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Background and Objectives The aim of this study was to evaluate the usefulness of speech
mapping based on real ear measurement for routine hearing aid fitting and to compare func-
tional gains for evaluating subjective satisfaction of hearing aid users.

Subjects and Method Twenty two participants with bilateral symmetric (<10 dB HL differ-
ence) sensorineural hearing loss were enrolled in this study. All participants were fitted unilat-
eral hearing aids with speech mapping using the National Acoustic Laboratories-Nonlinear 2
formula. After the initial fitting, patients were followed with the 2nd and 3rd fitting at two
weeks and six weeks, respectively, and measured for aided pure tone average (PTA), aided
speech discrimination score (SDS), the difference between target gain and real ear insertion
gain (REIG) using speech mapping and subjective satisfaction via Korean Adaptation of the
International Outcome Inventory for Hearing Aids (K-IOI-HA) questionnaire before further
fitting was performed. We analyzed correlation of each parameter at 2nd and 3rd fitting with
the K-IOI-HA score.

Results Every sequential aided PTA and SDS at 2nd fitting and 3rd fitting were significant-
ly improved after repeated hearing aid fitting (all p<0.01). In the correlation analysis between
K-IOI-HA and each parameter, the aided PTA and aided SDS did not show significant correla-
tions with subjective satisfaction from the 2nd and 3rd fittings. But the difference between the
target gain and REIG in speech mapping showed significant negative correlations with the
satisfaction scores at various speech level (r=—0.609 to —0.709, all p<0.01).

Conclusion Speech mapping using real ear measurement was useful to expect subjective
satisfaction of hearing aid users and it would be a valuable tool for fine tuning to achieve indi-
vidual preferences. Korean J Otorhinolaryngol-Head Neck Surg 2018;61(6):287-94
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22 Subjects with unilateral hearing aid
initial visit with 1st fitting

Fitting algorithm with NAL-NL2 formula
sound field unaided PTA, unaided SDS
speech mapping

2nd fitting with fine tuning
(2 weeks later)

Sound field aided PTA, aided SDS
speech mapping
K-IOI-HA questionnaire

i Fig. 1. Shown is the design of the study.

3rd fitting with fine tuning
(6 weeks later)

Sound field aided PTA, aided SDS
speech mapping
K-IOI-HA questionnaire

NAL-NL2: National Acoustic Laborato-
ries- nonlinear 2, PTA: pure tone aver-
age, SDS: speech discrimination score,
K-1OI-HA: Korean Adaptation of the In-
ternational Outcome Inventory for Hear-

ing Aids.
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Fig. 2. Verification of unilateral hearing aid on 3 input levels for
speech stimuli by the Aurical FreeFit®, soft speech level (55 dB
HL), comfortable speech level (65 dB HL) and loud speech level
(75 dB HL). Figure shows example of speech mapping in com-
fortable speech level (65 dB HL). Shadow area shows spectrum
of sounds in the ear canal, solid curve shows real ear aided gain
and dotted curve shows real ear unaided gain+target gain. REAR:
real ear aided response.
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150 dBe]glem 37} HgtofA] J3k oS3 REIG] Alel=
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ok SRR et t S ol 87 B4l EAHCIM = B3
2] A AT {23 Zpol S HTh(p=0.014)(Table 1).

K-IOI-HA score$} 7+ X|329}9] 42 £4]

Speech mappingoll4]2] &3t o] 53} REIGE] Z}ol& H|&
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(aided PTA), o132 = (aided SDS), 247] 2H-&-0fl w2 func-
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7HA] Azt FHA S-S YeERlE K-I0I-HA ques-
tionnaire score Atojol2] A EA3} 29 243 Aldst
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22} Agtol A= speech mapping®] 2H& 4x2] A, F4F
ae] ©A|, & 4] DAY HE o5 4y o] 1H
Zto]7} 5 K-IOI-HA score®t SAX S 2 {03k 59 4
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37.4+11.0
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70.0
55.0+£14.9

Unaided Aided
A 2nd fitting

Aided
3rd fitting

IOI-HA score”} $71H= AdFS Bl 39 E4ofA=
wE g0 5] A4} mEEYon] $AZ 02 feolsisict
(Table 2A). &7 A=A SA3E 4719 A FZM =
=0.001
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500 | 91.0+8.3 Y
@ 700 1 78.5+16.4
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w
E) 500 4
T 400 -
2
S 300 -

20.0

100

0.0

Unaided Aided Aided

B 2nd fitting 3rd fitting

Fig. 4. Sound field PTA calculated using six-frequency average: unaided PTA, aided PTA at 2nd fitting and aided PTA at 3rd fitting (A).
Sound field SDS: unaided SDS, aided SDS at 2nd fitting and aided SDS at 3rd fitting (B). PTA: pure tone average, SDS: speech dis-

crimination score.

Table 1. The gap between target gain and REIG in speech mapping at 2nd and 3rd fitting

Target gain-REIG (2nd fitting) Target gain-REIG (3rd fitting) p-value
Soft speech level (55 dB HL) 20.0+£12.9 16.8+11.4 0.085
Comfortable speech level (65 dB HL) 18.0+13.1 12.5+9.9 0.014*
Loud speech level (75 dB HL) 15.0+14.3 11.2+10.8 0.074

Roughly, the more repeated hearing aid verification, the smaller gap between target gain and REIG. But this tendency has a sto-
tistical significance only in comfortable speech level (65 dB HL). #p <0.05. REIG: real ear insertion gain
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Table 2. The analysis of correlation between K-IOI-HA score and variable parameter on sound field audiometry and speech mapping in

2nd fitting
. Pearson's coefficient Linear regression
Target gain-REIG - - - -
Correlation coefficient  p-value Regression coefficient (95% CI)  p-value R?

A

Soft speech level (55 dB HL) -0.709 <0.001* -0.736 (=1.077 to —0.395) <0.001*  0.503

Comfortable speech level (65 dB HL) -0.679 0.001* —0.696 (—1.047 to —0.345) 0.001* 0.461

Loud speech level (75 dB HL) —0.609 0.003* —0.570 (-0.916 to —0.224) 0.003* 0.371
B

Aided PTA -0.225 0.313 —0.055 (—0.166 to 0.056) 0.313  0.051

Functional gain 0.139 0.536 0.028 (—0.065 t0 0.122) 0.536  0.019

Aided SDS 0.080 0.725 0.026 (—0.125 t0 0.176) 0.725  0.006

Gain of SDS 0.085 0.706 0.013 (~0.059 to 0.086) 0.706  0.007

Correlation between K-IOI-HA score and target gain-REIG (dB) in speech mapping (A), aided hearing threshold, functional gain,
aided SDS and gain of SDS in sound field by Pearson’s correlation analysis and linear regression analysis (B). #p <0.05. K-IO-HA:
Korean Adaptation of the International Outcome Inventory for Hearing Aids, REIG: real ear insertion gain, SDS: speech discrimi-

nation score, PTA: pure tone average, Cl: confidence interval

Table 3. The analysis of correlation between K-IOI-HA score and variable parameter on sound field audiometry and speech mapping in

3rd fitting
. Pearson's correlation Linear regression
Target gain-REIG - - - -
Correlation coefficient  p-value Regression coefficients (95% Cl) p-value R?

A

Soft speech level (55 dB HL) —-0.705 <0.001* —1.548 (—2.274 to —0.821) <0.001* 0.497

Comfortable speech level (65 dB HL) —0.684 <0.001* —1.736(—=2.601 to —0.871) <0.001*  0.467

Loud speech level (75 dB HL) —0.662 0.001* —1.534(-2.345 to —0.724) 0.001* 0.438
B

Aided PTA —0.463 0.030* —0.260 (—0.491 to —0.028) 0.030* 0.215

Functional gain 0.077 0.734 0.147 (=0.143 to 0.436) 0.303  0.006

Aided SDS 0.155 0.491 0.029 (-0.148 to 0.207) 0.734  0.024

Gain of SDS —0.053 0.813 —0.016 (=0.156 to 0.124) 0.813  0.003

Correlation between K-IOI-HA score and target gain-REIG (dB) in speech mapping (A), aided hearing threshold, functional gain,
aided SDS and gain of SDS in sound field by Pearson’s correlation analysis and linear regression analysis (B). #p <0.05. K-IOI-HA:
Korean Adaptation of the International Outcome Inventory for Hearing Aids, REIG: real ear insertion gain, SDS: speech discrimi-

nation score, PTA: pure tone average, Cl: confidence interval

K-IOI-HA score®} sAIA 2 {93t A7t Uehy

A] 9FFTH(Table 2B).

32} Ao A= speech mapping®] 2
2] WA, & 4] GAOAL] HiE o5} A o]5 119
Zo)7} BE K-IOI-HA score®} BAZ 0 & G035t 20| A
TAE 2oL, 3 RAoAE BE 59 39 AS7F =

QO‘ om FAHO R [ofsto] 22} At wjo} FARRE HEF

HtH(Table 3A). Zeut SR EAALA 243 47)
«1 A% 5 BA7] 28 Al 349X (aided PTA)OIATE
K-IOI-HA score®} BAAC.2 §-oJgt 2] AHTAE &
18t 4= Q)%ich(Table 3B).

o] oA, 3

%ll
7
o
N
1o
olN
1
I8

<
ﬁz‘

>*ol:]

Al(prescription formula)g %
F=sH| Er o] EdE HgeiA 24dH
|50l guttt 7HA AelE F3EAA F2L
© 72 ZAE|ojof s, Uit oA =7
5 ol 7] flete] HA7] 2§ A9

Zreo]| it B yaE|ojof gk

2719 71AE AR T 2 S BR &S (warble
tone)o|ur 2] A& (narrow band signal) S AH&5}+o
HA7) 28 A] 2 koA 9271 e Wobs=A] 7]
QILt? AAEFHo] Qldl o AR

C

i
b

o
HI
oZi’

T

-

oZ". ﬂJ
rlr
2

o

> AN o

=
=
=
=

o i

2 botr
__l

w714 4 s
Golel, el ele] a0l AApsol=z Hel o
of Thgk LAl Alzjo] AA7F Glow, [k Alzke] HlmA



Astar Alsiof st AgHd Sol ok’ Eat AAL AR
432 95% A2 7bo], Mo|& A} 3 dBel ©] wisl*” &
A o] ZAL. oF 15 dBOl AL mET m]m) A&AJo] o}
Ao|S AT o A1=)E 5 Qe AAkek & & ek

J2 QlojofA HA7]e] F& EAS SAsh=
Zom HA7] 2Hg A5 5¢F AbolE H]aLste] HA7]9]
|58 dobi= o AbgEtth”? 2 A719] 4] A4Folet
T ZF gige] floje WollM dAE= 59 27171 2ol
38 Aol wet e 4w qbelo] A anuf vz o
oA thE gre = vHiA Hek Alellk= g7 2700 Hzeot
4000~5000 Hzol 4 - 22 Ao] 3 Ao ojuet” 1
2 Q) 719 Ay wyr)E 28 9 olo]wo] A=
R e §H0T Qld o 2 4 gelo] WA 4
oIk, elol o] g, maf, §w), Zolo} 9] 220 Bejet
20l 8. 45o] Folsh ool 39 Abefe] J3) Fu}
ol Aot EEAAl HER AA] ol EHA719] o]
So] @A yeh=A] dolds Aol 549 F84do] 7
z o] ek
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} 95101 Alo]Z2ZHES (real ear aided response)% =2kl
TrRk-Ste] ZfolE A Frubar e
2K AloAFQIHE-3-(real ear inser-

tion response)©|gfal ofw] Z+ Fuha= HR Ao]S-Z kgt

Ao| g ul-Sato] z}o]& Alo|AFelo]E(REIG)o 2kl A9
a2 A O]*L?JOIE(REIG) Zro] BA7)o] v F-Alof| A
&3t Hax o = A5} 7] o|Sat A8t

Aol AR A

o) eyt Sott -2 B-gol thet oS3 ARt Afol
S It} o3k Apol= HA7] A 4 5] &=,
%9 o2 Yo 2 ATA Qleh” Eh 7 =H Flo] 7)50|
%}%‘Q W) gAE BA7loAE &5L 8 FojRle 4
AP AIZ 7 HA7Io A mE o 2 Q1A 4= Q1AL s oA
7150l BA71el AgarEle] ok 54 Al AKlEE Aerh
S0 & HFEo| Fupe o5& WA 23 St okt

Z2ol| = toneolH noiseE 0|83t 7]& Aol SHolA U
ot A TaElE ABZO R AAst BAY] o5& &
73t= speech mapping©] ZHaL QIE}. “Speech map=

Speech Mapping I Kim SY, et al.

1992 Audioscan AtollA] 20 2 =Ql5to] S=3F HA7|
g 34 Al2glo|oh whae|rl AAzte 2 B 9 2w
of A= Zi7HQle) Sl ware] 7y P (speech banana)
o] ALY Qo|x= o] 24 AR S AR5l HA(cal-
ibration) ¥ Wae|E S2FHA SEHE 489 A7|Eo]
S AHEH(long-term average speech spectrum)©] SFx}<]
g0l w2 F3 o] 5 E= W] 7MY Y (speech banana)
Heloll dAJet=A15 &Hlste] HA7]9) o]5olu thE 7]
o 243 2 Q)

ESE o] AAR= AA| A Y E 2R 42](soft speech level,
50~55 dB HL), =7t 4] (comfortable speech level, 65~70
dB HL), & 47](oud speech level, 90 dB HL) @A = :ul-‘jr
sho] AASHE R TheFeh 7 o] AA| Wase]zh Hekeh 4

oA FHEEE AT 5 Qlof 71 71719 vlE] Xéﬂob—
aEAole} ofgf3t F4 o] ol FA|EHER S}
AZFHE 0 & 713 Jo& gelstar A7) 24 3ol 2 &
ojgk 4= Qlek”

2 AtolA= 719 7AA HEES 9l A
speech mapping< Al3yslal HA7 1 Aglo] o|Foj R uj g+
A}e] 2H8- M= 7} 7| 5A o] % =

H| WSk off ojwgh 2fo] 7} 01“7‘1 9hs]azx} sheick
A3t ASSLE SAHHAA A= EA7] 2HE A]

42 9*)(aided PTA)S} AR =7 AR} 34%= P
Holn] Wi FAHOR {oJ5t 2folE KTk EZF speech
mappingol| A= 22} 217} Alof] Blste] 32} A7 Alofl 3t o]
E3} REIGE] A}o|7} TAsH= A2 2o speech mapping

2 HlEO R B AR MEASE Ko T 0|52 Z

T e AlAFsESITh

SERpo] A WS Ie @10] Ak atA| EA ol A 22} gt
32} A8}k A19] speech mapping©l| A+ -2 42](55 dB HL),
F4F 2:2](65 dB HL), & £:2](75 dB HL) TAloll49] H3#
o]} 419 o]& 7hke] o]t BE K-IOI-HA score} &
[H oz Fogt 59 AHAIE Hof B3 o]53 REIG
9] x}o|7} AATHEE K-I0I-HA score’} 57161 = A2
Holo}, vk S =AM S8 4719 A& FollAl=
32k A5t Al BA7] 2H8- Al =2 E 9 X (aided PTA)ONA
Tk K-IOI-HA score®} BAIK L2 §-2J3t 59 AHIAE
131 OD% olof thgt At Alg= 046382 9]
e o8 daeEel vls) AaArt ok
Zog o 4 31%*3} w2bA] speech mappingollA] =43t
A7)0 SaFshd o|5al ARl A7 whKeete] A
A 5 S840t 2341 HY7) whEeoke] 4
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WO ® F2O A7} vl AaL, &0 A L=
DA F TS S 2 51, speech map-
ping®| I F-84 HEE GRislsto] Agsh7]= ol
= 4= Slck

E3F BAY) HE-S B 1A AEZol B &
51| o] Syt ohet b eIkt chE A e,
HO R QI8 Lyl B Alope] ol JeFL vlXA o
L] £ oA TR A SAe] g mel)
Aol ek U WY HEE 717 A4S0 FAT o

F

58 FE BA71E A8slole a5l Avh AaolM g2
AREE s AR WAl A & Aolar 283t 3t
ol W2 AIThE Bl AP WA g2 WERHE KO
Al E Zole) whaha] FEQ) BA7)9] 7] A 2ld AR
ohet AEA] 7ol HA719] S3eHy ol5& Edt A
Q1 BA719] 71AA AT 2be] A& el 3ol o
7} oAt whEbA] speech mapping®] A -85 U5t
7] fleliAs 5 @A S selal AR 219
Z3} B X (stratification)S E33F 27 A7t 2o Ao
= Az,
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