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ABSTRACT mmmmm

The purpose of this study was to report three cases about how aided hearing threshold levels, word recognition
score (WRS) and subjective responses changed when the frequency compression (FC) function was deactivated or
activated in non-linear frequency compression hearing aid. Three subjects (6 ears) with sensorineural hearing loss
bilaterally and with no history of wearing hearing aids before participated in this study. All the participants wore
receiver-in-the canal type digital hearing aids with 20 channels. After the FC function was activated, the results
showed better aided hearing threshold levels by 5 ~ 20 dB and improved WRS by 6 ~ 14% mostly in high
frequency range compared to those of non-frequency compression (NFC). Their subjective responses of sound
qualities showed positively better compared to those of the NFC. This study strongly suggests that in case of people
whose hearing loss is severe in the high frequency range, FC hearing aids can help to result in better WRS.
However, the future study to accurately evaluate an effect of FC hearing aid used for subjects with sensorineural
hearing loss will need more elaborate design and to evaluate the changes of gain in both psychosocial and
listening-environmental aspects by using other questionnaires.

Key words : Frequency lowering, Frequency compression, Hearing aid, Frequency compression threshold, Frequency
Compression ratio, Sensorineural hearing loss

=24 014 128 2Y INTRODUCTION
=2amol 2015H 19 16Y
AREEY: 201548 18 19 Azuldeol H]F| TRk tlgel A iAo

WAXZE olFY, MEA LEHT XIS HYZ 427
RIS YT eigmigs b =tnl

(el = ]

o

b RR] RIS AEHE U SIS

!
u
3 oI5 ol717t ofelul el v o
Oﬂ

Tel: (02) 2051—-4951, Fax: (02) 3453—6618 2 9_] =
E—mail: leekw@hallym.ac.kr ~
2 = 4 YtH(Baker et al., 2001), E3+ HE

63



AUDIOLOGY - RSXHEH 2015:11(1):63-69

(hearing threshold level) EE ©WolQlAZ(word
recognition score)?] 7jAo] o]d-Lm o|Z <lg <

Aol W AR 2 4 Utk RS o
o] A ARLAE 1 dRelel A% ATeke
o A AZE & & slont bl dE weol
9] wEol nETA delel guE WEAo
Wol Wolglis F7% foed g EL o|Ealo]
E o= Fad=R A 7] (frequency compression
hearing aid)®] 282 1183 4 Ul Simpson
(2009)0] wt=® A AMESHL Q= FupdEEA

e mFIe] JHE AU feoR ofEsto]

A Fakgzel ol 4 sk —Zr 71 91(frequency

=W A== TR £(2012)9) AbHollA ALt
7O AHE EHAlSHo] P—?‘f— Oﬂ 29 9=

QY 7lee e W F=F
(aided hearing threshold level) 2 hofQlz
Aok ®Buskgict Ads) A-tolA AT EgHEo]
FUPAFEA 7)ol ot oA =] AT
oAl Uetsttt, e Folol] HlshA A2 47t 4
om, ofFAHEHC| T Fh=roj(o]F Y <, 2008;
Von Hapsburg & Bahng, 2006)E ARgdk= WA0lo]

O %3
A% Fu

FEo|o} dojel @ 220 AHe] of= Hw &
37} QU= Hhet Qe BEE wolrh

1>

1
s

o,

2

ol
|
7} 7
E
AN

A

(Spectral

_4
=

=rZ(frequency compression, FC) 7]59]

transp081tlon) AFute tfelS dAT HER 4= 2 A BN BH7E g9 FHo| gle
Sk AP FT4YU5 (linear frequency compression), A GG e] vy FaedERAYg7E 28
54 ol ol olitel Fmiu HAOR YRS 8 B KO /%S DS WS 0 25, dold
H) g Suk=9 = (non—linear frequency compression) A g ZAof tfgk 7jAo] ofBA WIlst=AE 4
W] SO T itk o] YolE FAUERY  mrsle)
7le AT ARE BARSlY A 2o ¢
= FI= olF(frequency shift), IFIk=e] LQdH
Buthe FEsiel HEAdoR ojgslel BA s MATERIALS & METHODS
w Sl A s o o
TGS EA7|F wEstol 2000WT o] $-2
ATE Amnw gele] A% wARYE WAL AL R dTeln KA A SolE 3w o4
235198 w Simpson et al. (2005)= 6%2] 242l o] §lon 7]|EEAHair-bone gap)’} 10 dB oJU=
AZ7F A=, Reed et al (2006) F33F 50t ARo] AZHAIEAAEES 38 6HE Wt
BolRlAEe] e Uehi) sk basiet. = et BE qEAE 3ol 2aslE 2ge
1231 Kuk(2007), Robinson et al.(2007)9] % Ado] glglon, 207 AEQ LS (RIC type) T
L FaldolE AL olgsS ) lRS 5 wolel  A=MA/|E gEo] HESAT. PR 2871
AR 1T ~ 20 A AHEATHE Hust.  HYe Table 13} 2o
Table 1. CHAIKIC| SEIEHE Fof B 227|232 (dB HL)
Frequency (Hz
Subjects side 250 500 1,000 q2,00;( ) 3,000 4,000 8,000
s R 15 25 40 55 60 70 95
L 15 30 50 75 80 110 100
- R 25 30 55 80 80 80 85
L 20 30 35 65 80 85 80
- R 15 20 55 60 70 80 95
L 20 20 40 65 85 80 85




Y Joo & K Lee: Effects of Non—linear Frequency Compression

N

. ST EH|

WA\AE A $2 V)% 9 BEAY T2 vl
1A= HAF= Siemens A}Q] Unity22} TDH-39 =
£9 Agan, 2A7IRE 7o) SZAe) tofql
A A 232 AN AN 21903
o ToRIREE SHEAMES AQlE wheHojx
Axls 2], 2008; P—;W%‘”% 2009)& ARSI

3 Ex-ljl '|%=!- -Iil.

HA7e &5 7= 9 RS 2AVIAY
seqolel dea # ARAY wA/|HYR
HlAl(Adaptive Phonak Digital)S AR&3}o]
skolth, 1, 23)AFe] HA7| AT HFT¢S(non—

frequency compression, NFC)O & 3}¢ion 43 &

3EE PO 71%S BHE str el 48R
OlFHEE WP WE A o] W T Hjol2

(o]
=
LA & =S ARehe Sk &, Sy

= Z|(frequency compression threshold = cut —off
HlkEa Q2 Ale] Fakgwglel

ZFulQtEH|(frequency  compression

frequency) 121l

B[S LRl

ratio)= AL Aoste W2 Ediz 2HEe
ot 23719 o5 FukpdlenAl, HdiEH, o
=29 e T W B4 FHx B
A7 Ao s R KA 85 ok
25 7+A 9] AFSzA(follow—up)S & 53] AA3H
ok W SRk wE 2RV FuedEeA 9
FulpQtEH|E Table 29F Zow, FulptEax|
W ZEmpobZHl BA7| A AT EY ol et
U= #7183

18

or=oj

A](cut—off frequency),

Table 2, 27| &8 Al Fo-FH(Q| Ha}
#E S|Xt
CHAIRE &7 | o 33| Xt 43|t 58|xt
' FCT (kHz)/FCR FCT (kHz)/FCR FCT (kHz)/FCR
R NFC 3.3/ 171 2.4 /181 2.3 /191
S L NFC 27 /171 2.3 /181 1.7 / 1.91
- R NFC 3.3/ 221 28/ 211 2.0 /191
L NFC 3.3/ 221 28 /211 2.4/ 2.0:1
53 R NFC 27 / 2.01 2.3 /191 17 /181
L NFC 27/ 2.01 2.3 /191 1.7 / 1.81
*Note, NFC; B]|Fu}<4%=(non—frequency compression), FCT; Ful5t&Y
im0

FCR; &

E
(o
<
o
A
r{r

Ao|E s ookt ae)m Eiéﬂ 38 5
A=t Dol 7128 Aolg ool BE 47
9= Agstgon, ANelge AEk Bt Hat

H
=4 (frequency compression ratio)

RESULTS

1. SZEx[9| Het

Figure 19|14 FC 7|55 249 Je e &



AUDIOLOGY - &sxlet 2015;11(1):63-69

2= S13k S39 A% 2,000 Hz o]4ofAl, S29] 20 dBY FEHA|9] FAle] %‘2124 S29 A$+=
9L 500 Hz & 1,000 Hz o404 5E] NFCo| 5 ~ 10 dB& FC9| 7|52 A3} 912 u] $29} S39
uls)] 7jAe] it FC 75 243 e O o Hlgl A om FEHAR| ) AjHe] A Holh
74AF 829} 83+= 3,000 Hz o]4e] F=up=oflA 10 ~
St
dB HL dB HL
10 10
. "
s p AN Te
50 ot \\\\l\\
o — o ~r—t
70 70
80 80 A
90 % ™N
A
100 100 A
110 . . . . . . 110 : ‘ : A
250 500 1000 2000 3000 4000 8000 Hz 250 500 1000 2000 3000 4000 8000 Hz
—A—Unaided HTL —#—AidedHTL(NFC) —@—AidedHTL(FC) —4—UnaidedHTL —#-AidedHTL(NFC) —@—AidedHTL(FC)
S2
dB HL dB HL
10 10
——eo—o—_
40 ® 40
50 \1\-.\._.\_ 50 .\.\-
. . @ o
70 70
80 \a A A\A 80 \A\A/A
90 1)}
100 100
110 T T T T T ! 110 T T T T T
250 500 1000 2000 3000 4000 8000 Hz 250 500 1000 2000 3000 4000 8000 Hz
—A&—UnaidedHTL —#-AidedHTL(NFC) —@—AidedHTL(FC) —A—UnaidedHTL —#-AidedHTL(NFC) —@—AidedHTL(FC)
S3
dB HL dB HL
10 10
20 =2~ 2
30 \\\'\\Q—Q\‘ 30 ‘/Iii.\\’\_
40 40
= — U U ——
%0 ) S— T~ d 23 ~_
i s—
70 \\ 70 A
80 80 &
90 .\\A %0 A A
100 100
110 T T T T T 1 110 T T T T 1
250 500 1000 2000 3000 4000 8000 Hz 250 500 1000 2000 3000 4000 8000 Hz
—&—Unaided HTL —8—Aided HTL(NFC) —@— Aided HTL(FC) —A—Unaided HTL —#—Aided HTL(NFC) —@— Aided HTL(FC)
Right Left
Figure 1. CHYAIS| HH7| 0|8 FHIX| J2|1 EFVIAE F FOeYF 7152 HIEY 2 243t A2 o
WAl ALF AN FES SEYGX|. Unaided HTL; EFYIE &gsm EUS Wl FHIX,
Aided HTL (NFC); BH7|Z %83t & FIMUS JI5S HIEAS 38 mol SZAR|, Aided HTL
(FO); BH7IS MB35t & FILUR(RC) 7|52 Y3t e tol SZAR|



Y Joo & K Lee: Effects of Non—linear Frequency Compression

2. HO{QUX|=2| He}

Table 394 FC 7|52 H|&A4
]

; 3 9w
of 2et Be wGAMY Ho] %

ol IR =9

AAe 1492 AR} S1ah S39] 92 oA Lhergt
o 23 GojolXEe] AAE 6%t sio|
9% 7, s29) %3 Aol tehgih

Table 3, &340 ALFHON HSENHE 45 dB HLZ XMAlstE Fot+US 7|52 HIZMSKNFC) X EMSHFC)
2 0f 3|Xt HE SN CHO{QIX|=(%) 12|10 53|xIt 23|XtQ] HHO{QIX|= 2| XHFC-NFC)
NFC FC
Subjects  side o|ztg FC—NEC
13| xt 23| X} 33| Xt 43| %t 53| x}
R 32 54 56 58 68 70 14
! L 36 50 58 52 62 64 6
R 66 68 72 68 74 78 6
5 L 64 68 70 70 72 76 6
R 54 58 60 62 68 74 14
> L 62 64 68 64 70 78 10

49
MR- NFCO| WshH Rl FRH WP
H25eol AMEUT Table 404 WHA SIS
NFCOA 227k sAA SeAL W R Fge] 2
A E3ou FC 752 B8 B2 o 7 2
whest F o AFHOR F SUCky sy 82

© NFCOllA Aehgst A] a27F HAA S22y +

Table 4. CHMAZ} E0st B9 S& & HAR|9 HRE

Subjects NFC FC
- 427 DM S2 c
S - ke Ro| Yaalt & of FENes ¥ s
== _ o MolEst Al 2231719 A7t 2HD A SE(HX
o+ HsiEstA S8pjof 427t mixl =7 x|JCZ>+L> | RIS AP a2 SR
- 2alt FERIST MoiN B2l EE . mimseo| o =2
L = =] =2 =20
o 2 220l 2l s 2aabt 2ol S - a2t mObRA LBE L2
- IS n2ol ol g - 2holm 22 HYS L2




I AubioLoay - &sxie 2015:11(1):63-69

DISCUSSIONS & CONCLUSIONS
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