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Abstract

Background  This study explores the use of augmented reality (AR) speech bubbles to improve group
conversation experiences for individuals with hearing impairments by effectively conveying non-verbal
emotional cues. While prior research has primarily focused on hearing individuals, studies addressing the
needs of the hearing-impaired population remain limited. Given their reliance on visual information, AR
speech bubbles hold potential for enhancing contextual understanding and emotional communication.
Accordingly, this study investigates the impact of AR speech bubbles on group conversation experiences
among hearing-impaired individuals and proposes effective design strategies for emotional expression.

Methods Four types of AR speech bubbles (form, basic, color, and typography) were designed
for the experiment. Twelve participants with hearing impairments participated in simulated group
conversation scenarios. After each session, participants assessed emotional conveyance, conversation
comprehension, convenience, and service adoption intention using a 7-point Likert scale questionnaire.
Semi-structured interviews were conducted to gather additional qualitative feedback. Quantitative data
were analyzed using Friedman’s non-parametric statistical test, and qualitative data were thematically
coded.

Results The form-type AR speech bubbles received the highest ratings for emotional conveyance
and conversation comprehension. Conversely, the color and typography types were rated lower due to
visual complexity. However, typography-based speech bubbles were positively received in situations
involving overlapping speech, as they helped distinguish tone and pitch. Additionally, the effectiveness
of AR speech bubbles varied depending on conversational context and individual user preferences.
Simplified designs were recommended to minimize visual overload.

Conclusions  This study suggests design principles for AR speech bubbles tailored to hearing-impaired
users: ease of emotional conveyance, visual simplicity, personalization, and clear speaker differentiation.
These principles aim to enhance conversational experiences and to support greater social inclusion for
individuals with hearing impairments.
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1. M8

1. 1. A7HHA

44 A149 A (Social Signal Processing)= 017+e] H|2o]4] &5 BAFIo] AME| A Az 2t
A5 o R ooz A& HRE sk A Hoko|th(Vinciarelli, Salamin, & Pantic, 2009). H1o14 245
T, HlEe, 34, Al 5 ookt Q=S 2o, 4, 24, AA Ao B2 v|dolH ASE B
uvehdtt. o]& Faf AHEAY A AHIE EA AU di3ty o] ESt MIEA A3 g i
+80] o]Fo] A 1L YrK(Torres et al., 2024).

AL FolA doj= Fa% Q4R IHFEAN Ao P& TFoIA File AT QAT
o]F0]z]7] o]Frh(Matsumoto & Hwang, 2012). H]A1o]& AR L= AA AFYA o] 2 9
2R3kl H7E A E2(Cho, 2007), ATHA Q1 QAR Eo| A H4=#] <]

A70 Fa4dE Eotal, A AS de R g At o4s é?l dgho|ch, HZe el
A%l vlsl SN A== B0l JRE A of#|-¢-n, YR gt 22 A7 FH || 2]E517]
IF gizh Aol A o2d A7 6% FE@ATh(Ha, 2020). WHOE 20508714 oF 2
A S AZ Ao r 01]’“‘6PE4 ol FzFAof ol AFS| A AT AL A Aol WAL JRat
A4 AE gt 7]E AFEL A Aot HE 71& 9 AR ST2 771E 53 His) oS EE &0
S AAlsHA SOnyi} Regal Entertainment”} 7|Eet AR 2etAE 489 3744 A& ‘ﬂﬂé}i
1(Ma, Jain, & Anderson, 2014), JFA5 7|&S 83 2L AR SetAE AT E A]43
23l A1l AAE QJatAE-S APtk (Peng et al., 2018). U 71= 7]&-L T3] Eﬂg]-lﬂ
2ER ¥igols o] 2-o] WA glo] AT 22 Hdojd JRE FES| ATt Rt '5&74]7P
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2.1, HZIEoHQle] [ist ZES S4AIFI7] /I8t 7I8X A=
AU AL 5 QataFolA T st oleleS I fldl 43, T, d& 971 & oSt oA
WS ARR-8f Yok (Demorest et al., 1986; Gugenheimer et al., 2017). LU} o]2|3t WP EL 15 tishy
Els AZAE Aol Ae Bzt AgHH o). ofof uhe} theket 7]&A o] ATEI glom,
A &4 At W3 7|&T vdojd A B Bolste A o=
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F T ST S A Big Au|AE FZP/1e digt olalE w8 EE A gtk 129 Live
Transcribe Y3} AR Z(SOVORO)E HEAH QI A Z, AA7Io R S4& HAER Wglste] 31 st
A7 oot & A Y7t £H 2= 20233 7] 74 o] & ARF 89 ATt 8007 LAAE Bfskal qlom,
Live Transcribe:= 109} A ojAre] 2= 7|25t g ARSE 1 Joh(Kim, 2023). (Figure 1)
ol2fgt 54 A Wk AH| A AR} QI H o] AF YT o] 23t 7]ee FZPAefele] W3} oslE
Y71H o &2 FFAF o, AT} L2 udold AR S HAetA] Zol= SA7F i

Figure 1 SOVORO (left), Google’s live transcribe app (right)

2.2, A2 2] HTLIAIO| MM 25t AAtol ofat

A 7k9] ARUA A AL Fad T dhul, S5 AAALE SN AL ¥l 4

228 AAS] ol@7] qEd] the Ao AHL AR ojssiA 2 7}%*;01 Sk, 2020).

Fkman(1984)2 %, 2kg, A7 Azkel mRA R o2 ROl
[e)

‘/EAEI =
ol TRt B3kt ARl A FEA LR Ut AHCR, AFAST A 4 71ed] T Ta%t
Ei7}h =3 Al
° Facebook Messenger WeChat @ KakaoTalk
Excii‘e d B Ori‘jinul Visualized Original Visualized Original Visualized
I"ss? . & N
. il e O, e
Sad

0
s (0 il (RS © vl me [ i, . ol e [0, ...
Angry i o [—
: =
e e
D : = e =)
T
(O] © il e (.} il Ol o
o=
S e i i g g
[0 ..} Oulion T

© il oe © vl oo vl il o O ol s

A4 AgolA Aol dge 4 9 A7 gatel Bokol 4 ediset AFH o] Stk Fugate(2019)%
Bz, A, W7 B4 A 4B o F03 9T Ik WEch o2 Sol, RS we we,
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A=}, (Figure 2)& Facebook Messenger, WeChat,
KakaoTalk®] AJH] 20 SA] Qleo] w2 7HA u} W&
o]

; 4 H A A Rl
B AT ol 74 BRot 44 WY AFS wigom, F2golele] 1F datelA Heloly FHL
AZtA o ol et 4 Y AR BEAE AATTA Fek

= Aol EE AT & = FAGE AU Sl AR
Fehrs 2o AFE FZolele] 1F dhak VL A 990 chaket AR S AAshsker. Peng et
al2018) 1§ thtoll A wWekae} wals AASHAL, Ao 4 shate] Weke Alztekshs A HAlS
AL5FA thFigure 3).
Speaker Association & Amount of Content Order of Utterances
LK N S
One-Line Two-Line Three-Line - (;a]pl‘;;n] — Scrolling-Text Numbered = Rising
Out-of-view Caption Out-of-view Speaker Location
e D oy ) m)::.::1|¢h) )| )
= s \ = = =
=] =
N | N T O
Ellipsis Partial Content Complete Content Bidirectional Numeric Angle Egocentric
Figure 3 Studies on augmented captions (Peng et al., 2018)
TG AT} e ABLS HAL AT AT JolE AR AFY A L EES 53 ulelo]q Ju g
Zspaet). ol whek 32 AT EES A5 243te] sk g Zek 2y AES A dddh
ol 7&d Axt oY g3t Folg A5, 1F sk 44wl Y AN

o
R E =

2 A= olH AR 7IES B85to] AAFolle] IF wstolA el BAe AdE LR olsfsta,
H[ddold ARE aftAor AT 4 Y AR B34S AAstA} gk, o2 &6 71E 7«9 dAE
Heksha, tio} S dalshs Wt AlAE Aol

3. FZPoHele| OF thet F=at HX7(7]0f oh2t 7|

3.1 AP QIE|Y S o iy

2 AFE A0l IF gistelA e ofgeS olsfsta, tist Hxr]7]o] AR
ZARE7] e w2 QJAHRE Akt o8 B4, 2.1.90A4 AARE A At
Live Transcribe 59 At 3} /AM & ghetstar, th s} gho] Bhalut g Ao o

3.1.1. DX 74
AR 1383 AR 39S L= 5t
TAEAS. S A &4 e vt A
AHESHAT. AR = 200 978, 30~40H 78 2=, 2413t sPAYo] k3l
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3.1.2. QEIR 24

@SN A erek 15 hske] Aol W, FA L ARH chselAle] thst $A, &4 Ao N
ABl29) A AE L AN RTAT o) BRAGE. BE AHRE 5L F AAse] FAE 1Y

E4(Gibbs, 2012)& 53l Aot

3.2, QE|R 2} 24

3.2.1. UK Tkt T Thatel Xfo]
Hzpgolgle At ekl A o Algrel @@at o mopel WEskol thate] gt 4L shebsi]
SUstohn SESTE W, T tatl A tate] 55 FAAL 4L B olsishs 2971 Wkt
£5] 1 et Aol 53k, A% 971, &4 A WE Aul2, BE 5 CRRE WAL BEH0E S
7(:)]

7} EkcHTable 1).

Ho

Table 1 Differences in one—on-one and group conversation experiences of individuals with hearing impairments

e i st wEN )
- HZIEoiRl2 AjZtofl EEoh FHS A= 20|
ol&shM =X 7 HE TRl S5 oY o= - ThEke] 4Y BE2S X7 =0] FH0| 0{EA|
st 2oy w  SHHO EE0Q RYS HESHM 2 4 A0N SO07h=X| metsty| of2ig W7t 53 AS(P1, P2,
AtTHo| Zb mpor  THZF O 2 S JHX| 1 thakst=X] QA Gk= Aol P3, P4, P10, P13).
2014 2 227t ¢lg(P2, P6, P7, P10).
- HOiEo] LR WHCIT HOL BHS ge 0 o M0t H0|= o= HHs Q1S §t A30| AS
(2A2|9] 0|25t X{0| S THfoHX| Kol Llish 23H)

I : - 2UTHY S A AMBBI AT Ol SALSILL
_ - QlZQIQL} HXJ| RIRE Q1< Q17| 435} TiEh == o= o AT -
e gop gy ST SEI T RS AL FE B ST 95 ohsp Aol el g HeioR Agsle

JHIA, 27IAL, 31 SOM 5

- L That Alof s

SL= = =2 o Eg
e %1*%,1}1 < qﬂf&';ffi'ﬁfji’} SSFEUEY oo metMs that 528 21 MKl 20 1
A= g 1T AZ et S et =0 A Lan o =
O s v cEeE OIS B H0{7Hs AT UTHY Thst mhiCt
o o o =.

ore

(=]

3.2.2. 34 Xpap HE MU A A B
ZHAEL SOVOROS Live Transcribe 5 /3 AHf Hgh Al AS ddjd 9 15 tisfolA] B =48
ARESEIL AT AElAE oy of=of Wish Al 8otk ool kAR, st FFsfoF st=
407 Qe ts} Foj =7t "ol A= @0l X4 ¥ ¢irk(Table 2).

Table 2 Usage experience of speech-to-text services by individuals with hearing impairments
T Lig

O ALE 3¢ - 138 2R ME B US

- Ui st I8 st Al 2% AZ(ME E0 Y& V|20 Yot EX| 25 LHE
HeK5H7| Q5 STT MH|AE ThE S0 AS)(P10).

o

AR M3 - Tt 491 5 4 20| LIRS OlaH517| 2IsH ALS.
DR0{7} 0K 2120{2 TH3Het Z, S3| AU TR 1E That A B4R
ARE(P13).
- O|FEICH EW W27 U0ISS 4 U= HO| 2 &

R - AtTjo| B2 B OfLjz} WDt FTHE S1RISH A4 E10F SHA ChEHO RIFSHX]

UELE RHE A= H(PI).

3.2.3. B [4ate} AbK Thate] 0]
PRS- 34 thstol e ASE AR A G sk, A el s A R o B4l
Zastha Sushath 34 A ok BRI SolS AHET A9 9B B B Y Aol

A3hS SFITH(Table 3).
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Table 3 Differences in public and private conversation experiences of individuals with hearing impairments

7% 39 izt AFEI91 Eht
SIAOIM Y X2IE QlsiAl= STt ot 22 & .
ol OIES 20| SRADE et 27 ool g T 0= HT B DRSS A 2Ot H HaE
20| & =
e o3 HYE YA ABIE +01 2 Y Z20E SN 48, ASlQl 4% 25 2SS 50 2B
588 E8ig H3 UEH
QB A AN TF skl A Hdojd 3 A2 ofd &2 ZaL glon, S4 A AHlas
Qe AR Aol S8 74 TAT o5 FATE Hekllol $ET Ao e 2
QT ol AT A 2eH] Al AR 14 THE 2 A5 £ TS WAL BskAn
4, FZPPo210] 1= tHt Al 3= o2 & AR S M0il thet ALEXE 27 AFe 0I5l

4.1. AR BN 35 27 2
£ AYE Fgoldle]l 15 et 3 47 412 wdlolx 2y JuE AR BFAOR Azt 2EA
ool Hhe ATARYE EESE A BER 3 o

G, Mg wigo s HHse deg 9
o17% AHs] WA 15 ot 4ol A48 AF

4.2, AR UEM B5 4A wy

4.2.1, R}
AR JZgolel 138 AR 3%, LT A2 A AEsk oMo FAH B2l
Ao 24 ARE ANlS A9HE A% 497 tekon], doert BA71E Aestett. 1E4Ee

o
T i3k B A AR ESALl et M =we AlFstgla, ARrte2 A5 TRl A4 2 AR A 240

[e:

4,2.2. AR ZEM 1x} &4
Ekman(1984)9] 71% 6714 44(A%, Heke, 28, & 2
T7HA APl Tt RS AASATE Wb 71w chret dnl A Fastel A Fel, A,
ESESEEEY R PR R T

_53]EHZ HL L ;E_%ﬁ].}; ] A JEOo Ham s _7_5%]

RLEEE

i
4
)
oo
gl
to
oy
=
4
2hid
o
o
e
NS
S
s
o

¥4
FHE F75 Ak Figure 4).

‘Disgust'& 2|0|s}t= ‘Disgust’ & 2|0|5t=
OHE 0|2 X AR ZZ M

Figure 4 Emotion ballon for disgust
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A Fugate(2019)9] AA-44 Q9HY 78 Fudte] Mz, AL, WIS BeA AR TRY 5 Y%

A A5 cHFigure 5).

MUl
0lH
02

= Y2 =22 xH2et 2 e

«@mi)Em .

Figure 5 Colors of speech bubbles by emotion

sfolzaea HAE Y 27], 71871, 94 MRS Fo) 44 AT ANE AARNYT. olE S, YR
7.

Ao, €52 WIS, ot woha2 A7) WkE A8 B9 Aeke stk (Figure 6).

Figure 6 Typography styles by emotion

o
Bl
®
1
rH
J=
i
Ho
4

Eg MR & BRI MZsHs BEN
M2 EoysiA 24 4 &L,

e

Figure 7 Sample of emotion-specific speech bubble survey

4.3. AR ABH S 8 ?13&

olgA AAZ 37kA Yol TFAE vFo R NPAEA AHEFA oA 4 FHE At E
a%stget. olojA APAEL (Figure 7> 22 74 A dAE B2 dd A 7H ol &2 =

TFAS Aol =E a4 wok,

TFA 9] 7 diabe vt Zh(Table 4).
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Table 4 Example dialogues by emotion for speech bubbles
48 CHAF

sz 2 0|21 20| YOLHE Z7%... 00| LI oft
g3t BT ER MRS B 4 U0t Y B
soig ECPA| JR2I0] 4271 49

s2ts 29t HYO|0R LS4} glof!

A2 at OFEIS BTLIM 253 521 2Tt %O

e, OfE 7| 12 47 U= HoH

8o LIS A3 CHAI= #1215t AIX| 20t

4.3.1. 20 E4

M

2ol AM16% % 40) APAE0] Bio} g WFHe] mIS AN 9AL F91, P57

AR WSO 54 g0l S U BEA] EAHE ARY TRAW £L 2 2V AL vegsle]
J{ =]

[e]
ar < . =
el i S e 9. $71% 94 BEL S IAE el (5 s} 999
wAHAT, S5, TS, e g

Figure 8 Speech bubbles co-designed based on participant feedback

4.3.2. 21t 24
A0 eo| E e s 2AZAT AA BANA L 29| o] REsttes ojdo] gl AETe
shed Hohe fMoR st Aol o & A Ak 7&#(1)1 P5). E)i Zehs HEWS A
7HEAge] "ol & e A ke 9AP6, PY, P12)E WId FEEE A88A B AEE
R0l AE 754 RAQT. golxadud goAE HASE 7HEdE APHeR v
A& a0 (PL, P2, P3, P4, P8, P11, P12), oI5 Wds| AAZAS &3k, 1Y a3k5

>.

Hasletqet. B4e] 7127)9F 37 ¥iste AL wdstE PAE9] 7] WAL XA G AofA
AL Et iAo 2 ‘Fo el ‘Feg HAE BT AX O S EA Hol=otky A ER AR}
EYAEE A o] fAksl T3 Zpol7t UA] ghot ‘@R glo] 2 uE B AP A& Aol =

4.3.3. 515 A% % =9|

YE5S So G AR BEHL Y A2H A 1] ABAS o, THAE] A4 Aol S
Hasiehs FFow QARG HFA0R AAH TFAL Fel, A4, ehol X 1o S Bl 474
Aero] WS & ikFigure 9)
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ohgE Tty

288 stz 2ot 2ol

A 44 B9 AZH 2458 FASRICRA, 7geldo] 1E U5 5 vddeld] 44
AR HEAO] Fefoh A, erol 21 AL 7
= Susleli, A8 A RTFARE FEAAG B AAE FF 1F o8t A0l 14 A2l aue

v
>
>
ng
OfH
rx
m
e
UE
I
[
-

2t 22| xto|of Q14 mof

2 Ad2 A4l D @4, 2) 712, 3) A4, 4) Bl =13 u] o] 4] BRgle] AR TEAlS ARE-SHo]
I3 wistell Fold f, ZF Bpglo] s} oo viAle 92 24ske Ae HH R Atk 4 A9 8ol4,
Ao, e, sk WE ofsh i, Au|a ARE- o] SHA Aol & F7let i

5.2 43 4H

5.2.1. O/t

)

=S | 7HA] Brd ol AR TEAFH, 71, A4, Bhol 1 u))oth(Figure 10). A2 F 9
A7IA7} ekt A sty ddlste 944 7o R AL, JAAE AR STAE 283 AJH oA

S WEst diste] Fofst= @& Agd ol sl sk AlueEles 383k 5 H3kE Aldsto

&2, 5 6714 A4S HES T oA At et 2k
AE o8l rARE] 2 Azl U A (%)

B 'LARE L GAIS B 4 gloy] £, (L%

ATQEQY 7T & HY 239 7o (712)
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HEt(A) 712(B)

9,9

¢ Voice input \ Emotion recognition API
& —>

[3) Facial recognition / Speech o text API

AR 22tA

dA4 A TV 233 eroA Wizard of Oz W§41& AHgste] ZaYstolnt. Al AF2 AR 2248
Sl =4 A4, €2 94, A 94 HolHE VRte g o 7HA] TEA Bedo] AHE HEEHES
T 4 Het Aol 29 W wdxt= 74 HAE AEE ARt dieh (3 AE 8ol
A, st Wg olslx, AvlA A AxDE Brskid. 4d $8 Fole w724 JdHFE

L2 o8 A9 £E5 /M4 & 4 Qloh WA Friedman?] H|25FAS &-8-5ho]
ZZ ol FHI(A), 7]1E(B), MAHC), Ero] 21 9)(D) AR W419] (1) A4 A #o]4, (2) st W& ols)=,
(3) ", (@) sl AHIA ARE- 97 &polE AF5HtH(Table 5). F-9J3k &Fol7h vehd 3ol disiAl=
Wilcoxon Signed-Rank Test® A H|WE 4345191, tF H|wo W2 @ FE5 W=x|517] $J3) Bonferroni

HAE A gofe] AL S AYSHAT

Table 5 Experimental results of the four stimuli

) E}O|E 7241
SEH(A) 712(B) AAH(C) t Iﬁg’ i x? p post_hoc
2y He
20|14 5751913  4.833+1946 3.917+1.505 4.333+2.103 7.590 .055 -
Helgt 5+1.651 5.25+1.055 3.667+1.303 3.75+1.545 12.067 .007** A,B)C
st LHE
olaHE 5.417+1.73 5.083%1.084 3.5+1.567 4.167+2.038 12.485 .006** AXC,D
Sl AMH|A
°EF’R 19“](' 5.25+1.765 5.5%1 3.667+1.557 35+1977 8790  .032* AYC.D

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

5.3.1. 48 M 80/9

FEH(A)7E A4 A &0l SHAM M &2 HeE TR ed, AR foud Hol=
ATHP=0.055). 53] T Eeha-& EAL TIFA0] &t ZeAolehz v =W o] wekth(Figure 11).
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2 w1 Aupo] Yzbd FoIET 2ol o 2 Fola.,
71 (B) TFARE A 718 shote] o & Y A Zola.” -P6

ofgA adL7}
A=7{0H

2,
FHolop?

Figure 11 Form(A) - Anger(Left), Surprise(Right)

e
:E-l_JI\_jl.

UA=7{0}

2,

HEO[OF?

Figure 12 Typography(D) - anger(left), surprise(right)

FEAE o 1N D)9] et Hie WEA0] We| ko] folo] W 7] W} we| wHG
Syko] Aol metaht] e Ego] Brky B $YASE Y erFigure 12).

el S ol GAN 09 0] § e Bol stolAgolR, 1oL HEE Spoh
AL @ Brest ANGolR, A So] ‘Wol'shy WHFA WE #7HOE Baelt AN
PO 374 B T AN o, o AT o8 A FoRIETU ol 8A e
L7127 -P10

ghlo] o] Algto] tisfshis Algolet At el W aoklA HEA FelS 2 AZo] ggirhe oA

A3,

“BAE Qi AFShoc TEH FA LA T B 5 golela. TeA ofd Rolrt YA B
2208, 55| AFAY ofd Aot tfatet i o T L. - Ph

5.3, 2. &t LI OJSHE

FE(A)E AR erol LI (D)o Hla 3t W ol AT FolmskA £ eHp=0.006).
94 PAE FE(A)7E SRS Aztolit o2 ofsfshioy] B Ego] Hekn gt vHe] AAHO),
erol 2T D)H Y AT A4 Ao FelA Wsl Be Aure vhst e olsfshed ool =4
orerhe 9 A5 E 919
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AR SEtAE tis A S S W ofv] A, B 5 Al Rl R4 g ARl A A Heke S
7H ARt A AESE 9 AthFigure 13).

A7 e AL B TS gol WS R Zoha. FujF LA, dE v suhol
Aol gl WEAE AN uhis T o] 7hA) Spotol . eI Al W, WFAO] BshA Ozt
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Figure 14. Basic(B) speech bubble
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