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Design Method of Realistic Content Based on Kinect Sensor for
Content Cognitive Immersion of Audience - Implementation of

exhibition planning using user’s real-time behavior data -
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Abstract

This study introduces a design methodology for immersive content that delivers social/public messages through real-time
interaction. It utilizes a Kinect sensor for the real-time data processing of user behavior, which drives interactive, real-time
rendering. The core ‘Play-to-Critique Transition’ framework shifts participants from playful engagement to critique awareness. A
pilot study statistically verified this approach enhances emotional immersion and message comprehension. This research provides a
foundation for sustainable design, with potential applications in smart cities, education, and entertainment.
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Fig. 1. Various Application Cases Using Extended Reality (XR) Technology (a) Korea Occupational Safety and Health Agency’s
VR Content for Accident Prevention™ (b) Advanced Medicine & Healthcare Workshop at Johns Hopkins University!"®

(c) Digital Synergy Project, Helsinki, Finland"” (d) AR Docent Program at the National Museum of Korea!"®
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Fig. 2. Essential Elements for Interaction Between the Real and Virtual Worlds
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Fig. 3. Kinect sensor components®! and 25-joint skeleton in Kinect v2/24
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Fig. 4. Real-time Skeletal Tracking of Participants in the ‘Big Brother’ Exhibition
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Table 1. Kinect v2 Sensor Technical Specifications

Feature Type Specifications
Audio Details 4-mic linear phased array
Motion sensor Details 3-axis accelerometer
RGB Camera Details 1920 x 1080 px @30 fps
Method Time-of-Flight
Depth Camera Resolution 512 x 424 px @ 30 fps
Data USB 3.1 gen 1
Connectivity Power External PSU
Synchronization RGB & Depth internal only
Dimensions 249 x 66 x 67 mm
Mechanical Mass 970 g
Mounting One %-20 UNC
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Kinect v2 Sensor
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Fig. 5. Spatial Design of the ‘Big Brother Project Exhibition
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Media Wall Interface
Visual Output & Display

Presentation
Layer

Audio Interface
Sound Effects & Feedback

ERBIEERIE

.. Narrative Engine Event Trigger
Application L - Scene Manager )
Play-to-Critique Transition - Real-time Event
Layer 4-Stage Transition Control .
Framework Processing
Gesture
Unity Engine Feedback Controller

Service Layer Real-time Rendering

Recognition(Detection)
Motion Pattern Analysis

Interactive Response

Kinect SDK v2

Data Layer Skeletal Tracking API

3D Data Stream
25-Joint Position Data

Depth Data
ToF Camera (30fps)

Kinect v2 Sensor
RGB + IR + Depth Camera

Hardware Layer

Control PC
Windows System (USB 3.1)

User (Participant)
Physical Movement Input

T2l 6. AlZE FA| 2EIX A|AH - UML ZHEZHE ClojojT2H

Fig. 6. Immersive Exhibition Content System - UML Component Diagram

2. Processing Stage
Gesture recognition &
analysis (Unity Engine)

1. Input Stage
Participant motion capture
(30fps in real time)

»

»

3. Control Stage
Scenario progression and
control (4-stage transition)

4. Output Stage
Visual feedback
(Media wall + Sound)

»
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Fig. 7. Data Flow Process
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Table 2. Four Key Scenes Comprising the Play-to-Critique Transition Framework

Stage Scene Description

Design Intent & Purpose

Intended

Core Interaction Method Psychological State

1. Engagement

& Primer - Windows Interface

+ Lower psychological barriers
+ Create familiar environment

- Simple gesture control
(e.g. adjusting screen
brightness)

- Playful curiosity
- Sense of control

- Motion Recognition
& Gaze of the
Watcher

2. Intrusion &
Dissonance

+ Introduce unsettling element
(surveillance)
+ Induce cognitive dissonance

- User’s actions are mirrored
on ‘CCTV’ screen

+ Cognitive dissonance
- Initial awareness

- The Watcher's
Room & Drones

3. Revelation &
Subjugation

- Reveal surveillance devices
- Shift power dynamic
+ Frame user as data object

+ Psychological pressure
- Discomfort, feeling
watched

- Multiple virtual cameras &
drones observe user

4. Reflection & * REC Frame & Fake object
Confrontation Survey

privacy

- Confront image as captured

+ Compel reflection on data

+ Tracked skeleton trapped
in frame
- Fake survey requests
personal info

+ Critical self-reflection
- Increased message
salience

T2 10. =4 HIOolH 7HA|3t A2 = MAIZH A|HZE D= Oty
Fig. 10. Skeleton Data Visualization and Real-Time Audiovisual Feedback Process
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Fig. 12. Interaction with Audience Through the REC Frame
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MZL A7 2 AE Are] oz Eolnk 2d A 2L dlolH A, 7EAl A 248§ o JHES
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A9 A4 Aolo] Feh thzol A WSt 3UA(Z HE AMHSR FYIEE v vy §48 A
Z 8 FH)e o Azut g 219 oJopy|rh ofel, A th o] & S ‘Arctic Lab'Plol M E 5 sl WS A
O Q3 e HAE e FUS AR AA EAE @R FelA we] SRl niAle 43S Agstat,
= AME e 7t A 48 A (A E 9 A= ‘Tomb Keepers(Rise)' ™ol A= 4la] ] s34 2uksl &
AEete] A AMH AZE T dwl EAlel B 2 Bl Al AZe] AE, AAA, GH< gelel i
AR HEE A, A PFOR olold F ol 71 ARE ©Ath oy JT WA Zaddas 4
£ o AAolth AAR o] AF UNO 77 Ea Al R A&, #749] A4E A= Aol
g5l adHes AT 1A B e 22 ZEol Ad 48 vgte of
ket S714delh 2dAI(RY B Fxshe 1L oks T
1.3 M3Fe: Z24H FUst - O|Xd H|#A(Isabel < el Hol| 47 B 3514 A4 npFehs 7
Beavers)2| &x| XE3 1% 27| o AT IWAZE % FHE /1T V18 2ese
A&7} ol Bl aE SO Qe Yo Wish A3l Auie) A9 A 2o Aet A2 BYS o]
Ao Gt 22 Bafeta Wi 715 Wtk et glo] = FAolth v 4RA(AE 2 Ful)= ZEo] o
BE G4, diuvlol g, Ak, 27hs €83 AAH0lL g g7, B7o] 7129 AZE Wol 2S AES WA T
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< ARA R AEYoldde tal, H3H4 Ak S A
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Table 3. Case Comparison Results of the ‘Play-Critique Transition’ Framework

Analvsis Axis ‘Big Brother’ 1000 Cut Journey’ ‘Clouds Over Sidra’ Isabel Beavers
v (Surveillance Society) (Racial Discrimination) (Refugee Crisis) (Climate Crisis)
Surveillance Society, Systemic Racism, Humanitarian Crisis, Climate Change,
Macro Issue . I ) ) ) .
Data Privacy Microaggression Forced Displacement Ecological Justice
) — Multi-sensory
Tec(;s:o K'”e:;'a Pr?fm” VR (HVD), Real-time 3D 360° Video Installation (Video,
9y pping Sound, Sculpture)
) Persuasive . . . . ) . .
Key Mechanism Embodiment Embodied Simulation Empathetic Witnessing Sensory Abstraction
- Initial Playful Actor ’ ) Present, Invisible Sensory Perceiver,
Participant Role ~> Data Object Embodied Protagonist Observer Questioner
Stage ‘Big Brother’ ‘1000 Cut Journey’ ‘Clouds Over Sidra’ Isabel Beavers
9 (Surveillance Society) (Racial Discrimination) (Refugee Crisis) (Climate Crisis)
K inlg:arﬁ ;ent Playful Interaction Novelty of VR, Immersion Awe of Presence Aesthetic Beauty
2. Intrusion & . Experience of Unjust Contrast of Hope and Uncomfortable
Dissonance CCTV Gaze Tracking Reprimand Reality Scientific Truth
3. Revelation & Reversal of Power Recognition of Systemic Realization of the Understanding of
Subjugation Dynamics Prejudice Patterns Crisis’'s Actual Scale Systemic Drivers
4. Reflection & Confronting the Accumulated Emotional Motivation through Sparking of New

Confrontation Datafied Self Weight Personal Connection Questions
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Table 4. Evaluation of Participants’ Response Indicators via Kinect Sensor (N=40)

o 4z 54 2] A9 3 L 3%,
A A, WP L A8 de)H A, AE F
4%

< AA 7AE
A& *,—5_‘-7419} A
m|AlA] 4

A& 27054 IAE

*Ji

No. Category Subcategory Scale N %
Strongly Disagree 5 12.5
(Q1) Did the motion recognition feel Disagree 7 175
. e intuitive when first engaging with the Neutral 12 30
Behavioral .Inltlatlon and exhibit? Agree 12 30
Interaction Onset Stronaly Adree 2 10
1| (Technology Adaptability gy Ad
o ) . . Strongly Disagree 3 7.5
and Initial Immersion (Q2) Did the reflection of my Disagree 3 20
Assessment) movements in the content facilitate
) . L Neutral 14 35
easier entry into the exhibit
. N Agree 10 25
experience?
Strongly Agree 5 125
’ . Strongly Disagree 2 5
(Q3) Did the reflection of your -
: : Disagree 6 15
Interaction Design and movements in the surveillance
. . Neutral 12 30
Message Communication footage improve your understanding
. ) Agree 14 35
(Message of the surveillance society theme?
: Strongly Agree 6 15
2 Comprehension and -
. . . Strongly Disagree 5 12.5
Thematic Zone (Q4) Did the thematic zones (e.g., .
. Disagree 8 20
Engagement elevator/staircase atmosphere) Neutral 12 30
Assessment) enhance the engagement of the
. . Agree 11 27.5
interaction?
Strongly Agree 4 10
Q5) Did ch i th il Strongly Disagree 5 12.5
(Q5) Di c anges in the suwel ance Disagree 7 175
scenario (e.g., from tracking to
. » . ; Neutral 10 25
Narrative Transition and evasion) deepen your emotional Agree 12 30
i i immersion?
Psycholpglcal Shift Strongly Agree 6 15
3 (Emotional and -
L Strongly Disagree 4 10
Cognitive Change . . Di 3 20
Assessment) (Q6) Did the content reflecting your isagree
movements contribute to emotional Neutral 12 30
changes? Agree 10 25
Strongly Agree 6 15
Strongly Disagree 3 7.5
(Q7) Does the message about Disagree 7 17.5
Post-Experience surveillance society seem likely to Neutral 12 30
Message Acceptance remain memorable after the exhibit? Agree 13 325
4 (Message Acceptance Strongly Agree 5 12.5
and Spatial Design Strongly Disagree 4 10
Sustainability (Q8) Would you be interested in Disagree 6 15
Assessment) experiencing this exhibit format with Neutral 14 35
other themes or in different spaces? Agree 12 30
Strongly Agree 4 10
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Table 5. Analysis of Audience Survey Results

(JBE Vol.30, No.4, July 2025)
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No. Category Question Summary of Responses
“Felt intuitive and noticeable” 12 (30%)
. o “Guide’s instruction to remove clothing eased interaction™ 10
. Please describe your initial o
Behavioral experience upon enterin (25%)
1 Initiation and p P 9 “Guide’s explanation clarified interaction” 5 (12.5%)

the content interaction
space.

Interaction Onset

“Limited range caused recognition issues, felt restrictive™ 8
(20%)

No response: 5 (12.5%)

What was the most
memorable aspect of the
content experience during

its progression?

Interaction Design
2 and Message
Communication

“Downward gesture reflected on screen” 10 (25%)

“Limited range restricted movement”: 8 (20%)

“Crowded environment felt embarrassing and obstructive™ 6
(15%)

“Zone atmosphere felt dark and intense”: 6 (15%)

No response: 10 (25%)

rative . . .
Nal.’. Which emotion did you
Transition and .
3 . feel most strongly during
Psychological e
. the exhibit?
Shift

“Following gaze felt uncomfortable/unsettling”: 12 (30%)

“Increasing movement demands felt exhausting”: 8 (20%)

“Three-sided enclosed space felt claustrophobic”: 8 (20%)

“Guide’s explanation facilitated understanding”: 4 (10%)

“Followed guide’s instructions passively”: 4 (10%)

“Felt game-like and engaging”: 4 (10%)

No response: 4 (10%)

Post-Experience
4 Message
Acceptance

What aspects of the
exhibit experience, if any,
could be improved?

“Slow technology response, needs faster speed” 12 (30%)

“Limited movement space felt inconvenient™ 8 (20%)

“Virtual survey caused discomfort™ 6 (15%)

“Lighting too dim, hindered recognition™ 4 (10%)

“High crowd flow caused congestion and discomfort™: 4 (10%)

No response: 6 (15%)
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F 63 2k BE EolA Hagte] Hxe] T4 3.0 = AR 3 <F A ol e FHQ3) S HIAIA 719
& F3ste] Awtyow A A ATIes € A&EQ7) 3 73 Fel FABA(r, = .62, p < .001)
F Atk 53] FAl olsl® FHQ3) #F] Hetol 340 = vehdth o) QEW oAV JAH By LAFE
S 7P A vehd, e AEA Aol A Akt A FAE vl Z olslsls ekl 9o, ol HAXE
B F4H S0 td geiAe) olslE FE ol BHol A7 A%HoR sl 5o ¥LS HAFE
A& AT whE, Evh ) Tl mQdy st A
A =9 ASKQ5) e EFHAE ZH7F 1.229 1.24% 2.3 X H0|E] 24
ohE w3l mlal] tha AA e, sl B el ik e e Aol 3 SHS Aed WE 24 WHes
Abe] whgol AWE B AEE HojFEo, B3] & 89 go] L FAL £EUT Y A3,
Tled FAGB0%)S A A w2 (30%)°1 7MY =
22 W% 7H 2| 24 S NEE AAI V1EH BAE FE MM <14
T2 W e A gAlsk] flel mvjojtt =9 4 9] Alg} whg Lol gk B YEon, FA %
B BN NG AR 73 2ok B 2% EARS Ael M guE gAR % BHdre] 4EHew
2 foms B 7k WAL A A, 5 94 APEASS HelEh ol ¥ volHTo 2 st
o QLY FA olshE Q) Aolel FH A 7] ol FAL Ao Ak AFot
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Table 6. Descriptive Statistics Analysis of User Experience Metrics (N=40)
Item Description Mean (M) Median Standard Deviation (SD)
Q1 Intuition of motion recognition 3.08 3 1.14
Q2 Ease of entry into experience 3.15 3 1.13
Q3 Improvement in theme understanding 34 4 1.12
Q4 Interest in thematic zones 3.03 3 1.22
Q5 Deepening of emotional immersion 3.18 3 1.24
Q6 Contribution to emotional change 3.15 3 1.25
Q7 Message memorability 3.25 3 1.1
Q8 Intention to re-experience 3.15 3 1.13
7.7 Wy 2 ATof2t = 4% 24 21t
Table 7. Results of Spearman’s Rank Correlation Analysis Between Key Variables
Variable Pair Spearman’s rho (r,) p-value Interpretation
Q1 (Intuition) & Q3 (Understanding) 0.48 <01 Moderate positive correlation,
statistically significant
Q3 (Understanding) & Q7 (Memorability) 0.62 <.001 Strong positive correlation,
statistically significant
Q5 (Emotional Immersion) & Q7 (Memorability) 0.42 <.01 Moderatle .posmvelz c.o.rrelatlon,
statistically significant




642 WEFEE =R A30P A43F, 20259 7Y

¥ 8. Jiud SHoll thet 25 WS 24 23 (N=40)

Table 8. Qualitative Content Analysis of Open-ended Responses (N=40)

(JBE Vol.30, No.4, July 2025)

Main Theme Sub-code Fret:(]:l?ncy Per(zt;n)tage Representative Quote (Translated)
o
Limited recognition 8 20 “The range was narrow so it didn't recognize me, which was a
. range bit frustrating.”
Technical Issues Slow resbonse
speez 12 30 “The technology's response was slow, speed it up a bit.”
. Crowded/narrow “It was embarrassing and disruptive because there were many
Environmental 14 35 » »
Constraints space people.” “The space to move was narrow and uncomfortable.
Lighting issues 4 10 “The lighting was too dark, so it wasn't recognized.”
Negatlvg Dlscoqun due to 12 30 “The following gaze was uncomfortable/unpleasant.”
Psychological surveillance
Reactions Cognitive overload 8 20 “I had to move more and more, so it was tiring.”
Positive Intuitive interaction 10 25 “The moment my hand grew large on the screen.”
Experiences Role of the guide 10 25 Thanks to the guide's instructions, | put”down my belongings
and felt comfortable.

. =
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