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ABSTRACT 

Continuous speech of 23 
subjects was recorded with 
and without masking noise. 

: The group was composed of 
Voice. Trained (n=12) and 
Untrained. (hall) Male and 
Female Francophone sub- 
jects. The objec t ive  of the 
investigation was to find 
out how are spectral l eve l s  
and voice quality affected 

under masked c o n d i t i o n s  for 
the -‘ different groups. 
R e s u l t s  show:1.Voice —Trai-  
ned subjects increase vocal 
levels -1ess than Untrained 
subjects under masked con— 
ditions, therefore. showing 
an attenuated Lombard 
effect. 2. 'Some reported 
voice quality measurements 
(l.aAB= > 1 0 0 0 H z  / <1000Hz, 
2.9=F1 ' /  F0) d o  not seem to 
apply to speech of 
Francophones. = 

_1. rureooucrïou_ 

'It is well known that the_ 
presence of noise produces 
an increase in vocal levels 
(i3lLombard, 1911; [ZlLane 
’and Tranel, 1 9 7 1 ) .  Recently 
[4]: Pick Jr. et al. (1989)  
suggested that . through 
training the effect could 
either be enhanced or 
reduced but not completely 
eliminated. 
It is quite possible that 
peOple with voice training 
would be more apt to react 
differently 

to that effect. It has been 
shown, for example,- that 
when singing in noise, 
trained singers‘ 
performance - deter iorates  
less  than that of amateur 
musicians ([61Ward & Burns, 
1978 ) .  That is attributed 
to a process of kinestheti- 
zation, whereby vocal expe- 
rience allows the performer 
to -monitor the voice by 
proprioceptive rather- than 
by auditory cues. Less 
dependent -  on auditory feed- 
back, voice trained sub— 
jects would be less per— 
turbed by noise and would 
therefore have the ability 
to ‘ preserve their voice 
quality. That 'ability 
should also be present. in 
running speech. The objec- 
tive 'of this study is to 
verify how are vocal levels 
of voice trained subjects 
affected when speaking in 
noise and whether voice 
quality is affected. 
The research quastions are 
the following: 1.Are there 
long—term spectral level 
differences, at particular 
frequency intervals,. of 
continuous 'speech, between 
_voice 'trained and untrained 
subjects' when speaking in 
noise? _ … . . 
2.Are there long—term voice 
quality differences, of 
continuous‘ speech, between 
voice “trained and untrained 
subjects when- speaking. in 
noise? ; . - … - "  ; - … 
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2. METHOD 

2.1. Voice 
measurements 
An acoustic measure of 
voice quality was proposed 
by illFrokjaer-Jensen and 
Prytz (1976)  as usintensity 
above lkHz / ‘intensity 
below lkHz. i7lWedin et al. 

(1978)  seemed to confirm 
the utility of this measure 
in speech with a group that 
had undergone voice 
training. [SlSundberg and 
Gauffin (1978 ) ,  seemed to 
suggest that in singing, 
judging the higher spectra 
as a measure of good 
quality is misleading be— 
cause it could be obtained 
with an increased vocal 
effort (”pressed" phone- 

tion) which is not charac— 
teristic- of- trained male 

quality 

'singers. They proposed that 
a measure of good» quality 

is a higher increase of 
energy in the F0 area. 
relative to the F1 area of 
trained subjects (“flow" 
phonation). In order to 
utilize these voice quality 
acoustic measurements, this 
experiment extracted Long 

Term Average Spectra for 
the following intervals: 
FOezLog energy at interval 

80-160Hz for men, 160-25032  

' f o r  women - 

Fle:  Log energy at interval 
315-60032 
31K: Log energy below ikHz 

(80—800Hz) 
Aix: Log energy above lkH 
( l o c o - 5 0 0 0 8 2 )  * 
eFlFO: Fle minus FOe 
«AB: A1K minus BlK 

These intervals also served 

to compare spectral levels. 

2.2. Subjects 

The group of 23 subjects 
was composed of 1. Voice 
T r a i n e d .  (n=12) and Untrai- 
ned subjects (nzll). Sub- 
jects with abnormal hearing 
or with mother tongues o- 
ther than Canadian French 
(Francephones) were exclu— 
ded. The trained subjects 
were either members of a 

well known choir or profes— 
sional actors and radio an— 

nouncers. The subjects do- 
nated their time without 
pay. 

‘ 2 . 3 .  Materials 
The French text, of 

phonetically balanced con- 
tents lasting approximately 
one minute of reading time, 
was edited from existing 
literary materials. 
2.4. Procedure 
The subjects were recorded 
while .reading the same one 
minute text under three 

conditions: 1.Normal 
reading (8); 2.Vith right 
ear masked with a 75dB 

white noise(8RH); 3.With 
left ear masked with a 75dB 
white noise(3LH). 
All the recordings, and the 
audiometric screening, were 

conducted in a soundproof 
cabin (I.A.c.). The micro— 
phone was a Sennheiser 
HDAil—U (filtration switch 
on 'M‘), the -tape recorder 
a full track Revox “773 
(tape speed 15 ips), and 
the tapes Ampex 406. 
The. masking noise was 
produced with the “Haico 
Precision Hearing Test 
Instrument MA-Zi, through 
Maico headphones with one 
earphone removed. In the 
conditions' of masking, the 
subjects‘ had one ear masked 

with noise whereas the 

other 'remained free. This 
procedure _was _adopted for 
future— analysis- of 
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 lateral i ty  e f f e c t s .  ,The 
recordings were performed 
a t  one f o o t  distance f r o m  
the microphone and ' the 
order of  the three 
condit ions  - was 
systematicaly varied f o r  
succeeding subjects. ‘ 
2 . 5 .  Analyses - 
The recorded samples were 
analyzed with  an Ono S o k k i  
CF300 spectral analyzer f o r  
L o n g .  Term Average 'Spectra 
at  “ 1 / 3  octave intervals, 

16-kHz 
spectra. 

range, f o r  128  
The 

transfered  and 
an IBM 
through a software package‘ 
designed 

Spectral 

f o r  

data ' was 
d i g i t i z e d  i n  

microcomputer  

the project 
- a n d  t h e n  t r a n s f e r e d  t o  the  

mainframe  computer where 
l e  v e l s  were 

determined for  each of the 
three recording condi t ions .  

'3 .  RESULTS 

nean energy levels  ( d B )  o f  vo ice  mm» Francophones iN=12> and Ulmxm Francophone: (N=11) subjects f o r  three speech 
production c o n d i t i o n s  measured over s e l ec t ed  ( 1 / 3  octave) 

' intervals. 
. Inggrval 

g Eg__ F1g__ BFIFO 
Speech ç o n d i t i g g  ' - gg 

Normal T r . F r a . : - 2 1 . 7 3  —22.14  —0.41  
S p e e c h ( S )  U n t r . F r a . : - 2 0 . 9 6  —20.48  0 . 4 7  

* *  * * *  

Speech with right T:-21.06 -19.as »i.2o 
ear masked (san) u:—1a.2a -1s.so -2.67 

- * 
Speech w i t h  l e f t  T : — 2 1 . 8 1  - 2 0 . 8 4  ' 0 . 9 7  
ear masked (SLMII U : - 1 8 . 5 4  -16.71 2 . 1 4  _ * * 
8 - S R H ' ( R )  ' : — 0 0 6 6  “ 2 - 2 8  — 1 0 6 2  

" . ' .  “ U :  — 2 0 6 8  _ 4 o 8 8  - 2 0 1 9  … . _ ** . * *  - 
s-snn (L)' - 1: 0.08 —1.3o —1.3a 

u:_—2;11- —3.77 -1.66 
* s i g n i f i c a n t  a t  the 0 . 0 5  l e v e l  
* *  s i g n i f i c a n t  at  the 0.01 l eve l  
*** s i g n i f i c a n t  a t  the 0 . 0 0 1  l e v e l -  
F0e:Energy a t  interval 80—16082 f o r  men, 160-250Hz f o r  women F1e:Energy a t  interval 315—600Hz 
BlK:Energy be low 800Hz«(80—800Hz i n  1 / 3  octaves) .— 
AlK:Energy above 1000Hz (1000-50008: i n  1 / 3 - o c t a v e s )  

B l K  

- 1 7 . 9 3  
—16.53 

* * *  

“ 1 6 . 6 0  

—12.66 
* *  

+ 1 7 . . s  
“ 1 3 0 6 2  

* *  

— 1 0 3 2  

_ —3.87 
* *  

—0.47 
- 2 . 9 1  

AIR «AB 

“29.51 “ 1 1 . 5 7  
- 2 8 . 0 4  —11 .51  

* *  . 

“ 2 6 . 6 4  “ 1 0 . 0 3  
— 2 1 0 9 0  “ 9 . 2 4  

* 

427.29 --9.83 
-23.60 -9.98 

-2.97 -1.64 
—6.14 —2.26 

42.32' —i.a4 
—4.43 -1.52 

The table above shows the 
f o l l o w i n g  resu l t s :  
1 .  There are  no s i g n i f i c a n t  
di f f erences  i n  the Normal 
Speech condi t ion  f o r  
spectral l e v e l s  (F0e,F1e, 
B l K , A l K )  and v o i c e  q u a l i t y  
(eFlFO,  uàB) between t r a i —  
ned and untrained subjects. 

2 2 .  Spectral levels  o f  vo ice  
trained subjects are  s i g n i —  
f i c a n t l y  lower i n  both 
masked conditions (For  SRH:~ 
F0e ,p< .01 ;  F l , p < . 0 0 0 6 ;  BlK,  
p < . 0 0 0 5 ;  A l K , p < . 0 0 2 ;  f o r  
SLM: F 0 e , p < . 0 2 ;  F l , p < . 0 0 2 ;  
B l K , p < . 0 0 2 ;  A 1 K , p < . 0 4 ) .  
3 .There  a r e  no s i g n i f i c a n t  
voice q u a l i t y  d i f f e r e n c e s  
(OFIFO, oAB) i n  the masked 
c o n d i t i o n s ”  between tra ined  
and untrained subjects. 

4 .  DISCUSSION 
There a r e  no s i g n i f i c a n t  
voice q u a l i t y  ' d i f f e r e n c e s  
e i t h e r  i n  the normal nor i n  
the masked speech c o n d i -  
t i o n s  f o r  the  t w o  groups .  
I t  i s  poss ib le  that  the 
voice  _ q u a l i t y ,  measurement 
«AB proposed f o r  speech i s  
linguistically related and 
t h e r e f o r e  not  appropriate  
f o r  French.  Trained Franco- 
phones d o  not have more 
energy i n  the reg ion  above 
1000Hz r e l a t i v e  ; to  the 
lower frequencies. ' 
The other v o i c e  q u a l i t y  
measurement, SFlFO,  was 
proposed f o r  s i n g i n g .  That 
might e x p l a i n  why i t  d i d  
not distinguish the speech 

“ o f  the v o i c e  t r a i n e d .  
When speak ing  i n  n o i s e ,  
lower vocal l e v e l s  c l e a r l y  

_ d i s t i n g u i s h e d  the voice  
t r a i n e d  f r o m  the v o i c e  un— 
t r a i n e d  and c o n f i r m e d  that  
voice t r a i n i n g  
the  Lombard e f f e c t .  
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