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Development of an Educational Affordance Module to Facilitate

Flow in a VR Museum for Art Education
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As art education evolves alongside digital technology, virtual reality (VR) environments present new opportunities for
immersive learning. Flow is critical to effective learning in VR settings and can emerge through affordances—action possibilities
provided by the environment. While prior research has addressed either flow or affordance in VR, few studies have integrated
flow-based affordances with the concept of educational affordance in the context of art education. This study aims to develop an
educational affordance module for analyzing and designing flow experiences in VR art museums. The research follows four key
steps. First, a literature review defines the conditions for flow and clarifies the concept of educational affordance. Second, an
analysis of previous studies identifies the components of educational affordance. Third, the relative importance of subordinate
affordance elements is evaluated using the Analytic Hierarchy Process (AHP) with expert input. Finally, the relationships among
educational affordance elements are analyzed to construct the module. The module offers a framework for supporting and

enhancing flow in VR art museums, contributing to the advancement of future art education.
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Literature Review and Term Definition

Initial Literature Search
(n=200)

keywords: VR Exhibition, Art
Education, Affordance, Flow, Al

]

Publications after 2020
(VR Advanced since Covid 19)

Time Period Filtering (n=30)
Excluded: 170

-

Focus on educational contexts with
specific affordance elements

Content-based Selection
(n=20) Excluded: 10

3

Flow Conditions and Educational Affordance Elements through AHP
(Analytic Hierarchy Process)

-

Educational Affordance toward Flow Module Result
for Art Education in VR Museum
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Fig. 1. Research flow
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Table 1. Expert panel demographics
Specialization Experience Education Age Gender
1 Art & technology F;rg‘;a;:g Ph.D Mid40s Female
2 Att education in museurn | Curator and educator Ph.D Mid40s Female
10 years
3 Art education in museum Cultur1a5l ;c;:r:gation Master Mid40s Female
4 Art & technology P;";‘;Zf;’r Ph.D Mid30s Male
5 Al development for VR '”d“Sgyy:g’fSCia“St Ph.D Mid30s Male
6 VR exhibition development '“d“ﬁtéyy‘z’;erg““"e Master Mid30s Male
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Table 2. Conditions for VR exhibit flow

=71

Conditions for flow experience

Concentration on the task

Clear goals

Sense of control

Autotelic experience — Intrinsic Motivation

(S0 IF - IOV IR I e

Immediate feedback

T 3. J—Jl_t,'.ﬂ 0.|;\.L_|:-|A
Table 3. Educational affordances

Affordance Deffinition

Technological
1 Affordance
Kirschner (2002)

Relationship between users and
systems within physical, logical,
and cultural constraints

Learning Affordance Relationship between educational

2 Kirschner (2002) intervention character;st;cs and
learner characteristics
Social Interaction Relationship in group social
3 Bradner, Kellogg & characteristics that enable specific
Erickson(1999) interactions
7t g B AT BH0) W 716 olxd 2 7w
8h5S XYl 74 o] ¥l A(Technological affordance)
WFA o] EE 2of 7kt “Sh5(Learning affordance)”
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Table 4. Affordance-supporting features of VR exhibitions
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Researcher Title Technlogy Learning Social Interaction
) A Bibliometric Analysis of Immersive ) - o )
[12] Li et al. Technology in Museum Exhibitions: Haptic feedbalclk, Storytelling Visitor exhibit interactive
(2023) gesture recognition games

Exploring User Experience

Makransky &

The cognitive affective model of

Agency (Active

Presence (Physical
Society with Real

[19] Petersen ! ; : Environmental Embodied Learning .
(2021) immersive Learning Manipulation) Movement and Vllsual
Feedback Matching)
Kim ot al. My teacherl isa maghme: Understandmg Autornated Feedback — Fgcﬂﬁahon of , .
[21] students' perceptions of Al teaching ) Self-Directed Learning | Questions and answers
(2020) . . X ; Scaffolding -
assistants in online education. —Continuity
Enhancing Art Education Through Virtual Expand new Educational
(23] Wang Reality: The Impact of Virtual Art Enhanced Aesthetic Design lteration and Op ortunities in Small
(2024) Museums on Junior High School Understanding Revision Capabilities PP T
owns
Students
A Virtual Reality Museum to Reinforce the
Tsita et al. Interpretation of Contemporary Art and _— . _ . Interacting with the
[25] (2023) Increase the Educational Value of User Experiential leaming - |User-centered interfaces Artwork
Experience
Bi, H. _— ; S .| Immersive 3D —Poisson | Kinetic Multi-sensory _
[26] (2022) Application of VR in Art Exhibition Design Reconstruction (visual, auditory, tactile)
[27] Chung Dj;i';p;tegcg%a;Q&:ﬁiﬁfds& %S?gfl Provide Personalized Accuracy and Expectations and
(2023) T 4 Learning Paths Immediacy of Feedback Predictions
space planning in museums
Ersin Dincelli E & Immersive V|'rtual regl|ty n the age (.)f the Embodiment — Realistic Navigability — Training and Meeting
Metaverse: A hybrid—narrative review : . . ) . ) )
[28] Yayla A simulated environments:| Personalized Learning Sessions in a shared
based on the technology affordance ; . )
(2022) ; Presence Experiences Virtual Environment
perspective
[29] Gong et al. Affordance—Based and User—Defined Geometric Design a Kinetic Agenc Semantic Presence
(2023) Gestures for Spatial Tangible Interaction| Customizable interface gency
[30] Khreiche Gamified Flow and the Sociotechnical | Designing interfaces to | Fusion of gaming and | Gamified engagement
(2020) Production of Al Encourage Use learning and rewards
Lim Exploring the Educational Potential Multi-sensory Learnin
[31] through Digital Immersive Contents in y 9 Localization Physical Interaction
(2023) Support
Local Museum
Melville, Robert & | Putting humans back in the loop: An Multlplg '”t?’aCt'F)“
) - Modalities, including Scalable T
[32] Xiao affordance conceptualization of the 4th Lo ) ) e ) Gamification
: ) ) Voice interaction, Haptic Decision—-making
(2023) industrial revolution . X .
input, Biometrics, etc.
[33] Scavarelli et al. | Virtual Reallty and Aggmented Reality in Presence and immersion| Contextualized Learning | Collaborative Exploration
(2020) Social Learning Spaces
Serna—Mendi buru|Shaping the future of creative education: Peer Learnin
[34]| & Guerra—Tamez |the transformative power of VR in art and Reflective Thinking Spatial Navigation E 9
; ) ngagement
(2024) design learning
Mult-isensory (Voice
Shen, W. Natural Interaction Technology in Virtual Learning, Gesture . )
[35] (2021) Reality Recognition. Eye Intuitiveness Tactile Feedback
Tracking)
Shin Online learner's 'flow' experience: an The impact of
[36] - P ' Learners'Freedom of Expressive Fidelity Global Sharing
(2020) empirical study )
Control on Learning
Xu Practice of Digital Media Art Education Experimenting with ) .
[37] (2024) Based on Virtual Reality Technology. different media Personalized Feedback Global Sharing
Prism XR — A Curated Exhibition
Zhang Experience in Virtual Reality with Peer . ) Visitor Feedback
[38] (2024) Annotation Features and Virtual Guides Multi-modal Virtual Curators Conversations
for Art and Archaeology Classe
Virtual reality in art appreciation . ) )
Zhao & Zhang . ; ) Adjust the Viewpoint . )
[39] (2024) education: A slystematlo review of the Position and Height Embodying Scaffolding
iterature
Design affordance in VR and
[40] Zhou et al. customization intention: Is customer | Long—term Engagement Continued Practice Perceived Aesthetics
(2023) inspiration a missing with Content Sessions Motivation

link?

“Sorted in Alphabetical Order and Colored Background: Previously Cited Above

851

http://www.dcs.or.kr



C| x| 2El = 5t5]=&X|(J. DCS) Vol. 26, No. 4, pp. 847-859, Apr. 2025

E 5. VR osg MAATFOIAM FEE o{ZHA SI9QA

Table 5. Affordance sub-elements extracted from previous studies on VR art education

Affordance Facilitation Sub Alternatives Reference
Visual interaction Design
Multi-modal Sensory Support - - (211 .[23]), [[%%]]’ (28], [29],
Integrated Spatial Audio
Motion Tracking Responsiveness
Technology ® Sense of presence T [12],[31]-[33],[35],[38]
sychological Immersion) Spatial Orientation System
Active Environmental Direct Object Manipulation [12],[19],[28],[29],[33],[40]
Manipulation Interface Customization Tools [27]
) ) Adaptive Content Sequencing
Personalized Learning Paths — - [21]
Individual Progress Adjustment
Scaffolded Learning Graduated Difficulty Levels [19],[21],[24],[27],[28]
) Progression Just—in—time Support System [21]
Learning ;
Gamified Engagement and Achievement System [40]
Rewards Progress—based Incentives
Narrative-based Engagement Narrative Structure Design [30],[32]
(Storytelling) Interactive Plot Progression [12]
) Preference—based Feedback
Personalized Response System - [33]
Behavior-based Feedback
) ) ) o ) Visitor Reaction Indicators
Social Interaction Interactive Visitor Dialogue — [12],[321,[351,[37]
Synchronous Visitor Chat
Impact of Learner's control Content Selection Options
F ) [33]-[38]
reedom Learning Pace Control
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Fig. 2. Hierarchical affordance for flow
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Reliability Measure Value Assessment (9.5%), Az 244 Z3(8.3%), A28 Zd=(7.8%)7} 7}
Consistency Ratio (CR) 1.00% Excellent (< 10%) 2} o _(IL;\.]{’\_H UERALE o] VRAA A ~Ea ey
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Table 7. Analyzing affordance modules for immersion
Level 1 Level 2 Level 3 Glb Prio
Multimodal Sensory Support Visual interaction design 0.735 5.70%
Concentration on the Task 0.488 Integrated spatial audio0.265 2.10%
0.158 Sense of Presence Motion tracking responsiveness 0.356 2.90%
0.512 Spatial orientation system 0.644 5.20%
Personalized learning paths Adaptive content sequencing 0.690 7.80%
Clear Goals 0.550 Individual progress adjustment 0.310 3.50%
0.205 Scaffolded Learning Progression Graduated difficulty levels 0.465 4.30%
0.450 Just—in—time support system 0.535 4.90%
Impact of Learner's Control Freedom Content selection options 0.754 4.00%
Sense of control 0.392 Learning pace control 0.246 1.30%
Flow 0.134 Active Environmental Manipulation Direct object manipulation 0.754 6.20%
0.608 Interface customization tools0.246 2.00%
Gamifyed Engagement and Rewards | Achievement system design0.526 7.30%
Autotelic Experience 0.439 Progress—based incentives0.474 6.60%
(inifinsic Mofvation) Narrative-based Engagement Narrative structure design 0.533 9.50%
(Story Telling)
0.561 Interactive plot progression 0.467 8.30%
Personalized Response System Preference-based feedback 0.359 4.20%
Tnnedisie Eaedbaek 0.641 Behavior-based feedback 0.641 7.60%
0.184 Interactive Visitor Dialogue Visitor reaction indicators 0.465 3.10%
0.359 Synchronous visitor chat 0.535 3.50%
8= ARG ARE AN ot 2 AP 5 B8 Hels
7122 A A8 (31.8%)S o7 3 B nES (L= Table 8. Concensus
t} nede AlEE A §_ 2wt} 7)ole] A E A3 [43] Levell | Leve2 Group Concensus
o] VRAA] 0| %= vt gl 7‘%40]1;}. Immediate Feedback 91.10% | Very High
Visitor Feedback Dialogue 97.10% | Very High
4-2 BE 7|2 Personalized Feedback 65.80% | Moderate
Clear Goals 72.90% | Moderate
D E"_-EQ] ?}_:6‘} Personalized Learning Path 84.50% High
AP BA3} dho)% BA A7E ujEro 2 o %Sl Al Scaffolding 80.70% High
VRAA] o] EE A2 98 mES thea) ﬂ% dHow Tz Autotelic Experience 65.60% | Moderate
. - Gamified Engagement 70.00% | Moderate
Skt 3, =] Tt 7]%]_ = = 20% ©1g<] Story Telling 54.90% Low
A7 522 75 (31.8%), Bkt %ﬁZO.S%)% FQ NER .
g 3‘“’/} %&H Zgrs goy @_9}}_7} 80% 0]/3'?1 YI]E Selnse of .Control 82.70% Hfgh
. }\]}\Eﬂ o _Lerz‘slhﬂr o]b a Zﬂ 23 }\] f{lﬂr“ o] Az Active Environmental Control 84.20% High
—E=E AT T = = Learner Control Freedom 84.20% High
ao7] wiolnt. ksl QlE ol RES Zh =9 21 Concentration on Task 59.10% Low
A Oii“:ji“] :’Liﬂ;ﬁ‘ Tt Xﬂ/\] é‘;—hﬂr' Multimodal Sensory Support 89.90% | Very High
Sense of Presence 73.90% | Moderate
X2 TRE 2P BE
% olxulse] Wel REIEM205% F ok AF /8 64192 B AN U AzEe
2:89.9%) = 2=71ED(80.7%)& &3 XA g5 Tshe = g
ol Wekgh waw Py o= v okel el vl 7)%A o] EE o] Tzt 8129 (89.9%), A2lske
o 173k A Ag) Alzslo R FHE 5 Ak 5). FHAR (84.5%), T5H BAZA (84.2%)9) B Fel=
$5AG o EA2] ) ARl PEA A=Y gt 2 Prlsgink ol VRe) V1% B4 289 97 &
(97.1%)9F 544 J=m(91.1%)°] H/39 Feles Bel A7 Mgk 5 A Alwol A A aaE AERta

855

http://www.dcs.or.kr



CIX|& 28I X 55| =

Motivation Feedback

w
J8 4. SYxAD ofzEHA 23
Fig. 4. Flow conditions and the cyclic structure of
affordance
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Fig. 5. Affordance module approach for flow in VR exhibition
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