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Abstract

Background Technology has the potential for connecting people and providing various
educational or social opportunities. For people who are deaf and hard of hearing (DHH), however,
there are social barriers on the internet, in software, and in hardware that can limit access to
information and opportunities. The aim of the study is to understand the life and communication
of DHH and to identify design spaces for DHH in order to support their independent lives and to
design SoundAlert.

Methods Non-intrusive, in-depth interviews, each of which lasted two hours and forty-five
minutes, were conducted with four participants (three DHH and one sign language interpreter).
The data were analysed for illustrating schematic view using open coding and selective coding
systematically. Workshops were conducted with cross-disciplinary experts for reinterpreting the
results into design spaces. Arduino was used for the SoundAlert prototype.

Results The analysis of 197 units of a section resulted in 60 codes including “life without
sound” and “communication difficulties.” After the second analysis, 12 themes emerged (“Life
and culture of DHH”, “Different way of communication, Sign language,” etc.) and were placed
into four key categories including “Educational environment of linguistics” and “Diverse service
and technology”. The results were reinterpreted into design themes involving “Emergency
communication system” and the “Visualisation of sound information.” As part of the former, the
SoundAlert prototype was developed.

Conclusions  The interview was successful in triggering diverse episodic, present and future
stories told. The systematic analysis results were reinterpreted for designing. This process
exemplifies the role of users and designers as “co-creators” in developing design strategic guidelines.
Further field study on the SoundAlert will be carried out with DHH.
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el QAT 0T9F AL 7142 AALHA AT 4 S 43 A3 ] AJehe] 431 9le}, o]l /1%
So T AES QAAA, oIt S 71HE AT & 9 AE AT 2, Lol B3,
371} el Deat and Hard of Hearing) 4% S8 UAES 802 she ASIAL & S e A1)
2 uo] o] 18] ZATTE. 1 L H1ok 715o th W24 accessibility)E AW 4 G e qmat
ob]e}, SH= go]/4 LE o] Hopol A(Kaye, 2000), Bz 3 AR 0] A4} Bl 4 hee 4 oI,

Aol EHAQ g 253 FuA fARIE Hx9| 7]&e2 18760 LAl dEojd |
(Alexander Granham Bel)9] As}7| 9t} AAaE o]8sto] BUE AR A4S A7 oflofA &

o 4 & S S TS It Zo|g, O3y, o] Asprl= AR dFE E S Yk 7FE EEA 5
o A AE A FHgutz] Ect, 1960 o] Eof FZA ool T8zt HE uho]H 5] E(Robert
Weitbrecht)7} &3 2 %l(acoustic modem)¥} &3 A3 |(acoustic coupler)& W sHHAA, 7ol AE2]

A efe]£7]7] (teletype machine, TTY) 9 g Aolthlang, 2000). 2t o]t 7]&o] AzHof<l
9 A A Folg W = Y= 73R S8R X3 ‘3} A eto] L7 7|(TTY)H EHAFUA 4717
(TDD)& IAE 27511 Y& AFRFEAAT AlgHa 02 &-8- 5 9l th(Maiorana-Basas & Pagliaro, 2014).
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S AHE L, 0 7|&9] 7Fed S olopr |t gtrt. = E AE R vlolE= 334 A o2 &
(Grounded Theory Analysis, Chamaz, 2006) §H& 538 & 7[A @AE AA ‘AAZQ dolg 1z
& 389 Zolth 43 AEF 24 Aafof gt tel G902 g 7He S =9st(Monk &
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£ AT e Rl Tt 9 v TE AERE Qs Aol ARR BAL T80 ARY
Aol 4 WA, 712 Al FAkel Aol oig wkg, Te3 vlef 7)) i it 5 A 7h el Augn
=

&3 o5 A= Holg 2 S45He Aol

2. 1. 2R 2HE
Bt

2 Qe YEF FARE AR A FAME vig o= At sl a9 Ses AA AAH
At A FoAA = A FoARtIA ol Al 7HA] W82 B s &l Ak () R W2 H5E A

ol, (i) Foi#7} E«W"ﬂ AR o] Fo = B o4 A FolE HokA| Ferthd dAEA EEgete A
H, (i) 18 3¢ A8 vtz F2E Aol Iuj7hA] A%E ol BF A1 Zolehs ol o
Bie 2erdEe 54 1JﬂE(Vome Memos) 752 ©1-83t9 1L, 54 HolHE YAE HoJH = Heshe Al
Aol oizte] o] 55 Aol W 7F o8 v IthTable 1). BE AEF ot JEE= A7t €19 b of
| AR 2 4 S IS A E A

JEFE Yl Ho FAREEREH BF AR 595 dal AFE o, A Fofzte] oro] AAEZ] o
E(non-intrusive) ¥ <] WollA AlAsHA AP Ak Table 1). 71 5 Al B2 AFS]7] 7] Aol A HZHgodES
Qg mito] ZR=E A &sl= 200 258 o4 FZNRIER, JAEHE HIE FollA] 3Hs gAket o

7 A ek JHFE BF AYGATLA A APH Ak, AEH 27A1E-L chafet 4|9 tshs A4
AYA §E517] Y3t o g TG o W(Kim, 2016), JEH 243 i HAE a7 HIEH &
B A=t} (Strauss & Corbin, 1998; Chamaz, 2006; Mortensen, 2018).

Table 1 Informants, all names are pseudonyms

QIE et QIEF =t QIE{H AlZt
PANESE)| 2015.11.10 70min 59sec
YXILHb], = LTI 2015.11.30 28min 46sec
AdAeHc], »&sl0| 2015.12. 4 37min 45sec
Ho|G[d], «&slo| 2015.12.5 27min 52sec
A 2hr 45min 22sec

*
3
o
12

W

(3T, 20|

0]

E R didtobe WA vy wZoll, QUelf At ol #te] digol oA wh-g-stal REo|HA ThA|

AEL(follow-up questions) @A =1kl S}, E3F, STEH 24 7345- °1‘~ A= -7—5’—“—’1 SfjAof o)

skA|YH(Kvale, S., 2000), HIo|E|7} &3] & =W AetH o g Ho

F5h= B E(Young, 1., 2008)°] 7Hs 3 A},

B Ao Me AHH A& WES IA Yl 714 ooz FASHAT (Table 2). A F HAL 772 HE A

o 2B A A&t AR GFALY] EART U2E AALHA oJoprd = IES fEokH, ulF 7]

<o gigt 7He S dFtteE -TL“Q‘”E}

A WA= AR PEs] 2oehaA 2 2% AR 719U AgAatrt loW ofopr|sfdeta Fegitt

T A QoA AEs 21 —}% AU 2HFA 719 E, 181 i H ARSRIL Q= AHIA 7]

=9 Xo'%ld"ﬂ tisf o]opr|sigetar gttt

= 2 Aol Sulgh FZPgoS 919k 7]E AHIA TR A Y] 7HAE IO R RoFHA 2427t

1) https:// Sy 7t 3] 2SR 222 159 ol Fetste] tigks ol & 4 Y E FEgeh AH|A A
www.wingbook.co.kr/ = Table 33} o] #ofeto|s e A(Share typing glass), EHAA (Transcense), HHo] B3] A (Vibering
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sensor), 18]l AR&Z (SOUNZZZ)oIth, YAl= © U2 w|go] Au|of tigt £43t olobr|& Eefgeta
S, ZEAF QIALE: Gt & QI HE vpiE|gi),

Table 2 Interview schedule

74 S
I ofmjAc - SINASO| E OIIAEE S2iF4 4 ULHR?
et - A2IS SX| 2513 M| ST HE|, SA| 27} HAH L glose?
20 AST? PHHOE ofF HHS SHALIR?
O

=
« MH|A 7|20 Ha’é'ﬁh_k[ S22
I E.j Aorio} O-lOA#LI—O?
. *EIE zen ’}1'% o= AMRUTIL? O{EA SHALIR?

71E KBl AL - CHU MEOIN A22 MY5s HES AZHOE BT, S B 8 52102
HaFE AZS0| U012, 212t ALIS thaf ol 27 M2A5thl2?
o/ AflA - Ol2fofl 213 A2 MBIA0) ChH 0I0F7I5H L.

2.2, 7|E MH|A CIXFQI AR
712 AHIA HAR] A F F 7= AAE Aoty S8-E = 7 ZEERY(working prototype)©]™,
upx]ek = 7= A4 ]zl (concept design)©] th(Table 3).
A, Holete]F ZF A(Share typing glass)= T&E FHHE J7 ARE B AR WIAA HolF 7]
. Alofeto] g2 AAZE Auke Algste, A4 A, F43], Aulu SollA EgEa

tHlee, J., 2015).

The World's first all-in-one
smart glasses & tactical command system

Figure 1 Share typing glass

[

% Al 2(Transcense)= ol 2] tish A 9] T2 BHEARE A8, AAZTOE ARtEZE ShHo| FAHE Ko
F& Mul2olth(Figure 2). o] Abgho] ZbAke] AntEE SA4 Q14 7]5-S AMESke] digrt A= HAA] ¢kl
AgsHA AP =5 A= A thLee, C., 2015).
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Figure 2 Transcense

Al AR AL, vFo] BE] ALK (Vibering Sensor)= 5 70] 9129} £5A4] JEE 8 A5 AAT & Y&
= EE dolgE 4= fialarm unit) A tzRlo|thFigure 3). ¥R = AH5AF FH 4] 5 4 482
=
N

AETA R g, EEBAA: 25 YRS AAH s Hddsto] ddsiEt

o
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Figure 3 Vibering Sensor

AREZ(SOUNZZZ)= BN E 3919 EARS AP & UEE tARIE mp3Edolol &2, A4t 52+
S F44A vy ol 2 dsFthFigure 4). AU EL HE 22AHRE |2 52 & YA 2942 o
Ho| A5y oz Askd 4= i, wghA] AR AR 2 E Qb Q1S wf, 2oto] 7hekat Bl 5S W/ 9 A]

7 QR 27k QR A4A W2 17 4 52 fA9IE Ak Tran,

Structure \/\9
<9

Main board Oscillator (High range) LED
o : o “Feeling both sounds and vibrations together”

SOUNZZZ is not onfy for people having hearing clisability but it also works
S ““as nomal MP3 with vibration for the peopie who actually can hear a littie
\ it and slsofornormal poopis whon they comnact headsors

IV®
Relishing music by using synesthesio

l\)
o
(@)
O
=

Urethane Oscillator (Low range) Soft memory form

Figure 4 SOUNZZZ

Table 3 Service design cases for DHH
At 7|53t HE
HoE01Y Z2HA

2402 HHE YAYHE SAHYLR HEAIE Il
MAIZE RIS, 2SI ML, 0232 SUA 28
HARE S 24 e ) 23t A2 YEE XjopoR

m
]
g

>

Chat ATHo| WS ST 01N, ADIEZ0| 2Xt2 B
- MERIAATI, B2/ shi) 430l Bt
- O M2 928N FE) X A2t

HER|9L 2EAA I MEZ TS 901212 Uzt 94
- HIX|E EHASS FEOR A AR B3
- A2 HE ) TSDAZH FH, CIXRI 744 thA|

got2 Al M7, 22/3 0|88 BZ2N 00 BH
2010 A2|%} 2|59 RE HH » glap Mo| A|12t He

- 52 M HEo| mp3 S2(0]0f, TIXIQ! 744 £

*HIO|E& MM

*ALRE

Table 32 OA|71A] 71& Y| 7HA] M| HAEQL AR 9] 7153 FEiE f.oFste] A 2|_t ol
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3. 2/E R HIO|E &4 Za}

Qe HlolE &4 371] 7H] dAE AP AT A A= FFNJAEY A3t ol gt wlelE 9
theFet $A43 ABAAEE elstal BF6H] 916 A ol & £4(Grounded Theory Analysis, Strauss &

Corbinn, 1998; Chamaz, 2006) % 9E Fd(open coding)E o|-&5}tgith HE HAE glo]gl: o] ¢
(unit of meaning)= W o] 197719 BIAE FUl(section of text)¥ 60712 =7} Yelth FE AH 2=
AP, Y AT, ‘AT ofElR’, TEal Aol AIAEY Fol ZE I F A qﬁ]ﬂ]ﬁh %
ZHgofl el 520 A% tigt =414 B (schematic view, Strauss & Corbin, 1998)& A4 A WMo} FAE
FA817] 9t Ael T (selective coding) T3S AR

m HJ

Figure 5% 'TL. 227} Q= AlRrS o] 4k} BoF, ‘T2, B9 Bueiynt JR459 olge 5 12709 74
9l 7h7e] ZA|ok Qg TESo] o] o] Wk ol AAH o w x5 REe HolEr shpe] FAIL A]
AAOTA B ] 28 Lokl e oA Teks delel 49 A eht PAltheme S 209

SAoln, s#i= QBN R HlolE $UloR o] TS TR Sjolth. FA(THE AW uf s¢i= fus

‘ﬂ I8 Atk eHA AdEH.

=

ol 23|7h gl ArRtED| o | | EHo 2msaa Re SZalgtold 250 o

Dra I 23 &9 oS 7

o - 228 Uupo| ZhEE o0 gE AR

(3 « HIC|YR| 4+59| ofg{S lEaret

oF .+ solEol osje 2HE 7= Ay

up - 28000t 3. 9|=el &2 gl 2715

a4 i

il

0

B CIE ghalo] 45 Qo] 239t dojetd 7| &2
= efA LS C sl E=ETn] 3| = iz aden

) 25 R Hel 7| &e

' 3 - 73 - flojot 23

or DA ZXH - PabEA - 2E0y

=) = H|3=3t * Algeto xM ¢ QlojatE J|xc| ERd

&l N/ i + olof gie =4 + HojHH0lA 7]=...

<l

T i

- R s = el I 7 2® 2R/5E SGA ADIEE D} cherst Ol

PR i C|HtO| 2 H| A O] MH|A

-

i . THelof S 7P © EREEMHA © FRFReE|

= . HE7)| + ARSSIZ + I ED A4S

o ¢ EZO|SME + DVD RpH 2|

@ - Ejlo|™ . AE

Ll

o i

o i | Bzzme= opnery HEES0| i A3 CH2 aEo 29| o|s)et

o | |22 zaw e =S B 24

flg ER TN - ZET A - 0|4

20 Saup} FcH + glAlo] Kto] + ChE walo] Arn

N Qlojo| Alztz} - SolFg m=o . HzEEofl H..

o § £3E gloz ¢ AAZ BHHE..

oo AT)2 2312

R R R R R R R RS RN EE RN TEEEEEETEEEE R RS

Figure 5 Schematic view for the life and communication of the DHH

Figure 59| 4] ] 7}2] $14] =50

2.2 7Hs At o2 TRt TAR HE-L ket 2t

2, 293 (iv) A=
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2016) NN g AAE BF 1, FFAHANA Jatag YA Q7 2= FEAE el gich 52?7‘
HARJIES IEEEL o PR oA WAL T APT o] YRS uff oJAtAFo] BAR QI of 2%

R 37 7AES Atk Aojtt. o]y g EAlE ARl J|&olLt ANLE HE 7|4 (Context—awareness,

A
Schilit et al., 2002; Gretton & Honeyman, 2016) 52| =20 2 thofstA {22 H a7} et

3.2, 10{8tH WS
5 WA W Aol AT S T RN AET) £F Qo] Alo] that mEEA @ o A
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. F Ho Y Zof 7} EZAIE S GEXE FJFAAT A W= 7ol 2t
=

o2 (Lee, 20170 TR, Frjol A 2016d FEASRAo] o] Ao} 23t HYH shte] dlof=
A9] 918 A S|l 53], 7Rl A2z 3] U2, GRSl e BE ABGeIA §F
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FTHAE BES ] 315 ARG ot 98 A0k ARE S5 £ AEF A=A o] vk
£ Folot, I3y gh=t9] 5t S-2 717 AFofA] At
£ Bzg} A o|t} (Park, 2011; Whang, 2009).

A, 75 ol g A} 3 Fh PR e v eSS ek, of FAE 7 F4 L8R
£ 5oh/78k Bitmgol AuA5e] WA o Avaolehs wER|2011)] AT Aueh g v
A5,

“AgJE 22 L}eFe] 9 o7} BZpgofelo] ofo]7} $:3FE AA) HFiL Hi T} 7:3FE vjPJosh
B, el 434 A AL WA F] slolf. HZFgenel [wg] Fo] . [2IE}
2] Z27} v ok, YzFgoNel st eld] +-3k8 2] we..” [s18)lal

A, To. #3Fe} ¢lojetx] 7|2 241 9] 7]&g olgtz FAl= F3HE oldfot WAlo] the E3tollA AR5
£ dolo] 4 7S olsfish= WAlT gAY WES thEth ol A2 AEH(2007)8 B4 A9 =359
o13] 540l A5t ZAA T Yebtztl, ZF A9 gt A @35t At g% dofo] FA8L MU
Zpol7h obd A 35 v 0 & g thE Jeko] Adofot vl W uf Zpo)7t k= Aolot. wekA] EelolH
3 (PlayPumps, Chambers, 2009; Borland, 2011)2] Al A, o1@ A=A 7Hdst AEEE gt} sl
& Aolshd 7127} 45| upd o] §1A] ¢k o FZ7ofiRlE0] T4kl ofsfstr] of # gttt Aol

714, ‘ojehy] 7|22 A 9] 5 WHL2 FE 93 & F of= 5YHE TR T ojAS ot gor A
AXN7|= AA A Hio] Zadtte AL 7423 HKim et al., 1994). wrebA], 2 A8 (Rosenblatt, 1988)2]
SEFA o] 2 BHldl ‘AT FEO 7 HOoSHe BARAY VAN E AAFAENA E2S =
w2}, o] BEle 7o QlS gt HlAE 7]8E | AJA AH|A(M, email, SMSU 3HilS 2
=3
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shiL gt P E e 714A P RAgelelst ngel Azt Adsne 250 28 E A
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A AE 8k AokE oM E(Ahmed, 2017) A+89] Al § 3 UIE$ I (deep neural networks)E
G WA A AR vl 315 HIAER W) stHof B oSz B o th(Figure 6a). 121l 94
]2} Zg]of(Navid Azodi & Thomas Pryor)7} 7HEgE ARl Ek-E (SignAloud, O'Hare, 2016)
3HE Y(speech) & A= &4 9 AlAgo|th(Figure 6b,). o]2|dt 714 7do] = 43¢
80l 7Fsste & A &A1 Atdo] ad Aol

2,
&8 £ o
o s
o ol
-{>F;

o e

kn
:

TN -

Figure 6 Sign language video caption system(c) and SignAloud(b,c)

3. 3. C}Yst 7|3 MH[A
Al A =, Tt 71s3 RIS = A QRS Aol B2 11 e tukel Ay AH|A Al
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‘. QMG FFATF Qlgkora. HhoFoll EALE, CHYSHAI R Bf Al HojF 1 Klgo]g Zo] 1
L& #e5Fm, ‘of, o]#] Lyo]FL) sk & 5= X 72?7 [s166][d][Share typing glass]

“AZfolt 22} & F shpgto] opel F Aol EAJo] gl FACHL. T} AEH 4L
Aol oA X B2 A2 e WE PRINE Frlek @710 1A 2 oAl A 2

of 1, = AW7FSAl Yo Am] Qs A Zrlal” [s164][b]ISOUNZZZ]

a2 TIL FEES) digh AL3]8 508 w048 2203, AR F5ol it vi & o5 Aok
o] FAIE AR} o] A St drpt g2 gFE ¢

Q15| 9l th(Park, 2011).
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4, CIXE! F=xof CiSt xHaHA] 2 AFR =3 (SoundAlert)

A7 4 Ao BAE % Sk oAk ey 7ol ohE A AT ATES of8A] ARHoE
aoksto] TRl ofolt]o] 2 M5t WHA7| ol et Zlolct. o] AL wl-- B35}7] wfo] of 22k T
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E}(Monk & Gilbert, 1995). o] T ollA g5 dubz ¢l A W 5 shhs A4 o| 1 g 2 ¢l A4
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o] AthKim et al., 2013).
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o} (cf. Gaver et al., 1999; Dorish, 2006; Boehner et al., 2007).
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Figure 7 SoundAlert concept sketch(a) and basic operation principles(b)
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Figure 9 SoundAlert working prototype
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