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Abstract

Many countries have been actively promoting
computational thinking since it was put forward, and
visual programming language, robots and educational
tabletop games are commonly used in its promotion. To
understand the relationship between students’ learning of
coding principles in educational tabletop games and
players’ cognitive processing at key points in time,
students’ behavior while playing the Interstellar Explorer
tabletop game was observed by a brainwave EEG
(electroencephalography) instrument and video and
analyzed with cognitive processing. The results showed
that a continuous increase in attention and meditation
reflected a low level of knowledge and understanding as
well as high-level application, analysis and evaluation of
cognitive processing. This study explores the relationship
between the state of students playing tabletop games and
their behavior during play and then derives the
relationship between their behavior and cognitive
processing. It is recommended that the design of tabletop
games consider how the learning content matches the
game mechanics and examine whether cognitive
processing is present according to Bloom’s taxonomy. In
addition, to enhance players’ cognitive ability, it is
recommended that tabletop games provide the ability to
use contextual content and multiple strategies.

Keywords: Computational thinking, Coding education,
Cognitive processing, Brainwave, Tabletop
game

1 Introduction

Wing of Carnegie Mellon University introduced the
concept of the literacy of computational thinking in
2006. He indicated that computational thinking
involves the application of basic concepts of computer
science to design systems, solve problems, and
understand human behavior [1]. Computational
thinking is a basic capability that a person should have
in addition to basic literacy, such as reading, writing
and counting, and is not exclusively for computer

scientists. Following Wing, relevant organizations and
scholars have developed views on computational
thinking [2-3], and many advanced countries have
begun to develop curriculum standards and teacher
training for computational thinking literacy [4-6].
According to Brown, Sentance, Crick, & Humphreys
[7], computer science has been taught to all students
above the age of five across the UK (England, Scotland,
Wales and Northern Ireland), whereas primary school
students learn to grasp computational thinking skills [8]
via BBC micro:bit in Sweden.

It can be seen from the above changes in educational
trends that many countries have trained teachers and
include content on computational thinking in the
curriculum [9]. Students can thus become literate in
computational thinking beginning in childhood,
suggesting the importance of developing children’s
thinking ability at an early age. Training in
computational thinking ability is usually achieved
through writing code [10-11]. However, Costelloe [12]
and Powers, Ecott, & Hirshfield [13] pointed out that
schoolchildren who begin to learn programming often
encounter difficulties and feel frustrated with the
concept of grammar and coding design. Because the
text interface used by traditional programming requires
input of various grammar instructions, this method
may cause students to feel bored and may not stimulate
their interest in learning [14]. In addition, Zhao &
Shute [16] reported that when students try to learn to
use text-based programming languages, close attention
to syntax details is required. Therefore, in order to
improve the interest of students in learning, visual
programming language (e.g., Scratch) and robots (e.g.,
mBot), which emphasize logic and structure over
calculation [18], have begun to be developed by
research units or manufacturers [19-20].

In addition, in recent years, due to the prevalence of
tabletop games, computer science has become
unplugged [21], and related textbooks and applications
have begun to attract attention. Tabletop games
comprise all card games, board games, tile-based
games, and other games that require face-to-face
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participation by a number of game players [22].
Educational tabletop games have educational value and
promote learning motivation through play, enabling the
players to learn relevant knowledge [23]. Currently,
related program logic tabletop games include Robot
Wars, Robot Turtles, Code master and Code & Go
Mouse Mania Tabletop game, etc. Most of these
tabletop games are based on a checkerboard pattern for
learning the concept of computational thinking through
different cards.

When the current education system attaches
importance to computational thinking education and
educational tabletop games, scholars are exploring how
to evaluate their learning outcome. At present, in the
field of computational thinking, some scholars are also
committed to developing the computational thinking
evaluation framework for schoolchildren. For example,
Brennan and Resnick [24] developed a computational
thinking assessment framework to conduct literacy
analysis of computational thinking through topical
production. Werner, Denner, Campe, and Kawamoto
[25] used the 3D game record on the alice.org website
to understand the computing performance of
schoolchildren. Selby, Dorling, & Woollard [26]
developed a framework for computational thinking and
evaluated whether children used the concept of

computational thinking through qualitative observation.

The above assessment methods for computational
thinking literacy are diversified, and the development
of an assessment framework is the first step in most
assessments of computational thinking literacy. Other
approaches such as thematic production, qualitative
analysis and system record analysis are common
analytical methods. However, from the perspective of
learning, the study of computational thinking is the
study of not only the learning of program logic;
decomposition, pattern recognition and abstraction are
also the processes involved in problem analysis and
solutions [27], and these processes demonstrate
cognitive processing. Hou [28] proposed that the
design of educational tabletop games should consider
cognitive analysis, which allows teachers or tabletop
game developers to check whether the contents of the
table games correspond to the cognitive goals of
remembering, understanding, application, analysis,
evaluation and creation. Bloom’s taxonomy, proffered
by Anderson & Krathwohl [29] and Anderson [30], is
frequently used to evaluate cognitive processing and
has been discussed by a number of studies regarding its
application in computational thinking. Although
Johnson & Fuller [31] observed a huge divergence
when this taxonomy is applied to computational
thinking, scholars such as Thompson, Luxton-Reilly,
Whalley, Hu, & Robbins [32] presented a range of
coding abilities for every cognitive object and offered
relevant examples. Therefore, the present study
investigates the relationship between the learning
behavior and cognitive goals of the students when they

are playing tabletop games via behavior observation.

When we try to understand the relationship between
students’ learning behaviors and cognitive goals
through behavior observation when they are playing
tabletop games, because there are many behaviors to be
observed, it is difficult to understand the relationship
between each time point and the behavior that will
occur. Therefore, we will use the key point in time to
explore the behavior at this time and the representative
meaning. It is challenging to analyze people’s
emotions and reactions by dictation, questionnaire or
observational analysis because this process involves
the reappearance of past experience in memory, and it
is difficult to describe directly. Therefore, this part can
be measured with an electroencephalogram (EEG). The
reason brainwaves occur is that the brain and neuron
transmission generate current, and the electrical
activity emitted by the brain is called brainwaves. Hans
Berger divided normal brainwaves into four categories
based on their frequency range: a, B, 6, 8 waves [33].
The frequency of brainwaves is calculated by the cycle
and vibrations generated per second. The more
vibrations per second, the higher the frequency of
brainwaves. In the field of education, brainwave
instruments are often used by researchers to measure
student learning to understand the learning experience
and participation of students. Students are allowed to
wear brainwave instruments in the classroom, and a
computer or mobile device that the teacher can monitor
is used to receive brainwave data, which provides
teachers with the ability to adjust the teaching to suit
the learning style of the students [34-35].

In summary, learning computational thinking
through program logic tabletop games is the current
trend, but at present, there is no research exploring the
learning behavior of students playing coding tabletop
games with cognitive processing or aimed at obtaining
emotional states at key time points (i.e., attention and
meditation degree) with brainwaves. Therefore, this
study explored the relationship between the state of
students playing tabletop games and the behavior of
play and then derived the relationship between their
behavioral meaning and cognitive processing. Finally,
according to the results, recommendations on teaching
design that integrates coding logic tabletop games and
game mechanism design were provided to teachers.
These useful suggestions may provide more objective
criteria for manufacturers to develop instructional aids
and can provide direction for teachers to design
activities related to computational thinking.

2 Methodology

2.1 Participants and Research Procedure

The research subjects in this study were mainly
students in grades 5-6 in primary school with tabletop
game players of suitable age. A total of 12 students
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participated in the competition via voluntary
registration. Every 2 students were randomly assigned
to one group, and there were 6 groups in total. The
experiment was conducted on holidays, and the process
was as follows:

a. The researcher verbally informed parents and
students of the experimental process, purpose and
research equipment, and an informed consent form was
signed.

b. All participating students were taught to play the
tabletop game Interstellar Explorer for 120 minutes,
which included 30 minutes of explanation and the
remaining 90 minutes for the groups to practice on
their own.

c. The students were grouped to play the Interstellar
Explorer tabletop game, and the time for each group
was controlled within 30 minutes (all experimental
groups were engaged in the game for 20-30 minutes).
While the students were playing, video was recorded
and ECG was used to collect brainwave signals.

d. Afterward, students were interviewed about the
game situation and brainwave signals.

2.2 Instrument
2.2.1 Interstellar Explorer

The Interstellar Explorer tabletop game [37] (Figure
1) transforms the world of outer space into a
playground. Players imagine manipulating the
spacecraft to explore interstellar space and search for
beautiful planets. Players can control the spacecraft’s
movement and the arrangement of obstacles such as
meteorites to find a planet suitable for human
habitation in the other players region. The first player
to find such a planet will win the game. In the game
design, the card is placed in a straight splicing manner,
which is similar to many current visual programming
languages. This format helps children to establish the
basis of writing code so that they can learn the concept
of programming in the process of playing, including
sequences, events, loops, conditionals, parallelism,
names, operators and data [24].
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Figure 1. Schematic of the Interstellar Explorer
Tabletop Game

2.2.2 Brainwave Instrument (EEG)

The experimental tool in this study, a wearable
brainwave instrument, is BrainLink Lite (Figure 2)
(Baud rate is 57,600). The main function of the
instrument is to measure the attention and meditation
degree; the instrument includes the electrode positions
of the prefrontal FP1, FP2, and 5 frequency planes (9, 6,
a, B and y). It is a noninvasive brainwave-measuring
instrument. The numerical data collection method for
exploring the concentration and pressure of adolescents
is the patented eSense algorithm developed by
NeuroSky using the data parameter method. The
specific value of 0-100 is used to express the degree of
concentration and meditation of the subject [38]. Due
to the analytical results of this tool, this study uses the
data of participants’ attention and meditation degree to
perform analyses.

Figure 2. Image of the Brainwave Instrument

2.2.3 Association of Cognitive Goals with Games

Hou [28] proposed that the design of a tabletop
game should consider cognitive analysis and that
designers should check whether the content of the
tabletop game corresponds to the cognitive goals of
remembering, understanding, application, analysis,
evaluation and creation. The relationship between these
six cognitive goals and the game is shown in Figure 3.

2.3 Data Analysis

At the end of the experiment, we first calculated the
brainwave signal through NeuroSky’s eSense
algorithm to calculate the degree of attention and
meditation of each student (with the values of 0-100).
Next, to understand the relationship between the
behavior of students playing the Interstellar Explorer
tabletop game and the brainwaves, the steps of the
analysis of this research data were as follows:

Step 1. Mark the brainwave data for attention and
meditation with the brainwave values of 70 or more
and 30 or less and continuously rising or falling for 3
seconds. This value was of interest because the
brainwaves of participants were mostly between 40 and
60, and for that reason, this study chose the upper and
lower 30% of participants to conduct analyses in order
to identify unique cognitive behaviors. In addition, this
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Cognitive
processing

Game content

Example of
Interstellar Explorer

1B

Remember

Game rules and situations can promote learners’ recall and
extraction of knowledge and strengthen learning
motivation, helping learners to master and remember the

knowledge content independently.

Look at the contents of
some fixed pages of the

manual

. Understand

Game rules and situations can help leamers to review and
remember and help them understand the content of
knowledge; learners can understand the meaning of each
knowledge point when operating games, reading and

thinking.

Read the contents of

the magic card.

. Apply

Game rules and situations can help learners to apply what
they have learned to the problem-solving tasks of the game.
The success of these tasks depends on whether the learner
can correctly apply the correct knowledge to solve the
problem, select or arrange cards, and carry out the correct

operation.

After the card is
studied, the card is

played.

. Analyze

Game rules and situations can help learners compare, think
or discuss; for example, the clues or information provided
in each game must be classified and sorted before the task

can be accomplished.

Look at the magic card
and the fly card in
hand, thinking about

the order.

. Evaluate

Game rules and situations help learners evaluate various
scenarios or information and plan and diagnose strategies,
such as listing various problem-solving strategies or

solutions that can avoid risks.

Take away the big or
small meteorite on the
other party’s board

(magic card function).

. Create

Improve game rules and situations, assist learners to
extend new ideas and solutions and build their own

products.

Move the meteorite
card of various sizes

that were already on

the board (change their
positions or take them

away).

Figure 3. Association between cognitive goals and
games

study used three consecutive seconds as a unit to better
identify the brainwave values of participants. The
entire game operation process and all activities were
recorded, and we saved the recorded video file.

Step 2. Examine the videotape according to the
marked data to identify the behavior of the continuous
interval.

Step 3. Summarize the four categories of attention
increase, attention decline, meditation increase and
meditation decline, and according to the characteristics
of behavior, analyze the meaning of behaviors.

Step 4. Summarize the behavioral implications and
suggestions according to the behavior characteristics.

In Step 2 and Step 3, the videotapes from the field
experiments and interviews were observed and
analyzed by the research assistants, after which they
discussed and summarized the results. In Step 4, the
researcher and two research assistants discussed and
summarized the results.

3 Results and Discussion

There were 6 groups in the study, and each group
had 30 minutes of data collection time. There were 180
minutes of video analysis data. First, in terms of
brainwave values, the average values of each group of
attention and meditation were between 40 and 60
(Figure 4). According to the definition of the eSense
algorithm, the average values of all six groups for both
attention and meditation were normal. No special
circumstances occurred.

Group Attention Meditation
G1-1 49.44 53.67
G1-2 44.30 51.03
G2-1 48.01 57.39
G2-2 46.16 54.25
G3-1 41.99 50.24
G3-2 48.12 54.66
G4-1 4297 47.22
G4-2 47.35 61.84
G5H-1 45.98 59.02
G5-2 51.50 50.45
Go6-1 45.40 54.82
G6-2 53.33 52.61

Average 47.04 53.93

Fiugre 4. Average brainwave values for 6 groups

Next, we analyzed the changes in brainwaves.
According to the screening conditions of data analysis,
we have labeled brainwave data with brainwave
attention and meditation values of 70 or more and 30
or less with continuous increase or decline for 3
seconds, among which continuous attention increased
179 times and declined 414 times, and continuous
meditation increased 341 times and declined 162 times.
Next, the research team conducted videotape
inspection based on the marked data to identify the
behavior of the continuous interval and summarized
the features of the four categories of behaviors of
continuous attention increase, continuous attention
decline, continuous meditation increase and continuous
meditation decline.

The behaviors and meanings of continuous attention
increase are as shown in Figure 5. Three main
behaviors can be summarized from the meanings of the
behaviors, including understanding card content,
strategy application and simulating route. First, in
understanding the content of the card, students must
think about the number of cards, coding logic
arrangement, situation (size, meteorites, obstacles),
magic points, etc., which is a problem at the level of
knowledge and understanding according to the
cognitive classification of Bloom’s taxonomy [29-30].
In the strategy application part, students should think
about how to make an overall arrangement. At this
time, students need to integrate the function of coding
logic with the current chessboard situation, which
involves high-level cognitive processing of application
and analysis. Finally, in the simulating route section,
students must simulate the route of the spacecraft
through simulations based on their own cards. This is a
mental simulation process [39], which involves the
cognitive processing of evaluation.
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Behavior Meaning

Put the used magic card and fly card into the Focus on the number of cards
discard pile

Collect the cards in your hand as a stack and use
them to knock on the table

Move your magic points

Unconscious movement when thinking

Focus on the number of grids for the
movement of magic points
Think about sort order

Look at the magic card and the fly card in hand,
thinking about the order
Arrange meteorite cards of different sizes

Think about the layout

Understand the contents of the card in the
process of reading it
Think about the layout

Read the contents of the magic card

Move the meteorite cards of various sizes that
were already on the board (change their positions
or take them away)

Hold a large or small meteorite card, looking at
the chessboard and thinking about where to put
it

People moving position (front and back, left and
right in the seat)

Look at the card with your fingers or body to|
simulate the direction in which the rocket will
move

Think about the layout

Unconscious movements while
focusing/thinking
Think about the path of the flying ship

Look at each other's shuffle (magic card or fly See if the other party has stolen cards or
card) cheated

Think about which obstacle is more
advantageous to remove

Take away the large or small meteorite on the
other party’s board (magic card function)

Figure 5. Behaviors and meanings of continuous
attention increase

The behaviors and meanings of continuous attention
decline are shown in Figure 6. The meanings of
behaviors can be summarized into four main behaviors,
including waiting, random and unanticipated actions,
examining one’s own cards but not thinking about
strategy application and expecting to end soon.
Waiting and expecting to end soon are the phenomena
that occur in every kind of tabletop game; random and
unanticipated actions and examining one’s own cards
but not thinking about strategy application are

self-confidence due to already knowing the strategy to
be adopted and understanding the cards or being
familiar with gameplay show that the students have
reached the level of cognitive processing of knowledge
and understanding. Looking at what the other side is
doing in a round when it is not one’s own turn and
winning or being about to win do not involve not

behaviors without any cognitive processing.

Behavior

Meaning

Chat with each other

The student is bored

Receive sound interference and look at the
direction of the sound source

The student’s thoughts are disturbed, and he
or she looks at the interference source
casually

Take a stack of cards and randomly take the
required cards before putting them back
(magic card or fly card)

The student is already familiar with the way
to fill a hand and knows the number of cards
he or she wants

Look at the other party shuffle (magic card or
fly card) and shuffle one’s own (magic card
or fly card)

Look at the other party with glazed eyes

The student gets ready for his or her own
card to play and looks at the other’s shuffle
casually

The student is waiting for the other party to
play and is in a daze

Quickly browse the card that has just been
picked up and put the card on the table
(magic card or fly card)

It is not the student’s own turn, so he or she
simply waits for the other party to play

Collect the cards in one’s hand and use them
to knock the table

The student has already thought about what
card to play and casually knocks the table
with cards in hand

Move one’s own magic points

The student has relaxed somewhat at the end
of the round

cognitive processing.

Behavior

Meaning

Draw the character card and look at its
content

Already familiar with or understand the
character card content

Arrange the meteorite cards of various sizes

Learning the meaning of how to arrange the
meteorite of various size or have a strategy
already

Move the meteorite cards of various sizes
that were already on the board (change their
position or take them away)

Already determined the location to be
moved to

Study the magic card and fly card drawn

Watching the magic card and fly card
without pressure, considering how to use it

Look at the other party’s arranged magic
card and fly card to be executed

The student has already arranged the card
for the next round, waiting for the other
party to perform the execution

After the card is studied, the card is played

Explain the content of the magic card

Understands the contents of the card and
know how to use it

The student has studied the content and
purely wants to talk to the other party

Shake the body

Isin a very good mood

Hold all the cards in one's ownhand as a
stack

The student already knows what to play

Randomly put the unused cards on any part
of the desktop

Being sure to separate the cards unused or
to be discarded

Mimic the card with one’s own fingers or
body to simulate the direction in which the
rocket will move

Concentrating and being relaxed in
simulating the path for flying ships

Pick a card from the discard area (magic
card or fly card) and then put the used card
in the discard area and draw the card
immediately (magic card or fly card)

Already know the cards and the number of
cards to be discarded or supplemented

After the flight ship starter card is pressed,
move the rocket, and after the card is
studied, put the card on the table (magic
card or fly card)

Familiar and confident in executing card
content

Read the direction of the fly card

Understand and know the direction of the
fly card

Look at the other party's shuffle (magic card
or fly card)

Treat it easily as none of one’s own business

Shuffle by oneself (magic card or fly card)

A process with no need to think or make
decisions

Look at the contents of some fixed pages of
the manual, listen to the other party explain
the content of the fly card and magic card
arranged

Be very relaxed and stress free in listening to
the other party to explain the contents of the
card arranged

Move the card that was originally decided to
be executed (reduce or increase the magic
card or fly card, swap position of the magic
card fly card, etc.)

Becoming very familiar with the game and
free to change the card order

Open and look at the treasure card

Can finally open the treasure and be very
happy

Figure 7. Behaviors and meanings of continuous

meditation increase

Scratch one’s head

A thoughtless action or habitual action

Figure 6. Behaviors and meanings of continuous
attention decline

The behaviors and meanings of continuous
meditation increase are shown in Figure 7. The
meanings of behaviors can be summarized into four
main behaviors, including self-confidence due to
already knowing the strategy to be adopted,
understanding the cards or being familiar with
gameplay, looking at what the other side is doing in a
round when it is not one’s own turn and winning or
being about to win. Among these behaviors, having

Finally, the behaviors and meanings of continuous
meditation decline are shown in Figure 8. The meaning
of behaviors can be summarized into four main
behaviors, including being unfamiliar with the contents
of cards or forgetting which cards are one’s own,
anxiety about the strategy, drawing an unsuitable card,
and loss of patience with the other party for taking too
long to play. Regarding being unfamiliar with the
contents of cards or forgetting which cards are one’s
own, it is necessary to strengthen the students’
familiarity with the game mechanism and the card
content, that is, to enhance the cognitive processing of
knowledge and understanding. If there is anxiety in the
strategy, then the student’s application of strategy
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needs to be strengthened, that is, to strengthen the
ability of application and analysis. Finally, drawing an
unsuitable card and having no patience with the other
party taking too long to play are parts of the game and

do not involve cognitive processing.

Behavior

Meaning

Arrange the meteorite cards of various sizes

The student feels anxious about the current
situation and does not know where to put the
cards

Organize the cards in the discard area
(arrange them neatly or pile them up)

Feels pressure as classification cannot be
wrong

Read out the steps (self-talk, magic card and
fly card)

Cannot read the card content or is
encountering bottlenecks

Take the covered card and quickly browse it
and cover it again (magic card or fly card)

No card in the hand is wanted

Pick up the card that fell to the ground (magic
card or fly card)
Look at the other party with glazed eyes

Play with the cards in one’s hands (moving
them in circles, bending them, etc.)

Feels a little nervous or embarrassed

Feels pressure about the card to be played by
the other party, or the other party is about to
find the treasure

It takes too long for the other party to play
the card, and the student is losing patience

Look at the other party’s cards and move the
spaceship (magic card or fly card)
Put unused cards in the discard area

The other party is driving fast or better than
oneself
There areno cards available, and the student

is a little nervous

Figure 8. Behaviors and meanings of continuous
meditation decline

After the experiment, we asked the students to share
their thoughts on the game mechanics and learning
outcomes. From the sharing of the students, we
concluded that, first, the students believe that the
familiarity of the card content and the game mechanics
is very important. This finding is consistent with the
results of our brainwave measurement. Students’
familiarity with card content and game mechanics can
increase focus and reduce anxiety during play. Second,
the students believe that in order to improve the speed
of winning, there are certain loops and functions in the
game the can help them achieve the goal faster, and at
this time, they can learn the content of the program
logic.

4 Conclusions

To understand the extreme brainwave state and
behavior of students in a tabletop game involving
computational thinking to derive the relationship
between behavioral meaning and cognitive processing,
this study used the coding logical tabletop game
Interstellar Explorer, which is played by 2 people. The
study used the video and brainwave measurement to
conduct behavior analysis and extreme brainwave
signal comparison to find the extreme brainwave value.
Then, the student’s play behavior was examined for
analysis, and the relevant behaviors, behavioral
meanings and cognitive processing were summarized.

According to the research results, the continuous rise
of attention and meditation showed low-level
knowledge and understanding and high-level
application, analysis and evaluation of cognitive
processing, while the continuous decline of attention
and meditation showed students’ lack of knowledge

and understanding level and the generation of
behaviors irrelevant to cognitive processing.

From the meanings of the above behaviors and the
understanding of Bloom’s taxonomy, the continuous
increase of attention included knowledge, understanding,
analysis and evaluation; continuous attention decline
lacked any behavior of cognitive processing; continuous
rise of meditation contained the cognitive processing of
knowledge and understanding; finally, the continuous
decline of meditation indicated the need to strengthen
the cognitive processing of knowledge and understanding,
These results show this tabletop game can help
students to achieve knowledge and understanding as
well as analysis and evaluation of cognitive processing,
but relative to other brainwave signals (such as
continuous decline in attention and continuous rise in
meditation), the number of instances of continuous
attention rise was only 179 times, which was highly
insufficient. In other parts of game play, where a
significant increase or decrease took place, it was
mostly due to insufficient knowledge and understanding
of the card.

In response to the research findings and results, we
summarized the following suggestions. First, it is
recommended that the design of a tabletop game
should consider how the content of the game is
matched with the game mechanics, and game designers
should check whether there is an application of
cognitive processing according to Bloom’s taxonomy
so that students can learn knowledge in a natural
environment through the game [15]. Second, to
improve the cognitive ability of students playing
tabletop games, it is recommended that tabletop games
provide the ability to use contextual content and
multiple strategies to enable students to practice the
ability to apply, analyze and evaluate. The application
of these strategies involves the application of a single
strategy and a multistrategy and includes the player’s
change of the strategy application [17]. Finally, from
the values of the brainwaves and the corresponding
behaviors, the factors affecting meditation include the
pressure of playing cards and the familiarity with the
gameplay and cards. In terms of the pressure of playing
cards, this is an inevitable pressure involved in
educational tabletop games. Appropriate pressure can
enhance students’ cognitive thinking, but it is
necessary to pay attention to whether students’ prior
knowledge and learning objectives are consistent; for
the familiarity between the gameplay and the card, the
teacher can release the pressure on the unfamiliar
gameplay and card content by providing a long-term
explanation and trial play [36, 40].
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