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[Abstract]

This study reports the development and verification of authoring guidelines containing design principles to optimally implement
immersive contents for metaverse-based education, which has been actively developed recently. Model development and validation
was conducted following the design development research methodology. First, in the model development stage, guidelines were
drawn up on the basis of previous studies with professional developers and according to the purpose of the study. Second, for
model validation, expert opinions were collected using the Delphi method, from which initial authoring guidelines were adduced.
Based on this, a prototype was developed and externally validated after asking five external experts not involved in the initial
guidelines to use the prototype. Final authoring guidelines of 12 design principles with 36 elements were then developed, showing
a high mean fit of 4.16 (ICC(2, 1) = 0.88). This study is significant in deriving the authoring guidelines with optimized design

principles of immersive contents for metaverse-based education with the participation of professional metaverse developers.
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Table 1. Four Technical Types of Metaverse and
Educational Implication

$;p<;hn|cal Technical Features Educational Implications
It makes the object It solves problems effec
three-=dimensional | tively by learning invisible
Augmented - A
. and realistic by over | parts visually and three
Reality : . , . ;
laying a virtual object | —dimensionally  through
on the real world. virtual digital information.
Various sensors on | Teachers promote learn
loT and wearable de | ing in a customized direc
Life Logain vices allow accumul | tion based on students’
9ging ation and analysis of | learning log data, provide
personal activity infor | appropriate support, and
mation. prevent dropout.
- Overcome the spatial and
For a specific purpo ) AN
. physical limitations of
se, the real world is ; )
. N . teaching and learning.
Mirror embodied in the vir . .
.| Conduct online real-time
Worlds tual world as if it }
. classes through online
were reflected in a X :
; video conferencing tools
mirror. !
and collaboration tools.
Acting as avatars in | You can experience time
virtual environments | and space that cannot be
implemented by 3D | experienced in reality,
Virtual technology, enabling | such as an environment
Worlds them to communicate | that is difficult to produce
and cooperate with | because of high cost and
Al characters and | high risk, and the past or
others. future era.
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Table 2. Expert Panel Profile and Expert Review Stage

L ) Participation
Participating Expert Profile Stage
T Usa
) Expert | bility
Y| Job Career Degree Al qf Validat | Eval
p (years) Expertise ion uati
e on
A | Director 15 B.A. UX, Ul
CEO 23 B.A. VR/AR
C | Director 19 B.A. VR/AR
D | Professor | 15 Ph.D. Metavers O
e lecture
E | Professor | 15 Ph.D. Metavers O
e lecture
F | Content | 5, Ph.D. | VR/AR 0
planner
G Game 14 M.A. Game 0
planner
H | Content 1 4g BA. | VR/AR 0
developer
| | Content 44 BA. | VR/AR 0
developer
J | Designer 8 B.A. VR/AR 0
Type Method Details
Previous studies Component derivation
Principle 11
development Derivation of initial design
Expert interview principles and guidelines
l
Ist expert validation Review, modification, and
l supplementation of initial

Review, modification, and

2nd expert validation 4 K .
supplementation of 2nd design principles

Principle l / i
validation 3rd expert validation Rewemll, deIfICatIOr:I, andl ;
1 supplementation of 3rd design principles
Prototype Prototype development
development applying design principles

Usability evaluation See how users react to the prototype

38 1. 28 Jidnt 23 EtLst
Fig. 1. Model Development and Validation
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Table 3. Guidelines Based on Previous Research

Design Principles Elements

1. Principles of conformity to
real problems: Immersive con
tents for metaverse—based

1.1 Explore what problems occu
rin the actual educational field

education should reflect the
nature and importance of
real—world problems, not arti
ficial problems (contextual
scenario).

1.2. Determine if the problem is
significant and allows for multi ple
approaches or choices, and then
identify the goals the user should
achieve

2.1. Analyze the cause of the
problem in detail and express it
visually

2.2. ldentify the characteristics of
the target audience who will use
immersive contents for
metaverse-based education (sc
ope of target, difficulty perceived
by the target audience, and the
level of need for the goal to be
reached)

2. Metaverse  technology
conformity principles: It is ne
cessary to determine whether
the necessity and purpose of
designing and developing

2.3. Select the educational
learning types suitable for the
achievement goals and target
audience

immersive education contents
using metaverse, among vari
ous technologies, is appropriate
(contextual scenario).

2.4. Create a design overview of
immersive contents for meta
verse—based education by sum
marizing the analysis.

2.5. Determine whether the derived
attributes are suitable for the
purpose, design, and development
of immersive con tents for
metaverse—based edu cation.

2.6. Check what development tool
or program is suitable for the
purpose and learning type to
implement immersive contents for
optimized metaverse—based education.

3.1. The space of the metaverse
world is designed to be consist ent
with the purpose

3. Principles of real environment
similarity: Improve a sense of
reality and realism by con
structing real objects in the
metaverse space (affordance).

3.2. Identify the main characteri

stics of the environment or space
and objects in real life (major
factors that can affect the
environment, such as spatial
structure, or factors that cause
spatial atmosphere) through object
composition that reflects reality
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3.3. The materials exposed in 9.4. (Activity stage) Design to
Embedded Media represent (Sketch) produce  different  outcomes

people, phenomena, objects, etc.,
in reality, practical ly or conceptually,
and induce immersion and attention

4. Principles of structural
planning: The structure should
be planned with due consi
deration given to the activity
content and story character
istics (contextual scenario).

4.1. Design the elements and
contents of the scenario to be
deployed in the metaverse

4.2. Design an operational
structure  diagram  (deployment
diagram) that shows the order in
which immersive contents for
metaverse—based education are
deployed according to the user’s
activities

5. Principles of implementing
expert access: It should be
designed to reflect the ex
pert’s approach so that the
user can ultimately embody
the expert’s knowledge or skills
(contextual scenario).

5.1. Derive expected behavior by
identifying the appropriate
approaches indicated by experts
to the problem and the inappropriate
ways in which beginners may
make errors

5.2. Present natural consequences
and explanatory feedback for
appropriate or inappropriate be
havior

6. Organizing principles of

activity deployment: For
conceptual design, contents
and screens should be

configured according to the
deployment of user activities
(actual activities and reactions)

6.1. Envision what main contents
and screens will be included in the
sequence of immersive contents
for metaverse—based education

6.2. Design a storyboard with the
main contents according to the
progress of the content in the
metaverse

7. Principles of simple—complex
progression: Simplified learing
to be sequential and system
atic It should be designed to
proceed in the order of simple
(step—by-step  training) to
complex (practical training) so
that learning can be carried out
sequentially and systematically
(actual activities and reactions).

7.1. (Introduction stage) Divide
into authentic learning and practical
activity types to enable access
from simple to complex forms

7.2. (Activity stage) In the actual
learning process, provide all
supporting elements that can
directly or indirectly help learn

ing activities

7.3. (Activity stage) In practical
activities, provide minimum
support elements so that users
can only check the progress of
learning activities

8. Principles of virtual recognition:
It must be de signed to
recognize the presence of
users in the metaverse and to
check the direction of activity
(affordance).

8.1. (Activity stage) To recognize
the presence of the user in the
metaverse (designed to show
some of the body parts at the
bottom of the screen)

8.2. (Activity stage) Reduce user
distraction by presenting various
signs to guide specific directions

9. Principles of reality in
manipulation and choice: It
should be designed to enable
users to explore, manipulate,
and select the same as in real
life (actual activites and
reactions).

9.1. (Activity stage) Design to
allow users to access, explore, or
manipulate from various aspects

9.2. (Activity stage) Present voice

sounds (background  sound,
sound effects, etc.) that can
influence the wuser’s learning
activities

9.3. (Activity stage) Present

chooser options considering the
most frequent realistic choices

261

depending on learning activities

10. Principles of information
provision: It should be
designed to promote activities
by providing information on
users’ learning activities
(affordance).

10.1. (Introduction stage) Provide
information required for learning
contents and activities

10.2. (Introduction stage) Develop
and present background informa
tion in the form of a short video or
image and narration to enhance
understanding of the problematic
situation, and guide the role of the
user (provide a tutorial)

10.3. (Activity stage) Provide
clues or hints that can be helpful
for learning activities (user map,
navigation, etc.)

10.4. (Activity stage) Design to
check the content when a learning
activity that the user must perform
has complex factors or procedures

10.5. (Activity stage) Design to
provide process information in the
form of images and audio to
check how learning activities are
being conducted

11. Principles of thinking
promotion: The design of
immersive contents for meta
verse—based education should
lead wusers to carry out a
thinking process about the
goal of the learning activities
and why they are important

11.1. (Introduction stage) Design
to provide a pre-briefing by
presenting the main activities and
goals that users need to perform

11.2. (Introductory stage) Ask
questions to help users think
about what actions they should

(actual activites and re|take in a given situation before

actions). learning activities take place
12.1. (Activity stage) Provide
descriptive  feedback on the
activity and the cause of the result
so that the error can be

12. Principles of reflective | "ecognized.

reflection: It should be designed 12.2. (Activity stage) Provide

to allow users to reflect or
contemplate upon their learning
activities in the metaverse
(actual activities and reactions).

opportunities to resume activities

if learning activities are not
performed properly.
12.3.  (End stage) Provide

debriefing results and feedback
on learning activities after learning
is completed in the metaverse
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Table 4. Results of Expert Intraclass Correlation Analysis
Based on Delphi Method

Intrac | 95% Confide .
i e Test F with Actual Value 0
Correl | Lower | Upper !
ation |Limit |Limit |Vale |dfl |d2 |Sig
Singlel 4., 14007 |0.311 [1.857 |35 |140 |0.006
1 [ Measure
st|Average| o, | 120 |0.693 |[1.857 |35 |140 |0.006
Measure
Single|, 6079 [0.367 |2.605 |35 |140 |0.000
2 | Measure
nq Average | 0.55 | 521 |6 749 2,605 |35 |140 |0.000
Measure | 6
Single|0.611, 4,5 1093 |6a18 [4 |140 |0:000
3 [Measure | 1 *okx
I
d|Average |0.98 4 o5 | 998 g4t |4 |140 |0:000
Measure | 3 x ok
*%*p<,001

8 2. Jto|=2fel Hid i
Fig. 2. Guideline-Reflected Screen
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virtual recognition

9. Principles of
reality in  manipul
ation and choice

10. Principles of
information provi sion

11. Principles of
thinking promotion

12. Principles of
reflective reflection
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Table 5. Technical

4ot 7lesA
Statistics for Usability Evaluation by ltem

tom [N | Zoe | Davation | "™ |N |26 | Dedation
Q181 5 |4.4 |0.54772 [Q7S2 5 4.6 |0.54772
Q182 5 |4.4 |0.54772 [Q7S3 5 4.8 |0.44721
Q2A1 5 4.6 |0.54772 |Q8S1 5 |5 0

Q2A2 5 4.8 |0.44721 |Q8S2 5 4.8 |0.44721
Q2A3 5 |4.6 |0.54772 |Q9S1 5 4.6 |0.54772
Q2A4 5 |5 0 Q9s2 5 4.6 |0.54772
Q2A5 5 4.8 |0.44721 | Q9S3 5 4.6 |0.54772
Q2A6 5 4.6 |0.54772 | Q954 5 4.8 |0.44721
Q381 5 |5 0 Q1081 |5 |5 0

Q382 5 |4.6 |0.54772 |Q10S2 |5 |5 0

Q383 5 |5 0 Q10S3 |5 |4.6 |0.54772
Q481 5 |4 0.70711 |Q10S4 |5 |4.2 |0.44721
Q482 5 |4.4 |0.54772 |Q10S5 |5 |4.6 |0.54772
Q581 5 3.8 |0.44721 [Q11S1 |5 |4.8 |0.44721
Q582 5 4.6 |0.54772 |Q11S2 |5 |4.4 |0.54772
Q651 5 |5 0 Q1251 |5 |4.4 ]0.89443
Q6S2 5 4.8 |0.44721 | Q1252 |5 |3.8 |0.44721
Q751 5 4.6 |0.54772 |Q12S3 |5 |4.4 |0.54772
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Table 6. Analysis of Advantages and Disadvantages and
Improvements Based on Open Technology by
External Experts

e Learning effect is expected to be high as
multiple people participate in the metaverse
(virtual space) together and solve missions
by themselves.

* Flash card learning in the metaverse is
novel. It is structured for learners to acquire
languages in various ways, by harnessing a
wide variety of activities such as videos,
games, and songs. As it is created on the
basis of live action, it will be fresh and more
vivid to remember.

e Group learning and individual learning are
combined, and cooperative, compe titive,
and self-learning methods are all included.
Guidelines for each activity are arranged in
images and text.

e Avatars and room decorations
differentiated according to individual learn
ing levels, helping to motivate learners.

Advantages

are

* The wrong content cannot be checked
right away, and learning the wrong part
again is inconvenient. A review of the
questions answered incorrectly should be
added.
e Teachers cannot tell at a glance how the
students reacted. There is a world map, but
it is not easy to find a way to the destination
because of the movement of the big world.
e Early access is difficult for friends not
familiar with the use of computers and
games.
* Interactions between users and ele ments
Disadvantages | are not experienced well.

and e The description of how the game
Improvements progresses is a bit unclear It is hard to have
a conversation because | cannot see the text
in the chat window.
e Some problem—solving methods are not
intuitive for users to apply. It is some what
unsatisfactory that the interaction elements
are limited despite the space in which many
objects are placed. A higher degree of
freedom is required.
¢ Considering that target users have
different levels of understanding of PC game
contents, it is necessary to strength en the
system’s accessibility, convenience of
operation, and intuitiveness of menu design.
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Table 7. Final Authoring Guidelines for Creating
Immersive Contents for Metaverse-Based
Education
Design Principles

Elements

1.1 Explore learning contents to
identify the needs in the actual
educational field

1. Principles of conformity to
real problems: Immersive
contents for metaverse
based education should re
flect the nature and import
ance of real—world problems,
not artificial problems (con
textual scenario).

1.2. ldentify the importance of
learning and the availability of
various types of access or
choice activities before check
ing the user’s achievement goals

2.1. Specifically analyze which
learning will be suitable in the
metaverse

2.2. ldentify the characteristics
(learning targets and learning
goals) of the target that will use

2. Metaverse techno|ogy immersive contents for
conformity principles: It is metaverse—based education
necessary to determine whe | o3 Sglect the educational

ther the necessity and

oS! learning types suitable for the
purpose of designing and

achievement goals and target

deyelopmg immersive edu | audience

cation contents using meta - -

verse, among various tech 24 Crgate a design overview of
immersive contents for

nologies, is  appropriate

(contextual scenario) metaverse—based education by

summarizing the analysis.

2.5. Determine whether the
derived attributes are suitable for
the purpose, design, and
development of immersive
contents for metaverse—based
education.
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2.6. Check what development
tool or program is suitable for the
purpose and learning type to
implement immersive con tents
for optimized metaverse —based
education.

3. Principles  of  real
environment similarity: Improve
a sense of reality and realism
by constructing real objects
in the metaverse space
(affordance).

3.1. Maintain consistency in the
spatial design of the metaverse
world and design elements to
meet the purpose

3.2. |dentify the main
characteristics of the environ
ment or space and objects in
real life (major factors that can
affect the environment, such as
spatial structure, or factors that
cause spatial atmosphere)
through object composition that
reflects reality

3.3. The materials exposed in

Embedded Media represent
(Sketch) people, phenomena,
objects, etc., in reality,

practically or conceptually, and
induce immersion and atten tion

4. Principles of structural
planning: The structure should
be planned  with due
consideration given to the
activity content and story
characteristics (contextual
scenario).

4.1. Design elements and
contents of the scenario (story
telling) to be deployed in the
metaverse

4.2. Design an operational
structure diagram (deployment
diagram) that shows the order in
which immersive contents for
metaverse—based education are
deployed according to the user’s
activities

5. Principles of implementing
expert access: It should be
designed to reflect the
expert’s approach so that the
user can ultimately embody
the expert’s know ledge or
skills (contextual scenario).

5.1. Derive expected behavior by
checking the expert’s approach
to the target learning content
and inappropriate me thod that
can cause mistakes by
beginners

5.2. Clarity and immediacy of
the feedback (explanatory feed
back) resulting from appropri ate
or inappropriate behavior

6. Organizing principles of

activity deployment:  For
conceptual design, contents
and screens should be

configured according to the
deployment of user acti vities
(actual activities and reactions)

6.1. Envision  what main
contents and screens will be
included in the sequence of
immersive contents for meta
verse—based education

6.2. Design a storyboard with the
main contents according to the
progress of the content in the
metaverse

7. Principles of simple—
complex progression: Sim
plified learning to be seque
ntial and systematic It should
be designed to proceed in
the order of simple
(step—by—step training) to
complex (practical training)
so that learning can be
carried out sequentially and
systematically (actual activities
and reactions).

7.1. (Introduction stage) Divide
into authentic learning and
practical activity types to enable
access from simple to complex
forms

7.2. (Activity stage) In the actual
learning process, pro vide all
supporting elements that can
directly or indirectly help learning
activities

7.3. (Activity stage) In practical
activities,  provide  minimum
support elements so that users
can only check the progress of
learning activities

8. Principles of virtual
recognition: It must be
designed to recognize the
presence of users in the
metaverse and to check the
direction of activity (affordance).

8.1. (Activity stage) To recognize
the presence of the user in the
metaverse (designed to show
some of the body parts at the
bottom of the screen)

8.2. (Activity stage) Intuitively
and logically present signs to
guide specific directions, thereby
reducing user distraction

9. Principles of reality in
manipulation and choice: It
should be designed to enable
users to explore, manipulate,
and select the same as in
real life (actual activities and
reactions).

9.1. (Activity stage) Design to
allow users to access, explore,

or manipulate from various
aspects

9.2. (Activity stage) Present
voice sounds (background

sound, sound effects, etc.) that
can influence the user’s learning
activities

9.3. (Activity stage) Present
chooser options considering the
most frequent realistic choices

9.4. (Activity stage) Design to
produce different outcomes
depending on learning activities

10. Principles of information
provision: It should be desi
gned to promote activities by
providing information  on
users’ learning  activities
(affordance).

10.1. (Introduction stage)
Provide information required for
learn ing contents and activities

10.2. (Introduction  stage)
Develop and present background
infor mation in the form of a
short video or image and narration
to enhance under standing of the
problematic situation, and guide
the role of the user (provide a
tutorial)

10.3. (Activity stage) Provide
clues or hints that can be helpful
for learning activities (user map,
navigation, etc.)

10.4. (Activity stage) Design to
check the content when a
learning activity that the user
must perform has complex
factors or procedures

10.5. (Activity stage) Design to
provide process information in
the form of images and audio to
check how learning activities are
being conducted

11. Principles of thinking
promotion: The design of
immersive  contents  for
metaverse—based education
should lead users to carry out
a thinking process about the
goal of the learning activities
and why they are important
(actual activities and reactions).

11.1.  (Introduction  stage)
Design to provide a pre—briefing
by presenting the main activities
and goals that users need to
perform

11.2. (Introductory stage) Ask
questions to help users think
about what actions they should
take in a given situation before
learning activities take place

http://dx.doi.org/10.9728/dcs.2023.24.2.257
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12.1. (Activity stage) Provide
descriptive feedback on the
activity and the cause of the
result so that the error can be
recognized.

12. Principles of reflective
reflection: It should be
designed to allow users to
reflect or contemplate upon
their learning activities in the
metaverse (actual activities
and reactions).

12.2. (Activity stage) Design to
give an opportunity to resume
the activity or move on to the
next step if the learning activity
has not been properly performed

12.3. (End stage) Provide
debriefing results and feedback
on learning activities  after
learning is completed in the
metaverse
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