Asia-pacific Journal of Convergent Research Interchange
Vol.9, No.5, May 31 (2023), pp.325-338
http://dx.doi.org/10.47116/apjcri.2023.05.27

Development of Auditory Rehabilitation App Based on Digital
Welfare Technology for Hearing-Impaired People with
Cochlear Implants

AF-S- 0] HZFANAES A% dAE FA7|s 7|9t
g § AL
Sangdo Lee!
oA

! Professor, Department of Welfare&Management, Korea National University of Ttransportation,
Korea, sdlee@ut.ac.kr

Abstract: The purpose of this study was to develop a mobile app for auditory rehabilitation for hearing-
impaired people with cochlear implantation. From the point of view of digital welfare technology,
auditory rehabilitation means not only the improvement of hearing and language functions, but also the
technology that helps to communicate and interact safely. For this purpose, it was designed so that
listening and speaking can be practiced at the same time, and that training contents can be evaluated and
feedback received. In particular, by using Wav2vec 2.0, the standard speech spectrum and the speech
spectrum of the hearing impaired are compared and analyzed to inform the difference in speech
intelligibility and pronunciation, so that training can be performed according to individual
characteristics. As a result of usability evaluation of this app by expert group, user usability 4.33(SD
=.87), educational value 4.08(SD = .80), interest 3.92(SD = .56), interactivity 3.83(SD = .78) appeared.
This confirms that it is suitable and efficient for auditory rehabilitation training. The social welfare
implications of this study are that it can be used to solve welfare issues, promote social participation,
guarantee euality of educational opportunities, and provide health care services for hearing-impaired
people who have undergone cochlear implant surgery. As a suggestion, the need for further advancement
through improvement of the performance and Ul of the auditory rehabilitation app was suggested.

Keywords: Auditory Rehabilitation, Mobile App, Hearing Impairment, Cochlear Implantation, Digital
Welfare Technology

ok B AT HAHe AFLS o4 FdAse] FeATE A mud A
Ashe glolth tAY BAvl% BRAA FeALe 3z} dolvlse] gt ohe
RASHA st WFS ¢ =T wE VlEs vtk ol feke] I8t wIIE
Al FEE g 9dan, Fd OWES Hrieke] = s 5 Qs AAEIY 59
Wav2vee 2.0 ©]-&3 5 L3l AAEHI} HJzpgolqle] wal AHMEHS Bl 245}
THEE 3 2EY ApolE delFmoRA M B4 mE FHs & 5 A s
A7kl o3 2 q1o] ARSA B7F A3, ARSAF &l 433(SD = 87), w53 7HA
4.08(SD = .80), 51| 3.92(SD = .56), &84 3.83(SD = .78)o.2 YEIWTE o]ZloR
Received: January 18, 2023; 1% Review Result: March 05, 2023; 2™ Review Result: March 31, 2023

Accepted: April 30, 2023

ISSN: 2508-9080 APJCRI 325

Copyright © 2023 KCTRS



Development of Auditory Rehabilitation App Based on Digital Welfare Technology for Hearing-Impaired People with Cochlear
Implants

B AT BRG] AAAA. Aol ASEAY Poliz Ayt
& PRI BA ol5 A} ABY Folo) T4, W 7189 7
d 4 glrhs Roltkh AYoR AR Pt uel AL

ﬂ
1o
ol
ofrt
o
f
o

Aol A, makd i, AN, deeky, vAE 5A7]E

1. A&

= =32 QlE) Astd AAV|sE
A7 e AFetH gd=Hol gk ofF AAT4 OL:ILJ—’J%]@r A7 ULDE%
3 5 28-S Agxststal, & 5
|2~ HeE 3 P’ FHoE FrfEar JvH1]
ol Bole =E2Y ZUbEolA el JJr
F, A, ARy, Y4 AgE #A4
O FATH2]. ol AL Hfr
= %% Hl-&o F7boll thgh AN
7171 & &&% JA7Isd FEsta T3] HA47I
% al7|% kil HAlA Sl AN Tes ov|str| e d1A
Ambient Assisted Living: AAL) SollA =9y TA9 A
3]3%5]1_5}[4]. A or X7 HUAY 7aes &8st 54 At Al
T BAAMH 2R O] el 3L Atk Hofman[5]2 HA|7]&=o 523
AbnE A9, BAVIE 9 RERVE, A4S BRx AW B
, AEEIJIME, ARSI A- A A3 A= 5 874 F9e= &3l
BEAQ T s AHAZR, ArRE, HWES A, 174, 718 839 570
U 75 825 Aojasith. oldmst Aus[7)E vAd
23S Fo ‘"UAE BAVIE s 94
%4‘3194 7]%’54 IT 7]%—% 3 HA olFE
H

\o]
S
S o
AT
grlr
55
H—IFO
o 2
o
-
_I_lzolﬂ
o 1o
{;z
o )
U
ai‘i
J
N
AE‘
m{>

0,

R O
2
N
i

2

=
e
i
e
e ol
2,
1

2

)
= EE =
X
o
fr
=
o
m{o

)

2B

F\[‘miﬂﬁ
by

m —‘(91 J:m
&

rr lo
o
=
10
i)
o
2
s
Ir
o
ofo
)

0o e 8 O N o T ope N gE N & T O %
oX ¥ Mo oo N 1@ b oo

>

el A e dart ATH8]
% ©]%](cochlear implantation)> H 7] & A&l 7] ojE o] e IS
N7 AAARleAl HAEs AT addd ALY URolvIl
oA=& et d71A A=o2 AgE AXEA s FEEA

2 2gE = stk Zlss v a2y &8s '3 a3lo] Fols ok
! Al o] Fofz =

ollahs YL whard] Si= o] ohe o] v

ofl plo N XN Ob X o of

° o wuft [
I A
XN ojo o omy fo by

oo O

¥
2
s
b~
)
o T

Hel BAolth. wepq oAFsheE AYHE ABA neld

Be3st7] sl 5 A Z(auditory rehabilitation)©] 74| o] Fo]xof st} HFAL
Zele] EAS ol A THA, Awle AolF of= WMol A, oW AAAES
ob= solel WY, Ade] olABEw maste] ol olslsts oldle] AP

i

326 Copyright © 2023 KCTRS



]

o
1l

al

S
S

Implants

ol whet FA ol Al

E

=

wArh o g

1

R

dA 3] 7] A4

Al

Faioh ey

Development of Auditory Rehabilitation App Based on Digital Welfare Technology for Hearing-Impaired People with Cochlear

k1

R 7 oW PRGN o T g H e T T W o Ao R o
B Mg R = TN TR G 0 WD gy T E M o W o RO
G w FTEPTERR P IDOED M U o B . Fow
— = 4 ¥ e M) X o5 o5 N R
NOX O — X . X <] M . of o* _ ox ,ﬁﬂ =™ e Jadgre

<~ T PrxME g TR a R B H =B o o o
A B . %%%ﬂﬂﬂﬂﬂiwﬁ_g%#ﬂnl% ME M T o e o o T
CEWH ) = o < op ﬁoaﬁ# Ho A T o o ol H_A.o % o :OH/HJ.E mla;ot B oX o X el
R S R A I 0 S ROSNE l = SCH-G o T AT po
chEFET P PIY _TLE s, w IE PeiTPI%cs
N N e T e T
= KX N i —~ o XP = T
I R = R ol o A R RO N T
55T Ts IREERT T aRR Y Clm,patan]
ox T %1 o ) X 0 A —_

o X 2R [ R R o e T L%
AR A T T o e ol A o S i Y, S AL - I ol T
L . ™ o I o oy T ,I,AnnHﬂ_H,I_I_OMZ,.ﬁ _WOEA N ‘_lryl B -

= = X oo o ot R OE =t AE .0 e =
w2 g T ey B o MEpmpd T TygRxPoTLET %ﬁ,_
pEEprs® TEERW aflopprn w s, TagT g Y
‘WE‘HO.LAT.E‘H_OIA..#;OZLQ._OT ‘QI‘LI‘UI‘MWL@EHO_TT],ﬂl‘lﬂiL‘Ul‘._tATHHM-OHT_‘O"”L:OE“A' ;Iryl
W N o %%Ao%ﬂuiﬂouﬂﬁtﬂu@ oL,%ﬂnEdrEu " m g chLeﬁATQ
0 m R _Fe oo TR T E W = F oy T L x
%%@}LMMiﬁimﬂ%ﬁx‘ollbtﬂu%oﬂo ,ﬂﬂﬂigeiwﬁiﬂﬂEﬁﬁolﬂﬂau%dﬁcﬁmﬂohﬂa
N o 0 N o~ — o e = o o T T
R o Mol Mgr R T gaT predimsiaile? Ty m%
~ 1 OMﬁﬂﬂLﬂlo_ﬂl@LﬂTmMﬂwﬂLo JldﬂMUrLEaAoo»iimﬂﬂaAﬂalX ol
] IR R R R T E R =
SRR R o Pl of B o o p i R T B g M e B
P B S m o g B T L By D Wy ?
ol g A X o0 o KO o) o _, X — B X ~
® g C Gl il mﬂxﬁﬂé%%m#mﬂﬂoﬁﬂuﬂﬁ%u.nznﬂoux N N e
x%mﬁﬁuaog}ﬂzt o T < TR R TS T 5o
- e e o NT T W T o) _ B w0 = AP O
— "m0 = - T ~ Va = N B b of -
ERXE Y E N S s ey MEIsan™ O PR X sgp o 3
P .640314:.1m|nn JlEio —_— = <o) B oEK 7_;d|% T
ﬂoﬂa%ﬂbioﬁxloLﬂﬂwhﬁﬁuEﬂr.mCATVLW‘_.m_l_q ﬂo!]ﬂ]ﬁ_/uﬂo}mz_,mﬂou@mﬂouapmﬁ:
‘N,._ ™ = N X XJ. o o E _
L%%%%wwwi,%%EMé%ﬁ@%%a%@%@vﬂ%wﬂﬁiﬁﬁﬂ
= 1 P T &N H o < N R o) X o)
B R W W g Wﬂwﬂ%_gﬂﬂgmo%ﬂwman% %ﬂm%arﬂw cor B U o
%0 o o o W XN g T T %o o X TP Ho X B % o M o oF CE
2 RTEMA T Hes TAigdT g T TN LT T R M

~ g0 X Mo = e ™R o W Jﬂ»l;dnﬂluuﬂoﬂ N B o )
MW RKTPTHRT A WHBTTFRERITRBERHETHT T NI T ® MW I W
BT R 3 N R TOE N ®m WART MW oW T F R HE T
TR O RIABPENRRTT RN oNTEFRIT Ko X %K AN

327

2. |24 W7

[¢]

=] 7

H

o

2

2.1 AF9Yg- T2

Copyright © 2023 KCTRS



Development of Auditory Rehabilitation App Based on Digital Welfare Technology for Hearing-Impaired People with Cochlear

Implants

X oF

s}

o]

5
ny
am o
30 ®
! B
a0~
oF Wc
(=9
I g
o E
Mo o
= N
o o
B
g To
&0
Q
2 A
g4
he)
%
Jo N
~ B

SoH17].

)

ﬁo

</

X

A
A=

o
ﬂmO
A
el
NE
-

~
sl

N

Al

4ng

H4

o)A}

ol

ATH17].

AL z= A

22 AT

whe 4 ¥ ojof

Ha=a= oz N

7= 9]

N
ply
o]
=0

H]
B

[Table 1] Developmental Stages of Listening Skills
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4
S L) # stt Zat
res = stt(args.file)

4000
json_file = wav_file.parent / pathlib Path(vav_file.nase.replace( = vav= . .json* ))
3000 if json_file.exists():

2000 with json_file.open( “r” ) as f-

2|4 (H;

data = json. load(f)
transcript = data[ “annotations” ][ “script” ]

pronounce = datal “amnotations™ 1[ “promnciationForm” ]

1000

# cer

cer_setric = load setric( “cer” )

) cer_score = cer_metric. compute(

T e ot predictions = [to_lsbel(resl ~transcrint” 1)1
73 = [to_label (transcript)])

# plot spectrogram

sound = Sound(args.file)

spectral = Spect ralFeatureExtractor(sound)
spectral .get_sagnitude()

spec = to_arrav{spectral.get_spectrograa({spect ral . sagni fude) )

width, height = spec.shape

figsize = (1, height/width) if height>=ridth else (width/heidit, 1)

figsize = [s+3 for s in list(figsize)]

plt.figure(figsize=tigsize)

plt fitle(f SH: {transcript n LS : {res[ “transcirpt~ | Jn Y BRE = {I-cer_score=.4f}" )

# pause_time
Pause_times = IpBundary(sound.signal, sound.samele_rate).get_pase times()

(1§ 4] BREE £ A 8 o A=

[Fig. 4] Speech Intelligibility Analysis Results and Source Codes
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[Table 2] Participants’s Information

Classification Frequency(%)

20-29 3(25.0)

30-39 5(41.7)

Agelyn 4049 3(25.0)

50-59 1(8.3)

Bachelor 3(25.0)

Education degree Master 8(66.7)

Ph.D. 1(8.3)

<1 0

1-3 1(8.3)

Working 3-5 2(16.7)

experience(yr) 5-7 6(5.0)

7-9 2(16.7)

>9 1(8.3)
A B FAAIDENA G ART RS B8 Fu, o) gy WhE
S8 HEE ATEA Sl A4 ks AER Soldw wsH bx, T,

BEAAS 7] g AAALL. [E 3t Lol A GeiolNel Fa e e
g0l o] 433(SD = .87), %24 7}x 4.08(SD = .80), T4 3.92(SD = .56), & 284
3.83(SD = 78)0.2 »}Ewu} Ao Agsl Besn wsd AddE 244
HEgol Ak, A A o2 Fr s EAg el WA Y 9l 715 e) el Bast
F7H mebe gRomt AN B4 U g ALl A4 H7hE wofel
#Ho]l zfolE o & YA ¢

=2 6 a1 = = T —1_E_g
qeHor AT ¢ ARF AZs Fo] Bes 9, TSwHH At
48 whol WHelt 9% RIS AN F dsst Joe o7, GwdRL
AR FE] A4 FHES 7 A Py ol Basth ool A AL,

334 Copyright © 2023 KCTRS




Implants

Interactive
3.83
(.78)

3.9
(.56)

Interestingness

4.08
(.80)

Educational value

[Table 3] Usability Evaluation Result

Ease of use
433
(.87)

Mean
SD
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