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Abstract. Blockchain is a distributed data storage technology. Recently, hacking incidents have continued.
And blockchain is the one of the key ideas in the era of the Fourth Industrial Revolution. In this paper, we
propose a way of incorporating games into education so that students can enjoy learning the core skills of
the blockchain. In particular, the game was organized with the aim of understanding blockchain
principles. It is also verified with students in the actual educational field to investigate learners'
satisfaction with the educational plan and confirm learner's understanding before and after training. The
effectiveness of this paper's gamification education is demonstrated by confirming learners' satisfaction
and understanding. Blockchain is a technology devised by Satoshi Nakamoto in 2007 and is a relatively
recently established technology. For elementary school students, the concept of blockchain can be
unfamiliar and complicated. These complex and challenging skills can be effectively taught to elementary
school students through game-based education. It can be seen that the educational method proposed in
this paper is an effective way to improve students' core competencies in the 21st century, such as
knowledge-information processing capability, communication capability, and community capability. With
the importance of information security emerging day by day, the blockchain is emerging as an effective
countermeasure to reduce the damage caused by information leakage. Teaching young learners the
principles of this technology can inspire adaptability for promising future. It can also be applied to
gradually reduce the damage caused by information leakage by alerting them to information security.
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INTRODUCTION

The emphasis accordingly highlights the need for making computing skills more easily approachable in
elementary school education. That said, specialized computing skills could visibly reduce students'
participation, leading to a decrease in their concentration, thus possibly impacting the quality of classes.
Of note, reviews of statistical materials regarding classroom-based teaching/learning in the past show
that approximately 35% of the South Korean students reported that they enjoyed their classes, falling
behind France's corresponding responses (55%) and the U.K. (48%). The exploitation of gamification,
where game-like elements are combined to conventional classroom approaches, is considered to be a
positive way of encouraging students to more spontaneously take an interest and helping them pay more
attention to their classes. This paper aims at increasing students' classroom participation by
implementing game-like elements to the blockchain, and at inspiring students to spontaneously take an
interest in their learning by helping to increase their satisfaction with classes. Additionally, the study aims
to propose a strategy for nurturing students' understanding of the principle of blockchain and their skills
to analyze elements from varied perspectives[1].

Related research
The concept of gamification

The term ‘gamification’ was coined from the word ‘game’ and was first used by Nick Pelling in 2002.
Gamification means combining game-based mechanisms, aesthetic elements, ways of thinking, etc. that let
one immersed, that motivate his/her actions, facilitate learning, and help solve problems to non-game-like
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contexts. In the previous, ‘game’ can be defined as an activity that includes skills, knowledge, and
opportunities for solving problems under specific rules and making efforts to win. Table 1 lists the
characteristics of games, e.g., providing clear sets of rules and purposes and clarifying the conditions for
winning and for terminating the game, which can provide users with a sense of purpose and help increase
the level of interest in them|[2].

Table 1. Characteristics of game

Researcher Characteristics

- It should be fun.

- There are limitations in terms of time and space.
- There is uncertainty in the play result.

- [t is unproductive activity.

- There are different rules than everyday life.

- Provide fictional stories.

Caillois(2001)

- The game starts voluntarily.

- The game has a purpose.

- There is competition and confrontation in game.
- There are rules in the game.

Schell(2008) - There is a win and a loss in the game.

- The game is interactive.

- The game provides a challenge.

- Game is worth to exist only inside.

- The game makes the player participate.

1.1 Blockchain education

As the blockchain has received social attention, education related to blockchain technology is also
slowly starting. However, due to blockchain technology's essential characteristics, it is challenging to
educate ordinary people or young students without related knowledge. Besides, research on education
related to the concept of blockchain technology is still only at the beginning. By the way, some studies
introduce useful concepts when teaching blockchain technology to these learners. Table 2 suggests that
teaching the concepts of blockchain data structure, security, and bitcoin to elementary school students
and the general public is an easy way to explain the blockchain's systematic structure.

There is also a way to effectively teach newcomers how to mine the blockchain through a serious
game. Users playing the game can find fun by competing against other users with the same skill level. At
the end of the game, it shows his results in real-time so that the user can find a better way to mine
blocks[3].

Table 2. Concepts and educational steps for blockchain education

Target Concepts Educational Steps

Blockchain Blockchain and Distributed Ledger
Newcomers Technology(DLT)

- Encryption of Data

- Modification Prevention
- Insertion new blocks

- Verification of Data

Security of Blockchain
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Bitcoin -

Model of teaching and learning BCT principles
1.2 Instructional design model

Gamification has been implemented in a variety of classroom subjects and has been studied as well.
Notably, several gamification studies have applied the instructional design model proposed by Dick and
Carey to proceed with their classroom implementation research. This model has six steps: Determination
of learning objectives, selection of game materials, design of the game structure, design of game materials,
creation of game rules, inspection, and correction. The instructional model proceeds in steps as
follows[4,5]:

[Step 1] Set educational goals

Define new information, functions, and goals/objectives that the students must master until the class
ends.

[Step 2] Analyze tasks

Analyze the goals/objectives for distinguishing learning scopes and achievable behavioral steps, and
divide functions for achieving step-wise goals.

[Step 3] Analyze entry behavior and learners’ characteristics
Analyze learning goals/objectives and learners’ characteristics/environments.
[Step 4] State implementation goals

Describe learning stage-specific intellectual functions, motor functions, linguistic information, and
attitudes of learners.

[Step 5] Develop a criterion-referenced test questionnaire
Develop tools for assessing/evaluating learners’ achievements.
[Step 6] Develop learning/teaching strategies

Develop the design principle and elements for gamification.
[Step 7] Develop and select classroom materials

Develop the gamification design principle and elements.

[Step 8] Design and implement formative evaluation

Analyze and review classroom designs from holistic points of view.
[Step 9] Revise programs

Carry out the necessary revisions in each step.

[Step 10] Conduct overall evaluation

- Design research studies and collect data.

- Propose goals/objectives and rules for learners.

- Present storytelling (narrative) related to real-world practices.

- Propose tasks that are ethical and achievable.
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1.3 Process for developing educational blockchain game

This game is designed based on the game development's general steps by Livingstone & Stoll. They
proposed six steps: deciding learning goals, selecting game materials, designing game structures,
designing game materials, writing game rules, and testing and revising. This section introduces the
procedures for developing blockchain games[6,7].

[Step 1] Determine learning goals
Set understanding the principles of blockchain' as the learning goal.
[Step 2] Select game materials

For game materials, design a card game where the cards are laid overturned, and the opponents’
cards are taken when the player correctly guesses them.

[Step 3] Design game structures

In the blockchain, each user stores his/her transaction information. As such, modifying the normal
transactions would need to alter the transaction details of at least 51% of the system's users.
Applying this rule, design a game structure so that it is more challenging for the players to guess
out multiple cards with a single trial than to guess out a single card and claim it.

[Step 4] Design game materials

To play the game, the designers are required to produce two materials: a manual that explicitly
describes how the game is played; and the deck of cards to be played. Figure 1 is a card sample for
the game.

[Step 5] Write game rules

Write the rules for the game as follows:

- The back of a card comes in a total of three colors.
- Overturn six red cards to show their back.

- When it is one player turns to play, say out loud the amount of money presumably written on whose
opponent's card and turn the card over. With a correct guess, he/she claims the card as his/hers. If
not, overturn the card and place it where it was before.

- When consuming all six of the blue cards, overturn a gold card.

- Correctly guessing the amount of money written on the back of the opponents' cards will allow
the counterpart to claim the cards. However, depending on the color of their back, the user claims
the cards in different manners.

- With red cards, if the user correctly guesses the amount written on a card, he/she can claim the
card right away.

- With blue cards, the user can claim the cards only if he/she has overturned two cards with the
same amount written on their back.

- With gold cards, three overturned cards with the same amount written on their back will allow
he/she to take them.

[Step 6] Test and revise

Give the designed game a try, identify problems during the trial, and make the necessary revisions
to make the game a more articulate model.
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Fig 1. Game cards
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Figure 2 shows the field of pilot application of the proposed blockchain game to elementary students.
And also, figure 3 shows the study material used in the class.

Fig 2. Students playing the blockchain game
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Homework Material

1. Now you und d the gths and weal of public
blockchain by playing the game. leo the number(s) next to the
correct descrip of the ch ics of public blockchai

A Anyone has access and can transact.

B. An administrator controls the inner computing network.

C. Only authorized users can access the network.

D. Anyone can verify and approve the transactions carned out by others.

2. Today, all of you played the public blockehain game with your
friends. Circle the number(s) next to the strengths/weaknesses of
public blockehain as you understand them.

A Too many participants, which slowed down the pace of the game.
8. Too faw participants, which spaaded up the game

€. With everyone p: ipating in the and
1. Read the unp\ above and write down briefly what you understand about the | felt 2 sense of trust.
pnmvln of blockchain. D. Only the authorized players were allowed to play. and there's only

)
2. The disgram belows shows you the sequences in which blockchain works during
transactions. Write down the correct sequences in the parentheses (a number in
cach parenthesic).

1 | 2 3 [ 4
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one sdministrator who controls the network, 50 it was safe.
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Fig 3. Study materials

To verify the effectiveness of the developed class materials and class designs, the present researcher
targeted Elementary Schools A and B in Jeju Island, leading the classes at these schools, respectively. Pre-
and post-learning questionnaires were given to the students on the subject of blockchain principles to
verify the changes in their understanding. From the two elementary schools in Jeju Island, 69 students
were recruited (29 and 40, respectively). Additionally, questionnaire surveys were given to each student
(pre- & post-implementation surveys) to determine the level of satisfaction experienced by the
participants regarding the goal of learning and their understanding of the BCT principles before and after
the implementing gamification education. A survey questionnaire about the students’ understanding of
their subject matter was given by using 40 questions, each with a five-point rating scale. According to the
survey results(Table 3), Elementary School A responded with a mean score of 3.80 in class satisfaction
and 3.75 in subject understanding. The corresponding numbers reported from Elementary School B were
3.77 and 4.15, respectively[8].

Table 3. Satisfaction and Intelligibility

Satisfaction Intelligibility
Before After
A 3.795833 1.291667 3.745833
B 3.770115 1.08046 4.149425
Average | 3.78 1.19 3.95
Conclusions

This paper proposed a class model that targets elementary school students, and that uses
gamification to help them learn about the principles of blockchain. This paper results showed that the
proposed class model was able to strengthen the students’ computational thinking abilities and
encouraged them to spontaneously increase their learning capabilities by helping them expand their
knowledge and information processing, communication, and community awareness skills.

The model motivated them to spontaneously take an interest in their learning. Additionally, the
proposed class suggested a way of nurturing students’ abilities such that they can analyze elements from
more varied perspectives based on their understanding of the principles of blockchain. The proposed
blockchain class model that using gamification is believed to offer applicabilities to the improvement of
ICT education curricula[9,10].
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