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ABSTRACT
Suggestion of hearing aid gain for Korean Hearing Impaired (HAG-K)

Kyoung Won Lee' and Jin Sook Kim®

"Department of Audiology, Hallym University of Graduate Studies, Seoul, Korea
ZDepartment of Speech Pathology and Audiology, College of Nature Science, Hallym University, Chuncheon, Korea

The purpose of this study was to suggest one method of producing hearing aid gain for Korean (HAG-K) formula utilizing loudness
growth of normal hearing (NH) and sensorineural hearing loss (SNHL), and long-term average speech spectrum (LTASS) for average
conversational speech level. To yield HAG-K, the LTASS of NH was firstly obtained and simple equations were derived from
differential dynamic ranges of SNHL which is different from those of NH according to loudness categories based on LTASS of normal
hearing (LTASSnu). Then LTASS of SNHL (LTASSsn) was calculated using derived simple equations. Finally HAG-K was
determined by the difference between LTASSnu and proportionally derived LTASSgn within the dynamic range of SNHL at each
frequency. However, in order to calculate effective HAG-K, it is necessary to further analyze with real-ear to coupler difference by
age, shape of hearing aid, upward spread of masking, occlusion effect, tonal quality and etc. Additionally, appling Korean speech
intelligibility index which is different from English and evaluating user's satisfaction through self assessments should be considered.
Calculating more effective HAG-K for the hearing impaired can increase degree of satisfaction after wearing hearing aids and can
positively affect improving the tonal quality and reducing the period of auditory rehabilitation.

KEY WORDS : Gain, Hearing Aid, Hearing Aid Fitting Formula, Korean, Sensorineural Hearing Loss

INTRODUCTION Z7Hgo] vrom, GolQIX = (WRS, Word Recognition
Score) 7} AstE 7] wlEo|tk(Ricketts, 1996; Cox et
ol 53] ZZAAAA WA (SNHL, sensorineural al., 1997; Elberling, 1999; ¥-+7 & ©]7€, 2009).
hearing loss)Qlo] BA7)2 248 u] t)a}S (speech L83 BA7] 28 Al 259 Arfst |7t A& <1
sound) S EFACT HH3 4= JrE By o)E e AE WSk Ak (upward spread of masking),
TS24 (frequency response curve) 18]l F &7} (occlusion effect) & 18+ S (tonal quality)
%2 (OSPLY0, Output Sound Pressure Level 90 dB A8t && xeldfel sk7] wiEo|tk(Byrne & Dillon,
input) & A4sh= AL wl$ oy FHolt}) 1 o= 1986; Leijon et al., 1991).
SNHL?1¢] ¢5H (DR, Dynamic Range)”} 77219 HA7EA BA7)19) o]5 = OSPLIOS adHdo=w
03] FobAl 9lojA] H=eIx|(HTL, Hearing Threshold — AFESH] 218 3719 ARdA (prescription hear—
Level) Bt} #2452=(MCL, Most Comfortable Level)©]  ing aid gain) %% H7]12 342 (HAFF, Hearing Aid
Fitting Formula) & ®H&o] AREsta Qict dAA ARgstar

Rz 2011d 112 042 = el HAFF:= HTLO 1/2 & o152 43t
AAEEL: 20114 129 06% B, = Lybarger(1944) €] 1/2 ©]5%¥(a half gain rule)<
DMK ZFL, 200-702 ZY% FHA FPojsid 39, ~ - - - -

T Aduae ol gan, gagelays OS] o FHE F Argshn glied vl 4e)
A3} (033) 248-2213, A% (033) 256—3420 = BRI F3lel fdEs sk aldel HTLE

E-mail : jskim@hallym.ac.kr

119



m AUDIOLOGY - 5MZ 2011;7:119-123

1/2 & "Hshd SNHLE MCL ol =it o]
th AF7H] /g HAFFO] 548 Awny o]58 &
Ao R AES] fJeilA HTLS 7]Fo® skl 9lom,

WA8E] QA AT e o5& Eol= Zlo] ¢
iFRolt}y, HA35E7]¢  HAFF&= POGO
(prescription of gain/output), Libby 1/3 = 2/3,
NAL (national acoustic laboratories) 18] °]& 474
8k NAL-R, DSL (desired sensation level) 5©| 7§t
Hol ARgETE HAEFTE = ®HE A9 AF
(moderate sound) ol 22 48] (soft sound) % &
42 (loud sound) el thgt o]5& HWER A&l vl
FeH71°] HAFF= 3919l HTLE 7ISo= o5+
A1 Fig. 6, NAL-NL1 £t NAL-NL2, THAFF
(threshold version), #2#0% 7S % 3h= DSL
I/0, &%%57Hloudness growth)E 7|Fo®  dh=

IHAFF, ScalAdapt (adaptive fitting hearing instru—

T

Berger,

ments by category loudness scaling), VIOLA (visual
input/output locator algorithm) S°] thxAolw, Q=

2 HAT] AzAtAA] A o2 A&e HAFFE 23

NAG RTESOle] st} At AelA &
214, 2000). AR Tkl e HAFFE: 837)

1o oy

o5 As Q1% At Wo] A& gebA e HTL
2} sheele ZHbe] HAFFE A2 o o5 4l Hul&
HS A= Byrne et al, 2001; o]F€Y & 1A%,
2009).

AA oM o 1, 5, s T8 dold
ol e RA7] Elu HAFFZF g RA7|2e
A2 E9 o] (hearing aid fitting software) & $¢lsle]
12l BA7] Aol AHgskal gtk 18y Byrne et
al.(1994), ©]7d¥ 2](2008a), °]d¥ 2](2008b), ©]73
2 9](2010), AXE & ©]FA((2011) T HioAx
AR R0l 7k Aoj= B gk Ak, o5
%1 9] (speech dynamic range) ¢+ ~AHEY, Fu}5-3F
97]% (frequency importance function) ol 21o1A =}
o] YERNI QlojA] Zh=e] dojol] ok HAFFE] 7l
o] Fe3ks AlAketaL Stk

B A= A NH, Normal Hearing) ¢l 9
SNHL©¢19] <227} H3i tiske @ (conversational
speech level) ol ajdsh= A7 |H o] S A ER (LTASS,
Long—Term Average Speech Spectrum)2 ©]&3}o]
S SNHLQIO| ZH-gsH= HA7]9] 0|58 gy o Al
Zsh7] Sl @ BA71A 52 (HAG-K, Hearing

o

[o
2L

Aid Gain for Korean) 2] #|&kol] that 3+ 7k« W
Qrtaxl STk - A oA AbESE HA7]9] o
2—cc AZE 7o, ARy} BA7)9] Fejof uk
olNAZH A}, AdTA 1E]a Hane] ok WRSe}

24 o) diaie wels Sksih

i
rlo

A

i
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METHODS

2 Aol A ARESE SHE7E] 54914 NH: 429
91(2008), SNHLE BHl & ©17244(2009) 9] A7 4
e ARSItk gEln it oigke dlEe] ojg
LTASSE s 1%l 694 3, o) 3)olAl =iz
FAEE (RS 9, 2008), A, EEwh S nEe
A71Z QA g oS 1/3 SERHMER S5 o]
dlolEl2] Axs 243l

HAG-KE& AFgsh= Wi 31 WA, HTLe| o&
MCL, E#43(UCL, Uncomfortable Level) % 1-77}
X9 7} &=A (LC, Loudness Categories) 2] W=
y=ax+b2] FH|o] dxpPga oz wEsIelch 7 WA, 3
o+ O3S gES Vo ® 3k LTASS7F NHE 9539
Ule] o SR sigeh=AE Eelstgion, o] Fk
& w)7F dB SPLo|=® TDH-39 #EEo) sdsh=
@&9ll dB HLZE gHksiaitt Al ®iAl, 17d<1e] LTASS
(LTASSw) 7F PQ12] Fopxl o5 Sl o] o LCo
AABH=THE Eeleh olF Fate] Al EA Bl
H3 LTASS (LTASSsw) & T8Fich mpxuto = 74zt
1/2 SEfRE Fohaeo ] LTASSews LTASSwel =}
olF Fte] BAY7]] o]5E Ttk

lo

RESULTS AND DISCUSSIONS

1) HTLO|l H2 2t LCO| ZAIAl AE

A LCE 1-7eAZ #8238k 1 LCx HTL, 4 LC
£ MCL, 7 LCx UCLZ 33tk #+3 & ©]7-€(2009) <]
Aq-Ayel A F+3F LC 1, LC 4, LC 79 412 z}2} [4] 1]
oA [4] 319 dapdgaor FH@S = Q)

LC 1 (HTD) : yi=awx+b =0.30x +75.7 ——[2] 1]
LC 4 (MCL) : ya=asx +bs=0.69x +38.7 — [ 2]
LC 7 (UCL) : yy=am +b,=0.95x +5.0 —— [4] 3]



Table 2. LTASS2| dB HL et Z{TDH-39 7|&)
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250 500 750 1,000 1,500 2,000 3,000 4,000 6,000 8,000
dB SPL 66.2 67.4 62.7 63.8 61.1 57.3 53.3 50.9 49.0 47.0
dB HL 40.5 55.8 54.7 56.8 54.8 48.5 43.6 41.8 32.2 33.5

a2a [ 11914 [4) 314 ol&
sk <Fig. 1>3 Zth

sto LC 1-78 =9

Loudness categories

20 60

Figure 1. HTLO|| [}= ZHLC2| Ha}t

100 dBHL

a8]a

AL o|F 1
H

<Fig. 1>l LC 1-4, LC 4-7 Alo]¢] LC7}
tk= 71 stell LC 29} 3, LC 58} 6
Falo] T4k

1=

.
pgae (4 412

10 oft

ve = gy Han(e= D) =a (emm e+

{Balc=1) =by (c=m)}] === —————— [2] 4]
7ol e dlF LC, n& % LCS) Folt.

[2] 415 =8 43 LC 1-79) A2 <Table 1>
ol VERjgL.

Table 1. HTLO|| (I} ZHLCO| HIA|

loudness categories (LC) equations of regression

LC7 y7 = 0.30x + 75.7
LC 6 ve = 0.43x + 63.4
LC 5 ys = 0.56x + 51.0
LC 4 ys = 0.69% + 38.7
LC 3 ys = 0.77x + 29.7
LC 2 yo = 0.84x + 19.7
LC 1 yr = 092x + 9.8
*x = HIL

2) LTASSww2} CSLof| 2 LCo| #x| =tel
B&K A A& (sound level meter, EEW; 2250

L 30002 WQlo] ¥} 78 moloa AA s} A9
Agle} B1%3t 1 m Aol 9R|sla, =EF LAE=

(Fds 9], 2008), w2, b glis BEe] AR
A 3 ok IR gk dEs 1/3 SEfEiER
=743ste] 71431l LTASSE akgith & oA
LTASS A28 7k 20019] g1 gl ¥ 7} 3
ol digt euAFS Fslel  FEpslon, oE9
LTASSw+= <Fig. 2>¢} #th

dB SPL
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Figure 2. St=F ZAR216H(d: 3F, OF: 3H)2| LTASSw 2| Tt

O HEHE}

750 1000 1500 2000 3000 4000 6000 8000

3) tEQIo| ZH LTASSyy AME

SNHLE] &3 LTASSwE k= Wi 3A, d=

A%AelAA T8t LTASSwE 7+ T3k ¥ FX(dB
SPL)E TDH-39 &|=:Ee] sfigshs w99l dB HLZ
Sbelel. <Fig. 2>¢] 7t Fak 8 LTASSw #=

TDH-39¢l alidsts @<l
<Table 2>¢} 2. =4, &4
3 7 A0 SFF T o= LColl sigeh=AE
skt AAl, sl LCE <Fig. 1> 2 <Table 1>9
TAE o] gato] Wl HTLoﬂ upe} o LCol
3H=A1E ERlI3te] SNHLE] &3 LTASSsve T3kt

dB HLZ sk gk
Fael|A] dB HLZ $H4b

<Table 3> <Table 2>°] W3t gt& o] &3ate] 1/2 &
Efpul= FEuleo o] LTASSwS dild LC I8
SNHL¢!®] HTLel w2 E3 LTASSwS T1-8H7] 3%t
W AS UERd ot
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Table 3. 2 It~

H LTASSwH2| s LC 5 SNHLRI9| S LTASSsn2| I A

frequency (Hz) LTASS\ : 3l LC 53 LTASSsy
250 405 : 31 LCs1 = 0.76x + 30.3
500 558 : 44 LCssa = 0.64x + 436
750 547 : 43 LCsz = 0.65x + 424
1,000 56.8 : 45 LCss = 0.63x + 44.9
1,500 54.8 : 39 LCsg = 0.70x + 37.7
2,000 485 : 35 LCss = 0.73x + 339
3,000 436 : 31 LCs1 = 0.76x + 30.0
4,000 418:29 LCoo = 0.77x + 281
6,000 322 :22 LCz2 = 0.83x + 214
8,000 335:23 LCos = 0.82x + 22.3

Table 4. HTLO|60 dB HLO| 4 T&i01 4D 7450 10| L TASSQ} ZIZHAIZIAIEA010| L TASSyy 12|11 512

Fig. 69| 2+ Fhtg H EHF7 12| 015(60 dB SPL input)

LEROI(HAGK), NAL-NL1 2

Frequency (Hz) 250 500 750 1,000 1,500 2,000 3,000 4,000
LTASSsn 75.9 82.0 81.4 82.7 79.7 777 75.6 74.3
LTASS\H 405 55.8 54.7 56.8 54.8 485 43.6 41.8
HAG-K* 354 26.2 26.7 259 249 29.2 32.0 325

NAL-NL1** 10.0 16.0 20.5 285 30.0 315 31.5 26.5
Fig. 6" 20.5 21.0 22.0 220 23.0 25.0 25.0 225
* . HAG-K=LTASSsn-LTASS\H
“* : |nthe-ear (ITC) ®37] 7|1=
4) HA7]9] o]59 A& [2] 5] 2 o]&al] HY7|¢] 2—cc 1= o] 5 (HAG-K) <

54 T tist ¥347] |5 Gain(D & [4] 5]
9} 7+o] SNHL2] &3 LTASSsnelA 7318 LTASSw
W grow sk = glow, <Fig. 3> o] 1T &
=3

30

Gain(f) = LTASSsx — LTASS\y ———————— (4] 5]

dB HL
120

100

(Yo ]
T\

7 - [ —
oy —
(VTS YY) ey 2 S - S B— AT LTASS s
4 < Gain
ol ~
T -~
= LTASSHH
125 250 500 1000 2000 4000 8OO0 Hz

Gain =LTASSsn - LTASSkn

Figure 3. 2&7|9| 0|=

<Table 4>= HTLo] A F3l5=oll4 60 dB HL! 7%

Tate] 372 NAL AtAaefA] 7dst NAL-NL1 432
Ego](version 1.40) AdellA AkEsk NAL-NL1 18]3
Fig. 6 HAFFQ] o]53} wlwdt Fo|tl. NAL-NL13}
Fig. 62] 0|52 ITC¥Y 837 181 2—cc AZHE
7102 AEsSi)

<Table 4>A AFEst = AL 2—cc A& ©]
52 250 HzeollA 35.4 dBE FHth, 1,500 HzellA 24.9
dBZ H2AE YERsT] o5 NAL-NL1S] 2—cc #E&¢]
ol53 wlms] HW 750 Hz ©oJ8le] Fulror=
HAG-K”}, 1,000—4,000 Hzell4+= NAL-NL1°] 1&]ar
3,000 Hz oo A= HAG-KE o]50] =4 Yelto
w, 2,000 Hz2} 3,000 HzollA ©]5¢] zkol= 1.7 dB ©]
sk A7 vebstkth Fig. 6942 vlaelA= BE Tk
oA HAG-K] o]5o] =A yvepster, 1,000—2,000
Hze] o]5o0] Apol7h AA vepyitt. & A7) A= g
= wgle] MEsks 2-cc AZY o]5S NAL-NLI
(version 0.9) &} Bl gk o] £(2008) 2] AT ollM=
3,000 HzE A9t BE T3kl A 2] o]50] NAL-NLI
of nlaiAl WA vkt 2tolE vERlth 58] NAL-NLI1



#}e] HlmellA 250 Hz$F 500 Hzo) o159 xjo|7} 25.4
dB, 10.2 dB2] #teo|2 Hlwd FlEdl ol HAG-K9] 4
= AR e Adad & sk 48] el
Ao 7 A7t} 783 von Hapsburg & Bahng(2006),
o]l 2](2008) 8] LTASSoA AFup9 131429
2ol 7F A EkS mlFo] & ul HAG-KellAl 1,000 Hz ©]
&} AFu<Re] o]52 NAL-NLI, Fig. 61 nlsiA o]
old Aog =3 4 Q)

£ Aele] HAG-KE 2-cc AZY o5& 7|70
2 AR oM, Wl AF, A7) FE Tl wE
AoltAEE AL, 3k, HAAad) ol g3 23 el
iaiA= aEskA] stk o] el &32Ql HAG-K
£ ks SlEiME deele] B sk e, sk
oA i Bgo] Eysazoy)=S Take o] 9w ax]
Z=(speech intelligibility index) %9 7]%#<l A7}
9 Feshth 18la 53, WRS 2 EARIAE AL #b
7PAEAH 7 (self assessment) 5& E3l0] 2—cc A=
3 o5 Felgs 2 wak 29tk 781 HAG-K:
5 AYSEH7Y HAdEHs E23eto] ndETE7]9
8] & (compression ratio) 2! %% 4] (compression
threshold) Z12]31 5A|7H(attack time) 2 3|AAIZE
(release time) Sol WM T A= = A== F714

Q) 7}t Basih

CONCLUSIONS

WgRlo] et R o=
“ﬁ—% 2-cc AZEE NFow
Seh} el HAG-KE ] Sla
= age ool a9, y_wu He) Goll me Ao
o) e A ENE FolY] A% 94 5
o Tlgt B40] T o]olAo} & Aotk Eat Jole} 2}
12 Yehls #ole) ojemeAsel 185 AR
AR} B A1) R Sol A ook
o

Mo

s
i)

N
b
o

gﬁt

@ Jlolek A28 HAGKe) A2 1371 348 )
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