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[Abstract]

Virtual reality technology is being actively used in various fields, such as education. However, despite the development of
various virtual reality learning content, research on information obtained through virtual reality learning is insufficient. Therefore,
this study attempted to verify the functional effect of virtual reality learning by developing training content using neurofeedback
that can train beta waves, which are brain waves related to the user's concentration. In particular, to develop more effective
content, gamification incorporating techniques of challenge, competition, achievement, reward, and relationship was conducted to
investigate the learning effect of EEG training games using VR neurofeedback through experiments. Through the experiment, it
was found that beta wave training through brainwave training games using VR neurofeedback increased immersion, increasing
problem-solving accuracy and shortening time for experimental participants. Through this study, we hope that games using VR

neurofeedback will be used in more diverse fields in the future.
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Table 1. Techniques and components of gamification

Techniques and components of gamification

Researcher
Techniques Components
Tasks that are challenging but
Challenge achleyable, A compelling
Gartner narrative, Clear goals and
rules of play
Relationship Accelerated feedback cycles
Beginner Adaptation Program,
Challenge Challenge/quest, engagement
loops
G. Zichermann
and Competition Ranking table, level

C. Cunningham )
Achievement

Badge, score
Compensation

Challenge Clear goal and narrative

Competition Leader boards

Hamari et al. Achievement

Point, achievements
Compensation

Relationship Feedback
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Table 2. Gamification techniques and components of this
research

Technigues and components of

. Lucy, a super power girl

Techniques Components Elements

Born with superpowers, Lucy
must acquire a variety of
superpowers through
concentration training in
order to improve her
superpowers that will save
people from danger.

Clear goal and
narrative

Challenge

Missions Let's save people in danger.

You gain the ability to lift
heavier objects, teleport, or
fly by increasing your
concentration.

Quests

As the stage goes up, the
level goes up to the higher
stage.

Levels

Competition You can see your

concentration status in real
time through the progress
bar.

Progress bar

Points accumulate when the
level increases, and higher
points accumulate when the
concentration time is
shortened.

Achievement Points

— Levelling up and acquiring
new skills
— Rescue of people in danger

Compensation | Achievements

Feedback of praise and
encouragement through
narration

Relationship Feedback
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