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[Abstract]

This study explores the effect of narrative—visual consistency on users’ cognitive load and immersive experience in the ZEP

platform for metaverse art and cultural space. Drawing on cognitive load theory, which distinguishes intrinsic, extraneous, and

germane load, the research proposes a three-layer analytical framework encompassing spatial rhythm, information presentation, and

symbolic details. Through qualitative investigation, the study reveals that consistent alignment between narrative and visual

elements reduces the overall cognitive burden, supports coherent spatial comprehension, and enhances perceptual engagement. In

contrast, disruptions in consistency heighten unnecessary load, generate interpretive difficulties, and diminish the overall quality of

the experience. These findings not only contribute to the theoretical understanding of virtual exhibition design but also highlight

the practical importance of narrative—visual coordination, providing a meaningful reference for improving user engagement and

immersive experiences in metaverse environments.
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Table 1. Types of cognitive load

A Key
Type Definition OheEeesies Causes
The mental
effort required is
detgrmlned by It is determined .
the inherent e Arises from the
. by task difficulty |. . ~~"
lintrinsic complexity of and the intrinsic nature
the learning ) ) of the content
Load o interrelation of )
material in information and the learner's
conjunction with units prior knowledge.
the learner’s )
prior cognitive
level.
The Controllable in
unnecessary nature and i%t?%ig{
cognitive effort | closely related ) .
information,
caused by to the mode of .
Extraneous | . ) . . poor interface
Load ineffective information design, or
instructional presentation . !
) . inconsistent
design or and the quality )
) ) symbolic
irrelevant of interface representations
information. design. P
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resources Directly
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Table 2.Table of narrative-visual consistency correspondence mechanism
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[21].
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2).

Narrative-Visual
Expression Level

Corresponding Media
Expression Mechanism

Consistency Construction
Feature

User Perceptual Logic

Example

Narrative—Spatial
Macrostructure

Spatial Coherence

Scene layout aligns with
narrative focal points,
ensuring directional and
logical spatial organization

Users “enter” the story and
perceive narrative rhythm
through natural scene
transitions

Game maps, exhibition
layouts, spatial cues

Narrative-Visual
Mesostructure

Visual Cues are Consistent
with the Message

Narrative events align with
visual cues, enabling
smooth progression

User actions correspond
with visual feedback,
generating temporal cues
and narrative anticipation

Interactive videos with
click—to—transition
feedback

Symbolic Microstructure

Semantic Mapping

Micro—visual elements
convey narrative meaning,
reinforcing emotional and

semantic resonance

Users unconsciously infer
plot or character
psychology from visual
details

Dimming light = Dension,
Red objects = Danger
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Table 3. Definition and features of metaverse platforms

Name Content description keyword
A web—based metaverse Lightweight,
platform that supports
Platform A ) . Browser access,
o real-time interaction through .
Definition ) ! o Multi—user
virtual avatars entering digital o
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spaces.
Modular map editing, NPC
Sy‘steml customlzatlgn, multlmedla Editable, Scalable,
Configuration embedding, spatial Mab code sharin
Features transitions, and task P g
triggering functions.
: Low-poly modeling with Low fidelity,
Visual o ) S )
. symbolic visual configuration; symbolic
Expression . ) .
simple interface yet Representation,
Features ’ . ;
functionally comprehensive. | Multimodal support
Proximity-based triggers, Proximity triggers,
User voice/text communication, . )
) . Avatar interaction,
Interaction and first—person or
. Sense of
Mechanism free-movement
) engagement
collaboration.
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Author

Research methods

Research content

Sim Hyuk—Ju (2020)[29]

Theoretical study, Case
analysis

Constructs a model of visual narrative based on visual semiotics,
elucidating the mechanism from perception to meaning construction.

Theoretical construction,

Examines visual metaphor in information visualization and its role in

2 Park Hye Jin (2021)[30] Case analysis enhancing comprehension and stimulating associative thinking.
Experimental study, ) ) . .
3 Shin Jae Hyun (2024)[31] Questionnaire survey, Analy;es the effevctsvof mterface type, |.nput quant|tvy, and visual cues on
. cognitive load, highlighting the mitigating role of visual cues.
Method analysis
Literature analysis. Case Investigates interactive narratives of the MZ generation in ZEPETO and
4 Yi. Ji Young (2021)[32] studieys ’ VRChat, arguing that metaverse narratives have evolved into a
multimodal participatory story culture.
5 |8 YKo, H K Chung -1, | Literare anaivsis, Gase | 00 T e e e e amevion for vitual cultra
Kim, Y. T. Shin (2021)[33] studies proposing
spaces.
. . Quantitative research, Examines the influence of metaverse service features—presence,
Kim, Hyojin and An, ) . ) ) ) - )
6 Structural equation information richness, interactivity, and enjoyment—on trust and usage
Myounga (2023)[34] : X .
modeling intention.
H. J. Park, T. Y. Cho Mechanism construction. Analyzes thel effects of color, form, depth, and motion on v!sual
7 (202 - X X presence within  metaverse environments from a neuro—visual
4)[35] quantitative questionnaire i
perspective.
o Ryu Jesheon and Shin Aram c _ | " V§r|f|§s| t)he poslltlve effects of text—’ln?age.mtegratlon (spatial cont|gg|ty
(2017)[36] xperimental analysis |pnnd0|pe on elementary students’ learning outcomes and cognitive
oad.
Lee Jungeun and lI-Hyun Jo Expenmental deS|gnl (eve Examines the effects of visual cues and learners’ metacognitive levels
9 tracking + regression e o )
(2020)[37] h on cognitive load, as well as their interaction.
analysis)
Rau, Zheng & Wei Experiment, Compares smglef anq mu!tlmodal Iearnmg, demonstrating that
10 excessive multimodal input increases cognitive load and reduces
(2020)[38] self-measurement table e
efficiency.
11 Zhang, Qiao He and Yang, Experimental research Integrates visualization design with intrinsic cognitive load theory to
Jae Bum (2020)[39] (SPSS) propose regulatory strategies that enhance learning efficiency.
Kyoungmin Lee, Soonri Investigates how visual cues in interactive 3D learning influence intrinsic,
12 Choi, Eohyun Choi, Dongsik Experimental research extraneous, and germane cognitive load under varying levels of
Kim (2022)[40] interactivity.
Theoretical analysis and Analyzes emerging forms of digital storytelling in the metaverse,
13 Jong Hyeck Ahn (2023)[41] case studiés highlighting multimodality, interactivity, and integration with cognitive
sciences.
. Theoretical overview, Case Exploresl thg image Ilanguage,. spatlotemporal const(uctlon, and
14 Di.Ye (2015)[42] studies communicative mechanisms of visual narrative, emphasizing structural
and plot-oriented features.
Suhyun Ki, Taehyeong Lim, Investigates the effects of self-regulated learning strategies in virtual
15 Ryu, Jeeheon, and Lim, Experimental research reality-based nursing training on cognitive load, self-efficacy, and
Taehyeong (2024)[43] learning satisfaction.
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Main Factors - - - - - Auxiliary Factors

Complex plot structure
Flashback

Insertion

Temporal-spatial juxtaposition
Multiple parallel storylines

- Spatial disorganization
Frequent scene switching
~ Rhythm variation

Redundant images/information
Lack of narrative cues -

= i e 2 e s i e\

1

N Layout clutter

Ambiguous timeline - 4 - = .| Extraneous Load Missing guidance/navigation
Disrupted logical seq - 1 Excessive interaction

1
1
!

) Color symbolism

Symbolic narrative objects Graphic composition patterns
Visual implicit structures % + Character actions and expressions,
Repeated narrative implications -1 Stylistic consistency

1 1

T8 1. X5t o[ 2ol M el MARAIZL EM A T4
Fig. 1. Narrative visual feature connection diagram in
cognitive load theory
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=TT | System Configuration Features, Visual Expression Features, |~~~ ~ !
1 User Interaction Mechanisms 1

-~

¥y
Definitionof [ - =~~~ -~~~ ~~~ -~ ‘l ;’ “““““““ s
Expression Intrinsic Load |, | Extraneous Load
1 (Narrative-oriented, || | (Visual-oriented,
supported by visuals) |/ 1| supported by narratives)
1 1

1 1
| Macro-Structural Level || I| Meso-Informational Level |
1
(Narrative-Spatial Consistency) | | (Consistency of Visual Cues and
| 1 Information)
1
Narrative : : | Visuals :
i Plot Rhythm, Task Complexity; 1 Thematic Colors, Guiding i
Visuals : I | Symbols
Spatial Layout, Rhythmic ! ! Narrative :
Synchronization : : Narrative Cues, Rhythm Control
fm e g 4 LSS e = e ‘_ _____ 4
Cognitive R After

Activation of Germane Load
(Narrative x Visual Co-construction)

(Semantic Alignment Consistency)

1
|
1
|
I
Micro-Level 1
|
1
|

Metaphorical Cues, Symbolic Linkages, Color Emotion, Stylistic Unity

Facilitating Meaning C ion x { C ion x

a3 2. QIX|F3t 0|20l 7|25t MARAIZE LM HF U E =& &
Fig. 2. Derivation of a narrative-visual consistency
mechanism framework in cognitive load theory
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Table 5. Case study analysis framework

Mechanism
Hierarchical S CoTRenETE Explanation
Structure (Regulatory
Relationships)
—Multi-map navigation & Establish the
Level 1: Task switching. foundational
Meta-level —Modular editing & NPC conditions for the
Differentiation | interaction. construction of
of ZEP —Low—Poly aesthetics with narrative rhythm,
Platform symbolic visual elements. interface cues,
Features —Proximity—based interaction and semantic
with virtual avatars. meaning.
Intrinsic load
(Narrative-Dominant)—
Macro—structural layer.
—Narrative rhythm complexity.
—Narrative structure.
—Temporal—-spatial overlap.
—Parallel narratives.
—Spatial Rhythm Disruptions
—Frequent Scene Switching Narrative
—Abrupt Pacing Shifts s
comprehension is
Extraneous load establlshed
(Visual-Dominant)— through visually
Meso—structural layer. guided structural
) —Redundant imagery/ oohergnqe. When
Leve! 2 Overlapping information. intrinsic and
Cognitive —Chaotic layout. exltraneous
Load. —Lack of visual cues or cognitive Ipads are
Modulaltlon navigation aids. effectively
Mechanisms —Overly complex interactions. lbalar)cedi Fhe
viewer’s ability to
—Missing narrative cues. connect wsgal
—Ambiguous timeline. n:xglgglfog:tchis
Disrupted narrative logic. activated and
Germane load (Narrative & enhanced.
Visual Co—construction)—
Micro—structural layer.
—Affective color guidance.
—Metaphorical elements and
repetitive visual motifs.
—Semantic consistency
between facial expressions,
gestures, and narrative
meaning
High cognitive
load— Cognitive
disruption,
immersion
Level 3: . breakdowrjs, and
User (® Successful consistency navigational
" regulation—Fluent confusion.
Cognitive ”
cognitive pathway (Low
Load "
Response ) Iogd). . Low cognitive load
. (@ Failed consistency (High
Mechanisms . o )
Based on regulgtlonﬁCognltlve COHSIStenCY).f
Perceived conflict pathway (Load Smooth cognitive

Consistency

spike).

processing,
accurate
emotional
guidance, and
sustained
immersion.
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Table 6. Case selection

CJ Donors camp youth cultural space

Youth community experience space
Time:Nov 2022 | Capacity:300

Organized by CJ Donors
camp, this space was
constructed based on
mechanisms for youth

cultural group
participation. Through
virtualized activity scenes
|| and task—driven models, it
supports adolescents in
exploring and developing
their interests.

Gyeongju national museum

Historical and cultural education
Time:2022-2023 | Capacity : 500

Based on a highly realistic replication of the offline museum
environment, this virtual space integrates multimedia links with
online cultural displays.Developing virtual exhibitions and
educational applications themed around the history and culture of
Silla for public access.

Children's war memorial museum

War culture education

Time:May 2022 | Capacity:200
7 J ph
¥ £ 4 S
NN v

jd Y (‘ \Qh.\“/.u'/ el
P Ty - A
b AL T

Targeting child users, this space offers a cultural experience
through virtualized war memorial scenes. By incorporating
interactive tasks and contextualized learning, it guides children to
understand war history and the value of peace within an immersive
environment.

“The Korean text appearing in the images within the table serves as
an indicator within the three ZEP spaces.
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“The image is a screenshot from within the space, with Korean
annotations indicating the name of the space.

I8 6. Azt 37 78
Fig. 6. Visual spatial division

CJ Donors Camp

“The Korean text in the image serves to indicate the spatial functions (
assigned to each designated area.

38| 3. CJ Donors Camp A 235} S7ke] v x| 71 6).
Fig. 3. CJ Donors camp youth cultural space layout

T e - > "% >
“The image is a screenshot from within the space, with Korean
annotations indicating the name of the space.
a8 4. XH =M
Fig. 4. Ground guide line

A= 20| H|Y AR OIS ot

US, Jst, 89, 3¢, 22|, WM-HE| A S

RS 21a510] A2 YATS WEO 2 HIROZIE

L 20| 28 S3ch

Foasazasal |
[~ ] a8 7. 4= ¥ CfAfel
“The space primarily serves Korean adolescents, and this image is a Fig. 7. Architectural design
screenshot of a narrative comic within the space.
18| 5. THEFE MAL ohy
Fig. 5. Comic narrative guidance

http://dx.doi.org/10.9728/dcs.2025.26.11.3055 3066



"The space includes installation designs with Korean signboards.

08 8. = EX|
Fig. 8. Graphic symbol

a8 9. 2R 7|5
Fig. 9. Device symbol

°e2090

18 10. 7H2IE ofo|X|
Fig. 10. Character image

CJ Donors Camp

5} o 2ol 7| HkEk MALAIZt

8).

Y T8 7 Ee 2X AT ZEP HEMHA of = 23 37t BAo=

2)
e 1 ZEP
ZEP
NPC ;
ZEP
« 2
ZEP
( 11).
YouTube )
, (
12)
( 13) ,
( :0X )
, (
14). , ,
( 15).
( 16),
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~ A -
“The Korean text in the image serves to indicate the spatial function
assigned to each designated area.
O7 11, gEa MAl 2A|(2=2 10l flakate| HiW)
Fig. 11. Museum exhibition area map (compared with the
original offline museum)

S

>
“This image is a screenshot from witﬁin the space, and the Korean
text serves as directional signage.
T8 12. MAF AL & ok ER|

HH X

Fig. 12. Embedded narrative and guiding signage

“This image provides an explanation of the artifacts from the

Gyeongju Museum within the space.
O3 13. MAIHE
Fig. 13. Narrative information

ZEP

17),
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“The image presents a screenshot of the playground inside the
space, where Korean sign indicators are implemented to guide
users.

38 14. ofe| =0| 7Y

Fig. 14. Outdoor recreation area

“This image is a screenshot from within the space, where a virtual
character displays a Korean pop—up message window.
38 15. 372 AERIS| 59N

Fig. 15. Unified spatial style

“The image is a screenshot Ataken inside the space, Wher Korean
annotations function as directional descriptions for the artifacts.

18 16. FEET AR

Fig. 16. Prominent color

“The image is a screenshot captured inside the space, where Korean
labels designate the area for character transformation.

8 17. 7HElE ClXfel
Fig. 17. Character design

18).
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a3 18. &% 7|2
Fig. 18. Device symbol

- - © . e -l
“The Korean text in the image serves to indicate the spatial functions
' assigned to each designated area.

, a8 19. S2HHHR|
Fig. 19. Spatial layout

e 3
“This image is a screenshot from within the space, and the Korean
text serves as directional sighage.
a8 20. 9% XM & EX|o] BF
Fig. 20. Lack of positioning and branding
, 19). “ + NPC ”
3) )
e 1 ZEP ( 20).
ZEP )
, , - - ” s NPC
NPC )
NPC
, NPC , ZEP
L] 2 1
” ( 21)
(
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. @

A F

e -*

2 0N B A ~
“This image is a screenshot from within the space, and the Korean

text serves as directional signage.
O3 21, BA 40| 28t

Fig. 21. Decorative elements are chaotic

http://dx.doi.org/10.9728/dcs.2025.26.11.3055 3070

CJ Donors Camp ,

. CJ Donors Camp

NPC

ZEP



BT M

=]
2y 47

2IX| £

Table 7. Case study summary

St ol Zoll 7|8hat MAR-AZE & 2t
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Space : Second Level . N
First Level > Third Level (Overall Impact on cognitive load)
Name Macro Level Meso Level Micro Level
Virtual images The linear spatial layout combined with comic—based narrative
. g guidance effectively reduced intrinsic load. Users were able to
The exhibition correspond ; ) . : -
CJ ; ) obtain clear behavioral predictions during the initial entry
zones adopt a Club areas are with spatial ) . L
Donors ) ) stage. Visual cues and color segmentation maintained a low
linear progression color— symbols (e.g., . "
Camp . ) level of extraneous load, preventing cognitive resources from
layout; comic segmented, but | club logos), ) ) :
Youth . ) ) : being consumed by redundant external information. The
narratives provide task cues reinforcing ; B
Culture : ) . : effective management of intrinsic load further enabled
contextualized remain unclear. | immersion and . ; ’ )
Club ) micro—level semantic consistency to activate germane load,
tasks. narrative : " L
memor which concentrated cognitive resources on deeper situational
& comprehension and immersive engagement.
The spatial layout
reconstructs the
Multi-map | offline museum . Artifact
and task structure Many exhibition models
switching continuing the hrillshsv?:dzld offered The predictable structure and embedded background
Modular sequence of si?nilarit . interactive information lowered intrinsic load at the initial stage. However,
editing / | “entrance—theme redundail{t annotations, high visual similarity and redundant color usage reduced
) NPC galleries— but symbolic spatial distinctiveness and semantic clarity, increasing
National colors and
Gyeongju interaction | outdoor zones.” repetitive cues were extraneous load. Although micro—level interactions with
Museum Low- YouTube and blog design (e insufficiently artifacts partially activated germane load, meso—level
polygon + links provide dee gblue .t%.n’e integrated with fragmentation interfered with the narrative continuity.
symbolic cultural [i)n Woli narrative Consequently, the efficiency of germane load activation was
graphics background, Pavilion) storyline, diminished, and the depth of immersion was significantly
virtual embedding and distinctiveness. depth
character | predictable path
interaction construction.
The outdoor map
layout was Exhibition Interactive The simplified path design matched the cognitive schema of
simplified, with Jones had low content (e.g., younger users. However, the fragmented narrative flow
Korean path lines visual NPC prompts) increased intrinsic load. Weak visual distinctiveness and
Children’s matching younger differentiation: was shallowly excessive reliance on fragmented cues elevated extraneous
Museum users’ cognitive .~ | connected with | load, while spatial recognition remained insufficient. The low
. focal points . ) : . - ,
—War schema; however, were unclear narrative level of semantic depth in symbolic cues further limited users
Memorial spatial recognition and s mbolié storyline, ability to construct a coherent narrative framework. As a result,
Hall and narrative oueg were lacking users faced repeated cognitive switching during exploration,
coherence insufficient semantic constraining germane load activation and restricting deeper
remained ’ layering. narrative engagement and situational immersion.
fragmented.
V.28 E ,
’
ZEP ,
. CJ Donors Camp ,
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