mathematical knowledge and skills in solving word problems in terms
of the following components of metacognition: (a) Knowledge of cognition; and (b) Regulation of cognition.

2. Method

This study created and proposed a paradigm for assessing metacognition in the context of solving mathematical
word problems using the Multiple Case Study Method. A multiple case study was conducted in order to develop
concepts from data and identify relationships and patterns between the process and context that might potentially
serve as the basis for the model for metacognitive assessment strategies in the solving of mathematical word prob-
lems.

At least 12 master teachers from diverse school clusters, with varying educational backgrounds, victories, and
accomplishments from various contests, make up each sample with the maximum variation in case selection. This
wide range of illustrations made it easier to understand how teachers use metacognitive assessment strategies to
solve mathematical problems.

Multiple observations and in-depth interviews within each case were required for the investigation of the concep-
tual understanding and classroom practices of the chosen master teachers in order to extract the metacognition as-
sessment process. The primary elements of the data reported in the study were the experiences, beliefs, conditions,
interactions, and lessons.

2.1 Population and Sampling Strategy

The research drew from a substantial and well-defined population base. The population for this multiple case study
consisted of the 79 junior high school master teachers in the Division of Pampanga, Philippines who were teaching
mathematics in Grade 10 during the 2020-2021 academic year. This timeframe positioned the study within the
unigque context of pandemic-era education, when virtual learning became predominant. Sample size determination
was based on qualitative research principles. A minimum of 12 teacher volunteers were needed for this inquiry due
to the saturation of data. This number reflects established qualitative research practices where data saturation, rather
than statistical power, determines adequate sample size.

The sampling methodology combined multiple approaches to ensure both diversity and quality. Furthermore, a
combination of criteria-based and heterogeneous deliberate sampling strategies and methods were used in this study
to choose the participants. This dual approach balanced the need for participant variation with specific qualification
requirements. The initial sampling phase emphasized diversity. The first step was employing the heterogeneous
purposeful sampling technique, also known as maximum variation sampling, to select teacher volunteers with a
range of qualities. This approach ensured representation across different teaching backgrounds and experiences.
Demographic information was systematically collected through the initial survey. These research selection criteria
were included in Part | of the original survey questionnaire, which was exploratory in nature. This part had the
following information: (1) a brief biography; (2) a history of schooling; (3) employment history; and (4) achieve-
ments.

2.2 Participant Selection Criteria

The study implemented rigorous selection standards to ensure participant quality and relevance. To select teacher
participants, the study also used purposeful sampling. The criteria included: (1) being a master teacher in a public
junior high school; (2) being a teacher of tenth grade students; (3) having a high score on Turco's (2001)
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metacognitive skills inventory for teaching problem solving; (4) having the correct answers to the two open-ended
questions; and (5) having to conduct online instruction at least once a week. Following initial selection, participants
underwent additional evaluation phases. Finally, the selected and qualified participants underwent a series of virtual
classroom observations and follow-up interviews. This multi-stage process ensured thorough vetting of participant
qualifications.

Expert validation was incorporated to enhance research credibility. Lastly, the researcher considered the opinions,
comments, suggestions, and counsel from the many experts in the domains of qualitative research and/or mathe-
matics education to confirm and authenticate the analysis and interpretation of the study. Anonymity protocols were
carefully implemented. Based on their numerical values, codes were allocated to the study participants. Participants
were asked not to use their real identity during the interview; instead, they should choose a pseudonym or nickname
under which they would be addressed.

2.3 Data Collection Instruments

The study employed multiple data collection instruments to ensure comprehensive data capture. An online follow-
up interview guide, a virtual observation guide for the virtual classroom teaching and learning process, and an initial
survey questionnaire were the four research instruments utilized to collect the data for this study. The initial survey
served dual purposes of selection and data collection. Teachers who agreed to participate in the study were selected
by means of an initial survey. Virtual classroom observation guides and grand tour online interview guides for
specific teachers served as the study's main sources of data. The survey questionnaire was systematically structured
and distributed electronically. The questionnaire used to choose the teacher participants was the first piece of re-
search equipment to be distributed using Google Forms. The digital format facilitated efficient data collection during
the pandemic period.

The questionnaire contained multiple components addressing different research needs. The first portion contained
the invitation letter and permission form explaining the purpose of the study. There were three portions in the second
section. Part one's demographic inquiries included questions about background, work history, education, and ac-
complishments. In part two, Turco (2001) offered a list of metacognitive skills for problem solving instruction, and
in part three, there were two open-ended questions.

2.4 Assessment Questions and Observation Protocols

The study incorporated specific questions to assess metacognitive understanding. To assess their general under-
standing of the notion of metacognition, the teacher participants were given two open-ended questions to answer.
These questions served as critical screening tools for participant selection. The assessment questions were strategi-
cally designed. One of the questions was: (1) What is metacognition, in your opinion? And (2) How do you use
metacognitive thinking strategies to teach problem solving? These questions evaluated both theoretical knowledge
and practical application.

Virtual classroom observations were systematically structured. A video recorder was used to record the teacher
and students' exact words and facial expressions. As an observer, the researcher filled out the three sections of the
virtual classroom observation guide. The observation checklist was comprehensive, and theory based. In contrast,
Part B included a problem-solving observation checklist that included 27 statements culled from the metacognitive
skills survey. The check list was divided into three sections: four statements following problem-solving, ten state-
ments throughout the process, and thirteen assertions before to problem-solving.

2.5 Data Analysis Methodology

Memoranda written as bracketed notes from the outcomes of the online classroom observations and interviews
served as the foundation for interpretations made during the data gathering and process. Memoranda that were
pertinent to the study were highlighted in the form of observation protocols and entered into a computer program in
order to prepare a systematic interpretation. These were notes that were made spontaneously during the online fol-
low-up interviews or shortly after, such as the research journal entries.

The primary source for the analysis was video clip transcripts from the in-class observations and online interviews
with the teacher participants. Secondary documentation, including as field notes and video clips of interviews with
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selected learner-participants, provide more comprehensive and multifaceted perspectives on teachers' conceptual
knowledge and classroom practices. Transcripts were read multiple times to gain a feeling of the entire in order to
connect the disparate pieces of data in a meaningful way. As a result, individual interviews were viewed as parts
since transcriptions were read and reread with each new interview.

This study used the computer program Microsoft Excel to arrange the data coding. Axial and selective coding
were determined by the facts and came from a more inductive standpoint, whereas open coding was based on theo-
retical and deductive reasoning.

Additionally, a constant comparative method was used to analyze the data. As data from all research participants'
online interviews and in-class observations were compared to look for trends and consistency in their responses,
codes began to emerge. A comparison of the themes found in the replies from teachers and students as well as the
researcher's observations in the classroom were done in order to investigate the study's goal.

In light of the goals of the research, this study adopted and adhered to the three-phase grounded theory analysis
methodologies. The phases were described in detail as follows: (1) transcribed responses from teachers and students
in each online interview and observation note for analysis; (2) examined observation and interview transcripts to
identify preliminary codes; and (3) generated axial and selective codes to identify themes and employ contrast
comparison to create patterns between the conceptual understanding of teachers and actual classroom practices in
assessing metacognition in mathematics. The researcher triangulated all data sources after completing the three
phases of the method to confirm how the themes discovered were supported by the field notes, observation tran-
scripts, and interview transcripts.

3. Results and Discussion

This study examines metacognitive assessment strategies used by master teachers in assessing learners' mathemat-
ical problem-solving skills, specifically in solving word problems. The research framework is based on two main
metacognitive components: knowledge of cognition (declarative, procedural, and conditional) and regulation of
cognition (planning, monitoring, and evaluating). The findings reveal that teachers employ various questioning
techniques to evaluate how learners understand problems and regulate solutions verbally through strategic assess-
ment approaches.

3.1 Declarative Knowledge Assessment

3.1.1 Reading and Sharing of Understanding

The primary strategy for assessing declarative knowledge involves reading and sharing of understanding, which
encompasses specific techniques designed to check learners' comprehension of content, terminologies, keywords,
and phrases in word problems.

3.1.1.1 Reading Aloud and Corrective Feedback
Reading aloud serves as a fundamental assessment technique that allows teachers to monitor learners' comprehen-
sion and provide immediate corrective feedback. As one teacher (T1) explained: "I asked them to read the problem
first and afterwards asked them if they understand it. Then, | called on a student to restate the problem to see if
he/she understood the problem | posed on the screen correctly. For me, it is there that you'd figure out if what the
learner says is correct and if it is not, it is then that | will do something to correct it."

A notable classroom interaction demonstrates this strategy:

T3: 3.1 would you please read the given word problem?

S3.1: Inacircle J, angle YZX is an inscribed angle which measures 35 raised to zero [35*0"] and the intercepted
arc of angle ZYX measures 160 raised to zero [160"0"]. Find the measurement of angle ZXY.

T3: Please repeat this [underlining 350" and 160°0"]

S3.1: 35 raised to zero and 160 raised to zero po

T3: Okay S3.1 those are 35 degrees and 160 degrees
This interaction illustrates how corrective feedback addresses misconceptions immediately, as T3 clarified the stu-
dent's confusion between degree symbols and exponents.

3.1.1.2 Verbal Jigsaw and Verbal Cloze
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These techniques help teachers assess learners' understanding of mathematical vocabulary and contextual compre-
hension. T1 demonstrated verbal jigsaw questioning during his virtual classroom observation about distance be-
tween two points:

T1: Okay, what do you mean by this [(highlighted the phrase) you decided to run from your home at point E (10,
3) through the park at point C (7,7)]

S1.3: Well, sir, it said that you, the one training for the marathon, ran from your house to point E where x equals
ten and y equals three then you went through the park at point C where x equals seven and y equals seven too.

T1 emphasized the importance of this approach: "We know that Mathematics is taught in the English language
so sometimes, there are students who find it difficult to understand the problem. If that gap can be bridged even in
the simplest or smallest way, it will help them in understanding the problem.” Verbal cloze techniques involve
leaving blanks in questions to assess comprehension, as demonstrated by T7:

T7: So, the center is located at the blank points of the central angle.

S7.2: At point (3,2) ma‘am.

T7: Good! The problem states that point (5,4) lies on a circle, that's why it's at the blank of the circle.

S7.2: On the circumference of the circle, ma‘am.

3.1.2 Recognizing Elements
This strategy focuses on assessing learners' ability to identify components within word problems, utilizing conver-
gent questioning, background knowledge prompts, and pumping techniques.

3.1.2.1 Convergent and Background Knowledge Prompts.
Teachers use these techniques to assess students' recall of previously learned concepts. T1 demonstrated this ap-
proach when discussing distance formulas:
T1: S1.4, please tell me when we will use the horizontal line formula in finding the distance between two points?
S1.4: Sir, as far as | remember, you know if horizontal line formula is to be used if the two points are y-coordinates.
T1: [follow-up] correct! Ahmmm... how about the vertical line, when will we need to use it? Yes S1.1
S1.1: Sir, if they are both x-coordinates, sir.
T1 explained his purpose: "Well, my purpose, sir, is to help them think of their use in solving problems and when
to use them. At the same time, {I do it} to check if they really know or if they really listened to the discussion."

3.1.2.2 Pumping Questioning
This technique helps teachers assess learners' ability to identify required information and leading questions in prob-
lems. T11 demonstrated extensive use of pumping questions:

T11: S11.1 please tell me more about the problem posted in the screen.

S11.1: Well, ma'am, it is about the distance formula, madam.

T11: How did you know that?

S11.1: Uh, because there are points that are in the problem.

T11: So, if there are points, does that mean it's already distance formula?

T11 articulated her philosophy: "I would always ask my students a series of questions to explain the problem
itself, {to explain} their understanding of the problem, what the given was in the problem, etc., and what they don't
understand about it. For me, you need to pump learners to determine how they understand the problem/what they
do understand in the problem."

3.2 Procedural Knowledge Assessment

3.2.1 Demonstrating Thinking Process
This strategy assesses how learners demonstrate their cognitive processes through question-based outlines and focus
questioning sequences.

3.2.1.1 Question-Based Outline
Teachers use processing guide questions to assess students' understanding of their solution processes. T7's interac-
tion exemplifies this approach:

T7: Alright, tell me how did you come up with your answer? What is the first thing you did in your solution?
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S7.9: Madam, | substituted the given in the problem with the formula about distance between two points, madam.

T7: So, you used substitution, right? So, can you explain what you did in the substitution part?

S7.9: The given x sub 2 equals 7, x sub 1 equals 7, y sub 2 equals 10, and y sub 1 equals 3 [stop for a while]

T7: [follow-up] Alright, so what did you do next?

T1 explained the rationale: "You can see there if students really understand what the process they are doing
regarding the problem. So, if the learners can explain their work correctly, then I think that they really understand
the lesson.”

3.2.1.2 Focus Questioning Sequence
T2 used focusing question sequences to advance students' thinking:

T2: You used to have a distance formula in solving the two points (7, 7) and (10, 3). Where did you get negative
three?

S2.3: If you subtract 7 and 10.

T2: Why is there a need to subtract 7 and 10?

S2.3: [long pause] so as to get the distance of the horizontal line.

T2: Why are 7 and 3 also subtracted?

S2.5: So as to get the vertical line measurement.

T2 explained her purpose: "The reason why | do it is to help the learners figure out the process of the problem
for them to learn, for them to understand the content of the problem, and for them to be able to apply it in different
things/areas/aspects."

3.3 Conditional Knowledge Assessment

3.3.1 Viewing the Other Angle of the Problem
This strategy emphasizes assessing learners' ability to consider alternative approaches and build awareness toward
problem-solving tasks.

3.3.1.1 Multi-Pronged Questioning
Teachers use this technique to help students view problems from multiple perspectives. T5 demonstrated this ap-
proach:

T5: Okay S5.3, your answer in the problem is 5 miles using the distance formula, right? Do you think we can use
another way to solve the problem?

S5.3: Perhaps ma'am, when | saw the figure, | was able to form from the problem, I thought of using distance
formula, but I also thought of Pythagorean theorem, madam. [recalls his grade 9 topic]

T5: Why did you think of Pythagorean theorem?

S5.3: Because it is the same as distance formula. It also appears that way, except that a and b have no value but
if 1 am to get the horizontal and vertical line, it can represent the value for a and b.

T5 emphasized the importance of support questions: "Support questions are very important so the learners them-
selves can generate questions from the problem and for you to know if they are able to do so. As such, you have to
support them if they tend to get off track in doing this."

3.3.1.2 Divergent Questioning
This technique encourages critical thinking and self-reflection. T8's interaction demonstrates this approach:

T8: S8.5 your answer about the given problem was 5V2. Did you ask yourself after solving the problem?

S$8.5: Madam, [ asked myself] what to do first because the problem was challenging but I knew the formula since
I understand the lesson about distance between two points.

T8: So, what were your questions before solving the problem?

S8.5: | thought at first whether to draw and if | actually did, would | see the formula | was looking for? But | still
drew.

3.4 Planning Regulation Assessment

3.4.1 Managing and Visualizing Concepts
This strategy assesses learners' ability to organize content and visualize problems effectively.
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3.4.1.1 Reflective Toss and Redirect Classroom
Teachers use these techniques to guide students in organizing materials needed for problem-solving. T4's extensive
interaction illustrates this approach:

T4: Given circle L, the measurement of angle GLK is x+138 degrees and the measure of arc KJ is x+48 degrees,
while angle GLJ is 180 degrees. Tell me how to get the value of x.

S4.3: Sir, based on what | remember from your discussion of other similar problems, I have to plot angle GLK
and arc KJ onto the circle to see how I will go from there.

T4: So, after you've put the angles onto the circle, what will you do next?

S4.1: | have to see what figure it'll come up with inside the circle, whether it is a semicircle or quarter circle or
whole circle to help me decide how many degrees they will all become equal.

T4 explained her assessment purpose: "l do it to know how they analyze the problem so | asked them questions
like, 'how did you come up with this figure given this data?' You would then see it in their explanation."

3.4.1.2 Process Prompt
This technique assesses how learners visualize concepts through illustration and labeling. T2's interaction demon-
strates this approach:

T2: Given pt. E (10.3), pt. C (7,7), and pt. D (7,3), what quadrant do they belong? Yes S2.2?

S2.2: Madam, in quadrant 1, madam.

T2: Why do you think so?

S2.2: Because everything is positive, the sign of the integers that is, and so | thought it's in quadrant 1.

T2: Okay, you're right, but if you will plot and graph these points what figure will you create?

S2.2: [graphed the points] Madam, here it is, | came up with a triangle when I connected the points, ma'am.

T2 reflected on this strategy: "So, | asked them a good way to understand the problem. So, he/she plotted it onto
a graph, so from there, | saw that {ah} he/she understands the meaning of the problem."

3.5 Monitoring Regulation Assessment

3.5.1 Critiquing Own and Others' Work
This strategy emphasizes assessing learners' ability to evaluate their own work and recognize errors in others' solu-
tions.

3.5.1.1 Agreeable Learning
Teachers use this technique to assess students' listening skills, judgment, and decision-making abilities. T5 ex-
plained her approach: "Usually, after a certain student explains his/her answer, | would ask another student, 'Oh,
do you agree with what your classmate has said? If yes, please tell me your reasons." If the other student does not
agree with it, 1 would ask him/her to explain it again because he/she might have thought of a different way to solve
{the problem} or might have a better idea {in solving it}.”

T2 elaborated on her purpose: "To test the learner's decision-making on why he/she chose such answer or why
he/she agrees with his/her classmate's answer and at the same to be able to explain his/her own reasons. It is by
such that you can see if the learner really uses his/her critical thinking even when it's through online class."”

3.5.1.2 Zooming
This technique helps students recognize errors through detailed examination of solutions. T4 demonstrated this by
posting problems with solutions containing errors for students to identify. She explained: "I provided them with an
example bearing a solution and an answer. Well, | did it to see if they really understood the two examples | gave.]
| asked them to look at the problem carefully, to investigate if there was an error, and to explain why thereafter. By
doing that, you would see how learners think and if they were really listening attentively during the discussion."
T12 reflected on his use of zooming: "Ah, is it called zooming technique when you ask the learners to look for
errors? Okay, | used that because | want to help them understand the process and at the same time, it is for them to
become attentive and participative in my class. Also, whenever | do it, | see that they are being aware of what they
are doing and it becomes their attitude to review their work from time to time."

3.5.1.3 Repetition and Rephrasing
Teachers use these techniques to help students recognize familiar patterns and monitor their solutions. T2 explained:
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"For the learner to practice what he/she has learned and to become familiar with the steps. Ask the student to
explain his/her work. If he/she knows how to explain his/her work, it only means that he/she monitors his/her actions.
You will see it when he/she is confident in explaining his/her work. {follow up} Yes, you can pose some questions
related to the previous thought of the learner for you to know how strong/how solid his/her argument is regarding
the explanation.”

3.6 Evaluating Regulation Assessment

3.6.1 Reflecting on Work
This strategy assesses learners' ability to generalize and justify their solutions through comprehensive reflection.

3.6.1.1 Question-Based Summary
Teachers use this technique to assess students’ ability to synthesize their problem-solving processes. T1's extensive
interaction demonstrates this approach:

T1: S1.7 please tell me how you came up with your answer? Can you tell me your whole process to solve the
problem?

S1.7: Yes, sir. So first, the problem refers to the distance between two points, sir, that is why | used horizontal,
vertical, and slant formula.

T1: And then?

S1.7: 1 understood what to look for, sir. After I identified it, | plotted a graph to see how the figure would look
like, sir.

T1: So, what was the appearance of your figure?

S1.7: Well, sir, | was able to form a triangle, sir. Based on what you taught us, we would know what formula to
use based on the figure we would get.

T1 explained his assessment purpose: "For me, when they know how to generalize the problem process, it means
that they also know how to evaluate the whole process {follow-up} yes, so they will attain realization regarding
what they learned after solving the problem."

3.6.1.2 Constructive-Challenge Questioning
This technique tests students' ability to defend their thinking processes. T4's interaction exemplifies this approach:

T4: In a circle Q, with angle YZX measure 35 degrees and intercepted arc of angle ZYX measures 160 degrees.
Find the measure of angle ZXY. That's the problem, right. So tell me S4.8 why did you get an answer of 245 degrees?

S4.8: Ma'am, when | added 35 degrees and 80 degrees, the answer | got is 115 degrees and | subtracted it from
360 degrees.

T4: Okay S4.8 | get your point, by the way, how did you get 80?

S4.8: Because in the given, madam, the arc of angle ZYX is 160 degrees, and in the theorem that you said, it
comprises half of it, and | thought that it is inscribed since Q has no element.

T4 reflected on this technique: "If they can really defend their answer against my argument, it means that they
really know how to evaluate their own solution. | also used this questioning technique to make the student would
talk about his solution. You should let the student think instead of just straightforwardly telling him/her, 'you're
wrong."

3.7 Theoretical Framework and Implications

The study's findings align with established metacognitive theory. As Schraw et al. (2006) noted, declarative
knowledge refers to an individual's conceptions and beliefs about their personal abilities, task structures, and cog-
nitive goals. The importance of declarative knowledge in learning, as recognized by Presley et al. (1987), is signif-
icantly related to reading and sharing of understanding and recognizing elements of given problems.

Procedural knowledge, defined as knowledge about the "how's" of things, concepts, terms, definitions, and exe-
cution of procedural skills to perform cognitive tasks, reflects the process or individual strategies in solving partic-
ular problems (Schraw et al., 2006). Individuals with procedural skills possess a repertoire of strategies in thinking
and learning, and those with higher degrees of procedural knowledge tend to perform tasks with larger repertoires
of effective strategies (Presley et al., 1987).

DOI: 10.26855/ssp.2025.12.008 199 Sociology & Social Policy



Joseph D. Reyes, Zenaida Q. Reyes

Conditional knowledge, described as knowledge about when and where to use concepts, terms, things, definitions,
and why to apply such cognitive actions (Young & Fry, 2008), reflects understanding of the limitations of procedural
knowledge (Schraw et al., 2006). Reynolds (1992) emphasized that conditional knowledge is crucial for learners to
select particular strategies and significantly allocate their resources under different conditions.

3.8 Metacognitive Assessment Strategies in Mathematics

This study elaborated that the metacognitive assessment process in solving word problems is the teachers’
knowledge of cognition on declarative, procedural, and conditional, and teachers’ regulation of cognition on plan-
ning, monitoring, and evaluating, which are undertaken by the metacognitive assessment strategies. For declarative,
there is two metacognitive strategies which are reading and sharing of understanding and recognizing elements,
while demonstrating thinking process for procedural and viewing the other angle of the problem for conditional.
For planning, there is one metacognitive strategy which is managing and visualizing concepts while critiquing own
and other’s work for monitoring and reflecting in own work for evaluating.

Table 1. Model of Metacognition in Mathematics Assessment

Reading and Sharing
of Understanding Viewing the Other Managing and Critiquing Own

Demonstrating Reflecting on

& S Angle of the Prob- Visualizing Con- and Others’
Recognizing Ele- Thinking Process lem cepts Work Own Work
ments
Declarative Procedural Conditional Planning Monitoring Evaluating

Knowledge of Cognition ” Regulation of Cognition

As to the knowledge of cognition, the teacher’s declarative knowledge assessment technique emerged from
the teachers’ practices was  reading and sharing of understanding and recognizing elements which include specific
metacognitive assessment strategies such as reading and translating, terminologies, keywords, and phrases, recalling
previous concepts, and diagnosing the problem’s specifics through assessment techniques such as reading aloud,
corrective feedback, verbal jigsaw, and verbal cloze techniques.

While procedural knowledge assessment strategy manifests demonstrating thinking process which include
specific metacognitive assessment strategies such as pushing their thinking forward through question-based outline
and focus questioning sequence.

Moreover, a teacher's conditional knowledge assessment technique includes viewing the other angle of the
problem, which include specific and elaborated metacognitive assessment strategies such as to view the other angle
of the problem and build their awareness using techniques such as multi-pronged questioning and divergent ques-
tioning.

As to regulation of cognition, teacher’s planning regulation assessment technique presents managing and
visualizing concepts which include specific and elaborated metacognitive assessment strategies such as organizing
the content and visualizing the problem using reflective toss questioning, redirect classroom technique, and process
prompt questioning.

In a similar manner, teacher’s monitoring regulation assessment technique reflects critiquing on their own
work and the others’ work, which include specific metacognitive assessment strategies such as critiquing the work
of others and recognizing errors using agreeable learning technique, zooming, and repetition and rephrasing feed-
back.

Finally, teacher’s evaluating regulation metacognitive assessment strategy manifests on reflecting on one's own
work which include specific metacognitive assessment strategies that elaborate concepts on generalization and jus-
tification using questioning-based summary and constructive-challenge questioning techniques.

The rounded arrow in the figure above shows that the metacognitive assessment process is a parallel process
which suggests that teachers” metacognitive strategies in assessment depends on the condition needed in the word
problem. Metacognitive assessment is positively related to mathematical problem-solving ability (Aminah & Saban-
dar, 2011) and plays an important role during each level of problem solving (Goos et al., 2000). Hence, this should
be employed explicitly to develop mathematical problem-solving skills, otherwise, its failure corresponds to
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mathematical thinking and problem-solving inadequacy (Desoete, 2007). If students are assessed metacognitively,
this ensures congruency to application of learned strategies to new platforms. Effective use of metacognitive assess-
ment strategies could be beneficial for students to learn and develop problem solving skills which are associated
with successful outcomes (Stillman & Mevarech, 2010).

3.9 Principles of Metacognitive Assessment

Based on the collective understanding and classroom practices of participating teachers, the study presents seven
principles that underpin metacognitive assessment strategies:

1. Metacognitive assessment strategies help learners acquire mathematical knowledge and skills by reading
and sharing of understanding through reading aloud, corrective feedback, verbal jigsaw, and verbal cloze.

2. Metacognitive assessment strategies help learners acquire mathematical knowledge and skills by recogniz-
ing the elements of the problem through convergent questioning, background knowledge prompt, and
pumping techniques.

3. Metacognitive assessment strategies help learners acquire mathematical knowledge and skills by demon-
strating a thinking process through outline-based questioning and focus questioning sequence.

4. Metacognitive assessment strategies help learners acquire mathematical knowledge and skills by viewing
the other angle of the problem through multi-pronged and divergent questioning.

5. Metacognitive assessment strategies help learners acquire mathematical knowledge and skills by managing
and visualizing concepts through process prompt, reflective toss, and redirect classroom techniques.

6. Metacognitive assessment strategies help learners acquire mathematical knowledge and skills by critiquing
their own work and the work of others through agreeable learning, zooming, repetition, and rephrasing
feedback techniques.

7. Metacognitive assessment strategies help learners acquire mathematical knowledge and skills by reflecting
on their own work through question-based summary and constructive-challenge questioning.

4. Conclusion

The study's conclusions support the idea that metacognitive assessment strategies improve students' word problem-
solving and mathematical comprehension. Teachers who use a range of metacognitive assessment strategies not
only help students perform better mathematically, but they also help them build their metacognitive knowledge and
regulation. This puts students in a stronger position to cultivate their own learning and create the environments that
support and encourage meaningful learning.

The use of metacognition to education creates new categories for both the specific and advanced metacognitive
strategies used by math teachers and the assessment strategies that students absorb from mathematical discourse.
Creating links between these specific metacognitive assessment strategies through the lens of education might pro-
mote more insightful and productive classroom discussions.

When metacognitive assessment strategies are integrated and cohesive, math problem solving becomes more
important. In the model that is being described, selecting metacognitive approaches for assessment is not a sequen-
tial or linear process. Teachers can therefore use these strategies as they see fit, considering their unique situation,
subject-matter competence, and students' level of mathematical understanding and knowledge. Most importantly,
to use metacognitive assessment techniques, math teachers need to have a solid understanding of mathematical
concepts and procedures.
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data protection policies.
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