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Abstract

Metacognition is one of the key factors affecting students’ learning ability. Current research on
metacognition evaluation is abundant; however, understanding how to improve metacognition needs
urgent attention. This study used the Mathematics Learning Quality Intelligent Assessment and Strategy
Implementation System to diagnose the mathematical metacognition of junior high school students and
provide targeted intelligent improvement strategies. After the intervention, it was found that the overall
mathematical metacognitive level of students had significantly improved, especially for students with
high and ordinary scores. This indicates that the Mathematics Learning Quality Intelligence Assessment
System can effectively enhance students’ mathematical metacognition.
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Introduction

The concept of “metacognition” was first proposed by Flavell | [1], who asserted that
metacognition encompassed two main meanings. On the one hand, it includes knowledge
of the individual’s own cognitive processes and cognitive outcomes, as well as knowledge of
other related things. On the other hand, it refers to the active monitoring and regulation of
one’s cognitive processes to achieve a certain goal or accomplish a certain task. Metacognition
is observed to be involved in the regulatory process of thinking, which is the basis for the
cognitive construction of critical thinking [2] and an important predictor of creative thinking
ability [3], thereby playing an important role in human cognitive activity and thinking.
Mathematics is a subject that focuses on thinking skills, which are of great significance to the
development of students’ thinking, enhancement of their sense of application and innovation,
and improvement of their learning ability, especially in junior high school when students are
developing physically and mentally at a rapid rate. Good mathematical metacognition can
help students manage their efficiency while learning mathematics [4]. Studies have revealed
that students’ metacognition in mathematics can effectively promote the development of
mathematical achievement [5,6] and students with high levels of mathematical metacognition
have higher mathematical learning efficiency [7].

Currently, there are some relatively mature scales of mathematical metacognition scales,
with a representative one being the Mathematics Learning Quality Intelligent Assessment
and Strategy Implementation System, independently developed by Guangming Wang and
his team. Certified by the National Copyright Administration of the People’s Republic of
China, the system can measure students’ mathematical metacognitive levels in batches,
perform intelligent diagnoses of mathematical metacognition, and provide targeted and

Psychol Psychother Res Stud


http://dx.doi.org/10.31031/PPRS.2023.06.000636
https://crimsonpublishers.com/pprs

PPRS.000636. 6(3).2023

personalized improvement plans based on the diagnosis results.
However, there is currently no research to verify the effectiveness
of its mathematical metacognitive interventions for improvement.
Therefore, this study aims to use the diagnostic results of the
Mathematics Learning Quality Intelligent Assessment and Strategy
Implementation System to provide mathematical metacognitive
interventions for junior high school students with low learning
efficiency and examine the effectiveness of the interventions
for junior high school students with different academic levels in
mathematics.

Case Presentation

Pre-intervention: Diagnosing the level of mathematical
metacognition

To improve students’ mathematical metacognition, we selected
X middle school in Tianjin, China. The school has a strong faculty;
however, in recent years, the insistence on test-free random

admissions has led to a significant variation in students’ learning
levels and abilities, and their academic performance has been
lower compared with that of other schools, especially in the
students’ poor learning efficiency in mathematics. To diagnose the
overall mathematics metacognitive level of students, a stratified
sampling method was used to select 92 students in grade 7 and
130 students in grade 8. With an effective rate of roughly 90.09%,
200 valid questionnaires were finally obtained (47% for boys and
53% for girls).To maintain consistency with the intelligent system,
this paper used the mathematical metacognitive questionnaire
for junior high school students developed by Guangming Wang
et al. and conventional models [8], which divided mathematical
metacognition into Mathematical Metacognitive Knowledge (MMK),
Mathematical Metacognitive Experience (MME), and Mathematical
Metacognitive Monitoring (MMM). The three domains were further
divided into ten sub-dimensions (Figure1l).

Mathematical metacognition
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Figure 1: Dimensional structure of mathematical metacognition.

The levels of mathematical metacognition were categorized
as excellent, above average, average, below average, and poor. The
Cronbach'’s alpha of the questionnaire was calculated at 0.939 and
the correlation coefficients between each dimension and the total
questionnaire ranged from 0.758-0.926, while the correlation
coefficients between the dimensions of the questionnaire ranged
from 0.537-0.699, which indicated that the structural validity of
the questionnaire was good.The Mathematics Learning Quality

Intelligent Assessment and Strategy Implementation System
(Patent No. 2021SR1219916) were used to analyze the survey
data, and it was found that overall, the students’ metacognitive
level in mathematics at this school was around average in Tianjin,
with most students performing at above average to average levels
and some performing at poorer levels. For the main dimension,
students” MMK, MME, and MMM were all at an average level, and
the level of metacognitive experience was relatively low. For the
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sub-dimensions, the planning and management dimensions were
at the highest level, while the inspection and evaluation dimensions
were at the lowest level.

Intervention: Intervention guidance based on the
intelligent improvement program

Based on the results of the systematic normative diagnosis,
Class A, with the lowest level of mathematical metacognition, was
selected for intervention as a whole. To make the results of the
study more reliable, the students in Class A who did not take the
pre-test were additionally evaluated before the intervention, and
the mathematical metacognitive level of Class A was recalculated.
The students’ mathematical metacognitive level was diagnosed
and analyzed with the help of the Mathematics Learning Quality
Intelligent Assessment and Strategy Implementation System.
After importing the class data into the system, the results of the
intelligent diagnosis were automatically output. These results
included two aspects: the overall level of students’ mathematical
metacognition and the intelligent perception of students’
mathematical metacognition weaknesses based on their scores in
each dimension, with the output being targeted intelligent solutions
for improvement.The system’s intelligent analysis revealed that
the overall metacognition of Class A was at an average level (mean
value of mathematical metacognition was 94.83, with a maximum
score of 137 and a minimum score of 48, and a standard deviation
0f 20.68).

The lowest level of MME was found in the first-level dimension,
and by comparing the data of sub-dimensions, the following
descending order was obtained: management>KT>CE>regulatio
n>planning>KI>AE>KS>inspection>evaluation. The percentiles
of the last six dimensions were all below average, especially
the evaluation dimension. Thus, it was determined that Class A
needed improvement in mathematical metacognition.According
to the intelligence improvement strategy, an intervention was
implemented for about three months for all students in Class
A. The intervention consisted of three stages. The first stage
consisted of intensive lectures and case demonstrations in which
knowledge of mathematical metacognition was explained to
deepen its understanding. The intelligence diagnosis results were
explained so students understood their individual mathematical
metacognitive level, and the intelligence improvement strategy
plan was interpreted to master the mathematical metacognition
improvement strategies. The second stage involved individual
instruction and teacher support to overcome the common
problems of students to ensure the smooth implementation of the
improvement strategy program and guide teachers to promote the
effective implementation of the program. The third stage involved
internalization by all parties and habit maintenance to maintain the
frequency of supervision and guidance to form a class metacognitive
guidance model that solidifies good learning habits.

Intervention results: Better mathematical metacognitive
improvement in groups with high and ordinary scores

Based on the diagnostic results of the Mathematics Learning

Quality Intelligent Assessment and Strategy Implementation
System, after the intervention of Class A through the “three-stage,
six-step” guidance model, the overall mean metacognitive level of
Class A increased from 96.55 to 108.51, while the mathematical
metacognitive level increased from “average” to “above average.”
The percentage level of each first-level dimension increased, with
the MME dimension increasing the most and the MMM dimension
increasing the least.Paired-samples t-tests were conducted
on the pre- and post-intervention scores of each dimension of
mathematical metacognition in Class A. Significant differences were
found in the scores of each dimension (p<0.05), and the Effect Size
(ES) was further calculated. The differences in overall mathematical
metacognition and each first-level dimension before and after the
intervention were found to have a large effect (ES>0.8), indicating
that the Mathematics Learning Quality Intelligent Assessment
and Strategy Implementation System’s improvement strategy
was effective in improving the overall level of mathematical
metacognition and each dimension of the tested classes.

The average of the three pre-test mathematics scores of each
student in the tested class was used as the students’ mathematics
learning level. According to Zhang X and Yu’s [9] classification
standard of academic levels, the students were divided into groups
with high, ordinary, and low scores. The data analysis revealed
that after the intervention was implemented according to the
intelligence improvement strategy, all three groups of students
had a significant increase in mathematical metacognition (p<0.05),
with large effect sizes (ES>0.8). By comparing the values of the
effect sizes, the groups with high and ordinary scores were found to
have a higher degree of mathematical metacognitive improvement
than the group with low scores.

Discussion

This intervention revealed that the Mathematics Learning
Quality Intelligent Assessment and Strategy Implementation
System was effective in promoting the improvement of students’
mathematical metacognition. The results further verified the
findings of existing studies [10] that metacognitive guidance is
effectiveinimproving students’level of metacognition. Furthermore,
it was found that the intelligence improvement strategies given by
the system significantly improved students of different grade levels,
and the improvement degree of the groups with high and ordinary
scores was higher than that of the group with low scores. This is
consistent with the findings of existing studies [11] but not with
teachers’ judgments from teaching experience.The interviews
revealed that mathematics teachers usually perceived that the
metacognitive level of the group with higher scores was inherently
higher and that there was relatively little room for improvement.
However, the sample of students selected for the study generally
had low learning efficiency and a heavy learning burden, and the
mathematical metacognition of students at different learning levels
was not optimistic.

Under these circumstances, students in the group with higher
scores did not have high learning efficiency, even though they had
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achieved relatively satisfactory academic performance. One piece
of evidence indicates that the pre-test found that the mean value
of mathematical metacognition among students in the group with
high scores was 117.17, which is above average in Tianjin. This
reveals that the mathematical metacognitive level of the group with
high scores is not ideal, with few excellent scores, therefore leaving
some room for improvement. In contrast, students in the group
with high scores tended to possess strong learning abilities and
execution. When they encounter their own metacognitive problems,
they will better implement the program, improving their level of
mathematical metacognition. This is consistent with this paper’s
intervention results and further verifies that the improvement in
mathematical metacognitive level can improve learning efficiency
and thus achieve higher academic achievement [7]. For students
in the group with lower scores, their mathematical knowledge
was relatively weak. They lacked ideas for solving mathematical
problems and often lacked good study habits. Therefore, although
the overall improvement effect was significant, it was not as good
as the improvement effect in the groups with high and ordinary
scores.

Conclusion

Overall, the Mathematics Learning Quality Intelligent
Assessment and Strategy Implementation System’s intelligent
diagnosis and implementation of its mathematical metacognitive
improvement strategies were effective in improving students’
mathematical metacognitive levels. The improvement of students’
mathematical metacognition was significant across all groups
of students with different levels of mathematical learning
performance. Specifically, students in the groups with high and
ordinary scores exhibited better improvement than those in the

group with low scores.
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