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ABSTRACT 
In the context of the Perception for Action Control Theory 
[1], and in the furtherance of experimental studies carried 
out by [2] or [3] on the auditory or audiovisual estimation 
of phonetic features, we have drawn up an original 
paradigm using synthetic vowels in order to determine the 
capability of expert and naive listeners to estimate vowel 
gestures. We tested French listeners distributed in four 
groups from naive to expert phoneticians considering the 
level of their phonetic knowledge. For aperture, our results 
show that the phonetic experience significantly improves 
the scores, but that naive listeners perform much better 
than chance, despite small contrastive differences, and 
although certain vowels do not belong to the French 
phonological system. We present our first results 
concerning the articulation places for naives. We show 
that adding another interfering contrast (as rounding or 
front-back tongue position in the case of aperture) does 
not significantly decrease performance. We then suggest 
and discuss acoustic correlates of vowel features derived 
from our data. 

1. INTRODUCTION 
In the framework of the Perception for Action Control 
Theory, [1] the authors defended the view that speech 
perception is the set of perceptual (auditory, visual, if not 
tactile) processes that allow –at the segmental level– to 
recover and specify the timing and targets of speech 
gestures. This supplies a set of representations for the 
control of one's own actions and the specification of 
somebody else’s actions. This allows for intervention in 
the structuring of phonological systems, mainly in the 
selection of their units, phonemes and features. The core 
of this theory is the links between speech perception (as 
production) – from the sensori-motor interaction angle – 
with phonology by the way of their reciprocal structuring 
(or co-structuring), but not as independent systems studied 
separately. In this context, and more precisely in vowel 
perception, [1] they have assumed that listeners are able to 
recover vowel gestures –and consequently vowel features– 
from speech sounds. 
Regarding vowel perception, several MDS studies (Multi-
Dimensional Scaling) exhibit different numbers of 
dimensions used by listeners to classify vowels in 
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ries, according to languages [4][5]. From these 
s, the relation between formant frequencies (the main 

inants of vowel qualities) and the perception of 
 features do not seem to be a straightforward 
on. Moreover in relation both with the invariance 
m and the vowel feature identification, a number of 
s on vowel perception have tried to find the 
lization processes operating in the determination of 
 classes in a given language, allowing to consider 
xistence of perceptual constraints on speech 

ction [6]. Likewise, studies on the difficulties in 
n language acquisition due to vowel similarity have 
 how the recovery of gestures for speech production 

nstrained by perception [7]. However, different 
s on the perception of vowel features have revealed 
e auditory signal may sometimes be ambiguous and 
nt frequencies not sufficient to suitably recover 
ing and front-back position nor rounding and 
re in the case of high or mid-high vowels, even for 

t phoneticians [2][3][8]. 
 context, and taking further the studies [2] or [3] on 
ditory or audiovisual estimation of phonetic features, 
ave drawn up an original paradigm in order to 
ine the capability of expert and naive listeners to 
te vowel gestures. Following the description of our 
dology, we will first analyze data on aperture 
ed for expert phoneticians and naives, then data on 
ont-back dimension for naives. We will discuss the 
apability of our auditory system to estimate vocal 
onfigurations, at least height. We show that front-
position is more difficult to estimate, at least for 
, because of their interactions on the F2 dimension. 
iments on both front-back for experts and rounding 
sts for experts and naives, are currently under way. 
lly, these studies suggest what listeners are able to 
terms of vowel features when they have to identify 
 qualities from auditory stimuli. 

2. METHODOLOGY 
iment 1: Aperture 

elected 24 vowels from a set of 38 prototypical 
 vowels synthesised with an articulatory model of 

cal tract [9], distributed in 4 series (front unrounded 
unded, central unrounded and back rounded) and 6 



height degrees in each series. Then we prepared 80 pairs 
of vowels differing by one degree on the height scale, and 
prepared a corpus of three repetitions of each pair, in a 
random order (240 pairs altogether, 120 with the higher 
vowel first, 120 with the lower vowel first). The task was 
then to determine by ear, for each pair, if the first vowel 
was higher or lower than the second one. Each stimulus 
had a duration of 720 ms: the two vowels of each pair 
lasted 350 ms and were separated by a 20 ms silence. Each 
stimulus was presented on binaural headphones Philips 
SBC HP080 60 ms after the preceding stimulus response 
of the subject. The test was set up on a Macintosh Power 
PC 7500/100 with a 640*480 screen. Subjects’ responses 
relied only in the perception of the presented stimulus, 
since they were not allowed to hear it several times. No 
constraints over response time were given but the 
instruction was to answer as soon as possible. We tested 
56 French listeners, men and women, distributed in four 
groups considering the level of their phonetic knowledge 
(from naive to expert phoneticians): 7 phoneticians had 
from 10 to 36 years experience (G1), 7 students or 
researchers in phonetics-phonology had from 3 to 7 years 
experience (G2), 11 subjects had one or two years 
experience (G3) and 31 subjects were absolutely naive and 
did not know anything about speech, phonetics nor 
phonology (G4). The test for naive listeners was preceded 
by a twelve practice items consisting of pairs of vowels 
with large height differences (such as [i] vs. [a]), and 
different from those of the test. 
Experiment 2: Front-back 
In order to test the front-back dimension, we selected 18 
vowels distributed in 6 series (front, central and back * 
unrounded and rounded) and 3 height degrees in each 
series (high, mid high, mid low). Then we built 92 pairs of 
vowels differing by one or two degrees on the front-back 
scale, and prepared a corpus of three repetitions of each 
pair, in a random order (276 pairs altogether, 138 with the 
front vowel first, 120 with the back vowel first). With the 
same protocol as experience 1, the task was then to 
determine by ear, for each pair, if the first vowel was more 
front or more back than the second one. We tested 23 
French naive listeners from the G4 group of Experiment 1. 

3. RESULTS 
In order to find the acoustic correlates of vowel features 
derived from our data, frequency values (in Hertz) were 
converted into a Bark scale, using the conversion formula 
proposed by (Schroeder, Atal & Hall, 1979):  

fBark = 7 log ( [FHz / 650] + √ [(FHz / 650) ∗2 + 1) 
We then calculated correct response percentages as 
follows: 

((N – (n/2) / (n/2))∗100 
where N is the number of correct responses and n is the 
number of responses by pair. A positive correct response 
percentage value close to 100 means correct judgment 
while a negative value close to –100 indicates inverse 
judgment and values around 0 point out random responses. 
The statistical significance of the correlation was 
investigated by means of a Student t-Test. 
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ores, but that naive listeners (G4) perform much 

 than chance, despite a small height difference 
en vowels of a pair, and although the vowels 
  / did not belong to the French sound system. 
al ANOVA (analyses of variance) were performed 
 data, both on naives and expert phoneticians, to test 

differences between series (front–central–back, 
ed–unrounded) and between pure height conditions 
nditions with mixed height + rounding or mixed 

t + front-back tongue position. It appears that neither 
ing series (whether it belongs to the French system 
), nor adding another interfering contrast (rounding 
nt-back tongue position), does significantly decrease 
covery of the aperture gesture. 

Table 1. Correct identification scores 

roup of  listeners Correct responses percentage 
G1 84.769% 
G2 79.359% 
G3 70.741% 
G4 64.429% 

hing acoustic aperture correlates for our data, we 
ted correlation coefficients between formant 

ences within pairs, and the number of correct 
ses, for each group (Table 2). The formant 

ences were computed considering positive values in 
iations.  

able 2. Computed correlation coefficients between F1 
rences and F2 variations (in Barks), within pairs, and the 
mber of correct responses, for each group and all pairs 
umns 2 & 3); Pairs with an F2 difference higher than one 
ark in absolute value are separated (columns 4 & 5). 

*) indicate  significant correlations (p<0.1) and, (p<0.05) 
respectively. 

up of 
ners % vs. F1 % vs. F2 % vs. F1  % vs. F2  

1  0.6127 (*) 0.003 0.6419 (**) - 0.0923 

2 0.4152 0.1545 0.5565 (*) 0.1983 

3 0.2636 0.038 0.3333 - 0.0163 

4 - 0.0286  0.5589 (*)  0.6327 (**) 0.0112 

 
how that F1 variations (classically the principal 
ate for aperture) as much as F2 variations are used in 
sk. A great F2 difference, between vowels in a pair, 
ses the score towards chance. Notice that this effect 
ificant only for the naive group G4. If we separate 
irs with an F2 difference higher than one bark in 
te value, we obtain a correlation coefficient between 
ferences and correct response scores significant for 
oups G1, G2 and G4, while F2 is no more correlated 
esponses: hence F2 rather appears as a bias, just for 
F2 values, and just for naives. The scores increase 
naïve (G4) to expert (G1) subjects (Figure 1). It is 
orthy that for naïve subjects, an F1 distance around 
rk is enough to induce a correct response percentage 
ut 50% above chance. Such an acoustic distance is 



small, lower than the distance separating high and mid-
high or mid-high and mid-low vowels in French (about 1.5 
Bark). 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Correct response percentages for aperture as a function 

of F1 differences between vowels in pairs for G1–G4 groups. 
Only the pairs with an F2 difference lower than one bark in 

absolute value are plotted. 

Front-back  
We tested 25 naive subjects from the G4 group. Globally, 
the scores are weaker: 15% for mean of correct responses, 
vs. 29 % for aperture (see Table 1). 
Primary observation displays F1 correlated with the correct 
identification scores (Table 3). However, further 
correlation analyses show that F2 is the good correlate: the 
division of pairs, grouping in P1 the pairs which contrast 
vowels differing just in front-back dimension or in front-
back plus rounding (no F1 change in the pair), and 
enclosing in P2 the pairs opposing a front-back tongue 
position plus one degree height, enables a good correlation 
of correct response percentages with F2, explaining the 
apparent role of F1 (Fig. 2). 
Moreover, F1 is equivalent to an “inverse correlate”, since 
the number of correct responses increase with negative F1 
values. We observe also a good correlation with F2–F1. 
 
 

Table 3. Computed correlation coefficients between 
F1differences and F2 variations (in Barks), within pairs, and the 

number of correct responses, for each type of pairs. (**) 
indicates significant differences between regression coefficient 

and 0,  (p<0.05). 

Type of pair % vs. F1 % vs. F2 

all pairs -0.4831 (**) 0.6695 (**) 

P1  0.6758 (**) 

P2  0.7699 (**) 
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ures 2. Correct response percentages for the front-back 
sion as functions of F1 and F2 differences between vowels 
s for the G1–G4 group.  A type of pairs effect is observed: 
airs with negative delta F2 are on the left side while those 
ositive delta F2 are on the right side, and P1 pairs are in the 
iddle. A correlation between F1 variations and correct 
fication scores is observed. But this correlation disappears 
de each type of pairs, individually taken.The correlation 
tween response and delta F1 seems due to that between 

responses and delta F2. 

4. DISCUSSION 

ure  
ers, even naives, seem able to recover vowel 
re from speech sounds, whatever the front-back 
e position, and even if vowel quality does not belong 
 French phonological system. Contrary to [2][3], 

back contrast does not interfere with aperture 
ent of naives nor expert phoneticians. Consequently, 
are the listeners’ strategies?  It could be a pure 
ry performance, and therefore a misunderstood task, 

 responses like acute vs. grave sound. Then, are 
rs capable to separate F1 from F2 and to focus on 

sturbs naive listeners since a strong negative F2 
ion with a positive F1 difference hinders their 
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judgments, decreasing to around 0, and close to chance. 
However, naives’ identification scores never drop under 0 
using more F2 than F1 and given inverse judgments. 
If we consider the strong negative F2 variation stimuli 
apart, only for naives, our results show no F2 effect on 
listeners’ performance. Hence, listeners make the task 
focusing on F1 and taking apart F1 from F2, with a training 
effect: the higher the level of phonetics knowledge, the 
more useful F1 for aperture and F2 being almost unused 
(Fig. 2). 
This experiment reveals the ability to estimate vowel 
aperture independently of the front-back tongue position 
and lip position, even without phonetic knowledge. 
Front-back 
Naive listeners are able to succeed in the task, but with 
some difficulties. Mean identification scores are twice as 
smaller than those of height degrees. Regarding aperture, 
all the scores are over - 20%, and positive in 90% of the 
46 pairs of vowels. In the front-back experiment, correct 
response scores vary from - 50% to 67% and no more than 
63% of the 46 pairs produce positive scores. However, 
naive subjects seem capable to focus on the F2 parameter 
(or F2 - F1), disregarding F1. In that case, our result shows 
that naive listeners carry out two different tasks 
considering the recovering of vowel aperture and those of 
front-back tongue position since the role of F1 is inverse in 
our two experiments. 

5. CONCLUSION 

Recovering vowel gestures from speech sounds can give 
the impression of an evidence: no auditory perception let 
no correct acquisition of speech gestures control among 
deaf people and retardations for the blind in acquisition of 
visible but not very audible speech gestures as [m] vs. [n] 
[10]. However, a perceptual study on the specification of 
somebody else’s actions is rather tricky and no many 
paradigms are available. Our experimental results show 
fine abilities for listeners to estimate vowel gestures inside 
the vocal tract, even for naives without any phonetic 
knowledge, and though different vocal tract shapes 
provide identical acoustic out-put (the so called “sosies 
vocaliques” by [11]. Obviously, since [12] vowel aperture 
is known as the easier dimension in perceptual, auditory 
and also sensori-motor analyses. Regarding the world’s 
languages, vowel aperture is also the main distinctive 
vowel feature in sound systems [13]. 
Our experimental results confirm the fine capability of our 
auditory system to estimate vocal tract configurations, at 
least height. Rounding and front-back positions should be 
more difficult to estimate, because of their interactions on 
the F2 dimension: experiments on these two contrasts are 
currently under way and would be presented at the 
Conference. Afterwards, it could be interesting to 
introduce the visual modality in our experimental 
paradigm in order to clarify the auditory or audiovisual 
estimation processes of phonetic features. 
 
Acknowledgements 
Improvement of the ideas in the investigation of acoustic 
correlates were strongly influenced by discussions with 

Jean-L
Natali

[1] J.
C
ac
C
O

[2] P
A
L

[3] L
of
Sp

[4] R
di
pp

[5] R
pe
E
sc
A

[6] L
N
sy
gr
A
20

[7] J.
ef
of
36

[8] L
T
In
19

[9] N
fo
C
42

[10] A
bl
li
L

[11] L
ou
Jo
20

[12] B
H
P
P

[13] N
pr
F

uc Schwartz. Special thanks to Fanny Duchêne and 
e Thaïs Uomini for collecting data. 

REFERENCES 
 

-L. Schwartz, C. Abry, L.-J. Boë and M.-A. 
athiard, “Phonology in a theory of perception-for-
tion-control,” in Phonetics, Phonology and 
ognition, J. Durand and B. Laks, Eds, pp. 255-281.  
xford: Oxford University Press, 2002. 
. Ladefoged, “The nature of vowel quality,” in Three 
reas of Experimental Phonetics, pp. 50-142. 
ondon: Oxford University Press, 1967. 
. Lisker and M. Rossi, “Auditory and visual cueing 
 the [± rounded] feature of vowels,” Language and 
eech, 35, 4, pp. 391-417, 1992. 
.A. Fox, “Perceptual structure of monophthongs and 
phthongs in English,” Language and Speech, 25, 1, 
. 21-47, 1983. 
.A. Fox, J.E. Flege and M.J. Munro, “The 
rception of English and Spanish vowels by native 

nglish and Spanish listeners: A multidimensional 
aling analysis,” Journal of the Acoustical Society of 
merica, 97, 4, pp. 2540-2551, 1995. 
. Ménard, J.-L. Schwartz, L.-J. Boë, S. Kandel and 
. Vallée, “Auditory normalization of French vowels 
nthesized by an articulatory model simulating 
owth from birth to adulthood,” Journal of the 
coustical Society of America, 111, 4, pp. 1892-1905, 
02. 

E. Flege and J.M. Munro, “Auditory and categorical 
fects on cross-language vowel perception,” Journal 
 the Acoustical Society of America, 95, 6, pp. 3623-
41, 1994. 

. Lisker, “On the Interpretation of Vowel “Quality”: 
he Dimension of Rounding,” Journal of the 
ternational Phonetic Association, 19, 1, pp. 24-30, 
89. 
. Vallée, L.J. Boë and Y. Payan, “Vowel prototypes 
r UPSID’s phonemes,” XIIIth International 
ongress of Phonetic Sciences, Stockholm, vol. 1, pp. 
4-427, 1995. 
.E. Mills, “The development of phonology in the 
ind child,” in Hearing by eye: The psychology of 
preading, B. Dodd and R. Campbell, Eds, London: 
awrence Erlbaum Associates, pp. 145-161, 1987. 
.J. Boë and P. Perrier, “C.F. Hellwag 200 ans après 
 les éléments d’une fibre conductrice,” XVIIth 
urnées d’Etude sur la Parole, S.F.A., G.C.P., pp. 
0-205, 1988. 
. Lindblom and J. Lubker, “The Speech 
omunculus: A Problem of Phonetic Linguistics,” in 
honetic Linguistics, V.A. Fromkin, Ed, Academic 
ress: Orlando, Floridia, pp. 169-192, 1985. 
. Vallée, Systèmes vocaliques : de la typologie aux 
edictions, PhD Stendhal University: Grenoble, 

rance, 1994. 


	headLEa1: 15th ICPhS Barcelona
	pagenumber817: 817
	footerL1: ISBN 1-876346-48-5 © 2003 UAB
	headLOa2: 15th ICPhS Barcelona
	footerL2: ISBN 1-876346-48-5 © 2003 UAB
	pagenumber818: 818
	headLEa3: 15th ICPhS Barcelona
	pagenumber819: 819
	footerL3: ISBN 1-876346-48-5 © 2003 UAB
	headLOa4: 15th ICPhS Barcelona
	footerL4: ISBN 1-876346-48-5 © 2003 UAB
	pagenumber820: 820


