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ABSTRACT

Extended Reality (XR) technologies are increasingly used in education and training due to
their ability to provide immersive and realistic learning experiences. Accordingly, systematic
guidelines are needed to support the design and implementation of XR-bhased education
and training programs. This study developed guidelines reflecting the characteristics of XR-
based education and training through a stepwise process involving a literature review, a
Delphi study, expert suitability evaluation, and expert consultation. The proposed guidelines
consist of three stages: planning and design, development, and operation and evaluation.
Key elements include educational objective setting, consideration of learner characteristics
and XR environments, principles for content design and development, device and content
inspection, and safety and health management. The guidelines provide practical support for
the systematic planning and effective implementation of XR-based education and training
programs.

Keywords Extended Reality(XR), Educational Guidelines, XR-Based Education, XR-
Based Training, Delphi Method
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\ Step L Key Procedures |
Literature * Analysis of theories and existing
Review and guidelines related to XR-based
Analysis of education and training

Previous + FEstablishment of the direction for
Studies guideline development
l l
Eegr;?ﬁn?ﬁ of * Development of a preliminary
Set Ofaﬂf framework of components for
Guideline ‘(RC—igaHslng education and traming
Elements gul
l l
« Participation of 17 experts
) * Content validity evaluation using a
Delphi Study 5-point scale and calculation of
Content Validity Ratio (CVR) values
l l
Refinement . ‘Isrllltbe(%;t;rss and adjustment of
of Delphi . . )
Results Iterative review through research

team meetings
l l
+ Simplification of the guideline

Guideline L 2
Development structure  and specification  of
content
l l
« Participation of 7 experts
Guideline « Evaluation domains: validity,
L explanatory — power,  usefulness,
Suitability enerality, and comprehensibilit
Evaluation g ok D !

* 5-point Likert scale and calculation
of mean scores

! !

Expert * Online consultation meeting
Consultation * Collection of feedback for revision
Meeting and improvement
l l
Finalization of the XR-Based Education and Training
Guidelines

Figure 1. Research Process
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Table 1. Comparative Analysis of Guidelines for XR-Based Education
& Training

Category

[References] Key Components

Implications

Alignment of objectives,
content, and assessment

Learning objectives,

Instructional S
content organization,

Design . . . .
[32% interaction design, through systematic
assessment strategies instructional design
Learner o Direct impact of user
. Intuitive interface, . . .
Experience . . o experience and interaction
interaction usability, . .
(UX) . . . design on learning
immersion design
[13, 33] engagement

Practice—,

Interactive .
exploration—, and

Necessity of experiential and

Activities . o -, :
[19. 20] collaboration—based | participatory activity design
’ activities, feedback
Usage time, age
Sa]fzet thyicasnd criteria, health and | Safety and ethical standards

cognitive protection, as prerequisite conditions

[10, 11, 14, 17] data privacy

Technolo . . .
and 5Y | Device performance, Potential reduction in
compatibility, frame | educational effectiveness due
Infrastructure

rate, latency to technical instability

[12]
Operation and | Class preparation, Need to address both
Implementation | delivery, reflection, | development and operation

[18] teacher support stages
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Lea@lng env1ron@ent analysis 46 | 070 | 0.76 Evaluation | Collaborative (multi-user) assessment 45 10.72 |1 0.76
Instructional Motivation strategies 43 1211065 Multimodal learning analytics 45 1062088
. Interaction facilitation design 48 10.39 | 1.00 :
Design Appendix
Differentiation by learner level 45 1062|088 Content
Methods for measuring objectives and and Device | Verification checklist 42 10.75 | 0.65
e 47 1059 | 0.88 .
achievement levels Selection
Assessment
Design | Assessment and feedback strategies 46 | 061 | 0.88 Recgrmnended Recommended content list 37 | 116 | 006
Assessment and feedback dashboard design 45 1080 | 0.65 ontent

Sqern|Installation and updates of applications 41 120 | 041 Environment | Technical requirements checklist 4.2 10.81]0.53

Management| Handling operational errors 43 1110|053
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Domain Domain M | SD |CVR
Gameplay methods, usage time, rest 44 1086053
intervals

Ussaef:;/d Learner health self—check checklist 39 |1.11]0.18
Administrgtor pre—, during—, and post— 39 [1.05 0.2
use checklist
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Table 3. Key Revisions Based on the Delphi Results

Stage Key Revisions Based on the Delphi Results
- Integrated educational objectives and learner
Planning and | factors with XR environment characteristics
Design - Removed system and software version management

and reclassified it under technical infrastructure.

Development

- Deleted preparatory elements such as development
environment setup

- Removed user and technical testing items due to
difficulties in standardization depending on the
developer

- Moved interaction methods and evaluation/
feedback elements to the Planning and Design stage

Operation and

- Deleted operational environment configuration and
operational personnel
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Stage Subdomain
1.1 Learning Objectives & XR Environment
1.2 Learner Types & XR Education Context
Planning & 1.3 Network & XR Device/Environment
Design 1.4 Instructional Design Strategies

1.5 Interaction—Promoting Design
1.6 Human Factors & Safety Check

Evaluation - Removed content transmission 2.1 XR Content Selection
- Moved content/device inspection, usage and 2.2 XR Content Development Principles
break time guidelines, and health checklists to the Development - - —
Appendis Operation stage 2.3 XR Content Design '& Ad?ptlén Criteria
) Df_:leFed recommended content ) ] 2.4 XR Content Inspection Guidelines
;tgi?igigeizhgSggi?j;iéagt:gory and integrated its 3.1 XR Device Inspection Guidelines
3.2 Pre—use XR Content Briefing
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