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ABSTRACT

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

- The qroup was composed of

Volce Trained (n=12) and
Untrained. (n=11) Male and
Female Francophone sub-
jects. The objective of the
investigation was to €£ind
out how are spectral levels
and voice guality affected
under masked conditions for
the - different groups.
Results show:1l.Voice - Trai-
ned subjects increase vocal
levels 1less than Untrained
subjects under masked con-
ditions, therefore showing
an attenuated Lombard
effect. 2, Some reported
voice quality measurements
(1.aAB= >1000Hz / <1000Hz,
2.8=F1 / F0) do not seem to
apply to speech of
Francophones.

1. INTRODUCTION

‘It 1s well known that the

presence of noise produces
an increase in vocal levels
({3]1Lombard, 1911; [2lLane
"and Tranel, 1971). Recently
{4] Pick Jr. et al. (1989)
suggested that through
training the effect could
elther be enhanced or
reduced but not completely
eliminated.

It 1is 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 - deterlorates

less than that of amateur
musicians ([6)lWard & Burns,
1978). That 1is 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, volice trained sub-
Jects would be 1less per-
turbed by nolse and would
therefore have the ability
to presexve thelr voice
quality. That ablility
should also be present. in
running speech. The objec-
tive of this study 1is to
verify how are vocal levels
of voice trained subjects
affected when speaking in
noise and whether volice
quality is affected.

The research quastions are
the following: l.Are there
long-term spectral level
differences, at particular
frequency intervals, . of
continuous speech, between
volce trained and untrained
subjects when speaking in
noise? .
2.Are there long-term voice
quality differences, of
continuous' speech, between
voice tralned and untrained
subjects when speaking 1in
noise? . :

2. METHOD

2.1. Voice
measurements

An acoustic measure of
voice quality was proposed
by (1)Frokjaer-Jensen and
Prytz (1976) as a=intensity
above 1kHz / intensity
below 1lkHz. {7]Wedin et al.
(1978) seemed to confirm
the wutility of this measure
in speech with a group that
had undergone volice
training. {51Sundberg 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” phona-
tion) which is not charac-
teristic of trained male

quality

‘singers. They proposed that

a measure of good quality
is a higher increase of
enerqgy in the FO area
relative to the Fl 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:
FO0e:Log energy at interval
80-160Hz for men, 160-250Hz
for women

Fle: Log energy at interval
315-600Hz

BlK: Log enerxrgy below lkHz

(80-800Hz)

AlK: Log energy above 1lkHz
(1000-5000HzZ)

6F1F0: Fle minus FOe

aAB= AlK minus B1K

These intervals also served
to compare spectral levels.

2.2. Subjects

The group of 23 subjects
was composed of 1. Voice
Trained . (n=12) and Untrai-
ned subjects (n=11). Sub-
jects with abnormal hearing
or with mother tongues o-
ther than Canadian French
(Francophones) were exclu-
ded. The trained subjects
were either members of a
well known cholr 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 undex three
conditions: 1.Normal
reading (8); 2.with =right
ear masked with a 75d4B
white noise(SRM); 3.with
left ear masked with a 754B
white noise(SLM).

All the recordings, and the
audiometric screening, were
conducted in a soundproof
cabin (I.A.C.). The micro-
phone was a Sennheiser
MD441-U (filtration switch
on 'M'), the - tape recorder
a full track Revox.” 77A
(tape speed 15 1ips), and
the tapes Ampex 406,

The masking noise was

produced with the Maico
Precision Hearing Test
Instrument MA-24, 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



laterality effects. The 16-kHz range, for 128
recordings were performed Spectra. The data ° was
at one foot dlistance from transfered and digitized in
the microphone and the an IBM microcomputer
order of the three through a software package .
conditions . was designed for the project

sygtemticaly varied for and then transfered to the

mainframe

succeeding subjects.
Spectral levels

2.5. Analyses

computer where

were

The recorded samples were determined for each of the

analyzed with an Ono Sokki
CF300 spectral analyzer for
Long . Term Average Spectra 3. RESULTS
at ° 1/3 octave lintervals,

three recording conditions.

nean energy levels (dB) of voice Tnun"francophones (N=12)

and UIMIGD Francophones (N=11) suhjects for three spe

ech

production conditipns nmeasured over selected (1/3 octave)

intervals.

Interval
! Fle Fle 8F1F0 BlK AlK o AB
Speech condition ' dB
Normal Tr.Fra.:-21.73 -22.14 -0,41 ~-17.93 -29.61 ~11.67

Speech(S) Untr.Fra.:-20.96 -20.48 0.47 -16.53 -28.04 -11.51

% k% Xk L3 ]

Speech with right T:-21.06 -19.86 -1.20 -16.60 -26.64 -10.03

ear masked (SRM) $-18.28 -15.60 - 2.67 -12.66 -21.90
* *k * & ®

Speech with left T:-21.81.-20.84 "0.97 -17.45A-27.29

ear masked (SLM) :~18.54 -16.71 2.14 -13.62 -23.60
* * %

8-SRM (R) T: -0.66 =-2,28 -1.62 -1,32 -2.97

: : U: -2.68 -4.88 ~-2.19 -3.87 -6.14

. T ® * % )

S-SLM (L) : T: 0.08 -~1,30 -1.38 -0.47 -2.32

U: -2.11 -3.77 -1.66 -2.91 -4.43
* significant at the 0.05 level
** significant at the 0.01 level
*** gignificant at the 0.001 level
FOe:Energy at interval 80-160Hz for men, 160-250Hz for
Fle:Energy at interval 315-600Hz
BlK:Enexrgy below 800Hz (80-800Hz in 1/3 octaves)
AlK:Energy above 1000Hz (1000-5000Hz in 1/3 octaves)

-9.24

-9.83
~9.98

-1.64
-2.26

-1.84
-1.52

women

The table above shows the
following results:

1. There are no significant
differences in the Normal
Speech condition for
spectral levels (F0e,Fle,
B1K,AlK) and volce quality
(6F1F0, «AB) between trai-
ned and untrained subjects.

. 2. Spectral levels of voice

trained subjects are sjigni-
ficantly lower in both

masked conditions (For SRM:

FOe,p<.01; F1,p<.0006; B1K,
p<.0005; AlK,p<.002; for
SLM: FOe,p<.02; F1,p<.002;
B1lK, p<.002; AlK, p<.04).

3.There are no significant
voice quality differences
(6F1F0, «AB) in the masked
conditions ~ between traineé
and untrained subjects.

4. DISCUSSION

There are no significant
voice quality ‘differences
either in the normal nor in
the masked speech condi-
tions for the two groups.
It Is possible that the
voice quality measurement
«AB proposed for speech is
linguistically related and
therefore not appropriate
for French. Tralned Pranco-
phones do not have more
energy in the region above
1000Hz relative . to the
lower frequencies. '
The other voice quality
measurement, 6F1F0, was
proposed for singing. That
might explain why 1t did
not distinguish the speech
of the voice trained.

When speaking 1in nolse,
lower vocal levels clearly
distinguished the volce
trained from the voice un-
tralned and confirmed that
voice training diminishes
the Lombard effect.
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