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Purpose: This study aimed to explore the impact of web-based auditory training on speech perception
in noise and cognitive-communication abilities in elderly individuals wearing hearing aids. The
focus was on addressing communication difficulties commonly experienced by this demographic.
Methods: Twenty participants, with over 6 months of hearing aid use, were divided into a training
group (undergoing 8 weeks of weekly 60-minute web-based auditory training) and a non-training
group. The training program included tasks like listening to sentences in noise, short and long stories,
sentence arrangement, and crossword quizzes. Various assessments, such as Korean Repeat and
Recall Test and Brief test Cognitive-Communication Disorders evaluations, were conducted before
and after training. The Korean version of Montreal Cognitive Assessment test served as a pre-
screening measure for cognitive impairments. Results: Significant improvements were observed
in the training group’s speech perception in noise, recall, and cognitive-communicative abilities
post-training. Conversely, the non-training group showed no statistically significant differences.
Conclusion: The findings suggest that web-based auditory training holds promise for enhancing
cognition and communication in elderly hearing aid users. Future studies could further explore the
comparative effectiveness of auditory training by categorizing participants into face-to-face, remote,
and hybrid groups. This research contributes valuable insights into addressing communication
challenges in the aging population through innovative training methods.

KeyWords: Elderly, Auditory training, Speech perception in noise, Cognition, Communication
abilities.

INTRODUCTION

AA| Q179 15.7% (8125F ), 202560 20.3% (1,051 ),
2040900 34.9% (1,7229F )2 o4}t lch(Korean

MAEA7]F(World Health Organization, 20209141+ Statistical Information Service, 2021).
A AALY] oF 6 634 6HRE H AlgtEo] HEEAS AL Q) Q1 QIF9] S7h= w3ket #Eo] Q= ofd 7k AeS F
om 2050E714] @ 99] ¥ ool FHOE ofHFS HZ A I e At EolE ¢ U uigith ket e A
O 2 digttal Husigint o] & QI IF= AT E A & F HEHCRE FYY E4AS {2 & Ak A NE T
A Aol og7|&o] WAm 47ke] et ¥4 22 7|t EH 6041 ol k2l 4= 20109 179,26278°014 20204
I Bt 2P HA; ke, o R LRI9 QIF = 3957890 & FTlelom, HA| Aol =04 60A o]

7} Z71st), 3715 B U BWHOE ol JOR o
T % 9k S 6541 ol =9l Qo] Bleat S v
of v WAE o) o BhE ST S5t 91om 202040
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AYo| 25t BIFE 68.8%0lA] 85.3%= =oFAtH(Korean
Statistical Information Service, 2021). TSt F< @2 A7
ol =19 QIoll A Q] &Alx QA oo thgh A+t A}
of| whz} Aol o] Aol gk Iilo] S7lstal Utk

Lok WS A0l A Qe WY =902 =719 ofEs
O 2 Qlof YAAEe] A 2AA Ht BAA 3ke] 7H
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ZollA ol=igt RGO & <lsl LYol FHHAS] Tk
A, Hr] TY Ak S = Q)AL AREE AR 24
o] Z7Fsk7| % gttt o]2jdh WY EAIE siZsk] sl 7 B
HARl o] e HA7]9 Abgoltt W =052 B
715 &5 Hed 2837 oA =7 TSt =2 w0
250 WolR= oA of&= RSk

S A3 H(Healy & Yoho, 2016). W =R19] 453} 01221
7} o3& o f= EAF o2 Wz H7h &4do] YRlojt). &
o] (cochlea)?] &= (stria vascularis)@} WA (spiral
ligament)2] &3}, A A17(auditory nerve)d] =3}, UYA1A134
A% (spiral ganglion cell)®] % 50| FFS 7|2 (Mills
et al., 2000). 35347159 E3} E3 235} oA 5
S AstAd £ Qlek w3t XY 29] 114, Ak, Zo]
52 ¥HHotE= 50| Aot (Schneider, 1997), #FE Ui
2] IA(Gordon-Salant & Fitzgibbons, 1999)°|4] o0&
= HQIth E 9] L3fof W 7| 9 ©@7] 7|9 T4, A
BAY £ A5} 5= FFL 71AH(Willott, 1996), 24719
(working memory)d] T4 ESH 42251 £7] 58S A5t
7]%= Q92lo]th(Borch Petersen et al., 2016; Gordon-Salant
& Cole, 20106). 0|2} Zo] 455} o] 3= U2 9 F5%
717153 QA 752 ARt B2l A7 Bgo] 8B R
(Schneider et al., 2010) 2831 AISIHT}H ¢ @2 A= 1-Ho|
Z 8ot JZ44 Q1A 7159 F
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R
N

/g0l a7
W Q19 QI A B 235} of3RIA S SlsiA
= B2 dAES 5401 HeEHS Al (Gohari
et al., 2023). of2] A% ATINHE H5EAL AYSAL 1
oA = 9 FARIAE 5 o129 1A 5N ofyzt 4
2ot 2golAel Q1A ool FAEIAS & B TelsIcH (o et
al., 2013; Kim & Lee, 2010, Kim & Lee, 2017 Yeo et al.,
2014). o83t THE B4l A A £7] 52 S5 F4H
71985 97-5to] AR &9 gt A &35t of3<l
A ESt 27151922 H 11519 (Anderson et al., 2013),
ASHA| 42 Ao gk 713 A SEofA k. dukAel
Aro] QIS H 15 tHSmith et al., 2009). &35 o]0
A Tz 9 SV 150 QA7 5 AR HEA A
F}7go] Q4% E Z(Schneider et al., 2010) -85 A3+t ¢
B2 7] o] B asit
S dubA o 2 F7Ertet AT A714
O 2 tjysto] &S ZPsl| wizoll Akt A 121l B
|9 ZAZE ARl w2 Ay Atol|lA Hs27o] it
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H THofA9] H5THS YO E B& oY 4= ot =<
9] -l W2 28Rl 7|9t A5 =47t /=] o] tiEstE]
o] ARGE L Qlet 7 ti o3 Qe T2 IS LACE®
(Listening and Communication Enhancement)® W3
=9 ojg}E HFH AolA =71 58 T A S &
0 2 EAHSaunders et al., 2016). A7F I=3F 24,
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Louis, MO, USA)7} it} Amplifyd] A% AlY 7|Hko & &4
Al EH& AP 4= Qlok= E40] Slok 12~165 599 &1
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H A7 Feed TR 52 ofg] 7iX)7L Qlom WIS
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£ 79ko 2 3 o] ETAlo| & i A dStote] EAE &
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MATERIALS AND METHODS

AT i

2 Atoll= 3 o]jof] o]itd HEo] §li= 6541 ol
75A] w[gke] 678 ol BA7] 2H8A F T 109, HlEd
= 108 & 2078 & ol WY QS thdo & SISith
o} SRR =8} ol wt A Arto] FFS vAA| L=
5171 §Joto] SATT Bl AT TF o] SRAA =t HY A7t
H|5H| BR2SHES RS BY5HATE Korean Montreal
Cognitive Assessment (K-MoCa; Kang et al., 2010) BAME
B5to] QIR £AI7} Q= VA FodRlE 2E Astelc

FE QAR AYE 208 F 1082 H5E-d(auditory
training group, ATG), 100 H]&&(non-training group,
NTG)L.& o5ttt ATG 10%8(d 69, o 4%)2] Hat <



2 71.70A|(standard deviation [SD], 14.80), NTG 107
(‘Ef 59, of 5%)9] B A2 72.00AI(SD, 16.75)ct.

A7 SF4 2GS NS AHFHA|(Harp; Inventis,
Padova, Italy)E AH&sto] HAlolA 33804 9 2%
HALE AAFHE ATGS] B37] 28 pure tone average
(PTA)= 2222 43.06 dB HL (SD, 5.69), 922 4572 dB
HL (SD, 8.46)Z YEFITE NTGE 222 43.60 dB HL (SD,
9.19), ¥& 46.67 dB HL (SD, 8.46)% YERET] ATGS] word
recognition score (WRS+= £2 & AL 7|22 E 56.90%
(SD, 13.66), NTG+= 55.40% (SD, 11.05)& ATGY] SRS= =
2% 157|222 78.00% (SD, 11.05), NTG 82.10% (SD,
946)Z Yeth F 159 9 A vol, ¥ Fx= A
Ao g2 FolsA thEA] ehkotH(p < 0.05) WRS= BAKL
2 FooHA th= A eketth

&l &
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75 gl A=of| gt ApAIRE AR Table 101 A4S

7kl Sio) WA 71 Axe RS 2e

A PTA, WRS, sentence recognition score (SRS)

At At 2glrlolele] Weke S5 9
B715 % 28] E A4 A} Selo] T 439 85
37 Alyst e

Korean Repeat and Recall Test (K-RRT; Shim, 2021)
4 =719 AL &S0 3 8 5 ¥
(Kwak & Han, 2021) 1831 K-MoCa (Kang et al., 2010),

o] 485} 2

digit span

&HheF Uk (Kang et al.,

2002; Song &

Choi, 2006) E&7] 9t&x HAIZ K-PHAB AAHKorean
version of Profile of Hearing Aid Benefit-Quick version
[K-PHAB-QI; Kim & Lee, 2020)5 AA|5t3tt. opA|ato =2

O QIXHARRLS] HHBAE Fobi 7] ffste] BCCD IAI-
Table 1. Information of participants

Subject Age (yr) Sex HA/type Aided PTA, R/L (dB HL) Aided WRS/SRS (%)
ATG1 72 M Both/RIC 45.0/40.0 56/78
ATG2 75 M Both/RIC 50.0/66.3 56/72
ATG3 71 F Both/RIC 45.0/56.3 56/75
ATG4 69 M Both/RIC 35.0/37.5 40/78
ATG5 75 F Both/RIC 45.0/43.8 48/57
ATG 6 75 M Both/RIC 51.3/41.3 48/75
ATG7 68 F Both/RIC 42.5/49.1 48/85
ATG 8 74 M Both/RIC 40.8/44.1 56/72
ATG9 71 F Both/CIC 35.0/37.5 85/96
ATG 10 67 M Both/RIC 37.5/41.3 76/92
NTG1 69 M Both/RIC 31.3/35.0 70/96
NTG 2 71 F Both/CIC 45.0/40.0 32/75
NTG3 75 F Both/RIC 60.0/61.3 48/73
NTG 4 73 M Both/CIC 33.8/35.0 56/90
NTG5 67 F RT/RIC 42.5/- 72/88
NTG6 71 M Both/CIC 42.5/45.0 76/92
NTG7 69 M LT/RIC -/43.8 48/73
NTG 8 75 E Both/RIC 45.0/48.8 48/73
NTG9 75 M Both/RIC 42.5/45.0 56/88
NTG 10 75 F Both/RIC 50.0/66.3 48/73
ATGavg 71.70 43.06/45.72 56.90/78.00
NTG avg 72.00 43.60/46.67 55.40/82.10

HA: hearing aid, PTA: pure tone average of 500 Hz, 2 x 1,000 Hz, 2 x 2,000 Hz, 4,000 Hz, R: right, L: left, WRS: word recognition score,
SRS: sentence recognition score, ATG: auditory training group, M: male, RIC: receiver in the canal, F: female, CIC: completely in the canal, NTG:

non training group, RT: right ear, LT: left ear, avg: average
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JAtAE 7THHAAAM Brief test Cognitive-Communication
Disorders [BCCDJ; Lee et al., 2021)E AA|5}3ck

Fol
rH

M MEAAL
K-MoCA
AL QAA o AEAAR] K-MoCA (Kang et al., 20100
i A ol Al skt i dAtoll Al K-MoCA AAHS A4S 2
I}, 60 233, 70t 207 oA 2 ARl 5 K-MoCA
3% = 9ol =] AR o7} 3lS= SRtk

H552 1S W
K-RRT

K-RRT= £33 28 AEAL aVdaAl 35 = 484

3 24711 AAtz =] AT

220 B7F

7} =4= WA 10 dB signal to noise ratio (SNR), 5 dB
SNR, 0 dB SNROJA AA &= T4 A4 d4: 65 dB
sound pressure level)& €11 It wat @l Aol
W7} S S R Qo] 18] S 7} 720 gt Az
= AlBstelth AA] 282 419 e E Hi Tof 207 5
Hepop] wel Wt gholo] 52 AlolA] W= 2hbsieic

Il | sl4ete] 24 T 7]
£ UM sttt Wb e AA] B4 4719 &
o] 1471 & FRES o R-E H7|oto] Wi ER &

AFetod) &9k AAF Y82 10, 5, 0 dB SNRQ] YAISH &
7o 2 = ASoF EARIAAAL 3719t 4779 SFHAL 1=
TAEo] AT HAF AJZF & 7R 30%0|t) &8y Bt =+
AT sAF0 Y8 Ah, TS E 240 dEE EFow

gl ek

S} B 2 52 20}
483 BH =8 5 Wk A £ StolH £7] 18
2 guh} Sl9A] A7t ok Aol 10~187H) B4
Hess £7] 58 P4 dnlsit mEE £7] oyt
(10~9%), £7] 91814 B2 w22 5trhE~73), 71 918
B 122 S9H6~5H), £71 Aol 23 wSIrH~37)
wSh Qhobs £7] 4rh~19)) Y02 B

A Z (forward, backward) 722 ZIAF

AY71fRE WA Aste] 245 HALE AAstsck
ZAE AR Shim(202D)9A AHEEE B7HE AHE-SHGIT
HAAAE 2~10709) $2AF @2 1439 digit forward®} digit
backwardE 7} @919 2314 AASIGIH, A4S AL
A 270 5 ViRt 2E A 4SS AH =30 = 1
% 5 ¥ nE 59 49 o9 A 24502 7125 A4S
Sotlh tidAelAl BARE AAlsl] A olE HolF=ar AAL

WS AL A= 2 GARE AASHIT

K-PHAB-Q

BHA7) ApAe] 34 HEEL AARR ease of communication
(EC), background noise (BN), reverberation (RV),
aversiveness of sound (AV), localization (LC) &&of ot
FHA G7HE AASITE F 10719] EF0.2 o]Fo|A Qi

Table 2. Categories of brief of cognitive-communication disorders (BCCD)

Category Subscale No. of items Scores
Cognitive Attention 2 4
Visual perception 1 2
Memory 3 6
High-level understanding 9 18
Subtotal 15 30
Communication Understanding 4 8
Expression 4 8
Writing/reading 2 4
Pragmatic language 2 10
Subtotal 12 30
Total 27 60
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5347] 38 3 A7 SHOR S W 4 ek ol
We4E H47} vk ddo] 2858 47t ok Ak

BCCD QIX|-QIAAE R0f ZHEZA}

B3 A% QX WshE 1] 9istel BCCD A
e AN A4S Aol EAel, o RE £
ofel, A7, s]ete: TR A, ofa, 27, 27, 5182l
ol2 /=0 Jtk(Table 2). ZF 1558 304, 1283 3082
2 $HL 0ol 58 Welz FAP} 7hsstel zhEsiA 4

RN F 82]7li 33 60%S 7o E AASHA
o} w5 13] WHEste] HA71E 2HERt AdElolA £ 50
U B FeEd AEE 9 1087 e skt 4
TEHE BY7] A5 4% Bl BH719 Aol ool 9l
== ZRIgt & dFAE BAGAlol AHESt= BA7] AT A
oA A5t AT AH(BR-1500A Plus; Britz, Beijing,
China)2} tiAAF 719] 743]“ 1 m& F93 Hokst A8 (most

comfortable leve])2 k&
A2 39 YJrES ”H—Zr ol 7he ol g X ASHA
AAJStATE A 5

T X EWE ¢ Xé% LHE A SHFAH. HE
T U89 42 offie] 57 FE B 102 e S
AT = AEF sten tdAE 60% B BE 5 Se
9| dolg AdHstol AAISIHTE 80% ol FHES

B 9 o|=] £28 4T 2k

=7 A, 2 oJo}f
7] £7](Lim & Bahng, 2016) 71 ojo}7] E7](K1m & Bahng,
2017), &% £A43}517]1(Kang et al., 2020), 7t=2A|2 H=

(Back & Lee, 2016)2 F-4=lo] Sick. 22t9] 4 L 91o)
A AT B F B oAaEe] St AIpt dee
ZHstack
483 B4 B 28] Xyslo] I S SR
719j5te] thi] wspA Shoict. & % Fobsg wel 2-381%
A] BREste] SeRI Wop Stk AR AgolH Zshd 2
S0 GHE WehAY A SR, Ago] Uk AF B
SISt BROIE £-90] gl 24 Sej% 4
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100232 & F7d=]o] itk & &2 HA7] AREARS0] 7HE
€71 ol 32 AAsto] Solof & A5 MFots 58S
A7 Hl E24o] it

2 olop] 71 F MY BHOE o]Fojd F2 olop]
£ £ F9lo] ot oloprsh=A] A WokA ot &
oj7t 9] & W= A = Hol g o] SRt A
A(EAA 73]), S-2ESHGEAY 93]), FAGEAA 73]), 71
EHOEAA 73))9] g0 2 =0 9t & E2 7|9=s
HHESA B4 Fo2H S ol d &= Qe of= o 54
o At} E3 7|YEE F5T 4 UEE o= W dolE S
SO 2 g ¥ A HE Yol g BS B 1L
ol 4= QI F ol EFo[tt.

21 olop7] €71 4~5719] £40 & o|Fo]Z] ofe] 7H] A4
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71E oA S Wk 2 £ B 1 7|90k
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A WA= ==Y ?EV\P 01 SIA T HAL AR =
AALE sP7] {8l BEAS AAISH FHHAP|(Harp: Inventis) &
AR&SESIT

AT AHEE ATAE BritzAY] B 2AEWAE
(BZ-SP600X Curved Soundbar; Britz)& AH8-5F9al 30 W
e}t 45 AMEAE 71 AuAE ARESISITh WHE-Seuta
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Al AFESE A17(JBL CONTROL1 PRO; JBL Professional,
Northridge, CA, USA)= 22040l 150 W o+9]€} 48 e A
oF Foff £8-2 150 Wt ¥h-&-1t=+&= 80 HzollAl 20 kHz
ol HFE-2 0.5%Tt

SH 24

93 A7H= SPSS 12.0 (IBM, Armonk, NY, USA) 4] &
ZEJo}E A-8oto] 245 2 A 32 3-7]7} 25
< 1Esto] HES FA BAE AT 5L B
HA(Wilcoxon signed rank test)& 53l & A50] E}E} =
AL} H|Z A0 & o] Blwsignt f9gE2 p < 0.05¢
7390 BAZ 2 {3t Zfo7} Y= AL E TSI

RESULTS

TFollAE= F 1089 ATG, 1082 NTG 237] 2H8 =
thato & 72 A3steich 3 13] 60E 8537 H%
AAstot. &9 G35 Brkep] o &3 Al A2
8F7t9] FHo| £t A ¥l F I W22 K-RRT AA

A 0 dB 5 dB 10 dB SNR} 3|AFAALe} iS
5t £7] 8 7)), A= AAHdigit span) Z18]2 BCCD 4
AHE AASHTE T3 & BA7] TSR BISHE 2] floiAlE
K-PHAB-QE B7FoH3it

rQ

R

l

d

fl

K-RRT

HsE20| 2 ASot 0SUXH

ATG 10 X5 K-RRT &-&st E4RAAAANA 10 dB
SNR, 5 dB SNR, 0 dB SNROJA £33} o-221A|&o] Z7}
Sto] GoJujgt 2jolS HYrh T 1089 483t £7] ¥
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10 dB SNR 5dB SNR

ATG

0 dB SNR

7hollA A3gr2 10 dB SNRY o &
(SD, 4.96)°|9 && Foj= 82.25% (SD, 2.75)= UErgth
5 dB SNRY o &3 Hofl&= 59.0% (SD, 5.13)°|H &3 3
£ 83.5% (SD, 2.94)F UERdTh 0 dB SNRY ©f &3 Hofl=
34% (SD, 4.28)°]% && o= 69.5% (SD, 3.74)2 Wl
NTGE] 455} of3R1A1E B7} A7+= 10 dB SNRY of &
Zoll = Bt 79% (SD, 1.68)01H T& Fojl= 75.5% (SD, 2.37)
& UEPTE 5 dB SNRY o) &7 Holli= 64.5% (SD, 3.17)°]H

T8 dol= Hd 66.5%

&8 3= 545% (SD, 3.2)E UrE}LH‘% 0 dB SNRY o &
Zofl= 28% (SD, 2.17)°19 &7 Fojl+= 23.5% (SD, 2.3)Z U
Epstet

H 4 B4 BE4(Wilcoxon signed rank test)& AA|
3t A1} ATGE £8 A%0] 10 dB SNROJAE z = -2.689
(p = 0.008)%1.2H, 5 dB SNRAIA+= z = -2.673 (p = 0.005),
0dB SNR z=-2.199 (p = 0.005)% 2F EAH 0 &2 G051
ok NTGE &3 A% IF TAZH R FololA kot ¢k
Tk 7F& H|E Figure 197 AJAISIIH:

ds=0| ME 230t 08 7 =
2 Aol S PIAEY 230t ol HFH =82
A A B+t 7.70 (SD, 1.70)°1H && Folli= B+t 6.50 (SD,
1.35)0191t. &AL £55F o] FF F2 074 ¥

T 7.60 (SD, 1.07)°]% 852+ Bt 7.90 (SD, 1.28)°13itt. &
AHOE o3 Aol gl Ao tekgthi = 1796,
p=0072),. ¥ F9 1% 57H& vlWE Figure 201 AAISIAT,

B4+ 45.70% (SD,
@E}. B Rex=Eel
B 61.43%

100 M Pre
90 M Post

80 *
70 1 #‘
60

50
40
30
20
10

SRS in noise (%)

10 dB SNR 5 dB SNR

NTG

0 dB SNR

Figure 1. Scores of sentence recognition in noise at pre- and post-auditory training. SRS: sentence recognition score, Pre: pre-auditory
training, Post: post-auditory training, SNR: signal to noise ratio, ATG: auditory training group, NTG: non training group. *p < 0.05.
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(SD, 1.34)%ck. £ 2 2 -2.816 (p = 0.005)0.2 54/
08 Qo5 HIEHT-S 23 -1.633 (p = 0.102 2.8 54
o2 5 A} To] Golaha] ek Ho 2 Uehgtt B 53
A% Z7}& 8]0 E Figure 39] AA5HATh

9 M Pre
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Figure 2. Scores of listening effort at pre- and post-auditory
training. Pre: pre-auditory training, Post: post-auditory training,
ATG: auditory training group, NTG: non training group.
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Figure 3. Recall test scores in pre- and post-auditory training. Pre:
pre-auditory training, Post: post-auditory training, ATG: auditory
training group, NTG: non training group. *p < 0.05.
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Figure 4. Digit span scores in pre- and post-auditory. Pre: pre-auditory training, Post: post-auditory training, DF: digit span forward, DB:
digit span backward, ATG: auditory training group, NTG: non training group. *p < 0.05.
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Figure 5. BCCD scores in pre- and post-auditory. BCCD: brief of
cognitive-communication disorders, Pre: pre-auditory training,
Post: post-auditory training, ATG: auditory training group, NTG:
non training group. *p < 0.05.
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Figure 6. K-PHAB scores in pre- and post-auditory. K-PHAB: Korean version of Profile of Hearing Aid Benefit, Pre: pre-auditory training,
Post: post-auditory training, EC: ease of communication, BN: background noise, RV: reverberation, AV: aversiveness of sound, LC:
localization, ATG: auditory training group, NTG: non training group. *p < 0.05.
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