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[Abstract]

In this study, based on pure-tone audiometry(PTA), a machine learning application is introduced that can significantly improve
the time and procedural complexity of the conventional hearing test which is finding speech reception threshold(SRT) and most
comfortable levelMCL) by adjusting the speech level repeatedly. Using a hearing test data, linear regression models for predicting
SRT and MCL were trained and tested. The average error for the test data was 1.33 times lower than current method for SRT,
and 1.39 times lower for MCL. Therefore, by using a machine learning model such as linear regression analysis, it is possible
to more accurately predict the start speech level for the hearing test, to reduce the number of speech level adjustments, and to

shorten the hearing test.

MOIO| : HHAAL =SEAUAL OISEFAX, X AX| M|

Keyword : Hearing test, Pure-tone audiometry, Speech reception threshold, Most comfortable level, Linear regression

http://dx.doi.org/10.9728/dcs.2022.23.12.2489 Received 13 November 2022; Revised 01 December 2022
I @ @ This is an Open Access article distributed under Accepted 05 December 2022
@ the terms of the Creative Commons Attribution

Non-CommercialLicense(http://creativecommons *Corresponding Author; Hyong-Ho Cho
.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the Tel: +82-62-220-6772

original work is properly cited. I .
g property E-mail: victocho@jnu.ac.kr

Copyright (© 2022 The Digital Contents Society 2489 http://www.dcs.or.kr  pISSN: 1598-2009  elSSN: 2287-738X


https://crossmark.crossref.org/dialog/?doi=10.9728/dcs.2022.23.12.2489&domain=http://journal.dcs.or.kr/&uri_scheme=http:&cm_version=v1.5

a
Ral
ne
rH
rin
[
!
o
i
Ho
Ral
2
|w)
O
1%
<
o
N
w
Z
]
—
N
©
©
N
N
0]
8
N
S
[{e]
o
@)
[0
o
N
o
N
N

Aol 2EE B Ul oEwol A= TS I olgka b,
WAool glom A7t A EEAY, whevt s &

= 5 AT B w7tk dHe AdHem v
A7) = 8l gl 7R wEFE A, =8 5 oy o
Qlo] 9lom, 2 Fnt vgo] whAlaEly| i gk [1]

o213k W o] et Wil muty) ofo|mg FlehHs ot
2 AL AuEs AL S EHAPE o,
olF Bdll T o= Attt [2] AL FEolv FES
el A= AN Y P bl gle Aol
A7 o]&sli= Ao AAHLL[3] A7) AreA
S 1] SEiME o9l tig HH ARE S o2
AL ash, o FAFH XA} HARJA EZAL, o

TAAE=AARE 22 3714 Al AAPE SAek (1]
ojo} o] o] A 3FF] AP WA= 2
o]7] wizoll ARhS Wol ARt} 53] o] SAHF A A=
=4 wo] o] 7S o]88te] 50%E BE w7bA] o]
=2 2Aste] vEdt vV R, o SA=AARE 81
Asl AAGAE FAohs A= of Wo] 2A4e WA
o2 AR Ak [2] o] § wHEE spgo] HARATE 2.7
AeA jbEaL, s AFRES Al E=3 2 5EiH] @
2ElE 27] flEl A5 7ol 3o FRES AR e
AL =R S-S opIske] AAke] AR S Wojrdrh[1]
e o A E SAsks e EA e

upebA, B Aol A= HadekaL AlRte] w
2

s

)

N
o =
> 1o
>
LN
o
I
N o
R
o e
f o
r% 0
To
o™

N

30,

Asoich. B AT BAL Maled 7142 485

B A2 AHMAE; mean absolute error)@ts 71502

SAFHAGA G 25~44%, HHAX] GYL 28~50%F
Zol= BHE Aotk o] wed] 23] 9] Aol ou|sl=
AR o] 579 A3 AAolA A &M Azt

229 % Qe

. 78 o S8
2-1 H{iZE A4

D) &35/}
8- HHZAHPTA; pure—tone audiometry): sine 3}

http://dx.doi.org/10.9728/dcs.2022.23.12.2489

air conduction)®} F/HF9] AFS B3l 488 ALs=
ZE=H%(BC; bone conduction)E =4 gk},

NEATE JEE Bt 2uAS B, FEA

she Aom EEAHF9AE SAI 7= %= 250 Hz,
500 Hz, 1 KHz, 2 KHz, 4 KHz, 8 KHzolA =45 A
& gAsla, 2R EE a53ke] HhgAdo] Wojx B R 250
Hz, 500 Hz, 1 KHz, 2 KHz, 4 KHzolA HFHIXS &3
th[2] B o2, HAPEHIE Fal 5ol AlE AL &
A= HE 55 o]&dt] &5ol E3S W AARA 9=
WS ok AR Sate] =ulo)] et £ F s Fol
At SEHA AT HFH TEse HAY A" AEE T
THE e, FEALE sU3E Ao =8
I, o] & FHol(LH, 9% )9} -ol(LH, 2LEF F)olA 2zt
7y A, 5 EHARE A3 BE AN Folg §-
olof tialiA] FHH o= Alst). [5] o]eg HAF A¥b= A
AR 718 EH, a9 12 7|2l % 1A AHE HolF e
Shte] oAt}

TedEHAR s o] &ste] H A E Aktshk=t,
AB-HA(W3FA; weighted 3 frequency average) ¥ 64&H
(W4FA; weighted 4 frequency average) £°] 2:¢lit}. 4
R 6] A2 A (D) 2 A (2)9F 2t (6]

swvi(mara) = 200 (1)
62 (MAFA) = W’L{M )

Frequency in Hertz (Hz)
125 250 500 1,000 2,000 4,000 8,000

750 | 1,500 | 3,000 | 6,000 | 12,000
-10 -10
0 0
10 _o-o-%0-9 10

X e X-X"~X-X

s 20 20

S L _— 0]

< 30 & & 30

wv B —

Z 40 40

£ 50 50

c

= 60 60

g

3 70 70

o

~§ 80 80

£ 9 9
100 100
110 110
120 120

Air Conduction  Right  Left
Threshold Ear Ear

o X
38 1. =SEHEAR| 7= T Z3 o4

Fig. 1. Example of PTA for Air Conduction

Unmasked



o M

3714 o= 500 Hz9] 71 %4893], b= 1 KHz9 7]%
2], = 2 KHz9 7125894, di= 4 KHz9) 7| =58
15 olmgiet. Fd A the Bl Aldehs o] 33
A ALl A o] Tk

o

X

2) A SAFDAX AL
S #H I X|(SRT; speech reception threshold) AAR=
S5 o]&3sto] AHFXE At HAtolH, AAF 2
HA t9] o] FH (23D o528 T ER FH o8 Al
E F 3l AEE Y= Agsi AR A8 oS
AEoA Tl & st Feh 8 1l Sl ol
2 GRS g 34 9o AgEe] 50%E oW 59
o] ZE(UAE)E I, W 50%°0 HXA]
o U2 to] MERZ WA3te] ga1S vk

it e d N
o g S
B

oo

i)

ol
B

1o, nm‘ U]o
=
lo
N
I
2
=
=

o S
B o
RCA)
Lo o
o}t
Prlf
rt

eAFH I A et gk [2]
o dgsl= el B, F AF
eAHGH | =Ely] 98 W

ot

E)

1o

>

RE
e ofN > 9,

2l

=
3
e

>
LT E
el
>
© 2w
ofj

2

b oot 2

o, 1 Jz 2

=
2
2
i
it
ol
ol
fd
i 4

3) HH X9} FolAA=AAL
AR 27 YR 3AY #od Edsirial =71t}
X (MCL; most comfortable level): Algo] YAz o]

dhatell Aol glo] Watrkar =71 79| o BES o
vate], w479 BREel|E sk, MG pgow

o]Folxl A& o] &3l At Helrhal =4 wj7hA] o
BEE A FtolxH, dubdo g o FHFH AR
25~35 dB A& & FEg 2erh (2]

o] QIX] =(WRS; word reconition score) FARE B3
71E o] &S W I sl J=A gRIsH] gk AR,
A GA ol FH(124) 507HE o]-&3le] 3 oA A
Alghtt, Sk S8 Ol 99 aha 7F wo] & 234 e
2 FJ7HE dto] AGE Fitshet), olwe] 92 HrE dof
olxm=ekar gtk [2] AUk o & 80 o]Ael A9 HAYT|S
B8 Ao & Ao E dHA k(1]

2

4) AP ARY
337 (linear regression) 412 wAal
b7k o2 melo]o) vk SwsE ol
&R g9k 7P 5 S Eeehs AEES F(X)
= Qo AR)F o] mAHH, I

least square) &2 F(X) S 2 4= Q).

o

ofN

= (wyay) + oo + (wyzy) + (wy 1) = WX
1 1 T
Zy o xy 1

(x= W= [wgwy - wy )

M. M
xy iy 1

ojw, N& z 9] AHA(EA) 7o
o agshct. w,~wy> AFI)ARAL TR, wy = H
ARl gt ou, Xo 95 APH X = Thr
21 (4) ~ (NE ALY 4=

B
N
fo
e
iy
2
i3
3

XX =1 (4)
I= (X" (XX (5)
X = XX XX (6)
X =y X @)

wElA], y = WXA $& dald X 2 P 9o
ahA 2] (8)7 7ol ®az, 2] ()eh A (el &) HEH o=
2312} R 742 WA 4] (9)8h 2tk oluje] wAs 9t
| y—y I °2 Haz vrEh (8]

> .

-8-2 3-240l|A] AJAIs] A gty

5 2do] Jrl o w A (10)3 22 Hg-d et
(MAE; mean absolute error)’} 4t} MAEE oS3
Predict & 2AZE Target AFo]) Qb AAZLS F 3 Hit
S AR Ao HE A g sjaid 4= Q.

M
MAE = %E| Target' — Predict’| (10)
Mi=1

ojdl, M2 &2 & <JnFit

2291728

ol e AR A A Aol gREE S8 4H AR Al
e olgaka Qon], Agel e el A Sutste] ol
wel ol g 24 W AR} guie] MRS 3ol of &
AGAE gtk ofu), theka el A4 L QLo A
M 9 o] Al JepdE Agbdo] thEne Byl
B oS HAANZ lZ5A Lok FAPE ek [9]
5995 g R B3 Ho}xl o SHAG oI 2535

http://www.dcs.or.kr



CIX|= 28I = 55| &=2X|(J. DCS) Vol. 23, No. 12, pp. 2489-2496, Dec. 2022
dBE U3 Zol A AlRtstel, of H AR vl vl E 1. cloleiel 53 MY
JIRA 2 24 9 ukES BEilo] RS 1A "o} weha], A Table 1. Description of Features in Dataset
A EAre] 32 B2 AlRbe] A WAl HaL, o] ¥A TS RETE s
AR st Al tigk vR =g =74 ﬂoi’*ﬂ 3 D 1~8936 -
SHAl Al g8kl ggot, A 0w AL Aol Al vt Position 1, R -
o= djle] & 5= Qirk (1] Gender oL -
B Ao AE maey 2d F 7P e A8
e o]jé}]oj Ajﬂﬁt;_] 1?7}?;4 ;og_i—‘?‘—lﬂ O}g‘ii;g PTA AC 250hz 0~100 dB
Aok AHAAE A elZel RS wEw BAegly, o o0 07190 %
= 4HulolL} gRMI 2O W So] /)= W o= PTA AC 1000hz 0~100 dB
O X7} WhE, 0] ST A E4TL = Alo], o= HEH PTA AC 2000hz 0~100 dB
A} AL T 52 gle-S on|al= Aot} wabA, B o PTA AC 4000hz 0~100 dB
T wAEY 71Es A8ste] Ve AAF e IS PTA AC 8000hz 0~100 dB
qrH o dF5e] A Fede HSchs de HRE PTA BC 250hz 0~100 dB
atglom, maledel ot o} HAA R A AGA] 9 A= PTA BC 500nz 0~100 B
o] o x}7} 7 JE A W S-S Holix} §
Gk 6 20 Ve e A Ayl A TR OO0 S %
WS welFa glom, vaey wae g mag g AP0 0190 i
27 &8 BAe Aasisln PTA BC 4000hz 0~100 dB
SRT 0~100 dB
MCL 0~100 dB
ll. GIOJE{A4l 3! R st
3-2SRT G2 U MCL Gl Z o] o5
3-1 CIO|E{A £
k52 pythond] scikit-learn 3714 & o]&3al9 o, &
B Aol AR el RS 27009 soleh  DAIETR HOVLTE 1% SHTRE 406370 Bl
o] Aoz RE FHE £LADBAY ol SHAAAUAL *d%f*"% Agel7) wale] sl Fgsiglan WA 25%
2 FolQIA = AA} Hlo|HE ARR-EIg] o, Fo] ZALe} _]—o] o] 1,35570% 35E mEle] AeS s Jﬂ7]—*5]>¢tﬂ AlgElAT).
Arks SRl B 4 glerR Holy Avle F = 4o 4 AAHPTA) ZAZHEAZD 11712 dgow A}
5.418700It}. dlolel7l Egtels AR(SA)E & 10 veh 8k SRT fha & Hieglon AAAste], o535
o njel o] #H9- FE(Position), =34 #7ALe] 7 EAE 237 SRAS ARk Ed FUe PTA 1170
4% 670(PTA AC), B=A%E & 4;1 57/0(PTA BO), e =8%% 1¥e® ala, MCL #k& &9 Haghe= d4st
A2 (SRT) 2 A2 (MCL) & Eastar 9 o], HH A A3 eSS SrAIITh
o|FA shEE Azte] T dSido] V& W ET v
Conventional Method Proposed Method LAOE A7 SRT % MCL= <53 5 $1=7ks 47ts)
A A Atk ol fAste], ShFol AFEEA &2 25%9] HolH=
e AEsigl e, dSd digt e Bl disiA= o
MGt Csam) & 3-3"o)A] 23A3] At
N A
() | P (| ron reson | 3-3m0b e
Model Model
Tes oot f‘“j‘“ por I sigdlolEsh A UlolEE olm g Aol e 9ol
Y Y Adsiglont, qle] A FpAellA A = S Qle w7}
[Lser }= [Lmer ] [ser ) (e | AE AN Aste] T5%:25% Hats gElele] ey 2
33 2. 71Fe] AARYR 2 =20| Mekske AR H|n s W71 103] iEskglt e W7Rs 4 (10022 49
Fig. 2. Comparison of Conventional Hearing Test Process S Bl A MARE 7F dlole] 2ol 483k 10
and Proposed Method 3] oS AL

http://dx.doi.org/10.9728/dcs.2022.23.12.2489

2492



Evaluation of SRT Prediction

Dataset ]
[Train Data ] [ Test Data ] [ Total Data ]
(4063) (1335) (5418) J
PTA

[SRT]

v
| Pure -Tone Average Method
(Conventional)

Linear Regression
(Proposed)

3 3
SRT start value SRT start value SRT start value
(W3FA) (W4FA) (Proposed)

!

¥ 2. SRT 2 MCL M&3|7 o=z
Al&d(Test) Azt

Table 2. Result of Training Proposed Prediction Model

Mean Absolute Error
Dataset (Count) SRT MCL
Prediction Prediction
Model Model
Train (4,063) 2.81 3.96
Test (1,355) 2.86 3.94
Total (5,418) 2.82 3.96

E 3. z|¥9| SRTLt MCL o|E ZE 9| J1EA|
Table 3. Weights of Best SRT and MCL Prediction Model

MAE MAE
(W3FA) (W4FA)

J8 3. SRT d52Y ©ot oty
Fig 3. Procedure of Evaluation for SRT Prediction Model

Evaluation of MCL Prediction
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ED [ ) ()
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MAE MAE MAE | i| MAE |:
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a8 4. MCL o{Z52E Hot opy
Fig 4. Procedure of Evaluation for MCL Prediction Model
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Table 4. Comparison of SRT Prediction Performance
between Pure-Tone Average Methods and Linear

Regression Model

Mean Absolute Error

W3FA WA4FA . Linear
egression

5.01 3.75 2.82
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Table 5. Comparison of MCL Prediction Performance
between Conventional Methods using SRT and
Linear Regression Model

Mean Abolute Error

SRT+25dB | SRT+30dB | SRT+35dB Linear
Regression
7.03 5.52 7.94 3.96
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