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[Abstract]

This study analyzes the limitations of mobile augmented reality (AR) to derive 3D interface design guidelines for mixed reality
(MR) environments. Mobile AR induces high cognitive load because of its narrow field of view (FOV) and 2D manipulation. A
user perception-based survey and in-depth interviews were conducted on three commercial AR applications with 30 design
students. The analysis revealed that spatial interaction efficiency, rather than immersion or realism, significantly impacts user
satisfaction, while limited FOV, spatial anchoring errors, and non-intuitive interfaces considerably hinder immersion. Based on
these findings, this study proposes key MR design directions: visual feedback-based gesture interaction, wide FOV-based spatial
awareness, and spatial anchoring-based interfaces. Ultimately, this research provides an empirical foundation for the paradigm
expansion from AR to MR.
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Table 1. Comparison of 3D interface characteristics between
mobile AR and MR

Category Mobile AR HMD-based MR
Monocular system: Stereoscopic system:
) Unstable depth Provides realistic 3D
Visual erception of virtual depth using dual
Perception P P P 9

objects due to a single
camera lens.

displays, similar to
human eyes.

Wide FOV: The user's
entire field of view
becomes the

Narrow FOV: Difficult to
Spatial grasp overall spatial

Context harmony through a small | workspace, securing a
smartphone screen. 1:1 scale sense of
space.
Unnatural touch: Intuitive gesture: Direct
Interaction Cognitive load occurs by | manipulation using eyes

and hands, similar to
grabbing real objects.

manipulating 3D objects
on a 2D flat screen.
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Table 2. XR spatial experience

Al Research Topic Research Results
(Year)
Lee ) — Analyzed immersion and
Immersion and )
Jae—sung et ) ) realism factors.
Realism in ) .
al. VR/AR Content |~ Found visual elements as major
(2019)[9] immersion factors.
Liu MR Sensory - Enhanced rgallsm, immersion,
. e and interactivity.
Woong-wi Activation — Verified multi-sensory MR
(2024)[10] Design Y

design effects.

E3.ARAEBAEEH
Table 3. AR user experience

AR Research Topic Research Results
(Year)
— |dentified environmental
Sim AR-Based embedding and physical
Min—seop Online Service control.
(2025)[11] Experience - Linked spatial presence to
decision comfort.
) Interaction — Identified interactivity,
Hilken et al. o ) : )
2017)[12] DeS|gn |rj AR |mmerS|Qn, (eallsm,
Applications personalization, and reward.
— Analyzed affective, cognitive,
. Consumer .
Javornik Responses 1o and behavioral responses.
(2016)[13] P — Highlighted realism and

AR Applications

interactivity.
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Table 4. 3D furniture and 3D interface

At Research Topic Research Results
(Year)
Ju Ga-gil et - Found immersion as the
al 9 Digital Virtual strongest satisfaction factor.
(2023)[14] Furniture Design | — Prowded VR furniture UX
indices.
Shin VR3D Uland |~ Proposed 3D Ul gg|del|nes.
) — Focused on selection,
Jag-woo Immearsion manipulation, navigation, and
(2023)[15] Improvement P ’ 9 ’

control.
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Table 5. Comparison with previous studies
XR Spatial AR User 3'.3 Present
Category : : Furniture
Experience | Experience 8 Ul Study
. VR, AR, ' Mobile AR
Environment MR Mobile AR VR to MR
Mobile 3D
Object xR AR services .SD furniture
contents furniture Ul
app
) . Survey,
Method Literature, | Experiment, Usability lSurvgy,
FGI Survey interview
test
Focus Immersion | UX factors . U.I b .U.l
principles usability
_— XR UX AR UX 3D Ul MR Ul
Contribution . .
elements factors principles | guidelines
. No MR Ul No 1 Noactual | MRU!
Differences o expansion ) guidelines
guidelines mobile AR
to MR proposed
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Fig. 1. Reality-virtuality continuum
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Table 6. Classification of core tasks in 3D user interfaces by

bowman
Category Definition
The act of the user moving their viewpoint or
Navigation changing their location within the virtual
space.
Selection & The act of selecting virtual objects and
Manipulation modifying their position, rotation, size.
The act of changing the state of the system
System Control or executing functions via menus or
commands.
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Table 7. 3D interface analysis criteria for MR transition

Researcher Proposed Evaluation Key Implications
Elements
A scale evaluating
— Navigation whether users can
Doug A. | — Selection & navigate, select, and
Bowman Manipulation manipulate naturally and
— System Control efficiently in a 3D
environment.
Evaluates realistic
Won — Visual Presence experience quality via
Myeong—ju | — Visual Immersion user presence, visual
et al. — Visual Interactivity immersion, and natural
interaction.
= 3D Ul Function Test Proposes a VR-based
(Navigation, )
. A ) . framework evaluating Ul
Shin Selection/Manipulation, A
safety, intuitiveness, and
Jae—-woo System Control) )
! , . consistency through
— Nielsen's 10 Heuristic L
. L heuristic tasks.
Evaluation Principles
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Table 8. Selection criteria for AR interior apps Classification of
core tasks in 3D user interfaces by bowman

Category Ohouse IKEA Place Amazon AR
Annual RAnnuaI . Annual Revenue:
. evenue:
Revenue & Revenue: Approx. $574.8
Approx. €44.6 -
Scale Approx. 240.2 Billion (Approx Billion (Approx.
Billion KRW 70 Trillion KRW) 760 Trillion KRW)
Cumulative . - .
Downloads Over 30 Million | Over 30 Million Over 1 Billion
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Table 9. Design elements in virtual environment interfaces

Design Element Description Sub-elements

Users easily
understand the
system and react

— Interactivity

Intuitive Interface ~ Virtual Spatiality

quickly.
— Immersion
Users are immersed | (Technical
Immersion & in the virtual Condition)
Presence environment and feel | — Presence
a sense of reality. (Psychological
State)
Maintains immersion

L through immediate |- Provision of

Real-time Feedback feedback from the Feedback

system to the user.
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Table 10. Comparison of interactivity

Category Ohouse IKEA Place Amazon AR
Image
) ) Immediate
Long—press is Long—press is .
. ) movement via
required for required for
. . one—hand touch
. movement; movement; ;
Description ) ) ) without
immediate response is slow | .
) X ong—press;
responsiveness during fast
1 ’ . . fastest
is lacking. manipulation.
response.
EN. 7B 6T
Table 11. Comparison of virtual spatiality
Category Ohouse IKEA Place Amazon AR
Image
Operational Two-hand Most intuitive
. rotation is h .
consistency intuitive. but operation via
. lacks due to . ' mobile—friendly
Description furniture follows

mixed two—hand
drag and button
controls.

instably without
floor
adherence.

gestures like
two—hand
rotation.
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Table 12. Comparison of immersion (technical condition)
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Table 13. Comparison of presence (psychological state)

Category Ohouse IKEA Place Amazon AR Category Ohouse IKEA Place Amazon AR
Image Image

. . . Lighting and Shape is Models and Low texture

Shadows are | Visua! disparity texture adequate, but | shadows are quality and

natural, but anseslfrom reflections are . simple texture excellent, but absence of

e s ’ lacking N Description o . . K

Description | jittering occurs had limited due to limits visual size consistency | shadows create

as the viewpoint _snacdows, simple consistency with | decreases with an unnatural
moves. lighting, arjd placement real space. distance. floating effect.

texture quality. focus
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Table 14. Comparison of provision of feedback

Category Ohouse IKEA Place Amazon AR

P

Image

Placement and
real—size figures rotation

and immediate | feedback are
Description | feedback during | fast, but state

Provides
Provides clear
visual feedback
indicating state

placement, change during rotation
deletion, and feedback is and movement.
rotation. inaccurate.
HFE 15. ARBALEILY|1E
Table 15. User evaluation criteria
Evaluation Item Definition

Is the interface manipulation intuitive and
natural, allowing use without unnecessary
cognitive load?

Interaction
Naturalness (IN)

Are movement, object selection, and
manipulation within the virtual space
performed easily and accurately?

Navigation,
Selection &
Manipulation (NSM)

Does the system provide high sensory fidelity
(Immersion), and does the user feel as if the
virtual objects actually exist in the physical
space (Presence)?

Immersion &
Presence (IP)

User Satisfaction | Is the user generally satisfied with the overall
(US) usage experience?
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Table 16. Derivation of usability evaluation items

Usability Category Questionnaire Item

Q1: Was the system's operation method
intuitive and easy to understand?

Interaction
Naturalness (IN)

Q2: Was the manipulation performed
naturally in accordance with your intent?

Q3: Did the system respond immediately
and consistently to your manipulation?

Q1: Was the process of selecting and
manipulating objects accurate and

SRR
Navigation, efficient?

Selection, and
Manipulation (NSM)

Q2: When rotating the sofa, did it move
smoothly without errors?

Q8: When moving the sofa, did it move
smoothly and in the intended direction?

Q1: Did you feel as if the virtual sofa actually
existed in your physical space?

Q2: Did you feel that the shape, texture, and
details of the sofa provided a high level of
visual realism?

Q3: Did you feel that the lighting and
shadow representation blended naturally
with the real space?

Immersion and
Presence (IP)

Q1: Were you generally satisfied with the
overall usage experience?

Q2: Did you feel that this system helped
estimate the actual size or spatial sense of
the furniture?

Q3: Did you find this AR feature helpful for
actual furniture placement and purchasing
decisions?

User Satisfaction
(Us)

http://www.dcs.or.kr



CIX|E 28l =5t8|=2X|(J. DCS) Vol. 27, No. 8, pp. 2077-2089, Aug. 2026
7] 918}l Cronbach’s a w41& Fadste] 2} 37} 3H5o] W4 M=3.69, US M=4.13)& HoH, FFHA ©3k 5
A3 RISk (SD=0.91~0.96) Wt AREA}F H71e] dabdo] A &<l
H Ak WA IKEA Placet REFIHUS M=2.94)¢] 7} 5t
5-2 L8} Q14| J[dt B3 Wt R EFEHANSD=1.13~1.32)7} =4 UehY, A8 07
2 ola] AFeA} Ad Hxpr) T4 wHlEk Ao g BaE Qe
& AolMe hE deolHE 7ite® Bukd AR 7 W ool g AR JFE uiA o]EalAe) (o elal,
Hi x| AH)2=9] 3D SlE]d|o) 2 AFEAS BAEIT) BAe IKEA Place, Amazon AR)¢] 3D QlE|Ho] 2~ AL&AS 47}
A= A 37 olEgFeld(e=2lF, IKEA Place, 2 A Jr} (A Ao Apd e 27k ) e Ry
Amazon AR)®] 37} @8 wlal A 0w Ik g8, B9 B A NS Vo R vl 45
AL 2t J7F A A A A vt 2ok

D A= & FHF, FFHR} 4
AR H7F =Y AEEE AFE] Yl 4714 84
7} (N, NSM, 1P, US)ell 3 Cronbach’s a AlFE

1

282(N) 24

2) 328l A
ol M= VdEAge] AdzE ol i AREA /14

B

L

AESGIYy B4 Ay, BE 89 Cronbach’s a #k°] 719y A 37y RS 7Edrth ShA Agolgh viet o], &
0.76 oldoz v 7]5281 0.708 A3letlen, o) %7} 2 =l (Norman) | 13+ 541 TARIHCD) ¥3
A =] WA Aol SR EASS Srlgith = A A 845 7o 2 s, B9-YHBowman)
Bt 2 79 24 23 Amazon ARO] W] 7HA] A3 9] 3D QIEjHo] = 3 8 2ol A ARGA At %
T5olA 71 =& HAFFH(IN M=4.21, NSM M=4.11, IP Zke] golidg Bkt FAA R e AREAE 0] Sy
§lo] SlEjslol s A e ofslat 4 gli=Al, 27 A9
7} A%d g2 2 A S8iE =X, ag]a A AElo] A
E17. AFRA B} 220l th3t Al2lE A5 HE 20 ; fmajm H}Zﬂ;]ﬂ Tiﬂm ! E:jf # HM] ;
A = 3 = o|31 dyH J=HlS 2|3 21
Table 17. Reliability coefficient results for usability evaluation ot m e el Y ]J; 2t o —oe e
s A4 ke FzohereA g FRM 0w Sgary,
Number | oo 4 A3} Amazon ARe| A+t 4.213(SD=0.91)2.& 7}
e ! RIS g e A5E Asem, A8ATE A AR E S 49
uestions _ N )
p— g Ao Yepsith o] Bukd Sl ARgAbel Al X<
nteraction - _ - -1 = -
Naturalness (IN) 3 0.85 8.12|1.02 Sk Al 2=A (T B&] o]F, HE BA 7 5)E 3D AA Al
Navigation, ofo] ajE2 Aggo =M, Hro] gy 34 glo|k #
o and 3 0.88 |3.02|1.16 Q1 2o 7Fsgly] W0 & A )
Ohouse (NSM) Hhd | @ =238 Het 3.12%(SD=1.02), IKEA Place+
Immersion and 3 0.76 34 108 Hat 2.937(SD=1.29) 0. & - o2 e Hrl= Higit).
Presence (IP) 53] IKEA Place®] 74~ 3D 3+ 22 el tj w4
veerseigen| 079 |3.52(1.05 AL A sjolmr} HAlate] 7] el e Al AgAe]
. QAT Balol B AEA ol HaHUS 75T 8
Interaction 3 0.90 293|129 == e
Naturalness (IN) i : : HAolo g ulelE
Navigation,
Selection, and - — o
KEA Manipulation 3 0.81 2.7411.32 T 18. A5 Ek=o| XA Z(IN) 24 Z1}
Place (NSM) Table 18. Analysis results of interaction naturalness (IN)
Ir';wrrgseeriié)en (:Ial:r)w)d 3 0.90 5941113 Category Ohouse IKEA Place Amazon AR
M 3.12 2.93 4.21
User Satisfaction | 5 0.93 [2.941.28 SD 1.02 1.29 0.91
(US)
Interaction
3 0.88 4.2110.91
Naturalness (IN) 3) T A58 584 (NSM) £-4
Navigation, ¥ AolA] TR 7 ) A5 BEATS AR 2730
Selection, and 3 0.91 41110.94 R _ _ _ _ _
Amazon | Manipulation ' ' ' A 7 AAE dgetaL, fAE o E sk 3K A7]= 3D
AR (NSw) QUE}slo)2: 22t 7o) vt Hateha At ol %014
lr;rr:seeril(?en (";‘P”;j 3 0.91 3.69(0.96 TAE Hrkehs A kolt) o] whrdt 22| Jhe oR-E
- Q. ol =35 ol x g 2 A7 =
User Satisfaction 3 0.93 213091 gol, AR o= fA|9f Aes TE Xoijw}ﬂl =]
(US) ' ' ' &t oA RtE = S A QAA 84S SA6klth
http://dx.doi.org/10.9728/dcs.2026.27.8.2077 2084



Z=7+5{A

Z2H81AI(AR) 7|2 3D 717 ol A ALBA} QIE{H 0| A(UI) CIAlSl 24 £&: 5

F19. 37U ATEE SSH(NSM) 241 23
Table 19. Analysis results of navigation, selection, and
manipulation (NSM)

Category Ohouse IKEA Place Amazon AR
M 3.02 2.74 411
SD 1.16 1.32 0.94

2z
in)

T}, Amazon AR®] 3t 4.11%8(SD=0.94) 2.2

T":_L‘_l
SAE G884 TR 7P B Ag skt o)e Y=
2l 22 tE], AA9] olF 9 3 Waks AAleh=
SR o] AlZHA Tho| =) A X4 HlolE B et
AR F =S Aol ARgAte] 22F mEAS Sste
A A

i @ o118 et 3.02%(SD=1.16)< 7|=31l o,

B3 Aol ek wlAl 22 Al ukgAd o] AskE Ay A7)
et o] Fsh= Alofe] EegAde] T8 AR AAEHA
th IKEA Place B3 2.74%(SD=1.32)2.2 37} o1Z]A|
old T HaE 71533t o= tuto] =] EQkYEt &
7F el o= ola)] AA7F Zeg g];ﬂ FHo AT A,
ol T 7] AUl MisEE 5 VA A Y] o

7F WiskA 2Aske] Akl 24 3849E A AshAl
771 wolt.,

4) E97 9 d47HIP) ¥4
B Ao A] T ‘2l @ G AZP e A Elo] AlwE
E(Immersion)g]r o]Z njgto 7 AR} AdEeE F
17 (Presence)~ Baqoz grkshs Axolrh
2uld AR B0 A AdPE 7MY 7]
2 afA 8] EelA ik deh o]d
IE) =20 w20t} o]E B 7|&A <] Azt
AREAZE 71 AAE AA EAAH AA =
of MAl= FEFE A AT
, Amazon AR®] 3 3.6974(SD=0.96)2.= 7}
71538190t ol 7% 3D Rdd F43
A 2do] S S B o VA
Sto sy, AipA or ARgAte] AlelA Azt

A 1)
o
m%

lo
T I"N'
Zi

l:t:l 52
9
oo
oo

e

Lo« O S P
i)
n\]
-
oﬂ F

A
2

1z 4

e
W o,
Ui

e

i

N
B

it
rlo
jut
¥
il

&

"y

Y
ol
o

o Mg ox o
o El
ol o

N
fu)
ot
ro
N

=|
u
&=

M
_'a

T
e
o,
e
rlo
EL

33 3.409(SD=1.08) 0.2, 7F9] ]
O AGE Wkl vko XE A

A B A2 28} b A
stElE AoZ Yeldt IKEA Placet® v 2.94%
(SD=1.13)2.& Hat4S 7|53l ofi= A28 =<y

ot
O
ﬁ‘ I..O
>
Y
e
ol
9,
>
[‘1{‘
kll-r

o
: 2
b
ot
i
o
:OII:I

O

20, 2912 % #AZ(P) 24 23}

Table 20. Analysis results of immersion and presence (IP)

A0 Q) 7H} Bl FAAZHA W
HEE A oI5 3 2] BE 28 B
S

E57) vEow %aw.

5) EZHUS) ¥4

Ao A U WY oA 2413 g go] 2kl
228N, &7+ W Aaag a84(NSM), &7
2(IP)] 291E50] EiHog 2hg3sle] FAE = HEH
AREA} 739 A ot ol 1zt T4 YAI(HCD) #3dl
A, ARAE 7V 7S a A sl Z23ss A B 59
ﬂ} 4 Bt A Axgle) AAdA {849 FHA AME

FYHo= P

21, BHEZHUS) 241 23t

Table 21. Analysis results of user satisfaction (US)
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Table 22. Design elements requiring validation in MR

environments
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