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[Abstract]

Recent advancements in augmented reality (AR) and virtual reality (VR) technologies have increased the use of head-mounted
displays (HMDs) like Meta Quest and Apple Vision Pro. These technologies are widely used in gaming, entertainment, education,
healthcare, architecture, industry, and manufacturing, with expanding potential. A key element these devices share is displaying
text on virtual screens and providing users with selectable options. However, users with reduced vision struggle to recognize and
select distant objects or small text in HMD environments. This study proposes a novel interaction method using a spread gesture,
which involves moving the index finger and thumb apart to magnify the desired area. This method provides an additional
magnified screen in the lower right corner of the user’s view, aiding in text recognition and element selection.
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SUS 2] Question Number Question
= e o o : 1 What is your vision like?
HAE+ Z7kx Hgjshr] w HF FHzo Al .
SLU)S\ 11 ﬁ = }L}o_g u“ﬂ i H—zl‘i_:\ﬁ : 1 y 2 Have you ever used a VR device before?
ko) (SRR b Ao ARL A o) ] L&

#H 7 ol Avhm AR H= A7)l AR f*r/]— - 3 Were the letters at Distancel on the VR screen

ARE 7153 Al 2Elg ARRE = gle A AES gupF o= clearly visible to you?

Tk 4= o) 4 Were the letters at Distance2 on the VR screen

isi 2

SUS /gl'i—x]‘—:— ] 3 3’4— @_% @'%%i :,L/‘j EJ_\:} clearly visible to you
5 Were the letters at Distance3 on the VR screen

AR clearly visible to you?

= ol xlo= 6 Were the letters at Distance4 on the VR screen

E 1. SUS It 2= clearly visible to you?

Table 1. SUS evaluation question Did the zoom feature using the Spread gesture
Question Question 7 help you recognize distant and small letters on
Number the VR screen?

1 | think | would use this system well Do you think the Spread gesture used to

2 | think this system is unnecessarily complex 8 provide a zoomed-in view is an intuitive and

reasonable gesture?

3 | think this system is easy to use 9 Without the zoom feature, did your eyes feel

4 | think | would need the support of a technician to use strained trying to read the unreadable letters?
this system What improvements do you think would

5 | think this system is well integrated with various 10 enhance the VR experience for users with
features impaired vision?

6 | think there are too many inconsistencies in this system

7 | think most people would learn to use this system very
quickly
| found this system to be very complicated to use

9 | feel very confident using this system

10 | had to learn a lot before | could use this system
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Table 4. User feedback questionnaire answer

Answer

@ Lessthan 0.1 @ 0.1t00.3 ® 0.3t0 0.5 @
0.5t0 0.7 ® More than 0.7

® Yes @ No

® Strongly agree @ Agree ® Neutral
@ Disagree ® Strongly disagree

Question Number

@ Strongly agree @ Agree @ Neutral
@ Disagree ® Strongly disagree

@ Strongly agree @ Agree @ Neutral
® Disagree ® Strongly disagree

@ Strongly agree @ Agree @ Neutral
@® Disagree ® Strongly disagree

® Strongly agree @ Agree ® Neutral
® Disagree ® Strongly disagree

@ Strongly agree @ Agree @ Neutral
® Disagree ® Strongly disagree

® Strongly agree @ Agree 3 Neutral
@ Disagree ® Strongly disagree

Open—-ended response

ZA
ZA}

o
7

& B3 AR8Ae] Al™, VR A
wo2 7k Ad =24 Q4 A=
Spread A|2=3] 9] Abs 2}-g-of
ol MEx, 101 AF

e
g

= N
>
m[o 29w

il mlo

=

%

=)
(I
o Mo

Lz

o
L%
Lﬁ
ri ED
oot

R R

. & 3tH: Spread HAX

3-1HE 71
ML FUEE ARE3t] Ja=lor, giasQl HMD
7171l Meta Quest3E oz FPHch Meta XR
Interaction SDK$} Building BlocksZ AF&-38lo] 24 Meta
Quest39| A A}&-8l= Hand Tracking, Ray Interaction %
ot 758 T
‘:}"oﬁﬁ Al 225 AT 98l FUE e Zas
0, 40, 60, 8022 A 3P 47hE FHstaL HE UlS
3}1 Zk Al thgh shH-S Alegkeh. HMDOlA dA) AR
52 LL Pmch A2AE T35}
5 ARt FA19] 914
A Spread Xﬂ"ﬂ s At
1% g stES A8 flgk shds sk F71 7
2E o] 5AIA F) shHS shde Aggitt
2E= HQDH (Meta Quest
Developer Hub)& A3l AAIZF ARE Elsh A4
Ao w FAE=A ER1gtt

514101l A 2] XA ALBAHE 2/ Spread 21E{244 7|8t =ity C| A Z2| 0]

I8 6. M HE|o| HIAE
Fig. 6. Text from a far distance

33 7. Spread MAX A=
Fig. 7. Attempting spread gesture

a3 8. =hE ke Hzlel ZAt
Fig. 8. Zoomed-in close-up text

3200 T U S LS

AR FAE QAElal .4E AEE 4 EFE
Canvas 99 Textl~Text67%¢] HES FH|dt) P

BES 720 o] mrbel abelolr)

J3 9. 7|2 MEfe HE
Fig. 9. Button in default state

2611 http://www.dcs.or.kr



C|X ™ 2El X &t5[=&X|(J. DCS) Vol. 25, No. 9, pp. 2607-2616, Sep. 2024

AH8-27) Hand TrackingS: 53t Ray Cast A= A], HE
v o] gk o &2 wishe ARgAle] Ray 7t @A BlEol o}
Ath= 2E dEleth

3% 10. Ray Focus Al
Fig. 10. Ray Focus state

AFEAP} Pinch 522 B3l WES dgshd slg HE
Hj o] Ao 2 wshy AREALS] Pinch &2to] Q124]1¥ o] B
Eo] A8 =SS gt
38 11. Pinch AEf
Fig. 11. Pinch state

g Ule] 7S =ol7] $18 wHEe] FHHol A
Canvas% F7Feka w7 S At theksl o] 7%314 3}

AS 98 2% 3hS 20, 40, 60, 8022 AAH CanvasE 4
7H i

a3 12, 471X] Zlo| 72| 24 ME
Fig. 12. Four depth distance options selection

http://dx.doi.org/10.9728/dcs.2024.25.9.2607

ARE A= Atke] BES B3] 981 Z)o]9] CanvasS A
esla 2o OWJJr go] BS gRIgth Ao we
7} Canvas®| 24} Q121& &RlshH, 227t s8laiA Tt %
Holx k= Canvasoﬂ taliA Spread #l2=4& F gt
Spread A|=#&= ARgARe] X &=L £ AAETE £,
5 Al Ao o] = Zho] A Zie o) o] HUS wf ],
ThA] 474 2 ofshr} H Q1S o S 3hd S A AIZITth

Spread Angle

38 13. Spread MAX 2T
Fig. 13. Spread gesture angle calculation

B Ao A= Spread A=A 9) 914 42 457, G 3}
Wol g 7 g 30" % dAste] AR sl g 5t
= tE o gk
Spread A=A A, s A 29) ko g 7MY JHHlEkE
ol FA7|aL, AREAL AR 95 sfdtel] Fhlelrt Bar gl 8t
e A gt o] Wi, AR8A}= Spread AEIE A% A
2 &S olsate] g o] AHS 24 4 9t

2

Example Spread Gesture in Distancel

Spread & Move
38 14. SpreadE St &l s1H HEE
Fig. 14. Control zoomed-in screen via spread gesture

Pinch & Fix Interaction

AREARZY S BhiE TRstaat & w), S shHel Ray
Cast A% §- Pinch Al2~AE Fa o) spa& F53 5 9l
o} 87} obd o5& ¥gh ]oﬂ—‘é tHA] Spread 45 &
3l =t shae) A S ol e

Pinch to turn off

Magnified Screen Point Screen

38 15. Pinch& 5S¢+ &t 31H 52
Fig. 15. Exit zoomed-in screen via pinch gesture



2hEted alol| Mol MA|2] ALZAHS fIE Spread 2lE{24M 7|t

Iv. @7} Zdat SUS A& A3} AA) Het e 776902, o= 1
TR N Aol AR 58 A8YE A
4-1 =t} 3tHo| 7|5 = HERATE SUS A7) 684 o] /ol Hat o]/de] A
;\qg sl A|2AEHL gl A A}L51 Ll
st shaS Sel A1g Askabs QH ol AuAl A g }/]@1 4} :ﬁfjil JP]K; oh]—jﬂ res
A Aolg= A& .
2279 Spread A=A E F3) Qak= Qe i g s TeEaE T
& AFEE ek ol BRERT ol 37, 9§ AR} S = 48R
- _ N . = 7
chsk 8ol M3 4 Tk ALEARS Spread A2 ¥ K
8kE AHAA Pinch Al2A2 B3 shg wAgs e} By
/\]}]9/] Z]’-rr]: o]0 ]lj[- 7. Suxl' = -‘—l‘ T |—|
o EdsF o Table 7. Left and right eyesight per respondent
]Ei g Spread X-HAHE %?g} Eﬂ-EH QE“—% }\]E"j' X16]'X]'oﬂ Respondents Right Eye vision Left Eye Vision
= Sl 9 AEle] A Zo)= = x)E A3
Al 27HE dAstaL 84 8] AaE Fols & AlE As Respond ent1 0.1 or less 0.1 or less
ZHe] HVD *]“& J= = 7 Atk Respondent2 03~05 0.1~03
4- M 7"_'|‘ Respondent3 0.1 ~0.3 0.1 ~0.3
== =0 Respondent4 03~05 03~05
M B Holal ¢lgle = (0o s Wido] 7, ojAo] 3 Respondent5 0.1 orless 0.1 orless
%‘O]D}, o]%q ‘@‘EL Od‘j/oj% 237}\1] O]DZL /\E] -E,l] }\]Z_]' _Z‘I:Xé% Respondent6 0.1 or less 0.1 or less
Spread =210 £ s g7 520] xAAH YA WX Respondent7 0.7 or more 0.7 or more
/\154 o X]ti}jé]—%\:}, @}j /\]Zl'% ﬂi 513*EH, -’ﬂtﬁ O‘H\EEHQ Respondent8 0.5~0.7 0.5~0.7
- S Respondent9 0.3~0.5 0.3~ 0.5
ARbe] Z=g¥glom B TR SAE A °
Respondent10 0.3~0.5 0.3~0.5
» SUS HE#A
¥ 8. AMSAL L= MEX|: VR EE
¥ 5. SUS g7t &=4 g7 = Table 8. User feedback questionnaire: VR experience
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7 4.2 Text visibility at each distance on the VR screen
8 1.8 Distance 1 Distance 2 Distance 3 Distance 4
9 4.1
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Table 6. Scores per respondent for SUS evaluation, total 2 3 4 5
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Respondents Score 1 2 4 5
Respondent 64 1 4 5 5
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