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Abstract

Background  This study aims to evaluate the design of head-mounted display (HMD) interfaces
in walking environments, focusing on the impact of interface position and opacity variations. Prior
research on the subjective evaluation of mental load and satisfaction levels concerning opacity in dual-
task situations like walking environments is limited and has primarily been conducted using optical see-
through (OST) methods. With the augmented reality HMD market shifting towards video see-through
(VST) HMDs, research into VST HMD interfaces is becoming increasingly vital.

Methods We investigated how interface position and opacity affect user satisfaction and mental
load in walking environments. A survey was conducted among 29 undergraduate and graduate students
(17 males, 12 females) to measure satisfaction and mental load. Satisfaction was measured with a focus
on the interface, while mental load evaluated the mental burden experienced by users while using the
interface. Multivariate analysis of variance (MANOVA) was employed to assess differences in satisfaction
and mental load based on position, opacity, and their interaction.

Results The results indicated that there were no statistically significant differences in satisfaction
and mental load related to the position of the interface. However, there were statistically significant
differences in satisfaction (66%=100%>33%) and mental load (66%<33%) related to opacity. No
significant interaction was found between position and opacity.

Conclusions  The study suggests that in designing VST HMD interfaces optimized for walking
environments, both central and bottom positions can be flexibly chosen, and setting opacity to 66% can
provide high satisfaction and low mental load. This research is significant in its exploration of ways to
maximize satisfaction with interface attributes and to minimize mental load, thereby enhancing user
experience. The study specifically focuses on the design of VST HMD applications considering walking
environments. The results of this study can serve as foundational data for the design of VST HMD
interfaces.
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Head-mounted display(HMD)= A5kt 28 HOA PFo R A=Y, 98, AX = o)A Y] 851
2th(Fang et al., 2023; McCloskey et al., 2023; Putranto et al., 2023). HMDE 2-&3l A& 77}
F7tokd, ol& Qo] AuEEZS o] goh Hi= AT fARRE B0l Uehd Ao g o dHh e A4
H3 F HMD AR A F2H8-2 4313 QlE|g|o| A9 B4 4= R&3ict.

HMD ¢4 5 th+= optical see-through(OST) HMDE £ 02 A= o, 2 B39 Extended
Reality(XR) ] 2] gH4ko 2 tfjFo] who] 2831 video see-through(VST) HMD 9£2] E @ 4Jo] t=ofx| 1
Atk g 71719 I F o] Ao A 9] Y29t ERHEE= Bl F JFS F Ao, OSTS VST 7+9] 717]
Apo] Egt ARGAF Ao FFS E AL Helrh whha] & AtollAl= VST HMD <QlEjo] AofAf 91219}
EFY L HSHE aeote] B3 ol Ao ARl RHEE 9t 414 Bolg Hrlotgict.

2. 0|12 1%
2. 1. 28 5 HMD A8

AR(Augmented Reality)-HMDS] Z3#+= tAE AlAS 294 AAE A5t AR JA2A F, oF
7V A, B7) 5S4 9 Q12 1] 3HY-& sk Aelth AAl AR-HMDE ARg-ste] 917 8-S
AAAR FRE AR B E Q14| ISk Qe R A1 S vld = Utk ol ¥o HrhDoswell
& Skinner, 2014). Sabelman & Lam(2015)¢] &+to] W2W HMDE AHE-SHA ARGAFol| A AJZHa] E4tol
Yojuba] &5 Aol ZZ4AQ dl-go] FalAA ] 9 Aol “2A w5ttt oF AT} AR
P5L 15t AA BRI 24 ke HAHS HMDE AAshe Aol Fasit 53] B3 g2
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et al., 2007b). wetA HMD K3 g7 gt 4
B3 Z HMDO| EAAE AEE A9 BAZl JFS B4 d&T 4 oot B3 &F AEE
AHgshE o uhgof a4 Atast EAisHe < e s H3
Z AUPEE AR Q1A 2AF AT, 2AF AR 95.7%7F A B9 ANTEEZS AMESIAL o E F 20% =
AP 7F HEAEE weh A o] oty R CHAEEAEE, 2016). APFEZES AFESIHA B A HFA
ZollA] dREAQl A7] S5l Hg| o] B Zre] HiEAo] EolE HEE fXohe 5ol AstE o
A Y184 ol S7tetthKao et al., 2015). 2 Zast 717|158 AHgehe AL v sA] A
W2 Abo] o] Foll BrY 7]71E ARgshe Alo] dAleltt,
3d A4 HMD S4olA % 5UsH vebd 1550 B3 g0 A9 HASHE figt AFE0
Y= glek. HMD AR AnpEZolu} 3t Zho] Wajof] HAAQl JFS n| AT, g FAE0] HMD
gl ghe B deke st Ad4E £Y 4 92 thSedighi et al., 2018).

St 2 oA HMD e o] Ao e AHEAES AF 2te A sh= WHo] Az HEy
1= lthLages & Bowman, 2019). SHA%F HMD Q1€ #f|o] 9] thafet &A4do] Hajof u|x|= gkl of
7k 59k AAolot, wfgbA HMD QIE|# o] A &4 Zto]of up2 Bayz; g |7} A7t H st}
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2.2. HMD QIE{H|O]A £4: 2IX|t EEHE
HMD g #|o] X &2 A2 Aol JFE v d E35] Qe F o] A9 $JA]9t EEHEE <
< 7hele AP A a2l 2 4 9o Ba Aol 4% & Wk ofy et AR AE A SHo|
FgS u|xE= Q4 o0]thSabelman & Lam, 2015). HMD ¢
TS FA] oA FA ol EA sk AS HRE A77F AP 9l Chua, S. H. et al.(2016)
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A2t 24 F 971 A wpet ol ¥hgolis X0t AT EE XAt XA Adt $1A]of whehA]
o et W& % o)z} glom AZkof tigh Zfo|7k YRRt Rzayev, R. et al.(2020)2 Hi3tot=
el A HMD QI F o] A7} Ae]3t S Q&85 Ao 2714 f1A]o] @& AHgAF A& ZAFShe] 11
Zpol g gotE gttt YA o digh A% AFENAE 42t = uict E4 ASE= YAA7F A= AR T
ST Alvhe] Lo EH§_ 110]71 o 2ol B3f o I & H-gol= dle AT ST
HMD <l #jo| A0 EXEYE A= 7MY QI7te] EFH R upel AHEATE 74 17kl A Q17Hd&
L7l=A e disf 2R L-'r@r EFEE] w7 AA 9 Zlo] A7t 58& BURE AFE0l Y
ZAFHETHPIng et al., 2020; Peck et al., 2022). 7129 EEH T A1E optical see-through(OST) 8+
ATE APotqlet. OST 49| A% EFFT whatgtol] 7M AA| & FAIoh] e Wi or EREYE
A5t EA4817] o]gtt. ol H]S) video see-through(VST) 4L 7H2tE Eaff 98 AAS &9
7V AAE stel Ao sk WA 0R T A4 o BERE RS oA AT 4= qirh &
AAY E"_E. 3 extended reality(XR) 4] 2] &4to 2 VST 0] tfgsts|o] VST &3 Hx e A+7F
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J1tHAl-Yahya et al., 2011; Hoang et al., 2020). ¢1#] £3}9] A& 7g <l
g TActe g2 4o AAH w2 g2 JAH AEHAR
B3171 Ashd $3go] ZAsty /\}514 ¥ale] & 4= Qltk(Garcia et al., 2021).
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Gamberini, 2021).

HMD 24 A2& WEE S-S 5ol AA s BV A7-50] ol EAtDutta et al., 2021).
TEE= ARAAY 84 F SPUE AR BEE7F 201 F7] Ko7t Agote] AAREE thA] ARSSHA
TS 4= 9l goloth, WELE 2H4517] ¢J3t &<l =72 System Usability Scale(SUS), Software
Usability Measurement Inventory(SUMI), Questionnaire User Interface Satisfaction(QUIS)& A&-5Fitt.
SEARE 9] B7t 52 AZEo]ef AFGALY] A A-gof tigt HIHE EFSRAL GlolA QIEH oA &4
W] Fakoll dishARt otk 7] ofli= TAI7F k.

2 AR AL /1 AERT] AL TR ) QUISCIA Aeisol2uhe HSHs B4 SUSS)
AAY AEES Polil BYEL |2 4Gl WA SASHA0 M HAH BB Cheng(2016)9)
A7E Fastel ALATE. o] AP WA AL UL v FYEY WL Foput ATZ QA
24, 57, B4, 4842 Brsklnh BAH Booll AAH o] o AR §B 4H o ek,
91 AFelA ke FAA Bool gk ol Aol APetrty Bekstol Y EFL B2 4EAS
Astsict

2.4, 22

Ll g
Q21 9 B RAAL GBS 012 2 G BN, olel AT Al BF, 24 8ol s
Teba 4 glo] thog ol et A7 Bastt, 53] B AFEe] A4 oAl MEHoR s
ol S

WgoluA FAo] 944 1ol S Bl WA SHe WFolth By £F APEE A1go] ofn] 424 A
SASHEL Q1% HMD thsto] tiulsto] 2l £ HMDE A8t o) A7) ko] dhald A= 9l A77h
0|43 et

B A7E Y @S e HMD QI solAg X9t BEYE Wae] G2 el H71E BEE
4A3et. OST o] obd VST 87464 Aalstel OST 8740l 741 S AHS netsiglon ua
#73 HMD A slo]20] HABgEe Fo17] 91 e WHES AU e Ja4 Hake s e
24} stk

www.aodr.org 183



3.1, &8 &4
Ad A= METAOlA 713 XR HMDS Quest ProE AM&stgth. Ado] 2a3d A=2&82
ulo| A2 AT Eo|A] st Mixed Reality Toolklt(MRTK)a o MEstac A=E AZ-2 Unity

2021.3.8.f1& AHEsl91 Z2AEE= APKE & & META Quest Developer HubE &3l Quest Pro°l
2 859},

3.2, %32 Mzt

@ AAL 9P o AAWithin-Subject)E VST 714 AR HMD 873014 A-gaH5o] Ao] chwiA

Ve AA F AeidolL £4 Folo] T AgAe] WEE A Fo HRA SHHEE Sk,
: &4 3 % BEEIE R oA JAH Ropt 2 e R A% 4Y BEE S,

JES o

A

Elulo] A £ 99X W 2719t ERYE W 3714 F 67HA R ASES AlFSH 4 A58 19
AFEGIA: 5, BEEYE: 33%), 29 AFEEIA: Y, EFHE: 66%), 3 AFEEGIA: 5, ERYE:
100%), 49 AZFE(HX): st BEHE: 33%), 59 ASE(YA: 51, BEEHE: 66%), 69 ZF%(HX]
} ERYEE 100%)E 445 0] JlthFigure 1). 54 AA= AHEARS] =3 FPES Jvlotal st w2
2 27° ot 9] 7l&7]oltk. 11 9 NAZEL th3It Zrk B A Ho| Qo] utEt QlEjHo] A7}
£ A4S B 9 8 249 QAR 57, 8 23U AR 10°2 At A4S
sk Qe o A0 27]%& 10.2914], Q] o] A0 = Abo] 9] A= 50cmE TGt

ol

POS M

POS B

OP 100% OP 66% OP 33%

Figure 1 Image of each experimental variable; note. Pos M=middle, Pos B=bottom, Op=opacity

3.3 B ¥ A3 WY

T HAHe B E2E 0} YA ES Abgstel BBk, Y ot} oS o Al o
B3 A9E 5t ATl Fosht GBS HAEY stol F 208(HA 179, o4 129)E WHA=
Asteik. T19<tel HMDOY oot TS 48] B Gk 6.9%, B4 9lch 13.8%, BEolct 17.2%, B4
et 37.9%, e B4 Ak 24.1%2 hebtom HMDS| 2§ 35 A9 W 3.4%, 15900 18] 3.4%,
67k 121 31%, 1490 13] 013t 48.3%, 83h ¥ A Siek 13.8%2 A=t A4 3 Bt ol4fol
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HMDe] thall A 712el hale 7443 glgl ot s1dzte] 80% ol4fol HMDE 284 £ 4 gLk 1] 13]
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Figure 2 The participants were instructed to wear the Meta Quest Pro and move to a predetermined location, after
which they were directed to walk a round trip along a 25-meter corridor without any time constraints.

3.4, M8 7Y
ohe AT ARRQe] AF A9 )zo] Holrk B $AS Mt Aol2g A9t BEHE g
HHgre F17

1o

919 47 B B 3744 /14 A,
hi: B9 £% Bt A7 AlEslo] 29 A1 MEEel B4 Halo] §od FFL vl et
h2: B8 5 vl @ A7 dlejdlo] 29 BEYEL wERe HA1E oo §oI% 9L vk
b3 B £3 vl e 233 o] 2g] 1A% BEYE FTAGL WERG} JAH Rotol fF
e vl Aet,
4. 2L

AY A3 £4 £LEYol= SPSS for Win. 25.0& AMESHETh 7 ASS o ohig Bates
(MANOVA)Z AAIsH o], AL A5 B3l 915 sttt [Figure 3] 5ot A4 ot ol 5
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ASEEE AR AR 9 Tl zolnh, skt f1X19] BRYEE 33%Y o WE=rt 7P A A4 A
=] 1= S

Fohe TR AEA ol UEA esttt

. Satisfaction . Mental Load

EE ] e

89

Satisfaction and Mental Load score

POS M POS M POS M POS B POS B POS B
OP 33% OP 66% OP 100% OP 33% OP 66% OP 100%

Figure 3 Box-plot graph of satisfaction and mental load as a function of each variable; note. Pos M=middle, Pos
B=bottom, Op=opacity, Red=Mental Load, Blue=Satisfaction, *p{.05, **p{.01, **p{.001
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H ArE Aol oFA AYRZQ Pearson o|HTF B4 A3 F& ¥sl T4 AR ABIAV}
A tHr=-0.585). FEA #d FAA AAHBox's M=25.639, F=1.658, p=.052)2} 24| EAA HAAH(HEE
F=0.867, p=0.504; 414 ¥-5} F=1.124 p=0.349)5 A Al A7} chHzF BARL A of 23519l

[Table 1] th¥is BAMEA Aol Ao @2 WEEol FAA Rahe fojulgt Ro]& Holx|
rokeh(Wilks' lambda=0.98, F,,;,=1.707 p=0.185, 7°=0.02). EFH =& wHE=ol F4
ZFo| 7} AATHWilks' lambda=0.782, F,;3,=10.937 p<0.001, 7°=0.116). A<} &
ThEEot 1A BalofA] folulgt 2fo] S Ko|A| eFokrh(Wilks' lambda=0.986, Fy13,=10.937 p=0.654,
7°=0.007). VST HMD <lE o] 2 0] ERY w7l 5o} A4 Hato g wAH, 929} BEF e

A= B8 ¥ ek He & % ol

A
-

ol
ok
=2
R
Jo
lo,
5
<

Table 1 Multivariate analysis of variance results

Effect Wilks' Lambda F df N df D Sig
Position .980 1.707 2 167 .185
Opacity 782 10.937 4 334 .000***

Position*Opacity .986 612 4 334 654

*pC.05, **p<.01, **p(.001

EEQLo gisto] A 7t 27 AA 2y EREUEE WER nXE a3 377 AYSE(p<0.001,
17%0.14), FA12] Bl = 22 $=22] 43S u]Arh(p<0.05, 7°0.01)(Table 2).
EEYE0] A scheffe AFFEAS AASH A3 ©rEEE BE5HE 33%7) o9l 250l EXEHE

6%k 100%7F 491 TFIGALE. A otel A9 BRYE 33%5 49 T8, BEUE 66%= 9]
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IFOR Folw, BEYE 100%9] 49 BEYE 3% BEFE 100% FHIA §2I2 Kol 7} ekt
RHSATHTable 3). Thebd] 2 WEEolRA We A Hoke 2 e ool s 4 BRE 6% &

& A3t

Table 2 Test for between-object effects

Effect SS hyp df MS F Sig n’
N S 2.534 1 2.534 2.443 120 014
Position

ML 023 1 023 .021 886 .000

) S 34.19 2 17.095 16.477 .000™ 164
Opacity =

ML 7.434 2 3.717 3.349 .037 .038

Position* S 2.463 2 1.232 1.187 308 014

Opacity ML 572 2 286 .258 773 .003

S = Satisfaction, ML = Mental Load, *p{.05, **p{.01, ***p<.001
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A1H Folg 2
Frojul gt Gk HolA] ghol YA EFY LT YA O R gLl AAF Halof
ARAESHA et AS 9nletth
B3 &3 594 Ao A YA]of whE wFEEe} A Bolg vlwoks AtolA 4T shd 9119
zpo| 7k ARgA A f-olu)dt FaFS v A A] ¢hsket. s At ZA3k= OST oA Adet A% A-++Rufat
Rzayev et al., 2018; Soon Hau Chua et al., 2016)9] Az}e}x AX|gtct, OST 74 %ut oyt VST
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& Apolof w2 7HE ZA| 2k AR Aol €]
W% 60%, 80%, 100%2 wj ARgAtol| Al g2kt
2 AYoM= 66%2F 100%2] L=t =L,

Lt oursaris & Van Osch(2016)°]] W2H @ F-&3} AMEAL TS+
ATTAZE ATkl stFoH, AHE 53] HMD oM @783 TS E Atolof| AiaA 7L k= A&

AAFEHY,

A Aol thd BEEEs} Gow ASASE M AR ol ETHL A4ste] 239 WS W

Ao} Zekan shedehPeck et al, 2022). BEHE 33%9] WEES A L ol 45 vhx] HGAF 23210

1S o Aol Al A3 A% e A} ek A 0% e,

B A9 HAF Ral AAge] A9 BEUE 66971 W FAH Hol2 woly, BREUE 339%7 B
L ys 3
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AL 500 57K & 4 99tk S19 23HE Be HMD Bopold o the A8 4B S AF) Sl
AH3 EEYE Y9I BT S Uit

Table 3 Post hoc test for opacity using Scheffe method
Opacity 33% (S1), N =58 Opacity 66% (S2), N =58 Opacity 100% (S3), N =58
Satisfaction 2.6379a 3.4095b 3.6853b
Mental Load 2.9052b 2.4052a 2.7241ab

Satisfaction S1{52=53, Mental Load S2¢51
Same alphabet means no statistically difference between two groups.

|

6. M2t H £= A7

2 A N N2 HAasel] dstel B AF AL Rolstart. heb JAH o
St 271 48 Agto] 30l 2A hskeh HMD A A% % 907 201S 95 4

8E~15829 A4 AdS APsHthBruder et al., 2015; Janeh et al., 2019; Lai
& McMahan, 2020). —T—? AtolM = A=ET A Ak F4E9] oto] FrojAEo] AAF st tis) ¢
Zo] QIAotL §H-E A|7HE 2| SHAANE T2 EE H A58 4= Y= A IS &

~
B &woh 2 YA oIS EFsto] UG HAS s

o] oA ¢F2 A2 HMDQ| 71A14 @A W2 A F7H Sl &elo] Fasirt, A3 Aol
2=z *1°F7 o] =% 30° 4] 17.5° o] t}. Aol A A2 VST 717191 Quest Pro®]
AoFZF2 42 1087 4] 95.57°olth. At w9 AloFzto] ofjt 71 % 120° 4] 135791 & sty
FJ} A AS & = Ark. w2bA A1 o] gt oo ehtA] o2 A2
71E AlEQ] AlgtE Alokztol Aol & R Aor 35T F k. & A M e thgRt 5o
7I71E ol g3t A5t Aozl mhE =g FHAa =0 & Zlolt}. 7]& T uet HMD
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71%9] o] Basith, AvtEZS 2HF AT 87 2HL e d7HL, ©
71&olth. Peck et al.(2022)9] AollAl e A Y W2 ERYE g2 W2 g7l &

Zth= oA AutEE 7]dto] 8H7] ¢I+-(Ma et al., 2012; Schuchhardt et al., 2014)E EH|& 1%‘_*]7&2
O3 & U= As EREHE 28 AIAHS /e Do Ut St 5 Ao e et 25 24 1
AY At BREEE 24 7|9 o] Fash AR dopdltt, & AFE Sl HMD AMgARE©| B
Hetsta aabAel eHgoA EH2E £74 4 911, AR 79 Eg3 &8 H9E &cte o oA
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