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Comparison of acoustic features due to the Lombard effect in
typically developing children and adults
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Department of Communication of Disorders, Ewha Womans University, Seoul, Korea

Abstract

The Lombard effect is an involuntary response to speakers’ experiences in the presence of noise during voice
communication. This study aimed to investigate the Lombard effect by comparing the acoustic features of children and
adults under different listening conditions. Twelve male children (5-9 years old) and 12 young adult men (24-35 years
old) were recruited to produce speech under three different listening conditions (quiet, noise-55 dB, noise-70 dB). Acoustic
analyses were then carried out to characterize their acoustic features, such as F0, intensity, duration, and vowel space area,
under the three listening conditions. A Lombard effect was observed in the intensity and duration for children and adults
who participated in this study under adverse listening conditions. However, we did not observe a Lombard effect in the FO
and vowel space areas of either group. These findings suggest that children can adjust their speech production in
challenging listening conditions as much as adults.
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FI(F0), B TR AEGAIZHS S7FA X TH(Castellanos et

2= T2 5442 AFESEY] Ak, S8 St al., 1996; Cooke & Lecumberri, 2012; Junqua, 1993; Summers et
wi} 3pAp= 7ol Al Makarat shi= wAIA E FEskA A . 1988). o1 3t 3Ake] 57 gl AL vAY S o R, 5}
stk S ZAgT 53, 3Rl AF o= IFE P 1}7} AR A AHA S8E ZEIATHKIm & Lee,
W2 Zh(speech perception) #3Hs H5kal skxte] W ET 2015). =3} Garnier et al.(2018)2] 1F-ollA = A7t &2 &
(speech intelligibility) & +A13F7] 918t 5734 =8-& 7]-&<1th 5o eV A0 WS SAolA FAA Al QL
A Aad Aol S-S AMESHE AR E BAE s WX E T S ke A ERlgtiA, FHlEE 9Tt
ShApe] ApkAo) 1 AT 240 WS AFS FHlET & 54 WE QeE 25 FHe R JEE vt Busgith
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AYATZ AR, 28 79 8 A7), 28k A FAll
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T'L}‘:/’]r’ﬂ §]'7<]'/1 =4 W 25 540l ZelE RAtKGarnier et
al., 2010; Kim & Lee, 2015; Tufts & Frank, 2003). o1& &, 94
Z~3(white noise) ¥} TF}AF A~3-(multi-talker babble)S- th =}l
Al AAB S w, WA Aagol] HlaiA T3k} &gl shate}
AL Al v X]= 2F#H(masking) 37t O Atk S A Stk
(Lee et al., 2009; Rao & Letowski, 2006). ©]&] 3} 2}¥ & 3= 3}
28] F74A =S ZFAAIA BAE 4hEe] WEkE TR
Tl(Siegal et al., 1976). Rivers & Rastatter(1985)+= T}3}A} A 5-0]
WA g w512t A AFES U WaEllste], vhebak A
ZeA 712 F3EF0)2 Wshr ¥ IA et 2R
3T ‘M‘, e 8 20-20,000 HzS] 71348 9] Anko] A 5HA)
AEAA AF 07, 7)o = dAae e}

2017). tHlA 252 0%31 *}a‘ 9 ““\FJ
o 25 0%, T2 A5 Y
QI TH(Katz & Lezynski, 2002; Park et al.,
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o7 H¥STHNittrouer & Boothroyd, 1990; Picard &
Bradley, 2001). ol & 51, A A S04 5-84] 317 O}E
o] o5 A LE AT AFelA = Lol o b= Sl
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2. 479

Fof st A= A& - 7] A el AF3sh= 20—
30t B 129 A 28.64) 2 5-94] Hol 129 (FH T AH
7.5/l ATk ARl A7 of] B3 7145 Al A= Table 1]
AABEATE BE gl Al A2 &A1 E Al s8kA] 9k 7
ARARSL ©F 20 em@] A7} L= 28l A Ling 6 sound testE A
Alekal Sl 100% 7 &abA| whe} wakiet.

EL O AR
Table 1. Participants’ information

Mean (yrs) SD Range
Children (n=12) 7.5 1.91 5.4-9.8
Adults (n=12) 28.6 2.78 24-35
22. 84 AR
B AT 3714 B7] RACTAS, &8 55 dB, 28 70

dB)ellA] chi Al Al whsh Al AASkSIT) e A= B
AR B S QAT B /oY, /o)), [/7F EFHE o=
3 TE Tol= Lee et al.(2016)2] Aol ¥ A5 2 ALE-
do] B2 Faste], BE AT A AEE 5 Qe

A FER1 V-V, V-CV 3 V-CVC Toj& FA5to] o}
(V-CV), ©HIK(V-CV), oF(V-CVO), F-FH(V-V), FHI(V-CV), -
2HV-CVC), ©]AKV-CV), oJFK(V-CV), ©]&(V-CVC) ¥ 97I=
A7 akadeh

go o ox o
o
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& Aol gl 285k FxhellA skt A flell=
EE(NT550XCJ, Samsung, Suwon, Korea)¥} w}o]=(A00132,
Logitech, CA, USA)E F 11, qwm} k2 o) A= vho] A2} 30
cm W8] IHAE FAE 5 JEF it nlo] A= A vl A

53] FLEF Sl as R OML &= glol, 55 dB 4
70 dB &5 Aol e ERT A4e f-41 3| EE(IRIVER
IGH-100, Dreamus Company, Seoul, Korea)s ZH-3-A]71 2 el o A
w3} dAof] Folstes itk &7 23 e £4 a9E
#H23lsl7] Y8iA, KA —55 dB—70 dB’, 55 dB—70 dB—
g, 70 dB—F-A3—55 dB’ A ER #HAE T ste] o
Aol Al F-2-9) 2 A AlSFI ) 2 el A= K-SPIN(Korean
Speech Perception In Noise; Kim et al., 2000) A} A AF-8-8F=
r,].ﬁ}x]. %‘jT:TE /\].B_ ]_Oﬂ o U% N 754 x]—u]o LEET(NTSSOXCJ
Samsung) 7] 2.2 55 dB9} 70 dBE & 317] $5ke] kel
ARl E] A}o] E(www.checkhearing.org/soundmeter.php) 2} &
o= oA O]’q ASE7)E Sl Wik SHEsith
7|EoE BE gl A 5Lt 7171E A
g3to] FUe AE2] 4355 dB 4 70 dB)S AIAIEHITE

A2 290l 3 A E To] JtEE EA] JEE Ao
A FEy el gglom, oidatel Al Fuy e ol do] StEE
HobA “(Fawol]) gloj e WIS Sl A= o
ARl Al g2 L W st AR Wetes 25
O AR A A E BRl $ oAt B A sk o
obg 2] A5, AL A AV sl W EskA| oAl 7] A
F HE AR F IAE AABITE oju, 55 HED 5
(sampling rate)= 44,100 Hzo] ) ©. ™, FA}3H(quantization)i= 16
bit= 3} Th

BHlEE 40 SR %L £ BHL RS 919

Praat(ver 6.3.19, Phonetic Sciences, Amsterdam, The Netherlands)
< ARSIt £7) Z22EE RS gidRte] S4 ¢4 Fo,
A=, ”‘E‘r@ol Fl, F2& aﬁo}oﬂfi‘r o, Z+ 7] 27 lA

2

Atk

24.1. 4381 34 &

[l gl %‘ﬁ Fo, 725 9 dsldol & A AL HE
skar Bagke AEekqlek o, thAbr} ek g
ol N &E = A3 w37 FREE AR7EA] st
235} TH(Lee et al., 2016).

=, 74 9 o]

Moo &L e

2.42.F1,F2 3t 4 28 37 94 w2 g

B 37 A= gepu gl E Al eh] A8l Hade] ] 2
/oY, 101/, 15/ ANFERE D A2EAET} A Yeht=
T AT 2 o= ot Fl 9 F2 gk S3ith 53
SHFL, F2 3k o0& H ks 42HE3 & VAI3)(Vowel Articulatory

ﬂJ

xﬂ

Index) &3 7PH A& 7313lh VAIQ) B3 ta s S 7%
s

22 2 (1) ZH(Lee et al., 2016).

F2,0,+F1),
VAI(3) = e/ T F ey o
Fljoyy+F1 e/ +F2/0) +F2),
25,54 A2
7] e wpet ek 3hel] Fo, Ak, wshdol], R Egihi
o) Ao} fel@AE Avns] da ol AE TR

(Two-way mixed ANOVA, GraphPad Software, San Diego, CA,
USA)Z A A&kt o], Mauchly 8] 7847374 AatelA 7}
S F53HA] &5 7%, Greenhouse-Geisser = . ¢+5ko] #24
39T}, B A1 5-4] 2 IBM SPSS Statistics 27.0(IBM, Armonk, NY,
USA)& AH&-3F3iT

3. 4747

3.1 27] 2313 A AR o mE e

€7] 2203 st Aol mhE S el tigt 7ES A A
Table 201 AN AIFGIEE. o] Q& FFEAREA]
g FaITL F2SHA LETHA(1.334, 29.338)=2.941, p=.087].
shate] A"l gt FaEITF FOJSA[F(1, 22)=147.083,
p=000], okl w3l AJQle] Serh oAl WA vreRsktt
(Figure 1). 7] 2717} 3}x}o] A= of st o]z} AF 5 28 a3}
T RrolakA] ek otTHF(1.334, 29.338)=.887, p=383].

£2. 498 £ HE Bolo] S w5
Table 2. Mean F0 variations in speech (Hz)

Quiet Noise 55 dB Noise 70 dB
. 240.97 254.06 257.55
Children (29.80) (36.50) (46.29)
122.03 124.06 127.89
Adults (12.35) (12.67) (17.05)

Values are presented as mean (SD).

M Children HE Adults

350.00 r
300.00
250.00 r *

200.00

FO(Hz)

150.00 +

== = ==

100.00 -
50.00

0.00
Quiet 55dB 70dB

Listening Condition

91 €7 20A A dH e 55
Figure 1. Mean F0 according to age group and listening condition
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32. £7] 213 A Aol i
7] 227 3pat A= o whE Ao
Table 3¢ AAIEFSITE o] A EFHEAREA A¥) £7] 271 o
FaEN7} -2 BFATHRR, 44)=6.648, p=.003]. T2 7}l T3t
Bonferroni A%~ 7174 Ay} #4253 A5 70 dB(p=.018) 7
= zpo] 7t 28kl shxke] Aol tist Fa I 251K
RITHF(1, 22)=.543, p=469] (Figure 2) =7 243} 34419 o

AR
e

=
et 7esA Ay

Holl thgk olak Fz a8 avks FolshA SHAQR, 4=
417, p=.662].
3,008 4970 BE B 4w
Table 3. Intensity variations in speech (dB)
Quiet Noise 55 dB Noise 70 dB
. 76.12 77.00 80.04
Children (8.49) (9.55) (10.65)
78.37 79.71 81.11
Adults 231 2.83) (434)

Values are presented as mean (SD).

M Children [ Adults

100.00
90.00

80.00 = T?
70.00 +

60.00

50.00
40.00
30.00
20.00 -
10.00 t
0.00

B

Intensity(dB)

Quiet 55dB 70dB

Listening Condition

a2 27 213 3 ARl e A
Figure 2. Intensity according to age group and listening condition

33. 571 233} siaF Aol whE b o] vl

7] 2313} 3ha Ao whE wspdolo] g 7|=E A A
Y}i= Table 40 AN AIEFITE o] AEFHEAREA A3, 7] 24
of that FEI} FJ8HITHF(1.362, 29.960)=7.334, p=.006].
Fa ol th3k Bonferroni AFS A4 A¥, 42T &S 70
dB(p=.013) 7+ &3tz o] xpo] 7} folshiet. shake] Aol o
3 AT -FIBIAFA(L, 22)=10.170, p=004], A1 21]] B] &) of
9] Wl ol 7}t f-olstAl AAl ek thFigure 3). 7] 27
7} siate] Aol gk o] A} FEAbg A folehA ekok
[F(1.362, 29.960)=1.034, p=341].

4G 2575 w2 dske] do) W}

Table 4. Duration variations in speech (ms)

Quiet Noise 55 dB Noise 70 dB
. 1.38 1.52 1.51
Children (22) (32) (30)
1.12 1.17 1.23
Adults (22) (.19) (.19)

Values are presented as mean (SD).

M Children B Adults

25 ¢

- ﬁg ﬁg

0.5 |

i

Quiet 55dB 70dB

Duration(ms)

-

Listening Condition

393 7] 203 33 AR o i dshdo]
Figure 3. Duration according to age group and listening condition

34. 7] 2119} spap Aol whE B 3k A
shebu|E Bl

71 2707 A Aol i 25 37 T st e o) o
B3 71% Al A 7= Table 500 A|AI8FIEE o] AEFFAHEA 4
I, 7] 27 st a7} ek LITHAR, 44)=2.615,
p=085]. 328 Ao g FaIrt F kA BUTHA(,
22)=055, p=816] (Figure 4). 7] 23} 3}x-2] A5 of tidt o]
AT 2E A ol BkA] UTHE(R, 44)=1.586, p=216].

5 D &5 whE VAIR) |}
Table 5. VAI (3) variations in speech

Quiet Noise 55 dB Noise 70 dB
. 77 86 79
Children (.09) (13) (12)
81 82 82
Adults (.09) (10) (16)

Values are presented as mean (SD).

B Children @ Adults

Quiet 55d8 70d8

Listening Condition

I8 4. £7] 227 skA; A#5 ol ik VAI(3)
Figure 4. Vowel Articulatory Index VAI (3) according to age group and
listening condition
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