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1. Abstract 

Vowels can be produced with static articulatory configurations represented 

by dots in acoustic space (generally by formant frequencies in the F1-F2 

plane). But because vowel characteristics vary with speaker, consonantal 

environment (co-articulation) and production rate (reduction phenomenon), 

vowel formant frequencies can also be represented by their mean values 

and standard deviations, according to different categories (language, age 

and gender of speaker). The use of ‘targets’ means that they are generally 

studied from a static point of view. But, several questions can be raised: 

How are vowel representations set up if vowel realizations rarely reach 

their targets? Is representation the same from one person to another? How 

is a given vowel, produced several time with different acoustic characteris-

tics and in different environments, identified? By using contextual infor-

mation? By normalization? These questions lead to studying vowels from a 

dynamics point of view. 

Here, we first propose a theoretical deductive approach to vowel-to-vowel 

dynamics which leads to a specification in terms of vocalic trajectories in 

the acoustic space characterized by their directions. Then, results on V1V2 

transitions produced and perceived by subjects will be presented. In pro-

duction, measurements of the F1 and F2 transition rates are represented in 

the F1 rate/F2 rate plane. In perception, direction and rate of synthesized 

transitions are studied for transitions situated outside the traditional F1/F2 

vowel triangle. This situation enables the study of transitions characterized 

only by their directions and rates without relation to any vowel targets of 

the vowel triangle. Such experiments show that these transitions can be 

perceived as V1V2. Several issues can then be revisited in the light of this 

dynamic representation: vocalic reduction, hyper and hypo speech, norma-



lization, perceptual overshoot… A fully dynamic representation of both 

vowels and consonants is proposed. 

2. Introduction 

Vowels are generally characterized by the first two or three formant fre-

quencies. Each of them can be represented in the acoustic space (F1-F2 

plane) by a dot (Peterson and Barney, 1952). This specification is static. 

Vowels can be produced in isolation without articulatory variations, but in 

natural speech such cases are atypical since their acoustic characteristics 

are not stable. They vary with the speaker and with the age and gender of 

the speaker, with the consonantal context (coarticulation), with the speak-

ing rate (reduction phenomena), and with the language (Lindblom, 1963). 

So, vowels are classified into crude classes, first according to the language, 

and then according to speaker categories. Within each category, vowels can 

be specified in terms of underlying ‘targets’ corresponding to the context- 

and duration-independent values of the formants as obtained by fitting 

“decaying exponentials” to the data points (Moon and Lindblom, 1994). 

The point in focus here is that this specification is static and, significantly, 

may be taken to imply that the perceptual representation corresponds to the 

target values (Strange 1989a, 1989b).”  

At this point, several questions can be raised: How is the perceptual repre-

sentation obtained if the vowel targets depend on the speaker, and are rare-

ly reached in spontaneous speech production? Are the representations the 

same from one person to another (Johnson, et al., 1993; Carré and Hom-

bert, 2002; Whalen, et al., 2004)? How is this perceptual representation 

built: by learning, or is it innate? How is the vowel perceived with its dif-

ferent acoustic characteristics according to the context and the speaker: by 

normalization (Nordström and Lindblom, 1975; Johnson, 1990; Johnson, 

1997)? Why is vowel perception less categorical than consonant perception 

(Repp, et al., 1979; Schouten and van Hessen, 1992)?  

Many studies have been undertaken to answer those questions. The results 

are generally incomplete and contradictory. They cannot be used to set up a 

simple theory explaining all the results. But they help highlight the impor-

tance of the dynamics in vowel perception (Shankweiler, et al., 1978; Ver-

brugge and Rakerd, 1980; Strange, 1989).  

In view of the fact that sensory systems have been shown experimentally to 

be more sensitive to changing stimulus patterns than to purely steady-state 

ones, it appears justified to look for an alternative to static targets - a speci-
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fication that recognizes the true significance of signal time variations. One 

possibility is that dynamics can be characterized by the direction and the 

rate of the vocalic transitions: 

• Vowel-vowel trajectories in the F1/F2 plane are generally rectili-

near (Carré and Mrayati, 1991). So they can be characterized by 

their direction. Moreover, privileged directions are observed in the 

production of vowels (in single-vowel or CV syllables) called ‘vo-

wel inherent spectral changes, VISC’ (Nearey and Assmann, 

1986). Moreover, perception experiments show the importance of 

VISC in improving vowel identification (Hillenbrand, et al., 1995; 

Hillenbrand and Nearey, 1999). 

• On the topic of transition rate, we recall the results of Kent (1969): 

“the duration of a transition – and not its velocity – tends to be an 

invariant characteristic of VC and CV combinations”. Gay (1978) 

confirmed these observations with different speaking rates and 

with vowel reduction: “the reduction in duration during fast 

speech is reflected primarily in the duration of the vowel,… the 

transition durations within each rate were relatively stable across 

different vowels…”. If the transition duration is invariant across a 

set of CV’s with C the same and varying Vs, it follows that the 

transition rate depends on the vowel to be produced.  
So the time domain could play an important role in the identification of 

vowels (Fowler, 1980). For example, to discriminate the sequences [ae], 

[a�], and [ai], what acoustic information does the listener need? The an-

swer is that the second vowel V2 can be detected by using the transition 

rate as a cue. This parameter can be specific to the speaker and/or related 

to the syllabic rate. At the very beginning of the transition and throughout 

the transition there is sufficient information to detect V2. There are no 

privileged points in time (for example the middle of V2 to measure the 

formant frequencies) for V2 detection. The rate measure is therefore very 

appropriate in a noisy environment. It can also explain the perceptual re-

sults obtained by Strange (1983) in ‘silent center’ experiments that re-

placed the center of the vowel by silence of equivalent duration. This ma-

nipulation preserves the direction and the rate of the transition as well as 

the temporal organization (syllabic rate). Also relevant are experiments by 

Divenyi et al. (1995) showing that, in V1V2 stimuli, V2 was perceived 

even when V2 and the last half of the transition was removed by gating. 

Finally, it can be observed that both Arabic (Al-Tamimi, et al., 2004) and 

Vietnamese subjects (Castelli and Carré, 2005) have difficulties in produc-

ing and perceiving isolated vowels. 



In this paper, a deductive theoretical approach to the study of vowel-to-

vowel dynamics is proposed. It leads to a specification of vocalic trajecto-

ries in the acoustic space characterized by their directions. Then, results on 

the production and the perception of V1V2 transitions by French subjects 

are presented. Production measurements of the F1, F2 transition rates are 

represented in a F1 rate / F2 rate plane. In a perceptual study, we focus on 

the direction and rate of synthesized transitions situated outside the tradi-

tional F1/F2 vowel triangle. This situation enables the study of transitions 

characterized only by their directions and rates without reference to any 

vowel targets in the vowel triangle. 

3. Deductive approach and vowel-to-vowel trajectories 

Here, we try to infer vowel properties, not from data on vowel production 

and perception, but by a deductive approach starting from general physical 

properties of an acoustic tube. If the goal is to build an optimal device for 

acoustic communication, i.e. a device that gives maximum acoustic con-

trast for minimum area shape deformation, then the tube must be structured 

into specific regions leading to a corresponding organization of the acous-

tic space (Carré, 2004; Carré, Submitted). A recursive algorithm using the 

calculation of the sensitivity function (Fant and Pauli, 1973) deforms “effi-

ciently” (area shape deformation gives maximum formant variations – least 

effort principle) the shape of the tube in order to increase (decrease), step 

by step, the formant frequencies. The acoustic space automatically ob-

tained corresponds to the vowel triangle (which is, consequently, optimal 

in size; it cannot be larger). [a] is obtained with a back constriction and a 

front cavity; [i] with a front constriction and a back cavity; [u] with a cen-

tral constriction and two lateral cavities. In the two first cases, the front end 

of the tube is open; in the last case the front end is almost closed. The spe-

cific regions automatically obtained correspond to the main places of arti-

culation (front, back and central) used to produce vowels. The shape de-

formations are obtained by deformation gestures, limited in number: three 

different “tongue” gestures and one “lip” gesture. The three different ton-

gue gestures are: a transversal deformation gesture from front to back plac-

es of articulation (and vice-versa) producing [ia] (or [ai])), a longitudinal 

deformation gesture from front to central constriction producing [iu] and a 

longitudinal displacement gesture from back to central place of articulation 

producing [au]. The lip gesture is used to reach [u] (low F1 and F2). The 
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deformations can easily be modelized by the Distinctive Region Model 

(DRM) (Mrayati, et al., 1988; Carré, Submitted).  
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Figure 1. Vocalic trajectories obtained by deduction from acoustic characteristics 

of a tube and corresponding vowels. Dotted lines are labialized trajectories. 

 
From the DRM model, eight more or less rectilinear trajectories structuring 

the acoustic space were obtained: [ai], [�u], [iu], [ay], [�
], [uy], [i
], 

[yu] (Figure 1). The maximum acoustic space obtained by this approach 

fits well with the vowel triangle. The use of the DRM does not lead to cha-

racterize vowels first, but rather privileged vocalic trajectories. A maxi-

mum acoustic contrast criterion would select the endpoints, and interme-

diate points, on the trajectories which correspond well with the vowels 

given for example by Catford (1988).  

Recall that the recursive algorithm calculates, from an initial shape of the 

area function of a tube, a new shape according to a minimum of energy 

criterion (minimum deformation leads to maximum acoustic variation) 

(Carré, 2004). This operation is repeated until the maximum acoustic limits 

of the tube are reached. Thus, the algorithm simulates an evolutionary 

process (the goal is not pre-specified at the beginning of the process), by 

simply increasing acoustic contrast, step by step, according to a minimum 

of energy criterion. The resulting trajectories in the acoustic plane can be 

characterized by their directions.  



On the basis of the above discussion we hypothesize that the perception of 

vowels might be understood, not in terms of static targets, but in terms of a 

dynamic measure of the direction and rate of spectral change. We will test 

this hypothesis in a series of studies of vowel-to-vowel sequences. 

4. Vowel-vowel production 

[V1V2] sequences were produced 5 times by 5 male and 5 female speak-

ers, all French, at 2 different rates (normal and fast). In the following expe-

riments, V1 is always /a/ and V2 is one of the French vowels situated on 

the [ai] ([i, �, e]), [ay] ([y, œ, ø]) or [au] ([u, o, �]) trajectories. A French 

word containing V2 appears on the computer screen with alphabetic repre-

sentation to help the subject who may have no phonetic knowledge. To 

exemplify, the instructions were the following: at ‘fast’ rate: say ‘a-i, a-i-a, 

i’ as in the word ‘lit’. The recording process was controlled by PC software 

that randomly presented the succession of the items to be recorded. In the 

case of bad pronunciation, or hesitation, the speaker had the possibility to 

pronounce the item again. Formant frequencies were measured using Praat 

software each 6.25 ms. The formant variations were smoothed with a 43.75 

ms time window by calculating the mean values of the formants obtained 

for 7 successive frames (running mean value). Then, the derivation was 

taken to obtain the formant transition rate. The formant rate was also 

smoothed with a 43.75 ms window (running mean value). 

Figure 2 shows, for [ai] as produced by speaker [rc] at normal rate, the 

formant transitions, the formant transition rate, the formant transition acce-

leration, in the time domain and in the plane defined by the F2/F1 parame-

ters. Maxima and minima of the F1 and F2 frequencies, rates and accelera-

tions were measured to characterize the formant transitions. 
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Figure 2. [ai] production, at normal rate, for speaker [rc], a) F1 and F2 formant 

transition in the time domain, b) corresponding formant trajectory in the F1-F2 

plane, c) F1 and F2 rate in the time domain, d) formant rate trajectory in the F1 

rate-F2 rate plane, e) F1 and F2 acceleration in the time domain, and f) formant 

acceleration trajectory in the F1 acceleration-F2 acceleration plane. 

 

4.1. Vowel formants 

The vowel formant frequencies for [aV] as produced by speaker (em) are 

represented in the F1/F2 plane (figure 3). The data points are the mean 

values of the 5 occurrences for normal and fast production (N and F). 

Standard deviations for F1 and F2 are also indicated. There are no signifi-

cant differences between normal and fast productions. The vowels can be 

easily separated.  
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Figure 3. Mean F1 and F2 frequencies and standard deviations plotted in the F1/F2 

plane for [aV] tokens produced by speaker (em), at normal (N) and fast (F) rates. 

Each item is produced 5 times (45 times for [a]). 

 
4.2. [aV] transitions 

4.2.1. [aV] characteristics in the F1-F2 plane 

Figure 4 shows the different formant trajectories for [ai], [ae], [a�], [ay], 

[aœ], [aø] and [au], [ao], [a�] in the F1-F2 plane for one speaker (em). 

Each trajectory is a single production pronounced at normal rate. The tra-

jectories are rather rectilinear and follow, as far as [ai] and [au] are con-

cerned, the basic trajectories obtained by deduction (figure 1): [e], [�] are 

situated along the formant movement of [ai]; [o] and [�] on the [au] trace. 

Figure 4 also shows that the end parts of the trajectories corresponding to 

V can be characterized by small changes along the rectilinearity of the 

trajectory. This result corresponds to the “vowel inherent spectral changes” 

observed by Nearey (1986) for the final vowel in VCV sequences and by 

Carré et al. (2004) for isolated vowels. These characteristics are also ob-

served for the other speakers. 
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Figure 4. [aV] formant trajectories for speaker [em] (normal rate). The small 

changes at the ends of the trajectories corresponding to V do not deviate signifi-

cantly from the rectilinearity of the trajectories. 

 
4.2.2. [aV] transition rate 

The representation of the F1-F2 transition rate as in figure 2d is used to 

compare the [aV] transitions for all V. Figure 5a shows the results for 

speaker (em) with one utterance of each [aV]. It can be observed that: if, 

for example, [ai], [ae], [a�] are compared, three distinct rate trajectories 

can be discriminated. The rate trajectory of [ai] is longer than that of [ae]  

and still longer than that of [a�]. In other words, the maximum rate of [ai] 
is greater than the maximum rates of [ae] and of [a�]. Figure 5b shows, for 

[ai], [ae], [a�] and for one production by speaker (em), the first formant 

rates in the time domain. The three vowels can be discriminated according 

to the maximum rates corresponding more or less to the middle of the tran-

sition ([ai] maximum rate > [ae] maximum rate > [a�] maximum rate). 

Discrimination can also be obtained throughout the transition and especial-

ly from the very beginning of the transition (from the very beginning of the 

production task). Figure 5b shows that the three transitions (for [ai], [ae], 

[a�]) synchronized at the beginning (corresponding to about t=50ms), stop 

at t=about 150ms. Because of the more or less constant duration of the 

transition, the 3 rates, throughout the transition, follow the inequality: [ai] 
rate > [ae] rate > [a�] rate. In principle discrimination between the three 



final vowels is thus possible throughout the transition and especially at its 

beginning.  
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Figure 5. a) [aV] trajectory rates in the F1 rate-F2 rate plane for speaker (em) 

(normal rate) and b) F1 rates in the time domain for [ai], [ae], [a�]. 

 
Figure 6a shows the formant transition rates (mean data and standard devi-

ations for the 5 productions) in the F1 rate/F2 rate plane for the speaker 

(em), for normal and fast production. The rates indicated are the maximum 

rates of the transitions. We do not observe large differences between nor-

mal and fast production and the vowels can be discriminated according to 

their rates.  

According to the vowel target approach, identification would be based on 

formant frequency information at the end of the transition. It would not be 

necessary to know the characteristics of the preceding vowel (here [a]). In 

contrast, the dynamic approach assumes that directions and slopes of the 

transitions are important parameters. The identification of the vowel V 

would depend on the departure point in acoustic space. Standard deviations 

can be reduced by normalization based on the formant values of the initial 

[a] (figure 6b). 
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Figure 6. a) Vowel transition maximum rates of the transition [aV] for normal (N) 

and fast production (F) (speaker em); b) Same data but the formant frequencies F1 

and F2 of each [a] vowel at the beginning of the transition are taken into account to 

normalize the rates. 

 



4.2.3. [aV] transition duration 

The preceding results suppose that the transition durations are more or less 

constant for all the [aV] produced by a same speaker. Figure 7 shows the 

transition durations for the speaker (em) at normal and fast production. The 

transition duration is defined as the interval between the maximum and 

minimum of the acceleration curve for F1 (see Figure 2e). The duration of 

the transition is around 10% smaller for faster production. The standard 

deviation is small for both. Our results correspond to those of (Kent and 

Moll, 1969; Gay, 1978), and have to be confirmed with data from more 

speakers. 
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Figure 7. Transition durations for all the [aV] produced by the speaker (em) at 

normal and fast rate. 

 

4.2.4. [aV] transition for 10 speakers 

Our first results on the [aV] production for a single speaker lead us to hy-

pothesize that transition rates ought to be invariant across speakers (male 

and female). To test the hypothesis, the first two formants of the [aV] to-

kens as produced by 10 speakers (5 males and 5 females) were calculated 

with the Praat software. The formants of the V are represented in Figure 8 

in the F1-F2 plane. The standard deviations indicate that these static target 

representations show significant variability. However representations of 
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transition maximum rates exhibit even more variability which is the oppo-

site of our hypothesis (Figure 9)! These findings raise two questions: a) 

How accurate is the formant using classical techniques estimation, (e.g., 

linear prediction), especially for female voices, and b) Would it be possible 

to reduce variability by taking syllable rate or transition rate into account? 
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Figure 8. F1-F2 plane representation of the vowels [V] from [aV] produced at nor-

mal (N) and fast (F) rate by 10 speakers (5 males and 5 females). 

 

First, good formant estimationtion is very difficult to obtain especially for 

female voices. Furthermore formant measurement errors are emphasized by 

the present derivative process of computing transition rates, For example, a 

formant frequency error of 10% can lead to an error in transition rate of 

100%. Using a large time window to compute mean values can reduce 

these errors, but delays rate measurement. Problematic aspects of formant 

detection will be discussed further below. 

Second, each of the speakers has his own transition rate which might also 

change slightly with the syllable rate (normal/fast production), for instance 

see the transition rate for normal and fast production for the speaker (em) 

figure 7.  

In view of these considerations we decided to normalize the rate measure-

ments with respect to transition duration. Transition durations were ob-

tained from the time interval between the maximum and minimum of the 



acceleration curve for F1 (see Figure 2e). Figure 10 shows the new results 

(the reference transition duration was 100ms). The standard deviations are 

clearly reduced but are still greater than the ones obtained with the target 

formant measurements. 
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Figure 9. Maximum transition rates in the plane F1 rate versus F2 rate for [aV] 

uttered by 10 speakers (5 males and 5 females) for normal (N) and fast (F) produc-

tion; b) same data after normalization using the transition duration. 
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Figure 10. Maximum F2 and F1 transition rates for [aV] uttered by 10 speakers (5 

males and 5 females) for normal (N) and fast (F) production after normalization 

based on transition durations. 

5. Transition perception 

Since direction and rate of transitions provide discriminating acoustic in-

formation on the vowel identities in vowel to vowel sequences, it seems 

possible that these two attributes could be used in perception. To test this 

hypothesis, trajectory stimuli outside the vowel triangle were chosen. So, 

the use of normal target values for the vowels was abandoned but typical 

rates and directions in the acoustic space were retained. Four different 

stimuli (A, B, C, D) were synthesized with 2 formants. The trajectories of 

these sequences are shown in the F1/F2 plane Figure 10, and in the time 

domain Figure 11. F0 is 300 Hz at the beginning of each sequence, held 

constant during the first quarter of the total duration decreasing to 180 Hz 

at the end. Possible responses for identification tests were chosen during a 

pre-test, i.e. [iai], [�u�], [aua], [aoa]. A fifth case, “????” was offered in 

case of impossible identification (no response). Twelve subjects took part 

in the perception tests. 
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Figure 11. The four trajectories (A, B, C, D) in the plane F1-F2 and the vowel 

triangle. The trajectories are outside the vowel triangle. Their directions and sizes 

in the acoustic plane vary. 
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Figure 12. F1 and F2 in the time domain for the four sequences (A, B, C, D). The 

duration of the first part of each sequence was 100 ms, the duration of the transition 

was constant and equal to 100 ms. The duration of the last part was 150 ms. The 

rates of the transitions in Hz/ms vary. The first and last parts of each sequence were 

stable and equal in formant frequency. The transitions of the four sequences 

reached more or less the same point in the acoustic plane. 

 
The responses (in %) are given in Figure 12. The sequence A is identified 

71% of the times as [iai]. B is identified 87% as [�u�]. C is identified 95% 

and 96% as [aua] or [aoa] and the long trajectory corresponding to a faster 
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rate of transition is more [aua] than the short one which is more [aoa]. The 

option of “no response” is generally avoided. The sequence A which has 

the same direction in the acoustic plane and transition rate as [ai] is per-

ceived as /iai/; B which has more or less the same direction and rate as [u�] 

is perceived as /u�u/; C which has the same direction and rate as [au] is 

perceived as /aua/ and D which has the same direction the [au] but at lower 

rate is more often perceived as /aoa/. 

These results can be summarized by saying that the region where the 4 

trajectories converge (acoustically closed to [a]) is perceived as /a/ or /u/ or 

/o/ depending on the direction and length (i.e. rate of the transition) of the 

trajectories.  
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Figure 13. Results of the perception tests. The sequence A is mainly perceived as 

[iai], B as [iui], C as [aua] (long trajectory), D as [aoa] (short trajectory). 

 

Discussion 

At different levels our preliminary results raise several problems and ques-

tions about the dynamic approach and its consequences for the theory of 

speech production and perception. Also the findings motivate a closer ex-

amination of current speech analysis techniques and the methodology of 

perception tests. 

The dynamic approach is very attractive because it may permit consonants 

and vowels to be integrated within a single theory. Conceivably, using the 

parameter of transition rate, one might propose that fast transitions tend to 

produce consonants, whereas slow transitions produce vowels. 



In the case of perceiving V1V2 sequences, we have reported acoustic mea-

surements indicating that signal information on V2 is available throughout 

the transition and especially at its very beginning. This strategy presuppos-

es that the identity of the previous V1 has been determined. The question 

is: How is this information to be obtained? According to a target theory of 

speech perception, V2 can only be identified on the basis of its target, the 

goal being to reach the target irrespective of the starting point.  

One of the aims of the present study has been to suggest that dynamic pa-

rameters such as direction of spectral change in acoustic space and transi-

tion rate could be more invariant across males, females and children than 

vowel targets. This hypothesis would make normalization in terms of static 

targets unnecessary. However, normalization of transition rate with respect 

to the different transition durations observed in production would seem 

necessary. Such normalization could be readily available perceptually, 

thanks to temporal coding and the sensitivity of the auditory system to rate 

(derivatives) and acceleration (Pollack, 1968; Divenyi, 2005). 

The hyper-hypo speech, reduction phenomena (Lindblom, 1963; Lindblom, 

1990) of fast and normal speech (Kent and Moll, 1969; Gay, 1978; van Son 

and Pols, 1990; van Son and Pols, 1992; Pols and van Son, 1993) should be 

further studied with respect to the parameters of transition direction and 

rate. The results obtained from experiments with ‘silent center’ (Strange, et 

al., 1983) can be explained in terms of ‘dynamic specification’ in the sense 

that is not necessary to compensate for ‘undershoot’ at the production level 

(target not reached because of coarticulation, fast speech or hypo speech) 

by perceptual ‘overshoot’ (Lindblom and Studdert-Kennedy, 1967) calcu-

lated ‘not solely by the formant-frequency pattern at the point of closest 

approach to target, but also by the direction and rate of adjacent formant 

transitions’. This finding is compatible with the assumption that, given a 

specification of their point of origin in phonetic (acoustic) space, direction 

and rate of formant transitions could be sufficient to specify the following 

vowel.  

Our preliminary results on vowel production represent a first few steps in 

support of a full dynamic approch. More studies on the normalization 

process must also be undertaken. 

It is well known that predictive coding based on a model of speech produc-

tion is not well adapted for analyzing speech signals with high fundamental 

frequencies or with noise. Furthermore, such a technique is ill-suited to 

measuring spectral variations. A dynamic approach necessitates a reconsi-

deration of analysis techniques in light of our knowledge of the auditory 

system. The spikes observed in auditory nerve fibers are statistically syn-
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chronized by the time domain shape of the basilar membrane excitation 

around the characteristic frequencies (Sachs, et al., 1982).So they can give 

information not only on the amplitudes of spectral components but also on 

the shape in the time domain of the components and thus on the phases. 

The phase variation (-180° around formant frequencies for second order 

filters describing the transfer function of the vocal tract (Fant, 1960)) could 

be used to measure the rate of the transitions.  

To attain some of these goals new tools would be needed. For example 

Chistovich (1982) described a model of the auditory system which detects 

spectral transitions without specific formant detection.  

These considerations make it evident that in order to test the hypothesis of 

‘greater invariance in transition rates than in formant targets’, it would be 

necessary both to improve current analysis techniques and to study more 

deeply the normalization of transition durations. 

Perception tests of formant transitions outside the vowel triangle encourage 

us to study general dynamic properties of the auditory system that may be 

used in speech. Formant transitions can be converted into sine-waves: pre-

liminary tests have shown results close to those obtained with formants. 

Differences have to be explained. Many experiments must be undertaken 

with such a tool creating speech illusions. 

6. Conclusions 

This paper follows up results previously published on the deductive ap-

proach (Carré, 2004) proposing a dynamic view of speech production, on 

acoustic modelling (Mrayati, et al., 1988), on structuring an acoustic tube 

into regions corresponding to the main places of articulation, and on the 

prediction of vocalic systems (Carré, 2009). The preliminary results pre-

sented here on vowels must be extended to consonants, many of which are 

intrinsically dynamic. At the same time, the evident importance of dynamic 

characteristics does not mean that static targets are not used in perception. 

The limits of the dynamic approach and the balance between the use of 

static and dynamic parameters in perception must be known. But the dy-

namic approach needs to develop new ways of thinking and new tools. 

Formant transitions cannot be obtained from a succession of static values 

but from directions and slopes. It means that a new tool able to measure 

directly these characteristics has to be developed. The dynamic approach is 

not a static approach plus dynamic parameters taken into account, it must 



be an approach intrinsically dynamic. It calls for an epistemologic study of 

the dynamic nature of speech (Carré, 2007). 
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