H28d mMaz ORIGINAL ARTICLE

pISSN 1226-587X / eISSN 2671-7158 http://dx.doi.org/10.15724/jslhd.2019.28.4.059
http://jslhd.org/

AHOX| =S

Journal of Speech-Language & Hearing Disorders
2019. Vol. 28, No. 4. 059-064

Uutgele] g4 BHIEE APt wXE G
3ot B4 9 wsldold FAoE
The Influence of Lombard Effect on Normal Adult Voice
: Acoustic Characteristics and Phonation Time
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Purpose: The purpose of this study was to measure the acoustic characteristics of the Correspondence : Myung Jin Huh, PhD
Lombard effect and to identify efficient speech generation in various situations thereby = E-mail : mjh@cup.ac.kr

providing basic information on an interventional approach that supports efficient

speech generation of dysphonia or hearing loss patients. Methods: The participants Received : August 30, 2019

were 25 normal-hearing women without any voice or auditory disease. The study Revision revised : October 18, 2019
exposed subjects to 75dB of white noise through audiometry and headphones and Accepted : October 29, 2019

analyzed the changes in sustained phonation and connected speech. The analysis was

performed through Cepstrum, Praat and MPT after collecting negative samples. Results: Keywords : Lombard effect, adult voice,
Lombard effect increased the MPT and FO when noise was supplied to both ears in cepstrum, maximum phonation
sustained phonation, and increased the voice intensity and CPP but decreased the L/H time, intensity

Ratio in speech connection. As a result, the energy in the high frequency region is

increased, resulting in high breathiness and roughness. There was no significant

difference in other measures (CPP-vowel, L/H Ratio-vowel, CSID-vowel, mean CPP

FO-read, CSID-read). Conclusions: From the above result, it was found that the

Lombard effect can improve phonation time while increasing the intensity and pitch of

voice. If the increase in the overall intensity of speech is maintained continuously, it

may interfere with stable speech output if it lasts longer than the connected speech.

However, if the voice is weak, as in the case of Parkinson's disease or chronic stroke

patients, it may be effective for speech production.
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LS TF YAREY 7Y ol ARSEE 84 Fo St
Uz, SR A AR OAgE g o dojdizt
ojubA] AfAESHA "k QAARBoAME SRAE A
A Wge AGst= T WEE(speech intelligibility)7} %
F8shH, A7 Skl wof digh ARl oS ojvlst
= & 89l%(speech acceptability) E3t FQ5H AR
%1‘:} oA 42 Ywtdor 7t AtAFESh=H W%
s}l Uth. Mehrabian(1971)2  QJAASofA]
Adsliat sk eold EHEY © JF=
kL= iﬂﬁ}‘ﬂ‘:}.

RIS /2 oyt Asdol wet tiefskAl WSt
gekor ZAo] & W It WAY A U= AHE 4
Ska, SAdo] &om A4l gle HAaE Sk 5 24 37
of met Wiyt Ze iz tEA melEtiHa & Huh,
2018). FRBL & 7 S0 FFE T A Rkl
50| WAL HoA diglek= "JEHO' Zoltk. oJAY Ago
B Qs Aol Wlele ZE BHIEE &I Lombard
effectdta 3h, o3t RIE Qlsle] YHRISS YAACRE
s $8AE 5 AT v deRlE
T 549 e S4E AET A
oo & oA BHIEE AWE A&SHSRY ISH]
goll WA= HgkE SetA o R AwE A} S

SHEE fyel " S 48 AWEW, Kim
Lee(2015)= A &% o4 7 58F tiHe=z FHIED
Ao gt 949 WIS Praatd Eslo] B4t Zu AT
old HFoA ‘ﬂ’ﬂiﬁol TIERE 549 Awet 7lEsst
g, Al 1ZHEZE BT {O5HA AdStle ACE YEReH,
THE] WglE 7t Y HEHo] Yolrl= AL & & SUSIth
Aol ofs= HHeE FHIEE AAEQIRE T AE B4
9 ®H3lE AT Lee?t Kim (20169 AFolAz= 3=t
T7F Skl Aol yojRlon, 25&kEs LA
HEE A5z FFE F= A2 UEYTh Garnier
(201002 EHtEC 892 ?l?l S5, B, A&A7H] WslE
Hwet A3 Al 7] BE fosHA SRRt Fgsigith o
2 249 A=E S7H 17] feide g WY WS Ll
o @2 S8o] RSk =i, o] ©f B T7Eo] F7IsH
A, g 5 e A= WL Uehdth ol S
S5t 9% HHoEs 3F U MHAAE TdsiA 2Rl
T & Sle Y AR dTEEC] 249 TIse Bk
Ao F=2 Agste  ARITAGAGAIZ maximum  phonation
time, MPT)o] glom W2 AFolA 2Z /a/9 PS5
Sto] ZA5kar EAof ARgslal QUthKent at al., 1987).

A2 =0, 249 WIE Aol SPHHor BEAst
= W 3o stUE FAE™H(cepstrum) FA0] AREET] Al
2519 Bae et al., 2016; Choi & Choi, 2014). HAEH &
A mgEnt ozt AZUSelA FA4o] 7hsste] HSRES
2 AAE Adcke S AAll Hs) 44 dislel] o 7t
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2% CPP, Mean CPP FO, L/H ratio, CSID7} o™, ol%
CPPF2 14 Fo] ¥Alg gulFoz S EA3 Ao
2, AgAFfores 349 S50 "t et Zolrt yE

weh Mean CPP FOE 60-300HzolA9 CPP BHuFolrg
HojFol A9 1A=t IR 7EFHeE & Holgw,
L/H ratiox 4kHzE 71808 AFHse} IFHLE 80}
of AHEZS H|wsto] BEASIHEA 714 S49 A=E &
FHAst] &£k CSID+= CPP, L/H ratio®t 48 HEE wgst
of ADSVIM AAAQl Akbilo=m fAglste] B8 Ak
£ UEhiH, 344 Briet =2 AT e A=
UERATHLee et al., 2018; Lowell et al., 2012; Son et al.,
2018; Yu et al., 2018). oAlT} Zo] AAEY EAL 7|&9
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Prgn ol B9 dausle] SYekd wWsE A
ot A9 T8NY USHIZE T 4+ oIe Aoz 3
gtk oS Fvls Wl SRt Hapgel gel mg
29l SRS AUste FAKETe 7248t B Zolct
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A, duiQlol AFTAIAM FHlEE avE s =
A 210](FO, MPT, Cepstrum)7t YER =71

=4, GEjle] AZUSAI|A FHlEE ave s &
oA Al Cepstrum)7h HER=71?

1. g7 2

1. G5 oY

2 Aol ot A ARG AFske T 20
ol AAEE 250, Batddol 24.4M(SD= 2.47A)

ot el d=gol #Rt VIEBAE E 1ol AASHAH
HE AFARe AR ARt 00 dietuol] HyEA
£ B9 BHslen, B dfo] g IYsle WA=
HE AT o] Ao A7EH 9 A7EAd] digh AgS ¢
TARRE =1 AEFTIAE A 2

B A7 gAREL Ling 6 sounds testolA] 100% F&Hs)
A AZsar, At Hiaof 9fsto] QIRAHE, TAH, o
H, AAH ZAE g8k ge Aol Ed A 19
Qo Aol HZ4H Agtoz on)Qldy ARE A Y=
gRle = 5i3ict

B 1. o7 B2
Table 1. Participants' information

N Min. Max. M SD

Age 25 21 29 24.40 2.47
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S 111E o] He A& Yol 36ttt

SHES Slol WA oA F 10em Hojdl 91A]
oA PhilpsAte] VIR-7100 =27|(voice recoder)s I4A|
A WY S 69, ojff SAAMEY EEFE
€2 24,000Hz, YASK= 16bit2 48t wavitdz #3Js}
Aot AEY FAHAMES s Aol kel 24 At
5 YoiA 2-33] A HEEE AT & s gt
T ANE AN B2 971 Il BSHY AR
Heong, 1997)9] A F &L ofd o A HYSI] A
Bolgitt. WALSAGM Y WHIE SHsk] fd F
A SIMEE Foke HH Fol FAEANA AHskA|
X1 HHHAPIIY JEES olgst 70dBY WAAS
(White Noise)& Alzst] 971 & Uehtes A=Y ¥WIE
Sk A7E A% WA AAEA AR oF 1087
T agEglon, 1 F WAAZS == ARRE oF 30% Bk
2 A= Qle.

2) SAEM

O o 1

FHE FAMES 201 F A7 BAS] Hd A
FHYZolE Z(sec) TRE ZHAslod, et 7|Esw)
Z29] W3l= Praat(version 6.0.3.9)% o|g3lo] EHl=2E 7y}
B Qlst] yehd AT 71 EFuo AleolE AolE dB
o H AR Hlastgith. AAEY BAe CSL(CSL-4500,
Kay electronic, USA)®] ADSVIM (Model-5109, Kay
electronic, USA)ZETIHS o|&ste] st AAL3LY
CPP(Cepstral Peak Prominence), L/H Ratio(Ratio of low to
high frequency spectral energies)) mean CPP FO,
CSID(Cepstral/Spectral index of Dysphonia) H$ES A5}
gt Y A= AF AFY ofRe] wet 2583 Y
FLY Aol HFtE 7t 52E Hwste] EASie
o, AZUsE WAASO AT AT rRES AAE &
7+ Adeste] Bkt

3. ZaxE

FH" AR50 EARAL Windows IBM SPSS Statistics
2.0 ZRIRE olgslgion, BHEZs mRE AT A
4t dAdslA FAAEY SWs, MPT, A= AolE H]
wsl7] ¢fste] thEHEE ¢ AA(two-dependent samples t
test)Z Al

sI= ol oIHUHoMe S

2 g2 Qlete]  AFAGIAY] MPTE  H|usl|
Aol RSHF /}/E EHslo] H|wstgth. MPTolA= ¥
MAES AT F2 Aol B 17.91%(SD=3.57), 9
AASE ATIIRE A WE 2051%(SD=4.43)2 Ueht
EHl2E Gag sl MPTZE oMl Z7ISKItHE 2.
Praats B3 7|20 ¥iglois WAAS Al A Hd
217.86Hz(SD=17.15)°1A ¥ = B 222.52Hz(SD=18.49)
2 ROSHA Eoron, AFIYIAE B PAEH HAd
AE mean CPP  FO7F 9WMASAlE A ot
209.93H(SD=21.40)1M AF = B+ 217.11Hz(SD=24.19)
& A5ste] gt Aozt yehyten, CPP, L/H Ratio, CSID
i Aol7k ROlSkA] Yot Z]EFT o] tE ESAW
Fo|AE Afo|7h gl Aog YERITHE 3).

H 2 EHIEE sii2 QI8 MPTS 7|21=9| XI0|
Table 2. MPT and FO comparison dut to the Lombard effect

Quiet (sec) WN 70dB (sec) t
M 17.91 20.51 .
(sec) a6
SD (sec) 3.57 4.43
M (Hz) 217.86 222.52 3503"
SD (Hz) 17.15 18.49 )

WN=white noise
4 a.01 **p{.001

B 3. SHIEE sz Qo B39 HAEY ZM 0|
Table 3. Capstrum analysis of vowels comparison due to the
Lombard effect

Quiet WN 70dB t
CPP M 11.433 11.647
-Vowel 08
SD 1.29 1.57
1/H Ratio M 32.125 30.795
-Vowel 168
SD 3.189 4.29
mean CPP Fo M 209.92 217.11
-Vowel "2.52
SD 21.40 24.19
cSID M 25.218 26.742
-Vowel ~0.774
SD 9.901 11.500
WN=white noise
**p(.01
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2. BHIES B At HZUSEROIMG S
X 20|

gHlECaE Qdslel PPLHIAY B WIS A

=
oA, wasee AT 2 A= @R
7456dB(SD=4.33), WMALSS  ATIAYS AL B

78.08dB(SD= 3.75)2 Uel} FHlEZ= @vz st 249
A=t RO F7HE AoE UERdtHE 4). S :

FEd ARE Boto] APt AFdste] HAEY BY
oliE CPPE HMASAE A B 6.806dB(SD= 0.637)°l
A AF T B 7.300dB(SD=0.651)08 {ouleH ARSE]
o] g4o] AAEE ZoZ vERton, L/H Ratiod 7% 9
AASAT A 30.368(SD: 21.98)°14 AT 3 29.363(SD=
2.183)02 |oujsH Yoprle Aoz yeht yFms g9
o] o|A7t F7tstel 71414 (Breathy)?} &4 (Roughness)
o] & Zloz yepgdrt. 0|99 mean CPP FO, CSID& #2
S Aol7b YepA] ofop iy t2A| slEFukes
ROl S7FHAl AUTHIE 5).

H 4. SHIEE gz 2%t JE9f Xf0|

Table 4. Intensity comparison dut to the Lombard effect

Quiet (dB) WN 70dB (dB) t
M 74.56 78.08
-8.885
SD 4.33 3.75
WN=white noise
(001

B 5. SHIEE g2 Qlot HALs|o| HAEY M X|0|
Table b. Capstrum analysis of connected speech comparison due
to the Lombard effect

Quiet WN 70dB t
CPP M 6.806 7.300
-Read -3.874
ea SD 0.637 0.651
L/H Ratio M 30.368 29.363 )
-Read -2.237
ea SD 2.198 2.183
mean CPP Fo M 212.18 209.46 o
-Read D 11723 12.850
CSID M -6.031 -8.786
-Read -1.918
° D 758 7.73

WN=white noise
*pC.05, **p<.001
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o2 vste Aslugie 1 23 chew gk
A, o] FPPAAN LAl Ad ¥ g
22 ARG W, MPTS| Aol B 205122 Wik

o 1T

of AFHA A¥Z W HF 17.91FHTt {sHA
ot ol=gt ZAyte Hd 4973 =olA MPT7F A4ASHA
Choi 5(2012)9 Aveh= Zapels /=AY, EHl2E
s B H48Y Z7|7F FIeH EHEA BRI &
& ot dojxl Aow AHEth & digh] d3s
Fgolol &7l Z2 ZUI9MHIEE ARESE]  wEoldt
(Raphael et al., 2007).

7EFapol s BAAS AT A 217.80HzOlM AT
222.52Hz2 795t EoFH o™, mean CPP FO E3H #iAA
=0 AFEUE o =oHAch AT oiE HSoAe Ay
AgAIZoE QIRE Fot Aolrt UehA] Yotk olEE 2
= Garnier $(010F Kim¥ Lee(2015)9 A2z}
oF Aotk olg9 AfolMe BHIEE AIE molel]
ol GIetA A9 FEHILE o WA =& Ak
9] HIE Amytom 2 ¢d3t9] Azlel Fo] wMAZO] I
717 VS SE(FO)7E ASoigled, & AolA A
B2 k2 APoIMY Fw=(dB) EFF FUIRE AR Uet
Wk J9o= QlsjA FHIEE &R ket Fwrt S5t

LS QuEel Fue g 5 U
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14 BHiEE 33t g7
TS FTHFHCH, BAEH EAMoA= CPPrt S7Ist
A9t L/H Ratiow #4SI3Hh 01919 &%l mean CPP
FO, CSIDolA= H<fer Aot vehuA] gglnh & |HEE
Bt 7] AZusiEAlA 249 HEAT SFuk okdE
07 fAHE= AZ & & AUtk

olzigt CPPY F71% AFdss tiH] 1Fu9] Higo|
A= BHEE a¥E Qls) 22 42 o AduEErt AsiA
dolif 3489 A=} HiZol FU6l 549 4ol Eos
7 "WEew AZHETh oAy E dAFois WaLsZow
Sto] AT FUkHEA Y Zsol ARH, AU
A= GA] vl A5sh Zog AZHct Garnier &
(201002 HisMolld BHIEE aIkE v o dae 54
< B3 23 Ao B9 Fret F=rt st
19om, Kim & Lee(2015)9 AtolMz BHIEE aF=
el Zgol 7jEFmeet Al 1, 2389 Fue Yol &
ol AL HIsk Sk oAy el 5k WHEkE Qs

E4TE A 9EAY 08T AE RS} I H54a
9 7A4n 2z E3E FUbHA "ckKang et al,
2017).
2 AFoMe Eul2c gug QdkloA oxzel Fe
fEotgions 249 Mol M & Qvke A ¥
ASiTh mEbA A7IEQl 54 EE2 duklelA CPPt
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A Foo el Fko] A FRFE F=

Iy ZF LA A A= B Oq‘_rLﬁF’—M] 7123 ot 242
gt s SR THHES SAEAs E9ER

Adger &8 £ 5’&:3: Aot} 1lE A=Y
AR FAIHE 3 Z3EQd FE o= LSVT(Lee
Silverman voice treatment)’t 2H(Kim et al., 2014), ©]
FAHLS & FAEY A7E S4o] LSVIY EAFE
AZzo] WYY o QUeF: {hdls HATHOE oRE F4Z 7t
2 ddelA aA dhHes dA Stk 9’ S48
AREStE IIE SAEA LSVT SR 94 BHlEE
BNE S8oto] WNES fESThE TAg BEAol &
e, detiEe] ol £ = A o] 2 Aotk

o]/\}‘,] 7:11,]»— H]—El-__g EH]—EE _Q_J,].E 01‘3_]-9_]
T S=E STRIPIEA DAdolE FAE & e AS
& & QAqlth SRR ARkl daEY] Fwrt FTle A
o] ZEol AXA, 7[EFHL7E O IFTE HIEO
soludA Y 7ol =2 AEE "ok o=’ AdEit
AadsoA FARE A&E AS FIHQd SAES WeiE
T & Aotk I8y deHoR HAT|sH Aol
AoA BEA FAFTTHCE &8 & 2130 ¢
of. ol2gt dfdde] wE E 7HA| At ARkE
o= Atk

AR, AT 20009 oS thdeE g Aol o
Aol Hlsh FAe Fejgol AHglem, gFAY AE FHolA
AT 718 S B3 AR EAE & Qlo] & AT
olAs AR WHeF AL oS te=E SIGith A%
< FEAAE Bo AYE FYEeE mofsle ddn 7
SHA $3gE]ojof T Zolct.

A, dTAE PR dAdsEAER el 1
% dadslEAle AVITHET oiginh. SR AZdst
A2 G71ZA Exlopd o, 4, digt IA= -_r“‘*EM
qlom, oo mE HAE 5o =] BlaE
7} 9le Aoz Mk}

AR, 2 Ae S B fAAE" £49 7z
sto]  AAJstITE. 131‘/} ShARE TAaT|e] 44 94Tt
SR 7] o] % waAgY 244 949 AHE=RTH
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