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Introduction: Metacognition plays an essential role in competency-based medical education. Metacognitive skills consist of knowl-
edge and regulation metacognition. This study was conducted to investigate the metacognition of undergraduate students and its 
correlation with students’ academic performance.
Methods: The metacognitive skills inventory comprised 52 binary-scale items administered to 202 Vietnam Military Medical 
University medical students. The entire semester and clinical results were used to measure their academic performance.
Results: Medical students’ total metacognitive awareness score was high (median 0.8). The median metacognitive knowledge score was 
significantly lower than the metacognitive regulation score (0.7 vs 0.8, respectively). The participants with a total metacognition score ≥0.8 
had significantly higher academic results (full semester exam results of 7.4 and clinical exam of 7.5). The group of participants in the 
military, having sports habits and usually searching academic documents in English, had a higher proportion of total metacognitive 
awareness score ≥0.8 than the group without these above characteristics (with the percentages of 53.3%, 59%, and 64.3%, respectively; p < 
0.05). The number of books read by participants with a total metacognitive awareness score ≥ 0.8 was significantly higher than those with 
a total metacognitive awareness score <0.8 (3.5 compared to 2.4 books).
Conclusion: Metacognitive awareness of Vietnam Military Medical University medical students was likely to be high. A high score 
of metacognitive awareness could predict high academic performance. Being a military student, playing sports, reading books, and 
searching English documents were predictors of better metacognitive awareness.
Keywords: metacognition, medical student, metacognitive awareness, academic performance

Introduction
Competency-based medical education (CBME) is a common trend in the world and Vietnam in the early twenty-first 
century.1,2 Competency-based medical education approaches to teaching and learning methods emphasize that learners 
achieve the capacity to do medical jobs successfully and efficiently after medical education programs.3 The learners are 
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centralized in medical education progression. They choose motivational learning methods and facilities to get outcomes 
related to patients, populations, and health professions education programs.3 The learners must get their knowledge and 
regulate the learning process called metacognition.4–6 Learners with metacognitive strategies can plan, control and 
regulate their cognition process.7,8

Brown was the first to call the term “metacognition”, which includes knowledge and the regulation of cognition.5,9 

Knowledge about cognition has three components: declarative, procedural, and conditional knowledge.1,10,11 Regulation 
of cognition had five components: planning, information management strategies, comprehension monitoring, debugging 
strategies, and evaluation.1,4,11 There are many inventories have been created to assess metacognition.12–14 Some of them 
are more popular such as Metacognition awareness guidance (MCAG), metacognition awareness of reading strategy 
inventory (MARSI), Meta-cognition skills inventory (MSI), and MAI.14–17 The MAI was created by Schraw and 
Dennison (1994) that provided a more useful tool to assess baseline and follow-up levels of specific criteria of 
metacognition.1,18 These criteria include the development of metacognitive knowledge; planning and organizing; and 
selecting, implementing, monitoring, and evaluating learning strategies.1,5 Metacognition has been studied and published 
around the globe, showing the components of metacognition, including metacognitive knowledge and regulation, and 
showing more detailed compartments.7,19–21 Almost nations are affected by the Covid-19 pandemic. There are some 
papers researched on metacognition that have been published in the covid 19 pandemic era (2020–2022). The research on 
metacognition in Covid-19 pandemic era showed that MOOC was more effective in fostering the deep learning aspects of 
high metacognition skills and deep learning as a whole.22 Other study found that online flipped classrooms could improve 
self-directed learning and metacognitive awareness in nursing education.23 Iin Hindun observed work cognition and 
metacognitive awareness at different levels of local teachers in Indonesia.24 At Vietnam Military Medical University, 
medical assessments focus almost on clinical skills. We performed this study to investigate undergraduate students’ 
metacognitive awareness using the MAI questionnaire and the relation between MAI scores and students’ academic 
performance at Vietnam Military Medical University.

Methods
We performed a prospective, descriptive, cross-sectional study on 202 participants who were students in undergraduate 
general medical courses from the first year to the sixth year, including military and non-military students at the Vietnam 
Military Medical University from 2020 to 2021.

Data Collection: The questionnaire consisted of two main parts: background information and MAI score. The back-
ground information includes age, gender, year of academic education, military or non-military, place of living before, 
regional living before being a student, habit in sports, habit in reading, type of reading book, habit in learning, searching 
English documents, and academic results. The MAI score was assessed with MAI 52 binary-scale items that Schraw and 
Dennison created in 1994,1 the result of each question got 2 points on the binary scale, including a value of 1 if the 
participant answered “true” and a value of 0 if the participant answered “false”. Which includes knowledge and regulation 
of MAI with eight compartments: procedural knowledge, declarative knowledge, conditional knowledge, information 
management strategies, planning, comprehension monitoring, debugging strategies and evaluation12,18 (Table S1). MAI 
questionnaires were translated into Vietnamese by one expert in the English language who blinded to our research. Before 
starting the study, a trial survey was conducted on 32 Vietnamese students to ensure the feasibility and appropriateness of 
the MAI score for this population. The Vietnamese questionnaire version of MAI was administered online using a licensed 
Surveynuts tool. The link was sent to participants by Zalo, Messenger, and Email. The participants answered all of the 
questions through their online facilities during the Covid 19 pandemic (April 2021). All data was sent automatedly to the 
account of the researchers. Data from participants who had the same answers for all questions or did not complete all 
questions of the MAI score were excluded.

Ethical Statements
The participants were voluntary, and the research data was confidential and anonymized. The data sheets of respondents 
were kept locked up in a password-protected computer and were only used by the researchers. The study was approved 
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by the Ethics Committee of the Vietnam Military Medical University (No 299/2014/VMMU-IRB). The study was also 
conducted using good clinical practice following the Declaration of Helsinki.

Statistical Analyzed
Data were analyzed using the licensed Stata 17. For each variable in varlist, sktest presents a test for normality based on 
skewness. The MAI score and base characteristics of participants were described as descriptive statistics. Chi-square and 
ANOVA tests were used to compare the participants with metacognitive awareness inventory scores ≥ 0.8 different from 
base characteristics, including average academic and clinical results of last semester. Multivariable logistic analysis was 
used to determine the variables that could significantly affect the metacognitive awareness total score ≥ 0.8.

Results
Table 1 shows the characteristics of 202 participants, in which males and females accounted for 72.8% and 27.2%, 
respectively. The proportion of military students was 75.2%, while 24.8% were non-military students. 76.2% came from 
suburban, while 23.8% were from urban (75.7% from the North and 24.3% from the South of Viet Nam) (Table 1).

Table 1 Characteristics of the Participants

Variables (n = 202) Values [n (%)]

Age of students (years)

19 31 (15.3%)

20 29 (14.4%)

21 59 (29.2%)

22 31 (15.3%)

23 28 (13.9%)

24 22 (10.9%)

25 2 (1.0%)

Gender

Female 55 (27.2%)

Male 147 (72.8%)

Type of students

Non-military 50 (24.8%)

Military 152 (75.2%)

Academic year

The first 39 (19.3%)

The second 30 (14.9%)

Third 60 (29.7%)

Forth 28 (13.9%)

Fifth 24 (11.9%)

(Continued)
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The results in Table 2 showed the ratio of participants separated by favorites, habits in sports, studying, and academic 
performance in the last semester (Table 2).

The metacognitive knowledge score was significantly lower than the metacognitive regulation score (Wilcoxon 
signed-rank test; p = 0.001). The declarative knowledge score was the lowest at 0.6 (0.5–0.9) within the eight 
compartments of the MAI score (Table 3).

Table 2 Characteristics of Favorite, Habits, and Academic Performance

Variables (n = 202) Values [n (%)]

Habit in sports

Non 102 (50.5%)

Yes 100 (49.5%)

Number of books read in last three months (excluding medical books), 

mean (SD)

2.9 (3.6)

Habit in the reading book in the last three months (excluding medical 

books)

Yes 51 (25.2%)

Non 148 (73.3%)

Unanswered 3 (1.5%)

Type of interested books

Science books 96 (47.8%)

Literature books 105 (52.2%)

The searching habit of academic documents on the internet

Non 1 (0.5%)

Sometimes 84 (41.6%)

Usually 117 (57.9%)

The searching habit of academic documents in English

Non 33 (16.3%)

(Continued)

Table 1 (Continued). 

Variables (n = 202) Values [n (%)]

Sixth 21 (10.4%)

Area

Suburban 154 (76.2%)

Urban 48 (23.8%)

Region of Viet Nam

North 153 (75.7%)

South 49 (24.3%)
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Table 4 shows that the proportion of total metacognitive awareness score ≥ 0.8 in military participants was 
significantly higher than in non-military participants. The fourth school year participants had a significantly lower 
proportion of metacognitive awareness total score ≥ 0.8 than in other years of academic study (Table 4).

As shown in Table 5, the rate of total metacognitive awareness score ≥ 0.8 in participants with sports habits and searching 
habits for academic documents in English was significantly higher than in other participants. The participants with a total 
metacognitive awareness score ≥ 0.8 read more books, particularly the number of books in the last three months (excluding 
medical books), than others. The participants getting total metacognitive awareness score ≥ 0.8 had significantly higher full 
exam results (7.4 ± 0.8) and clinical exam results (7.5 ± 0.8) for the last semester than the others (Table 5).

Table 6 showed that a total metacognitive awareness score ≥ 0.8 was relatively significant with military participants, 
sports, and English academic document searching habits (Table 6).

Discussion
Competency-based medical education is the transformation from teaching to self-study, from training to self-training.1,3 

Medical students become the center of the educational process. They need to study by themselves to get knowledge and 

Table 2 (Continued). 

Variables (n = 202) Values [n (%)]

Sometimes 141 (69.8%)

Usually 28 (13.9%)

Studying at library

Non 54 (26.7%)

Sometimes 126 (62.4%)

Usually 22 (10.9%)

Average academic results of last semester, mean (SD) 7.2 ± 0.8

Clinical results, mean (SD) 7.3 ± 0.8

Table 3 Metacognitive Awareness Score

Metacognitive Sub-Components (n = 202) Number of Question Score per Question

Total metacognitive awareness score, median (IQR) 52 0.8 (0.6–0.9)

Metacognitive knowledge score, median (IQR) 17 0.7 (0.5–0.9)

Metacognitive regulation score, median (IQR) 35 0.8 (0.7–0.9)

Procedural knowledge score, median (IQR) 4 0.8 (0.5–1.0)

Declarative knowledge score, median (IQR) 8 0.6 (0.5–0.9)

Conditional knowledge score, median (IQR) 5 0.8 (0.6–1.0)

Information management strategies score, median (IQR) 10 0.8 (0.7–0.9)

Planning score, median (IQR) 7 0.9 (0.7–1.0)

Comprehension monitoring score, median (IQR) 7 0.9 (0.7–1.0)

Debugging strategies score, median (IQR) 5 1.0 (0.8–1.0)

Evaluation score, median (IQR) 6 0.8 (0.7–1.0)
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Table 4 The Relationship Between Total Metacognitive Awareness Score and Age, 
Gender, Academic Year, and Geographic Characteristics

Factors Total Metacognitive 
Awareness Score <0.8

Total Metacognitive 
Awareness Score ≥ 0.8

p

(n = 106) (n = 96)

Gender

Female 34 (61.8%) 21 (38.2%) 0.10

Male 72 (49.0%) 75 (51.0%)

Type of student

Non-military 35 (70.0%) 15 (30.0%) 0.004

Military 71 (46.7%) 81 (53.3%)

Year of academic study

First 15 (38.5%) 24 (61.5%) 0.006

Second 11 (36.7%) 19 (63.3%)

Third 33 (55.0%) 27 (45.0%)

Fourth 23 (82.1%) 5 (17.9%)

Fifth 12 (50.0%) 12 (50.0%)

Sixth 12 (57.1%) 9 (42.9%)

Area of living

Suburban 85 (55.2%) 69 (44.8%) 0.17

Urban 21 (43.7%) 27 (56.3%)

Region

North 80 (52.3%) 73 (47.7%) 0.92

South 26 (53.1%) 23 (46.9%)

Table 5 The Relationship Between Metacognitive Awareness Total Score and Participants’ Habits and 
Academic Results

Variables Total Metacognitive 
Awareness Score <0.8

Total Metacognitive 
Awareness Score ≥ 0.8

p

(n = 106) (n = 96)

Habit in sports

Non 65 (63.7%) 37 (36.3%) 0.001

Yes 41 (41.0%) 59 (59.0%)

Number of books reading in last three months 

(excluding medical books), mean (SD)

2.4 (3.1) 3.5 (4.0) 0.048

Type of interested books

Science books 48 (50.0%) 48 (50.0%) 0.54

Literature books 57 (53.8%) 48 (46.2%)

(Continued)
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Table 5 (Continued). 

Variables Total Metacognitive 
Awareness Score <0.8

Total Metacognitive 
Awareness Score ≥ 0.8

p

(n = 106) (n = 96)

The searching habit of academic 
documents on the internet

Non 0 (0.0%) 1 (100%) 0.43

Sometimes 47 (55.9%) 37 (44.1%)

Usually 59 (50.4%) 58 (49.6%)

The searching habit of academic 
documents in English

Non 25 (75.8%) 8 (24.2%) 0.005

Sometimes 71 (50.4%) 70 (49.6%)

Usually 10 (35.7%) 18 (64.3%)

Studying at library

Non 32 (59.3%) 22 (40.7%) 0.33

Sometimes 65 (51.6%) 61 (48.4%)

Usually 9 (40.9%) 13 (59.1%)

Total exam results of last semester; mean (SD) 7.0 ± 0.8 7.4 ± 0.8 0.005

The clinical exam result of last semester; mean (SD) 7.1 ± 0.8 7.5 ± 0.8 0.016

Table 6 Multivariable Logistic of Total Metacognitive Awareness Score ≥ 0.8

Variables OR CI (95%)

Female 1.00 [1.00–1.00]

Male 0.90 [0.38–2.10]

Non-military students 1.00 [1.00–1.00]

Military Students 2.57* [1.07–6.18]

Suburban 1.00 [1.00–1.00]

Urban 1.76 [0.84–3.68]

The North 1.00 [1.00–1.00]

The South 0.58 [0.28–1.24]

Non-habit in sports 1.00 [1.00–1.00]

Habit in sports 2.07* [1.09–3.93]

Number of books read in last three months (excluding medical books) 1.05 [0.96−1.15]

Science books 1.00 [1.00–1.00]

Literature books 0.74 [0.39–1.39]

(Continued)
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skills according to the competent targets of the curriculum.3,25,26 The ability of students in aware and assess themselves 
can call the concept of “metacognition”.14,19 Metacognition presents at an early age and increases in ability during the 
transition from childhood to adolescence.4,10 Metacognition plays an essential role in medical education. Metacognition 
guides students’ learning strategies during the learning process.20,27,28 The students can focus on acquiring the knowl-
edge or skills they lack if they know what they know and do not know.18,28,29

Our study showed that the median total metacognitive awareness score with 52 questions was 0.8. The median 
metacognitive knowledge score was 0.7 (17 questions), and the median metacognitive regulation was 0.8 (35 questions). 
It is exciting that the metacognitive regulation score was more significant than the metacognitive knowledge score. It 
could be explained that most students were not taught knowledge of metacognition as an independent subject in the 
curriculum, while metacognitive regulation can be created in learning from childhood in other subjects. Pallavi Panchu 
et al30 assessed metacognition in 100 first-year medical students in India using by MAI tool and showed that the mean 
metacognitive knowledge score was 0.645 (10.98/17 questions), the mean metacognitive regulation score was 0.644 
(22.55/35 questions). Similar observations are reported by Mishra et al.31 The author showed that the mean metacog-
nitive awareness total score was 0.775 (40.31/52 questions), the mean metacognitive knowledge score was 0.759 (12.91/ 
17 questions), and the mean metacognitive regulation score was 0.78 (27.41/ 35 questions). The value of the MAI score 
in our observation was equivalent to two previous Indian studies. The results of each component of metacognition in our 
participants showed that the median declarative knowledge score (0.6) was significantly less than the median procedural 
knowledge score (0.8). It means that the participants’ awareness of what they know is more complicated than what they 
can do.

Our results showed that the rate of participants with total metacognitive awareness score ≥ 0.8 was higher in the 
military than in non-military students (Table 4; p = 0.004). Analyzing another way of comparing the median of the MAI 
score, the result showed that the military student group had a significantly higher median of the total, knowledge, and 
regulation scores in metacognition (Table S2). It could be explained that military students study some subjects associated 
with metacognition in the military curriculum. The rate of participants with a total metacognitive awareness score ≥ 0.8 
was the lowest in the fourth academic year. We may suggest that participants begin a clinical study in the fourth 
academic year, including new knowledge and skill of the clinic. So, they must change their learning methods to deal with 

Table 6 (Continued). 

Variables OR CI (95%)

The searching habit of academic documents on the internet

Non 1.00 [1.00–1.00]

Sometimes 0.97 [0.49–1.92]

Usually 1.00 [1.00–1.00]

The searching habit of academic documents in English

Non 1.00 [1.00–1.00]

Sometimes 2.86* [1.13–7.26]

Usually 3.13 [0.89–11.03]

Studying at library

Non 1.00 [1.00–1.00]

Sometimes 1.14 [0.56–2.30]

Usually 1.36 [0.45–4.16]

Notes: Exponentiated coefficients; 95% confidence intervals in brackets. *p < 0.05.
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clinical objects. Our study did not find any statistical difference in the total metacognitive awareness score between 
females and males, the living area, and the living regions of participants.

Our results also showed that participants with sports habits and searching for academic documents in English had 
a higher proportion of total metacognitive awareness score ≥ 0.8 than other participants. The participants with a total 
metacognitive awareness score of ≥ 0.8 read more books in the last three months than others. Nevertheless, the type of 
interest books (excluding medical books), the habit of searching academic documents online, and studying at the library 
were insignificant among participants with a total metacognitive awareness score of ≥ 0.8 and < 0.8. Multivariable 
logistic analysis results showed three variables, including military students, habits in sports, and searching of English 
academic documents that significantly affected the rate of participants with total metacognitive awareness score ≥ 0.8. 
Metacognition is essential in health care, from being a better student to becoming a better doctor.10 So several ways can 
enhance students’ metacognition in medical school, including lectures, active learning exercises, or pre-planned activities 
outside of the classroom. Tomporowski reviewed metacognition from previous studies that acute and chronic quantitative 
exercise affected cognition and metacognition. The quantitative exercise included fitness, physical activity, and sports 
participation.32 According to this review, we could explain our result that physical activities in sports could encourage 
cognitive function, including metacognition. Searching for academic documents in English is active action in the learning 
progress of good students. These students not only study Vietnamese documents in the curriculum but also search for 
more updated knowledge in English. They had been using more integrated skills and knowledge, including English, 
computer, information technology, and clinical expertise, to do this job. They usually plan for their work with more 
detailed jobs to get more and more knowledge and competency in medicine. These students could get better total 
metacognitive awareness scores. There are detailed competencies of the medical curriculum that all students have to 
accumulate. Their competencies include science and social compartment. Besides learning from medical documents, they 
have to learn more soft skills and more knowledge of basic science and society from reading books. It could explain our 
result that reading more books related to higher total metacognitive awareness scores.

Finally, metacognition with two components (knowledge and regulation) could help students learn, especially in 
competency-based medical education. Our results showed that participants with a total metacognitive awareness score ≥ 
0.8 had significantly higher results in the last semester, including the whole exam and clinical exam. The research of Wei 
Han Hong on first-year medical students in Malaysia showed that metacognition and its components significantly 
positively correlated with academic performance results.18 In another study, Chan researched 139 first-year nursing 
students at a university in Hong Kong. The results showed that total metacognition scores increased significantly after 
active learning than before.25 Metacognition, including knowledge and regulation, guides the students on what they know 
and what they do not know but also shows them to get good learning outcomes without mistakes. So they could get better 
academic performance in the medical course. This previous research could show the relationship between metacognition 
and students’ academic performance.

Limitation
This study has limitations. The metacognition was measured by MAI score with the native version in English. Therefore, 
bias could be met when translating into Vietnamese. However, before the study, MAI was translated into Vietnamese by 
one expert in the English language, and a trial survey was conducted on 32 Vietnamese students to ensure the feasibility 
and appropriateness of the MAI score for this population. We also strictly followed the instructions described in this test’s 
manual to make results reliable.

Conclusion
The study showed that medical students at the Vietnamese Military Medical University were likely to have a high 
metacognitive awareness score. High metacognitive awareness scores might predict higher students’ academic perfor-
mance. Being military students, playing sports, reading more books, and searching English academic documents could 
associate better metacognitive awareness scores.
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