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Abstract: The article addresses the basic concepts of critical thinking and metacognition - two
among the core elements of higher thinking level and their relationship. From a theoretical and
empirical basis, the author mentions some issues of training critical thinking and metacognitive
skills for high school students by designing teaching situations in teaching finite limit of number
sequences (Algebra and Calculus 11).
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1. INTRODUCTION
The topic of fostering critical and metacognitive
thinking for high school students has been of great
interest amongst international education researchers as
well as those in Vietnam. Teaching aims at the
development of thinking, especially higher thinking
levels, in order to meet the demand for high quality
human resources of the society in the 4.0 technological
era. This article mentions the development of students’
critical thinking and metacognitive skills in
Mathematical teaching at high schools.
2. LITERATURE REVIEW
2.1. Critical thinking
The concept of critical thinking (TDPP) emerged in
ancient Greece. “Critical” was derived from the two
words “Kriticos” (accurate assessment) and “Kriterion”
(standard). Thus, “Critical” means a “standard-based
accurate assessment”, which is understood as the multidimensional and objective evaluation of an object or a
phenomenon in order to identify the merits, the
shortcomings and most importantly, the optimal
efficient solutions.
Despite being a well-known academic concept,
critical thinking is rather an “elusive concept” which
holds various meanings. Critical thinking was first
described by John Dewey as a combination of skills
used to seek further evidences before making a
judgement (Nguyen Ngoc Du, 2015). From a
philosophical perspective, Robert Ennis defined critical
thinking as “reasonable and reflective thinking that is
focused on deciding what we should believe or do”
(Punam Bansal, 2010). Freeley and Steinberg (2000)
stated that critical thinking is “the ability to analyse,
criticize, and advocate ideas; to reason inductively and
deductively; and to reach factual or judgmental
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conclusions based on reasonable inferences drawn from
valid and plausible arguments” (Dr. Punam Bansal,
2010). This definition emphasised the importance of
careful considerations for emotional aspects of critical
thinking. According to Delphi and his collaborator
(1990, 1998), “Critical thinking is a process divided
into skills and tendencies” These skills include:
1) Interpretation; 2) Analysis; 3) Evaluation; 4)
Inference; 5) Explanation; 6) Self - regulation. The
tendencies include: 1) Inquisitiveness; 2) Truth-seeking;
3) Self-confidence; 4) Open-mindedness; 4)
Systematizing; 5) Analyzing; 6) Cognitive Maturity.
These 6 skills and 7 tendencies above completely match
with 6 cognitive levels suggested by Bloom from 1956
(Punam Bansal, 2010).
Many researchers agree that good critical thinkers
possess these following characteristics: 1) Capable of
asking questions on important matters, then building
them up clearly and accurately; 2) Capable of
combining and evaluating relevant information, using
abstract ideas to elaborate on such information
effectively to reach reasonable conclusion and
solutions, evaluating their eligibility based on relevant
standards and criteria; 3) Open-minded to alternative
ideological systems; capable of to compromise and
assess real-life assumptions, implications and
consequences when necessary; 4) Communicate
effectively with others to find solutions to complex
problems (Phan Thi Luyen, 2008).
In our opinion: Critical thinking is a way of
thinking, perceiving, objectively and multidimensionally
evaluating a problem, object or phenomenon based on
scientific arguments towards perfection. For high
school students, TDPP is demonstrated in the following
characteristics: 1) Capable of asking questions about
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important issues, and expressing them clearly and
accurately; 2) Capable of collecting and evaluating
relevant information and interpreting them effectively;
3) Capable of and willing to engage in discussions with
reasonable arguments based on appropriate criteria and
norms; 4) Capable of involving various alternative
viewpoints; evaluating and selecting the optimal,
solutions and evaluations; have the ability to selfmonitor their own thinking and adjust their own
opinions and actions.
2.2. Metacognition
Despite having been mentioned since ancient times
by philosophers, it was not until the 1970s of the 20th
century that the concept of metacognition was clearly
stated by the researchers. Due to its complexity and
abstraction, many researchers have examined and
proposed different interpretations and models.
Flavell (1976), who was deemed by many cognitive
researchers as the “founding father of metacognition”,
has defined that: “Metacognition is the knowledge of
the involved individual relating to their personal
cognitive processes, other related products and factors,
including monitoring and adjusting the results and
outcome-based rearranging these procedures” (Le
Trung Tin, 2016). Meanwhile, Wellman (1985) stated
that: “Metacognition is a form of cognition relating to
the external control over cognitive processes.
Metacognition can also be understood as thinking of
thinking or cognition of cognition”. In short, all the
authors agreed that: Metacognition is known as the
knowledge and rules in one’s cognitive activities
throughout the learning process (Le Trung Tin, 2016).
According to Ho Thi Huong (2013), metacognition
is a combination of factors such as knowledge, skills,
monitoring the cognitive process of learners as well as
directing this process through the following steps:
planning, choosing a strategy, monitoring and assessing
the learning process. Within the boundary of this article,
metacognition can be roughly supposed to include these
fundamental elements: 1) Awareness of oneself’s
cognitive process; 2) Active and positive monitoring of
the cognitive process; 3) Self-assessing the learning
process and its achieved results in comparison to one’s
set goals; 4) Attempting to adjust the cognitive process
in relation to learning tasks.
Metacognition is demonstrated through the
following students’ characteristics: 1) Capable of
planning and strategizing learning; 2) Capable of
choosing appropriate learning strategies; 3) Selfassessing learning in comparison with one’s goal; 4)
Monitoring one’s learning process; 5) Controlling
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cognitive processes and self-adjusting when necessary
(actively and positively). Thus, it’s advisable to train
metacognitive skills for students in order to help them
understand the nature of mathematical learning and
solving, know how to discover new knowledge,
understand such knowledge in-depth, memorise for an
extended period and be able to apply learned knowledge
in reality.
2.3. The relationship between critical thinking and
metacognition
According to Pham Minh Hac (2005), thinking is a
cognitive process that reflects essential attributes and
relationships with regularity of objects, phenomenon
and objective reality. Thinking is the basis of all
cognitive activities, cognitive processes and unique to
human. Another form of purposeful thinking that is
related to the process of problem solving is
metacognition. Therefore, metacognition is closely
related to the process of problem solving.
A very important criterion to have critical thinking
is assessment. Assessment in critical thinking includes
assessing others and oneself (self-assessment);
including assessment of knowledge, skills, attitudes,
methods and effectiveness. Metacognition has a core
component that is self-assessment, the high levelled
assessment, which focuses on the cognitive process of
each individual. Metacognitive self-assessment involves
the critical revisiting of the learning process by marking
important milestones throughout the process,
acknowledging mistakes, identifying the relationships
between initial understanding and the learning
outcomes. This is a key distinction between cognitive
and metacognitive activities.
3. METHODS AND RESULTS
3.1. Designing and organizing teaching situations in
teaching “Finite limit of a sequence” (Algebra and
Calculus 11) in order to train critical thinking and
metacognitive skills for high school students
In recent years, the Education sector has actively
promoted research and implementation of teaching
methods innovation improve the quality of high school
teaching. Teachers are encouraged to shift from
traditional teaching methods to active teaching methods.
In order to develop critical thinking and metacognitive
skills for high school students in mathematical teaching,
teaching situations are expected to help students
discover, form and master new knowledge by
themselves; enhance cooperation and collaboration;
train critical thinking and metacognitive skills.

VJE

Vietnam Journal of Education, Vol. 5, 2018, pp. 71-75

Special Issue for the 1st ICME at Hanoi National University of Education

The procedure of designing and organizing teaching
situations to train critical thinking and metacognitive
skills for students often follows these 4 steps: - Step 1:
Studying the content and objectives of the lesson;
identifying the content, methods, opportunities to
practice critical thinking and metacognitive skills that
the teaching situation aims at; - Step 2: Designing
teaching situations; - Step 3: Organizing teaching
pedagogical experiments based on designed situations;
- Step 4: Evaluating and modifying teaching situations.
According to the above procedure, designing and
organizing teaching situations to teach the lesson “Finite
limit of sequence” (Algebra and Calculus 11) in order to
develop students’ critical thinking and metacognitive
skills includes the following steps:
Step 1: studying the content, objectives, directions
of teaching the concept of Finite limit of number
sequence.
Step 2: Teachers design teaching situations through
learning activities.
Step 3: Conducting pedagogical experiments
according to designed teaching situations.
Step 4: Evaluating and modifying the designed
teaching situations. After the pedagogical experiment
step, we conduct the analysis and evaluation of the
strengths and shortcomings of the teaching situation
designed, identify the cognitive difficulties that students
encounter in the learning process; then, plan the
differentiation the learning activities to help students in
the process of mastering and constructing knowledge.
3.2. Designing and organizing sample teaching
situations for the concept of finite limit of number
sequence in teaching the lesson “Finite limit of
sequence” (Algebra and Calculus 11) in order to train
critical thinking and metacognitive skills for high
school students
In this section, we will illustrate step 2 of the
designing procedure above with the following activities:
Activity 1: Engaging and approaching the problem.
- Teacher divides students into groups and explains
the rules and requirements for group activity:
+ Dividing students into 6 groups; + Group leader lets
each member draw randomly one of the following three
colours: yellow, green, red; + Students with the same
colour form a new group to perform their task on an A3
paper; + Students return to their original groups to work
together on tasks 4, 5 in a supporting worksheet.
- Teacher requires students to carry out the tasks
given in the worksheet.
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- Students: Carry out the specific tasks written in the
worksheet.
- Teachers: Anticipate results produced by students.
Worksheet 1
Question: Given a number sequence (sn) where:
1
s1  ;
2
1 1
s2   2 ;
2 2
1 1
1
s3   2  3 ;
2 2
2
...
1 1
1
1
sn   2  3  ...  n ;
2 2
2
2
1. Use a shape (for instance a square with its side
which is 1 unit long) and demonstrate a few starting
numbers of the sequence (sn) through dividing such
1 1
shape into parts with respective area values , 2 ,...
2 2
Comment on the characteristics of this sequence?
2. Present the numbers s1, s2, s3, s4 on the number
sequence and predict the position of sn on this
number sequence.
3. Find a formula for a general number of the
sequence (sn) and create a new sequence (vn): vn= 1-sn
4. Find the limit (if exists) of the sequence (vn). Give
a general definition of the sequence (un) which has a
finite limit L.
1. Demonstration by shapes (see Picture 1):

Picture 1
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Characteristic of the number sequence: An
increasing sequence, the value of each consecutive
number of this sequence increases and approach
towards value 1.

or provide wrong presentations, or may demonstrate in
varied ways. For instance, apart from the above
demonstration, students can present the following
demonstrations (see Picture 2):

2. Demonstrate the numbers s1 , s2 , s3 , s4 on the
number sequence and predict the position of sn on the
number sequence.

In addition, students can also use an isosceles
triangle with area equal to 1 and a circle with area equal
to 1 to demonstrate. Teachers can ask the groups to

present their group’s visual representation or maybe ask
one group to ask questions for the other groups.
Teacher’s aim is to help students realise that there
may be an infinite number of squares with area equal to
s1, s2, s3,...,sn,...but the total area of these squares always
equates to 1. Thus, students may initially visualize a
finite sequence.
Teacher: Returns to the definition of limit 0 of a
sequence and emphasize the definition:
- lim(un )  L if and only if the distance un  L
from point u n to point L becomes as small as possible
as long as n is sufficiently large.
- Not all number sequences are infinite.
Teacher requires a student to give an example of a
finite sequence, teacher may prepare examples in case

3. General formula of (sn) is:
n

1
1  
n
1
2
1
sn  .    1   
2 1 1
2
2
n

1
Then, new sequence (vn): vn  1  sn    .
2
4. Find the limit of sequence (vn): We have
n

1
lim vn  lim    0.
2
- Teachers: Check each groupwork and give
comments. In this activity, when carrying out task 1 of
the worksheet, students may not be able to demonstrate,
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the student cannot. For instance the sequence  1 , or
sequence -1, 1, -1, 1,..., does not have a finite limit.
Teacher demonstrates on the number sequence, the
numbers of such sequence are demonstrated by two
n

points 1 and -1. When n increases, the points  1 do
not converge at any point L.
Activity 2: Students propose and construct concept.
Having carried out task 5 in the worksheet, students
give a definition of a finite sequence. After that, teacher
presents an accurate definition.
Activity 3: Applying the definition to find the limit of
a sequence. Teacher gives an example and instructs
students to solve the task:
n

  1n

Example: Prove that: lim 




 1  1

n


Teacher can instruct students: let un 
We have: un   1 

 1

n

n

 1
n

n

1 .

 1   1 

 1
n

n

.


Thus lim un   1  0 or lim 





 1n

 1  1 .
 n




Students perform teachers’ requirements and learn
how to apply the definition of a sequence limit to find
the finite limit.
The aforementioned teaching situation is designed for
students to solve the problems in their worksheets based
on their flexible use of geometric knowledge. Students
can propose a variety of ways to display the image
(displaying squares, circles, triangles, ...) to represent the
sequence of numbers and comment on the characteristics
of the sequence based on the total area of small figures,
predict the results and find the answers (through the use
of exponential formulas). Students notice that the flexible
combination of geometric and algebraic knowledge has
been highly effective in the learning process. Students
who review other students’ ways of doing should
consider whether it is right or wrong and why and
compare their solutions. Thereby, students’ critical
thinking and metacognitive skills are enhanced.
4. DISCUSSION AND CONCLUSION
In the era of technological advancement nowadays,
the Education sector confronts numerous opportunities
as well as challenges. Therefore, teachers need to help
students develop the necessary skills to master their
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studies. Developing critical thinking and metacognitive
skills is truly vital for a learner in the 21st century to
successfully deal with new situations and difficulties in
learning. One of the essential and effective solutions
that teachers can exploit is to design and organize
teaching contexts/ situations that create opportunities
for students to participate actively in learning activities
during their curricular schedule. Consequently, they can
train and develop critical thinking and metacognitive
skills amongst high school students.
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