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ABSTRACT 

The purpose of this study was to further specify a model of 
consonant place of articulation perception organized 
around the neutral vowel [1, 2]. The perceptual effects of 
different spectral and temporal acoustic parameters on 
consonant identification in CV syllables were investigated. 
The results confirm the specific status of the neutral target. 
When looking at the formant characteristics from this target, 
consonant identification depends on the position of the 
formant transition, above or below a reference line. Further, 
the present data show that the target value from which 
transition direction is calculated is located at the start of 
prevoicing.  

1. INTRODUCTION 

A theoretical model (the Distinctive Region Model, DRM) 
simulating the acoustic behavior (in terms of resonant 
frequencies – i.e. formants) of an acoustic tube, closed at 
one end and open at the other, was described in [3]. Figure 1 
shows the eight regions of the DRM model with its uniform 
configuration and the formant variations associated with 
closing and opening of the regions. For example, closing 
and opening R8 brings a decrease followed by an increase 
of the first three formants. The main places of articulation 
are theoretically obtained: R8 (lips) corresponds to the 
place of articulation for labial consonant, R6 (tongue tip) 
for alveolar consonant, R5 (tongue body) for velar 
consonant. The regions 3 and 4 of the back part of the 
model can be used to produce pharyngeal plosives [4]. The 
possible use of R2 and R7 for linguistic purposes remains 
to be investigated because the control of these regions only 
leads to small acoustic variations. More, for the uniform 
configuration, the eight corresponding formant variations 
are the eight combinations of the falling and rising 
transitions. In a preceding paper [1], this specific situation 
was perceptively tested with synthetic [neutral-C-neutral] 
obtained according to the schema shown in figure 2.  For F1, 
the endpoint was always –3 Barks from the first formant of 
the neutral position. For F2 and F3, the endpoints were –1.5, 
0.75, 0, 0.75, 1.5 Barks around the neutral positions. 25 
different synthetic items were obtained and used for the 
perception tests. No burst were present in the synthetic 
items. 
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 1. Variations of the first three formants 
ponding to a closing-opening gesture of a specific 
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 2. [C] formant transitions in the time domain. 

results obtained for the 25 different items are 
ented in figure 3 and are in agreement with the 
tions: three main categories corresponding to 3 
nt combinations of falling/rising F2, F3 formant 

tions are located in the expected regions. However, 
/ and /d/ categories tend to expand into the R7 region. 
ame experiment was also performed with [aCa] 

s.  Similar results were obtained if the transitions 
to the neutral values in the middle of the  consonantal 
e (Tr in Figure 2).   
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Figure 3. /C/ results in the plane F2/F3 for 4 subjects 
(each item is listened 30 times by each subject). Filled 
symbols correspond to stimuli for which there were at least 
responses 70% in favor of one category. Small circles 
correspond to less than 70%. The horizontal and vertical 
lines correspond respectively to flat F3 and F2 transitions 
(and also to the boundaries between regions). Decreasing 
F2 and F3 (corresponding to closing R8) leads to a 
dominant  /b/ percept (represented by a square); increasing 
F2 and F3 (corresponding to closing R6) leads to a 
dominant /d/ percept (diamond); increasing F2 and 
decreasing F3 (corresponding to closing R5) leads to a 
dominant /g/ percept (triangle).  

In this paper, we intended to replicate the preceding 
experiment in the case of [C-neutral] and [C-a], i.e. without 
initial vowel. The question is: in such a case, where is 
situated the time reference Tr (Figure 2) used for 
calculating  category boundaries?  

2. EXPERIMENT I 

Perceptual tests were set up to study the role of the second 
and third formant transitions in the boundaries between /b, 
d, g/ categories. First, Consonant-neutral sounds were 
synthesized according to the following characteristics 
(figure 4): 
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Figure 4. [C] formant transitions in the time domain. 

For the neutral situation, F1=500, F2=1500, F3=2500 Hz; 
F4, F5,… were not used; The formant bandwidths were 
respectively 70, 100, 150 Hz. Durations were of 50 ms for 
the prevoicing (P) as well as for the transitions (T) and of 
100 ms for  the vowel (V). The fundamental frequency was 
120 Hz at the beginning, then linearly increased to 150 Hz 
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ints were always –3 Barks from the first formant of 
utral position. For F2 and F3, the endpoints were –1.5, 
0, 0.75, 1.5 Barks around the neutral positions. 25 
nt synthetic items were obtained and used for the 
tion tests. Four French subjects took part in the 
ments. In each session, each item was randomly 
ted 3 times. Five such sessions were run. The 
ts had to identify the consonant by choosing between 
/, /g, /p/, /t/, /k/ or  /w/. 

esults are given in Figure 5. The 25 items are 
ented in the plane F2/F3 by different symbols, 
ding on whether the dominant labeling response. 
 5 shows that decreasing F2 and F3 (corresponding to 
g R8) leads to a /b/ percept (square); increasing F2 
3 (closing R6) leads to a /d/ percept (diamond); 
sing F2 and decreasing F3 (closing R5) leads to a /g/ 
t (triangle). F2 = 1500Hz corresponds to the 
ary between R6 and R7; F3 = 2500Hz corresponds to 

oundary between R5 and R6 or R7 and R8. The 
t obtained for a decrease of F2 and an increase of F3 

sponding to R7) is not clear. In such a case, the large 
nt variations used in the present experiment might be 
lt to reach with an acoustic tube. The results of the 
tion tests are in full agreement with the prediction: 
main categories corresponding to 3 different 

inations of falling/rising F2,F3 formant transitions are 
ed. However, as in the previous data for VCV tokens,  
tegories tend to expand into the R7 region.  
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 5. /C/ results in the plane F2/F3. Filled symbols 
pond to stimuli for which there were at least 
ses 70% in favor of one category. Small circles 
pond to less than 70%. The horizontal and vertical 
orrespond respectively to flat F3 and F2 transitions. 
asing F2 and F3 (corresponding to closing R8) leads 
dominant  /b/ percept (represented by a square); 
sing F2 and F3 (corresponding to closing R6) leads to 
inant /d/ percept (diamond); increasing F2 and 
sing F3 (corresponding to closing R5) leads to a 
ant /g/ percept (triangle).  

experiment was reproduced with other durations: 
 T=50, V=50 ms; P=50, T=25, V=100 ms; P=50, 
  V=100 ms;  and P=25, T=25, V=100ms. The results 



did not change very much as the places of articulation are 
concerned. Figure 6 shows the results cumulated over the 5 
durational patterns. 
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Figure 6. Perception results obtained for  /C/ with 5 
different duration combinations of prevoicing, transition 
and vowel. Same symbols as in figure 5. 

3. EXPERIMENT II 

A similar experiment was set up with [a] as the F-pattern of 
the vowel. The formant frequencies are F1=500, F2=1250, 
F3=2500 Hz. F3 has the neutral value. The duration of the 
prevoicing was P=50ms; of the onset transition: T=50 ms, 
of the second vowel: V=100 ms.  Figure 6 shows the 
formant transitions in the time domain. The F2 transition in 
bold points to 1500 Hz (neutral position) at time=0, i.e. at 
the beginning of the prevoicing. This transition is called the 
“neutral transition”. 
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Figure 6. [Ca] formant transitions in the time domain. The 
F2 transition in bold points to 1500 Hz (neutral position) at 
time=0, i.e. at the beginning of the prevoicing. 

The results of the perception tests are shown in figure 7. 
Again three categories corresponding to 3 different 
combinations of falling/rising F2,F3 formant transitions  
around the neutral transition tend to occupy the expected 
regions. However, as in the previous data,  the categories 
tend to expand into the R7 region.  
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 7. Perception results obtained for /Ca/. Same 
ls as in figure 5. The horizontal and vertical lines 
pond respectively to the “neutral F3 and F2 
tions”. 

experiment was reproduced with other durations: 
 T=50, V=50 ms; P=50, T=25, V=100 ms; P=50, 
  V=100 ms;  and P=25, T=25, V=100ms. The F2 
al transition” always points to the neutral value at 
0. The results did not change very much as the places 
ticulation are concerned. Figure 8 shows the  
lative results for the 5 experiments on /Ca/ tokens. 
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 8. Perception results obtained for /Ca/ with 5 
nt duration combinations of prevoicing, transition 
wel. Same symbols as in figure 5. The horizontal and 

al lines correspond respectively to the “neutral F3 and 
nsitions”. 

4. DISCUSSION 

 + neutral] stimuli, the boundary between /b/ and /d/ 
ds on both F2 and F3 target frequencies. It 
ponds to a flat F2 transition when F3 transition is also 
owever, the /b-d/ boundary also extends into the R7 
 thereby revealing a perceptual tradeoff between the 
d F3 transitions (see Serniclaes & Carré [5], this 
e for further comments on this point). The boundary 
en /d/ and /g/ only depends on F3 onset corresponds 



to a flat F3 transition. The durations of the prevoicing, 
transition, vowel are not parameters of the task. These 
results confirm the results obtained in the case of 
/neutral-C-neutral/ [1]: perceptual identification of plosives 
can be carried out with reference to the neutral position in a 
very easy way: in looking at the only rising or falling 
variation of the formant transitions around the baseline. 
Slight differences between subjects (not shown here) mean 
that this reference may depend on the listener experience. 
Recall that the perceptual representation of vowels is rather 
stable according to subjects and correspond to 
hyperarticulated sounds [6] : it is expected that the neutral 
representation (“schwa”?) is also rather stable.  In a 
subsequent experiment we intend to check the effect of 
precursors on the “neutral reference” [7]. 

It is not worthy to mention that, according to the 
combinations of prevoicing, transition, vowel durations, 
the modes of the perceived sounds change: for example, 
from /w/  to /b/ , and to /p/. These results, not developed 
here, were already obtained by Miller and Liberman [8]. 

 For /C+a/ stimuli, much the same results were obtained. 
When referred to the F2-F3 target frequencies, boundary 
lines are similar to those obtained for the /C+neutral/ 
stimuli. But, in this case, prevoicing and formant transition 
duration can vary without changing the consonant 
boundaries if the transitions are kept pointing to the 
neutral value at the start of prevoicing (it is always the 
case for /C+neutral/). Overall the results suggest both 
spectral and temporal invariance in place of articulation 
perception. Place categories are identified from the 
direction of formant transitions relative to a reference line 
linking neutral F2-F3 settings at the start of prevoicing to 
their values in the following vocalic segment. Keating and 
Blumstein [9] already observed that, in the case of the 
continuum /da/ - /ga/,  “the slope and duration of the 
formant transitions seem to contribute minimally to the 
perception of place of articulation in stop consonants”. This 
can be explained by the fact that  there was no prevoicing 
and the onsets of the transitions are always at the same 
place in their experiments The transitions were then always 
kept pointing to the same value.  

 

4. CONCLUSIONS 

Perception of place of articulation for plosive consonants in 
[CV] was studied. The importance of the third formant for 
/d/ versus /g/ distinction predicted by the DRM model was 
perceptively verified. In summary, the DRM model uses as 
its basic elements, control commands that allow one to 
deduce the places of articulation for consonants (and also 
for vowels) thereby uncovering the physical bases of 
phonological distinctions. The model also shows the 
importance of the neutral situation for plosive 
categorization. 
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