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The relations between production and perception in 4-year-old children were examined in a study of compensation strategies for a lip-tube perturbation. Acoustic and perceptual analyses of the rounded vowel [u] produced by twelve 4-year-old French speakers were conducted under two conditions: normal and with a 15-mm-diameter tube inserted between the lips. Recordings of isolated vowels were made in the normal condition before any perturbation (N1), immediately upon insertion of the tube and for the next 19 trials in this perturbed condition, with (P2) or without articulatory instructions (P1), and in the normal condition after the perturbed trials (N2).

The results of the acoustic analyses reveal speaker-dependent alterations of F1, F2, and/or F0 in the perturbed conditions and after the removal of the tube. For some subjects, the presence of the tube resulted in very little change; for others, an increase in F2 was observed in P1, which was generally reduced in some of the 20 repetitions, but not systematically and not continuously. The use of articulatory instructions provided in the P2 condition was detrimental to the achievement of a good acoustic target. Perceptual data are used to determine optimal combinations of F0, F1, and F2 (in Bark) related to these patterns. The data are compared to a previous study conducted with adults [Savariaux et al., J. Acoust. 

I. INTRODUCTION

In recent decades, artificial perturbation of the speech articulators has proven to be a very fruitful experimental paradigm. Indeed, substantial research conducted within this framework has shed light on the nature of the internal representations of vowels and consonants and the role of feedback (auditory, proprioceptive, etc.) in controlling the vocal apparatus [START_REF] Aasland | Electropalatographic, acoustic, and perceptual data on adaptation to a palatal perturbation[END_REF][START_REF] Jones | Learning to produce speech with an altered vocal tract: the role of auditory feedback[END_REF][START_REF] Houde | Sensorimotor adaptation in speech production[END_REF][START_REF] Guenther | A theoretical investigation of reference frames for the planning of speech movements[END_REF][START_REF] Mcfarland | Speech compensations to structural modifications of the oral cavity[END_REF][START_REF] Savariaux | Compensation strategies for the perturbation of the rounded vowel [u] using a lip-tube: A study of the control space in speech production[END_REF].

With regard specifically to compensatory abilities in children, perturbation experiments have led to somewhat contradictory results. For instance, in a bite-block experiment conducted on a 4-year-old and an 8-year-old subject, [START_REF] Oller | Development of Speech Production . Perspectives from Natural and Perturbed Speech[END_REF] concluded that children cannot achieve complete compensation in the spectral domain. Speakers were instructed to repeat productions of /i/ and / / in both free-mandible and fixed-mandible conditions (with a biteblock). Spectrographic analysis revealed differences between the two conditions, suggesting that the children did not fully compensate for the perturbation, in the spectral domain. However, listeners judged the stimuli to be fairly good, which led the researchers to conclude that compensatory strategies could consist in preserving other acoustic parameters (duration, for instance). These results partly confirm [START_REF] Gibson | Production of bite-block vowels by children[END_REF] study. Those authors instructed 6-and 7-year-old subjects to produce Swedish vowels with and without bite-blocks inserted. Acoustic measurements showed partial compensations for the perturbation in the spectral domain, a pattern which was confirmed by perceptual assessment (vowels were less accurately transcribed). However, a later articulatory study suggested that 4-year-old children exhibit adult-like compensatory abilities. Smith and McLean-Muse (1987) studied lip and jaw displacement and velocity in vowels produced in normal and bite-block conditions by three groups of subjects: 4-and 5-year-old children, 7-and 8-year-old children, and adults. Although the children produced more within-speaker articulatory variability than the adults, all three subject groups showed comparable compensatory abilities. Thus, the authors concluded that this ability is acquired early in childhood and requires very limited language experience. Similar results were obtained by [START_REF] Baum | Acoustic analysis of compensatory articulation in children[END_REF], in a study of five speakers in each of the following age groups: 4-to 5-year-olds and 7-to 8-year-olds. Speakers were instructed to repeat the vowels [i a u] in normal and bite-block conditions. Acoustic measurements of the first two formant frequencies extracted at vowel onset and vowel midpoint revealed no significant differences between perturbed and unperturbed trials, for both groups of children. Furthermore, speakers compensated at vowel onset in the perturbed trials, suggesting that no auditory feedback was required in this process. [START_REF] Campbell | Articulatory compensation for a biteblock, with and without auditory feedback in hearing and hearing-impaired speakers[END_REF] also suggests that children do not rely on auditory feedback to produce compensatory articulatory strategies in speech.

Together, these studies suggest conflicting conclusions regarding 4-year-old children's compensatory abilities when they are instructed to produce vowels while the jaw is fixed by a bite-block.This type of perturbation does not modify the geometry of the vocal tract: it keeps one articulator from contributing to the constriction area and location typical of this vowel category, but without perturbing the geometry. Another type of perturbation consists of a lip-tube inserted between the lips. This perturbation not only prevents the speaker from closing the lips while producing the vowel [u], for instance, but it also forces a complete reorganization of the articulatory and geometric strategies used to perform the speech task. This kind of perturbation was studied by [START_REF] Savariaux | Compensation strategies for the perturbation of the rounded vowel [u] using a lip-tube: A study of the control space in speech production[END_REF] in an articulatory and acoustic experiment conducted on 11 speakers producing the French vowel [u] in the normal condition and with a 2-cm-diameter lip-tube inserted between the lips (perturbed condition). During the first perturbed trial, upon insertion of the lip-tube, seven speakers moved their tongues backwards, presumably to limit the expected deterioration of the acoustic signal. However, none of them achieved full compensation in this trial. In the remaining 19 perturbed trials, those seven speakers used auditory feedback to develop compensation strategies (backward movement of the tongue to shift the constriction location from the velo-palatal to the velo-pharyngeal region). One speaker showed complete compensation in the F1/F2 domain, while four speakers did not compensate at all. The authors proposed that the great between-speaker variability in the compensation strategies reveals the speaker-specificity of the internal representation of the articulatory-acoustic relations in the region of the French vowel [u].

A perceptual study of the vowels produced in normal and perturbed conditions [START_REF] Savariaux | Compensation strategies for the perturbation of French [u] using a lip tube. II. Perceptual analysis[END_REF] revealed that globally, instances of /u/ produced in perturbed conditions were less intelligible than those produced in the normal condition. Perceived vowels were represented in an acoustic-auditory space defined by linear combinations of F1, F2, and F0, in Bark. A reinterpretation of the acoustic data in light of the perceptual space revealed that speakers who produced compensatory maneuvers altered F1, F2, and F0 in order to achieve an acoustic target.

Thus, speakers had a good knowledge of the articulatory-to-acoustic relationships related to /u/.

In a follow-up study, [START_REF] Savariaux | How can the control of the vocal tract limit the speaker's capability to produce the ultimate perceptive objectives of speech?[END_REF] performed an acoustic experiment aimed at examining the exact nature of F0 alterations in speakers and the role played by articulatory guidance. Subjects were instructed to produce /ogu/ sequences in normal and perturbed conditions (with the lip-tube inserted between the lips). The results showed that three subjects achieved complete compensation in this condition. Thus, articulatory instructions inducing a general posterior positioning of the tongue, which is close to the appropriate tongue shape to compensate for the lip-tube perturbation, improved the speakers' ability to recalibrate their articulatory-to-acoustic maps. To our knowledge, no such study has been conducted with child speakers.

The present experiment was designed to extend [START_REF] Savariaux | Compensation strategies for the perturbation of the rounded vowel [u] using a lip-tube: A study of the control space in speech production[END_REF]1997;[START_REF] Campbell | Articulatory compensation for a biteblock, with and without auditory feedback in hearing and hearing-impaired speakers[END_REF] studies and investigate abilities to compensate for a lip-tube perturbation in 4-year-old French children.

If children already exhibit adult-like compensation strategies, it might be suggested that motor equivalence and internal representations of the speech apparatus are acquired early and do not require extended language experience. On the other hand, if children achieve only limited compensation for the perturbation, it would appear that more elaborate internal representations and motor control are required, together with extended language experience, to produce flexible articulatory strategies. The issue of the role of auditory feedback in formulating compensation strategies will also be addressed by comparing acoustic measurements extracted immediately upon insertion of the lip-tube to measurements extracted in subsequent perturbed trials. Since the experimental design and data analysis method are similar to those of Savariaux's studies conducted with French adults [START_REF] Savariaux | Compensation strategies for the perturbation of the rounded vowel [u] using a lip-tube: A study of the control space in speech production[END_REF][START_REF] Campbell | Articulatory compensation for a biteblock, with and without auditory feedback in hearing and hearing-impaired speakers[END_REF], results of the present study will be compared to those obtained with the adult group.

II. EXPERIMENT 1 A. Method

Subjects

Twelve French children ranging in age from 3 years 10 months to 4 years 11 months participated in this study. Speakers were recruited in a day-care center and were all native speakers of Continental French. The children were monolingual speakers of French living in the Grenoble (French Alps) area. They had no history of speech or language difficulties (as determined by the day-care center's professionals). Children were also given a pretest screening by two of the experimenters in order to ensure that they had no oral cavity anomalies.

Material and procedure

Acoustic recordings of the French vowel [u] were made using a digital audio tape recorder (TASCAM) and a high-quality microphone. Subjects were instructed to repeat the isolated vowel [u] in four conditions: normal condition before lip-tube insertion (hereafter N1), with the lip-tube inserted between the lips (hereafter P1), with the lip-tube inserted between the lips and the instructions to start from [o] (hereafter P2), and in the normal condition after removal of the liptube (N2). The P2 condition was added following [START_REF] Savariaux | How can the control of the vocal tract limit the speaker's capability to produce the ultimate perceptive objectives of speech?[END_REF], who showed that this condition provided articulatory instructions that improved the subject's compensatory response.

The instructions were as similar as possible to those provided to adult subjects in the Savariaux et al. 's (1995; 1997) studies. Throughout the perturbed phrases, the experimenters reminded the subjects that the target was the vowel /u/. The order of the two perturbed conditions was counterbalanced across subjects. Subjects produced 20 repetitions of [u] in each condition. For one subject, 12 repetitions were produced in P2 and 15 trials were recorded in P1. Six repetitions of each of the vowels [ ] in normal condition were also recorded.

A 1.5-cm-long lip-tube was built of Plexiglas. The length was chosen so as to avoid lengthening the labial constriction. The diameter was chosen using simulations with an articulatory-to-acoustic model integrating non-uniform vocal tract growth (Variable Linear Articulatory Model, hereafter VLAM) (Boë and Maeda, 1999). This model is a scaled version of an adult model [START_REF] Maeda | Compensatory Articulation during Speech[END_REF], based on [START_REF] Goldstein | An articulatory model for the vocal tract of the growing children[END_REF] [START_REF] Badin | Notes on vocal tract computation[END_REF]. VLAM allowed us to determine the optimal diameter for the lip-tube. The model was set at the 4-year-old stage, and the lip height parameter was increased so that the lip area value increased as well. A resulting value of 1.77 cm 2 was chosen, which corresponds to a 1.5-cm diameter. Figure 1 shows, as predicted by the model, the percentage variation in F1 and F2 resulting from the perturbation, relative to the prototypical

[u] for that stage (N1). This condition, representing the formant values with the lip-tube inserted but without any compensatory maneuver, will be referred to as "Pert". Figure 1 reveals that the insertion of the lip-tube, without any compensatory maneuvers, results in a 42% increase in F1 and a 32% increase in F2. Those simulated changes are in the range of those reported in [START_REF] Savariaux | Compensation strategies for the perturbation of the rounded vowel [u] using a lip-tube: A study of the control space in speech production[END_REF][START_REF] Campbell | Articulatory compensation for a biteblock, with and without auditory feedback in hearing and hearing-impaired speakers[END_REF] and the perturbation can thus be considered equivalent, considering the children's smaller vocal tract. Because /u/'s F1 and F2 are affiliated to Helmholtz resonators, those formant frequencies are sensitive to various changes in constriction area and constriction length. Indeed, a Helmholtz's resonance frequency can be calculated by the following formula:

ca co co V /L A k c/2 F
where c is sound velocity, k is a factor accounting for variation in the cross-section shape, A co is constriction area, L co is constriction length, and V ca is cavity volume.

In order to decrease formant values, several strategies can be used, possibly in combination:

decrease constriction area, increase constriction length or increase cavity volume. Local changes can be made in any of these dimensions, which results in small alterations in formant values.

However, simulations carried out with VLAM suggest that the best compensatory strategy resulting in minimal formant alterations compared to the non perturbed condition N1 (labelled "Pert-comp" in Figure 1) involves a backward and downward movement of the tongue body, which increases constriction length and reduces constriction area (because of the shape of the palate, the downward movement of the tongue is necessary to avoid complete occlusion). Those strategies decrease the frequency of the affiliated formant and thus counterbalance the increase in frequency related to the decrease in cavity volume of the back cavity. This displacement results in full compensation for the perturbation. The articulatory compensation strategy (Pertcomp) lowers F1 and F2 so that they almost reach the N1 value.

[Insert Fig. 1]

Data analysis

All vowels were digitized at a rate of 44100 Hz with 16-bit quantization. Data were downsampled at 22050 Hz after low-pass filtering at a cut-off frequency of 11025 Hz, in order to obtain a more accurate formant detection in the [0, 44000Hz] range. The first two formant frequencies were then extracted for each vowel, using the LPC algorithm integrated in the Praat speech analysis program, at vowel onset (first glottal pulse) and at vowel midpoint. The number of poles varied from 10 to 14 (number of LPC coefficients from 20 to 28), which is in the range of parameters used by [START_REF] Lee | Acoustics of children's speech . Developmental changes of temporal and spectral parameters[END_REF] and Hillenbrand et al. (1995). A 14-ms Hamming window was used, with a pre-emphasis factor of 0.98 (pre-emphasis from 50 Hz for a sampling frequency of 22050 Hz). It is well known that formant measurements are particularly difficult to extract in high-pitched voices, due to the large distance between adjacent harmonics, leading to undersampled spectra. This is especially important for LPC analyses, in which formant measures are greatly influenced by the closest harmonic [START_REF] Atal | Recent advances in predictive coding -applications to speech synthesis[END_REF]. However, LPC analysis is the procedure used by recent acoustic studies of child speech [START_REF] Lee | Acoustics of children's speech . Developmental changes of temporal and spectral parameters[END_REF]Hillenbrand et al., 1995). Thus, we tried to avoid formant measurement errors by comparing, for each vowel, the automatically extracted formant values overlaid on a wide-band spectrogram with a spectral slice obtained by an FFT computation with a Hamming window. When large discrepancies were observed either (i) between the overlaid formant values and the spectrogram or (ii) between the overlaid formant values and the spectral slice, the prediction order of the automatic detection algorithm was readjusted and the analysis was performed again.

Statistical analysis

For the production part of the study, three separate repeated-measure ANOVAs were carried out with experimental condition (N1, P1, P2, and N2) and measurement point (vowel onset, vowel midpoint) as the within-subject factors, using F1, F2, or F0 as the dependent variable. Data from the 12 subjects were included in the analysis. Another set of three repeatedmeasure ANOVAs was conducted on spectral measurements for the first and last trials only in each of the four conditions. Thus, the independent variables were experimental condition (N1, P1, P2, and N2) and trial number (first and last). For each analysis, interaction effects were further explored by planned comparisons with the alpha level set to 0.05 i . This design was chosen to reveal global trends in speech production data, following [START_REF] Max | Some Issues in the Statistical Analysis of Completely Randomized and Repeated Measures Designs for Speech, Language, and Hearing Research[END_REF]. However, because between-speaker variability is often reported in such studies, individual behaviors will also be described. It should be noted that the order of the perturbed conditions (P1 followed by P2 or P2 followed by P1) did not significantly influence the data produced in each condition.

Indeed, the results of T-tests carried out on F1, F2, and F0 values did not reveal a significant difference between the data for the six subjects who performed P1 before P2 and the data for the remaining six subjects who performed P2 before P1. Thus, in the following analyses, the order of the conditions will be presented but this factor was not included in the design of the ANOVAs.

B. Results and discussion

Mean F1 and F2 values for each subject and condition, at each measurement time (first glottal pulse or midpoint) are shown in Tables 1 and2. The measurements extracted at the vowel midpoint will be presented first, since we considered this data point to be representative of the vowel's target value. The measurement extracted at the vowel onset will be presented in order to evaluate whether compensation occurred immediately. Standard deviation values are presented in square brackets. For the sake of clarity, the percentage variation relative to the normal preperturbed condition (N1) is also presented. For each speaker, the order of elicitation of the perturbed conditions P1 and P2 is shown in subscript. Recall, however, that since no significant effect of this factor on the formant and F0 values was found, data in each of the perturbed conditions were pooled together and the elicitation order was ignored in the analysis. Graphic representations of the mean values and the standard deviations of the mean F1 and F2 values are provided in Figure 2.

[Insert Table 1 andFigure 2] 

Mean spectral measures across conditions

a. F1 values. The data presented in Table 1, for the vowel midpoint in the P1 and P2 conditions, display considerable between-speaker variability. Some speakers produced the [u] vowel in the P1 condition with a minimal increase in F1 relative to N1 (such as S1,S5 and S11), whereas some others produced a large F1 increase in P1 relative to N1 (such as S2 and S8). When provided with articulatory cues (P2 condition), most subjects did not produce F1 values that were any closer to the values in the N1 condition. Thus, the difference in F1 values between the P2 and N1 conditions was no smaller than the difference in F1 between the P1 and N1 conditions; in fact, it was greater. An examination of the onset and the midpoint measurement values suggests a slight decrease in F1 throughout vowel duration for most speakers. In order to assess the effects of condition (N1, P1, P2, N2) and measurement point (vowel onset or midpoint), a two-way repeated-measure ANOVA was conducted on F1 values. The results revealed a significant main effect of experimental condition on F1 values (F(3,33) = 33.38; p < .01). Post hoc tests revealed that F1 values were significantly higher in both perturbed conditions than in the normal preperturbed condition N1 (F(1,11) = 12.45; p < .01 for P1 and F(1,11) = 42.23; p < .01 for P2).

Values produced in the P2 condition were significantly higher than those produced in the P1 condition (F(1,11) = 6.00; p < .05). In the post-perturbed condition N2, F1 was significantly lower than in the normal pre-perturbed condition N1 (F(1,11) = 32.80; p < .01) and in both perturbed conditions: P1 (F(1,11) = 29.96; p < .01) and P2 (F(1,11) = 73.51; p < .01), suggesting the existence of a robust after-effect.

Concerning the effects of vowel measurement point, the ANOVA revealed that F1 values were significantly higher at the vowel onset than the vowel midpoint (F(1,11) = 25.52; p < .01).

However, no significant effect of the interaction between measurement point and condition was observed, suggesting that F1 variations throughout the duration of the vowel do not arise from an adjustment in response to the perturbation.

[Insert Table 2] b. F2 values. For F2 values (Table 2 and Figure 2 (right panel)), as was the case for F1, the measurements display significant between-speaker variability. In the P1 condition, at the vowel midpoint, all subjects but one (S7) produced the vowel [u] with an increase in mean F2 value relative to the N1 condition. However, for four subjects (S1, S4, S5, and S12), the mean percentage increase in F2 value is less than 10%. Turning now to the variation in F2 in the N2 condition, Table 2 shows that all subjects but one (S6) produced lower F2 values in the normal post-perturbed condition N2, compared to the pre-perturbed condition N1, confirming a robust after-effect, as was the case for F1 values (Table 1 

[Insert Table 3]

To summarize, an analysis of the trials produced in all conditions reveals that, overall, speakers were significantly affected by the lip-tube. Indeed, F1 and F2 values were higher in the P1 and P2 conditions compared to N1. In the normal post-perturbed condition N2, formant values were significantly lower than in the normal pre-perturbed condition N1. Considerable betweenspeaker variability was observed in the extent to which those acoustic parameters were affected by the perturbation.

Learning effects over the perturbed trials

In order to evaluate the variation in formant values within a given condition across the 20 trials, Figure 3 formant values from the first to the last trials in the F1 and F2 dimensions separately, suggesting that there was no learning effect. Furthermore, no significant within-subject correlations were found between trial number (from 1 to 20) and any of the acoustic parameters. It must be remembered, however, that those data include all subjects. As was observed in previous perturbation experiments [START_REF] Savariaux | Compensation strategies for the perturbation of the rounded vowel [u] using a lip-tube: A study of the control space in speech production[END_REF], for instance), subjects vary in the extent to which they respond to the perturbation.

In summary, in spite of considerable inter-speaker variability, clear trends emerge from the analysis of the F1, F2, and F0 values produced by the subjects in normal and perturbed conditions: for the majority of the subjects, F1 and F2 are significantly modified by the insertion of the lip-tube in the P1 and P2 conditions; none of the subjects systematically improved his/her (F1, F2) patterns during the perturbed phase in either the P1 condition or the P2 condition. These two observations suggest that, in general, subjects were not able to develop a robust compensation strategy within the 20 trials of the perturbed phase. However, a robust after-effect is observed for all the subjects, suggesting the possibility that they may have learned new articulatory-to-auditory internal representations. Hence, speakers may have demonstrated abilities in the acoustic-auditory space, defined by linear combinations of spectral measures [START_REF] Ménard | Auditory Normalization of French Vowels Synthesized by an Articulatory Model Simulating Growth from Birth to Adulthood[END_REF][START_REF] Savariaux | Compensation strategies for the perturbation of French [u] using a lip tube. II. Perceptual analysis[END_REF]. The following section presents a perceptual description of the stimuli produced by the subjects, to determine whether strategies to compensate for the presence of the lip-tube were successful.

III. EXPERIMENT 2

Previous experiments have shown that invariant correlates of perceived vowels can be found in linear combinations of spectral parameters. The identification of openness, for instance, has been found to be related to the difference between F0 and F1 in various languages [START_REF] Traunmüller | Perceptual dimension of openness in vowels[END_REF][START_REF] Syrdal | A perceptual model of vowel recognition based on the auditory representation of American English vowels[END_REF][START_REF] Hoemeke | Perception of vowel height: The role of F1-F0 distance[END_REF][START_REF] Ménard | Auditory Normalization of French Vowels Synthesized by an Articulatory Model Simulating Growth from Birth to Adulthood[END_REF].

Prior to the computation of this difference, Hertz values are converted into a semi-logarithmic scale, usually the "critical band units" (Bark) scale, based on psychoacoustic experiments [START_REF] Potter | Toward the specification of speech[END_REF][START_REF] Traunmüller | Perceptual dimension of openness in vowels[END_REF]. In French, high vowels (like /u/) would be related to a distance between F1 and F0 of less than 2 Bark [START_REF] Ménard | Auditory Normalization of French Vowels Synthesized by an Articulatory Model Simulating Growth from Birth to Adulthood[END_REF]. Concerning place of articulation, the F3-F2 difference would account for the perception of this feature in English [START_REF] Syrdal | A perceptual model of vowel recognition based on the auditory representation of American English vowels[END_REF], whereas F2-F1 would be involved for the same feature in Swedish [START_REF] Fant | Feature analysis of Swedish vowels-A revisit[END_REF]. [START_REF] Hirahara | The Effect of F0 on Vowel Identification[END_REF] propose that F2-F0 is related to the perception of place of articulation. Similarly, [START_REF] Savariaux | Compensation strategies for the perturbation of French [u] using a lip tube. II. Perceptual analysis[END_REF] found that the perception of /u/ in French was associated with a low value for the F2-F0 difference and/or with a low F1 value. Thus, for /u/, combinations of formant frequencies and F0 appear to be involved in the perceptual identification of the speech target. The goal of this second experiment is twofold. First, the results will be used to determine to what extent subjects were able to achieve a good compensation strategy to produce the perceptual target related to /u/. Second, the acoustic parameters related to the perceptual identification of /u/ will be determined and used to reinterpret the production data presented in Section I.

A. Method

Subjects and stimuli

A subset of the produced vowels were used as stimuli for a perceptual test, as in Savariaux (1996). For each speaker, the first five vowels produced in the normal pre-perturbed (N1) and post-perturbed condition (N2) and 10 vowels in each of the perturbed conditions (P1 and P2) were selected. The selected vowels in the perturbed conditions were those from the first and last trials, as well as the odd-numbered trials 3, 5, 7, 9, 13, 15, 17, and 19. This selection was representative of the whole set of stimuli produced in each condition, while keeping the number of stimuli reasonably low. Separate T-tests with F0, F1, and F2 as the variables performed between the 10 selected vowels for the perceptual test and the remaining 10 vowels produced in the first experiment (N1) by each speaker did not reveal any significant differences between the two datasets. One repetition of each of the vowels [ ] was also included. As a result, a total of 396 vowels (33 vowels*12 speakers) constituted the set of stimuli.

The total duration of the test was 40 minutes. Fifteen native speakers of French, ranging in age from 22 to 35 years old, served as subjects for the experiment. The participants did not report any history of auditory abnormality or speech production disorder. The test took place in a quiet room, on a Toshiba portable computer, using the perceptual experiment procedure implemented in Praat. Vowels were presented once binaurally via high-quality headphones. The tests consisted of an identification task and a quality-rating task. Participants had to (i) identify the vowel they heard from among the French oral vowels /i y u a o /, and (ii) rate the quality of the vowel they heard, if the vowel was /u/. For the latter task, seven choices were available: excellent /u/, very good /u/, good /u/, average /u/, bad /u/, very bad /u/, not a /u/. The participants had to select an icon displayed on the computer screen using the mouse.

Data analysis

In a first analysis of the perceptual responses, global identification scores were calculated.

This parameter corresponds to the percentage of /u/ vowels correctly identified by the listeners.

Then, in a subsequent analysis, only stimuli which were perceived as /u/ by at least 50% of the listeners were included in the analysis. These stimuli will be referred to as the dominantly perceived vowels.

Statistical analysis

For the identification task of the perceptual test, identification scores were computed by dividing, for each vowel produced, the number of responses from the 15 listeners for which the perceived vowel corresponded to the produced vowel. For quality-rating responses, among the vowels perceived as /u/, three categories were considered, based on the average quality rating task: vowels rated "very bad" or "bad" were pooled into one category (referred to as "bad"), vowels rated "average" were labeled "average," and vowels rated "good," "very good" or "excellent" were pooled in a third category labeled "good." Vowels rated "not an /u/" constituted a fourth category. Two separate repeated-measure ANOVAs were carried out on identification scores and mean goodness-rating scores with experimental condition as the within-subject factor (N1, P1, P2, and N2).

B. Results

Mean identification scores

[Insert Table 4 and Figure 4]

The results of the perceptual test were used to determine to what extent subjects were able to achieve a good compensation strategy to produce the acoustic-auditory target related to /u/.

Table 4 presents the mean percentage of produced /u/ vowels perceived as /u/ in each condition, for each subject. In the P1, P2, and N2 conditions, the percentage variation relative to the N1 condition is presented in parentheses. Mean perceptual scores across the four experimental conditions are depicted in Figure 4. First, Table 4 clearly shows that, even in the N1 condition, the perceptual scores vary among speakers. Indeed, some speakers (such as S1 and S5) produced /u/ that were generally correctly identified by listeners (over 90% correct), whereas some others (such as S4 and S11) produced /u/ that were associated with low scores (47% and 43%).

A repeated-measure ANOVA was carried out on those values with condition (N1, P1, P2, N2) as the within-subject factor. A significant effect of condition was found (F(3,11) = 37.88; p < .05). Planned comparisons revealed that the percentage of correct identification was higher in the normal pre-perturbed condition N1 than in the two perturbed conditions, P1 and P2 (F(1,11) = 37.88; p < .05). Identification scores in N1 were in turn lower than in the normal post-perturbed condition N2 (F(1,11) = 14.85; p < .05), confirming the robust after-effect found in the F1 vs. F2 domain, and corresponding to a more canonical production than in the N2 condition.

Furthermore, scores in P2 were lower than in P1 (F(1,11) = 13.25; p < .05), suggesting that the use of articulatory instructions was actually detrimental to the achievement of a good acousticauditory target. On the basis of those perceptual criteria, then, compensation was better in the P1 condition than in the P2 condition, which was not observed for the F1, F2, and F0 dimensions independently.

Learning effects over the perturbed trials

In order to determine the possible learning strategies applied in the development of To evaluate to what extent the variation in identification from the first to the last trials reflects learning mechanisms, simple regression analyses were carried out between trial numbers and identification scores in P1 and P2, for each subject. No significant correlation was found. The variability observed for each speaker within the perturbed conditions might reflect the incapacity of the children to reproduce identically a vocal tract configuration, rather than their attempt to improve their production. However, as can be noticed in Tables 1 and2, the standard deviations measured for the acoustic parameters are higher in the two perturbed conditions P1 and P2 than in the two normal conditions N1 and N2. Two separate repeated-measure ANOVAs were carried out on F1 and F2, with measurement points and conditions as the within-subject variables. Both

ANOVAs revealed a statistical effect of the condition factor on the standard deviations (for F1: F(3,33)=12.89, p < .05; for F2: F(3,33)=13.99, p < .05), with higher values in P1 and P2 than in N1 and N2 (for F1: F(1,11)= 20.25, p < .05; for F2: F(1,11)=23.71, p < .05). The larger variability observed in both perturbed conditions compared to the normal pre-perturbed and postperturbed conditions supports the hypothesis of a search for a compensatory strategy to improve the /u/ production in presence of the perturbation. The absence of any evidence for a learning effect suggests that this search is based on a trial-and-error basis, probably guided by auditory feedback.. Furthermore, those perceptual results suggest that compensatory strategies guided by articulatory information (P2) were not successful, since they did not allow the speakers to improve the identification scores of their vowels

Best perceived /u/ in perturbed conditions

Since our results suggest that learning does not take place during the 20 trials of the training phase in the perturbed conditions (P1 and P2), it can be assumed that the last trial is not necessarily the best one in terms of perceptual efficiency. Hence, seeking out the best-perceived vowel within the trials produced in perturbed conditions could inform one about each subject's inherent articulatory capability to compensate for the perturbation, independently of the capacity to learn and memorize the best strategy. The percentage of produced /u/ correctly identified as /u/ for this best-perceived trial in P1 and P2 is depicted in Figure 6 for each subject. Values in the P1 condition correspond to the solid line, and values in the P2 condition are depicted by the dashed line. For the sake of clarity, the mean identification scores for the normal trials in the N1 condition are also displayed. Figure 6 reveals that, in the P1 condition, all speakers produced at least one vowel associated with a higher or equal identification score than the mean identification score in the N1 condition. If compensation proficiency is evaluated through the ability to produce a vowel in the perturbed condition associated with an identification score equal to or greater than the mean identification score in the normal condition N1, then all subjects were able to achieve complete compensation in at least one stimulus, during the 10 trials. Seven speakers even had identification scores of greater than 80% and can thus be considered to be the best compensators: S1, S5, S6, S8, S10, S11, S12. Hence, it can be concluded that all speakers had the articulatory skills to fully compensate for the perturbation that was introduced with the lip tube chosen for the experiment. The reasons why they did not do it permanently after having done it once do not originate from articulatory skills.

[Insert Figure 6]

As could be expected from the results presented above in section B.2, in the P2 condition, the best-perceived vowel is associated with a lower identification score than in the N1 condition for 9 speakers out of the 12 (S1, S2, S3, S4, S5, S7, S8, S9, S10), suggesting that compensation was poorly achieved by these speakers in this condition. This result confirms that the use of the proposed articulatory instructions can be detrimental to 4-year-old subjects. For two subjects (S11 and S12), the best perceived stimulus in P2 reached an identification score higher than in the N1 condition and greater than 80%. Thus, overall, the articulatory instructions provided in the P2 condition did not improve identification compared to P1.

Comparison of normal pre-perturbed (N1) and post-perturbed (N2) conditions

The mean identification scores for the trials produced in the normal pre-perturbed condition N1 and the normal post-perturbed condition N2 are depicted for each subject in Figure 7. The scores obtained for the N1 condition correspond to the bars, whereas the scores obtained for the N2 condition correspond to the solid line. Comparing both values for each subject, it can be seen that, in agreement with the across-subject comparisons presented in Figure 4, a robust after-effect is observed. All speakers but three (S1, S5, S10) improved their identification scores in the N2 condition compared to the N1 condition. Two of the speakers who did not show an increase in identification score from N1 to N2 (S1 and S5) did, however, produce near-perfect scores (over 90%), suggesting a ceiling effect.

To summarize, the analysis of the production and perception data in perturbed conditions show that (1) for the majority of the subjects, the insertion of the lip-tube induces a perturbation which cannot immediately be compensated for;

(2) all subjects are able to compensate for the perturbation at least once during the perturbed phase; (3) compensation strategies do not seem to be learned since no consistent improvement in production is observed from the beginning to the end of the learning phase; rather, compensation seems to be reached on a trial-and-error basis; (4) an after-effect, which suggests the existence of some kind of learning process, is observed for all subjects including those for whom our measures do not show any evidence that they were perturbed by the insertion of the lip-tube. This apparent contradiction between point (3) and point (4) will be discussed in the "General Discussion" section.

[Insert Figure 7]

Acoustic parameters related to the target /u/

In order to characterize the spectral parameters corresponding to the perception of the target /u/ in French and to relate those parameters to the acoustic analysis, the stimuli used in the perception experiment were plotted in various spaces determined by the spectral parameters or by combinations of these parameters in order to look for the best clustering between perceived categories. Following [START_REF] Savariaux | Compensation strategies for the perturbation of French [u] using a lip tube. II. Perceptual analysis[END_REF] and [START_REF] Ménard | Auditory Normalization of French Vowels Synthesized by an Articulatory Model Simulating Growth from Birth to Adulthood[END_REF], stimuli for which at least 50% of the listeners perceived a given vowel category and quality (referred to as dominantly perceived vowels) were plotted in spaces consisting of various combinations of F1, F2, and/or F0.

Graphic representations of two acoustic-auditory spaces are provided in Figure 8. In the left panel, data were plotted in the standard F1 vs. F2 space (in Bark). It can be seen that the four categories greatly overlap. In the right panel, the F1-F0 and F2-F1 space (in Bark) is presented.

These two parameters result in a much better classification of the categories. The thin solid line superimposed on the graph represents the boundary between the "not a /u/" and "bad /u/" categories. This boundary corresponds to the equation (F2 + F1)/2 -F0 = 3.5. Vowels for which this acoustic parameter is greater than 3.5 are perceived, in their large majority, as "not an /u/."

The thick solid line in Figure 8 (right panel) corresponds to the category boundary between perceived "bad /u/" and "good /u/ or average /u/." For this boundary, the value of the parameter (F2 + F1)/2 -F0 is 3 Bark. Vowels for which this parameter is lower than 3 are identified as "good /u/" or "average /u/." Vowels for which (F2 + F1)/2 -F0 is greater than 3 Bark and lower than 3.5 Bark are perceived as "bad /u/." A discriminant analysis performed on those values with (F1-F0) and (F2-F0) as the classification parameters and the three categories "bad /u/," "not a /u/"

and "average or good /u/" as the grouping factor revealed a percentage of correct classification of 85%. A similar discriminant analysis run with F1 and F2 as the classification factors and perceived category as the grouping factor resulted in a much lower percentage correct classification (70%). Thus, the addition of F0 as an acoustic parameter related to the perception of /u/ improves the classification of the data. These results are in line with previous work done on

French [START_REF] Savariaux | Compensation strategies for the perturbation of French [u] using a lip tube. II. Perceptual analysis[END_REF][START_REF] Ménard | Auditory Normalization of French Vowels Synthesized by an Articulatory Model Simulating Growth from Birth to Adulthood[END_REF].

[Insert Figure 8]

An interpretation of the compensation strategies in light of the perceptual data

The results of the perceptual test led us to propose that the parameters (F2 + F1)/2 and F0, in Bark, are related to the perceived target region associated with /u/ in the acoustic-auditory space. Those parameters can therefore be used to reanalyze acoustic data and better describe speakers' compensatory strategies. Figure 9 represents each speaker's best perceived stimulus in the P1 and P2 conditions along four acoustic dimensions, in Bark: F0, F1, F2, and ((F2 + F1)/2 -F0). Mean values in the normal conditions N1 and N2 are also displayed. Two category boundaries are represented by the solid lines. Figure 9 thus represents the same data as those presented in Figure 6, but in acoustical dimensions.

[Insert Figure 9]

According to the data presented in Figure 6, in the P1 condition, seven speakers produced one perturbed /u/ with an identification score of greater than 80%: S1, S5, S6, S8, S10, S11, and S12.

Those speakers can be considered as the best compensators. An examination of the acoustic values for the corresponding speakers in Figure 9 reveals various strategies. First, some speakers (S5 and S12) were able to strongly limit the impact of the perturbation with very few changes along the (F2 + F1)/2 -F0 dimension, with minimal alteration in F1 and F2 (less than 0.2 Bark).

Thus, these speakers were able to achieve a complete compensation for the perturbation for at least one /u/ among the 20 trials by producing almost identical F1 and F2 values as in N1. For some other speakers (S8, S10, and S11), F2 was increased by values ranging from 0.7 Bark to 1.2 Bark in P1 compared to N1, but F1 was decreased by values ranging from 0.5 Bark to 1.7 Bark, thus maintaining the (F2 + F1)/2 -F0 complex below 3.5 Bark. Four other subjects increased F0 values, hypothetically to counterbalance the increase of F2. The increase in F0 varies from 0.3 Bark to 0.6 Bark (see S11, in Figure 9, upper left panel), values in the range of those found by [START_REF] Savariaux | Compensation strategies for the perturbation of French [u] using a lip tube. II. Perceptual analysis[END_REF]. Although the interpretation of an active control of F1, F2, and F0 to maintain a low value of the (F2 + F1)/2 -F0 parameter is highly speculative, the fact that compensation can sometimes be observed in the (F2 + F1)/2 -F0 dimension but not in the F1, F2, and F0 dimensions separately reveals that the degrees of freedom required to produce an acoustic-auditory target are known and controlled early in life.

IV. GENERAL DISCUSSION

A. Compensatory mechanisms in children

The results presented so far demonstrated that compensatory abilities in 4-year-old French children are speaker-dependent, a pattern also found in adults [START_REF] Savariaux | Compensation strategies for the perturbation of the rounded vowel [u] using a lip-tube: A study of the control space in speech production[END_REF][START_REF] Campbell | Articulatory compensation for a biteblock, with and without auditory feedback in hearing and hearing-impaired speakers[END_REF].

Perceptual data showed that upon insertion of the lip-tube, in the first perturbed trial, two speakers (S6 and S12) were immediately able to compensate in the P1 condition. Indeed, those speakers produced /u/ with an identification score greater than, or equal to their mean identification scores in the N1 condition. Two speakers (S6 and S11) also achieved immediate compensation in the first trial in the P2 condition, as revealed by the identification scores. The remaining speakers, however, did not demonstrate compensatory abilities at the first perturbed trial, based on the variation in identification scores in the perturbed conditions compared to those in the normal pre-perturbed condition N1. Interestingly, no systematic improvement was observed during the perturbed phase, but in the P1 condition, all speakers have the articulatory skills to produce at least one good compensation (see Figure 6). This shows (1) that all the subjects were able to compensate for the perturbation, and (2) that the motor control of speech is still too immature in 4-year-old children to allow generalization and learning in such a short time.

Turning now to the P2 condition, we found that only one speaker increased his identification score over the 20 trials (but to a value of 8%). Thus, for almost all speakers, the articulatory instructions provided in this condition were detrimental to the creation of successful compensatory strategies. One could object that speakers may not have understood the instructions related to the P2 condition. However, this is very unlikely since children were reminded during this perturbed phase by the experimenters that they had to go from /o/ and reach /u/.

It should be noted that none of the speakers demonstrated a real learning mechanism during the perturbed trials (either P1 or P2). Indeed, no significant correlations between trial number and identification scores were obtained, suggesting that the compensation strategies were not obtained by a gradual error correction mechanism operating on articulatory maneuvers.

Rather, our 4-year-old subjects seem to have produced a good target in the presence of the liptube on a trial-and-error basis, as revealed by the larger variability (measured by standard deviation) found in P1 and P2 compared to N1 and N2. Even though most of the children produced alterations along the acoustic dimensions that can be interpreted as strategies allowing them to achieve better compensation in the acoustic-auditory space, they could not store those strategies. This can be explained by the immaturity of their internal model of the articulatoryacoustic relations. This pattern contrasts with the adult data presented in [START_REF] Savariaux | Compensation strategies for the perturbation of the rounded vowel [u] using a lip-tube: A study of the control space in speech production[END_REF][START_REF] Savariaux | Compensation strategies for the perturbation of French [u] using a lip tube. II. Perceptual analysis[END_REF], in which speakers showed evidence of gradual improvement in the articulatory-acoustic domain. In this respect, it appears that 4-year-old children have a limited knowledge of the relationships between articulatory maneuvers and their acoustic consequences. Nevertheless, a robust after-effect is observed in P1 and P2 conditions, even for the subjects who did not compensate. This contradiction deserves further analysis.

B. The detrimental effect of articulatory guidance

Identification scores in the P1 condition suggests that, for almost all subjects, articulatory changes were produced in order to reach the acoustic-auditory target. Changes in tongue shape and position, however, were likely local and did not involve movements as large as those required to fully compensate. As discussed in section II.A.2, simulations with VLAM have revealed that /u/'s formant frequencies are affiliated to Helmholtz resonators. Thus, local changes in constriction area and/or constriction length may have been done in order to modify formant frequencies while preserving as much as possible tongue position related to the original /u/. Thus, when lip area is increased, small changes in tongue position can alter formant values and enhance identification scores, even though those strategies are not optimal. For some speakers (because of the morphology of their vocal tract, for instance), however, this task may have been more difficult because of the changes of articulatory position these compensatory maneuvers required.

Another compensatory strategy predicted by our simulations with VLAM involves a large displacement of the tongue to a position closer to that in /o/. The articulatory cues provided in the P2 condition were intended to guide the speakers to this latter configuration. However, in the P2 condition, it can be hypothesized that the compensatory maneuvers were less successful because of the large distance between the produced somatosensory target and the intended somatosensory target (induced by the articulatory instructions concerning tongue position), the articulatory alterations induced by the instructions being too far from the somatosensory target associated with /u/. Thus, large changes in lingual articulatory configurations were not produced. This hypothesis is currently tested with articulatory measurements.

C. The nature of the speech task for 4-year-old children

The fact that over the course of the 20 trials, each subject has achieved a good compensation in the spectral domain associated with good perception scores supports the hypothesis that these subjects were trying to reach a target in the auditory domain. The observation that none of the subjects kept producing the vocal tract configuration associated with a good auditory product certainly suggests that the auditory objective could have been not satisfactory per se. In addition, the inability of all subjects to achieve compensation in the perceptual domain in P2 condition suggests that somatosensory aspects contribute also to the specification of the task. In this context, one can not completely discard the possibility that the discomfort associated with an unusual speaking condition could have been responsible for the larger intra-speaker variability observed in P1 and P2 conditions, simply because it forced the subjects to move their articulators around the canonical vocal tract configuration without any specific auditory goal. However, in such conditions the probability for every speaker to reach by coincidence the right auditory target over the course of a reduced number of trials would have been quite low. This is why, in line of Savariaux et al.'s (1995Savariaux et al.'s ( , 1999) ) conclusions for adults, we strongly favour the hypothesis of an auditory target for 4-year-old children as well. In this context, the absence of systematic and continuous improvement over the course of the 20 trials in the P1 condition is explained by the fact that children would not integrate the auditory feedback in a form that can be processed in terms of learning because of immature internal models. This result points to the very distinct nature of the speech representations in 4-year-old children and adults. In the present study, children did not demonstrate a good knowledge of their articulatory capabilities in relation to their impact on acoustics. A closed-loop correction of articulatory positions on the basis of the minimization of the difference between the intended auditory feedback and the auditory feedback actually produced did not occur. This pattern is very different from the one obtained in adults by [START_REF] Savariaux | Compensation strategies for the perturbation of the rounded vowel [u] using a lip-tube: A study of the control space in speech production[END_REF][START_REF] Savariaux | Compensation strategies for the perturbation of French [u] using a lip tube. II. Perceptual analysis[END_REF]. In the latter study, even though almost all speakers failed to achieve complete compensation by the end of the perturbed condition, all of them had produced some articulatory-acoustic maneuvers leading to a minimization of the discrepancy between intended and produced /u/.

The presence of the robust after-effect is nonetheless intriguing. How could speakers use different strategies and improve their identification scores after removal of the tube if no learning mechanism had occurred in the perturbed conditions? We hypothesize that children establish associative links between multisensory representations (phonemic) and articulatory maneuvers, but that those links are not yet internalized in the form of an internal model of speech control.

Children aim to produce a good acoustic-auditory target /u/ during the perturbed trials. After removal of the tube, their goal is still to produce a good target. In all likelihood, then, the observed after-effect reflects the speakers' efforts to produce the canonical values of /u/ and increase their identification scores, rather than the maintenance of any compensatory maneuvers they used earlier. Further studies designed to investigate tongue shape and position in such perturbed conditions are currently in progress, with the hope that they will shed more light on this issue. Bark. The thick solid line (right panel) corresponds to the category boundary between perceived "bad /u/" and "perceived average or good /u/", for which (F2+F1)/2-F0=3 Bark. 

  presents F1 (left panel) and F2 values (right panel) for the first and last trials in the four experimental conditions. Values measured at vowel midpoint are considered here. Mean values and standard deviations are represented for the 12 subjects. The solid line corresponds to the first trial, whereas the dashed line depicts the last trial. Two separate repeated-measure ANOVAs carried out on F1 and F2 values with trial number (first and last) and experimental condition (N1, P1, P2, N2) as the within-subject factors did not reveal any significant effect on the variation in formant values. Thus, overall, speakers did not show any tendency to alter their

  et al. (1999) and McFarland et al.

  compensatory maneuvers over the course of the 20 trials, the identification of the first and last trials in P1 and P2 was examined. Data are plotted in Figure 5 (P1 in left panel and P2 in right panel). Since considerable between-speaker variability is observed, the identification scores for each of the 12 subjects are presented separately in the graphs. Data corresponding to the first trial are depicted by the solid line, whereas values corresponding to the last trial are represented by the dashed line. The mean identification scores for the N1 condition correspond to the bars. [Insert Figure 5] .
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	and Figure 2 (left panel)). However, the mean
	percentage decrease in F2 values ranges from -36% to -3%, suggesting variability across
	speakers.
	A repeated-measure ANOVA with measurement point (vowel onset and vowel midpoint)
	and experimental condition (N1, P1, P2, N2) as the within-subject factors was carried out on the
	Standard deviations are provided in square brackets and mean percentage increases in the P1, P2,
	and N2 conditions relative to the N1 condition are shown in parentheses. It is noticeable in Table

12 subjects' mean F2 values. As shown in Figure

2

(right panel), a significant effect of measurement point was observed (F(1,11) = 51.32; p < .05). Indeed, F2 was higher at vowel onset than at vowel midpoint. This difference is found in both perturbed conditions and in both normal conditions, as revealed by the lack of a significant interaction effect between measurement point and experimental condition. The effect of the condition factor was significant (F(3,33) = 48.78; p < .05). Post hoc tests showed that F2 values in N1 were significantly lower than in P1 (F(1,11) = 32.99; p < .01) and in P2 (F(1,11) = 22.81; p < .01). F2 values observed in P1 did not differ from those measured in P2. Values in the N2 condition were significantly lower than values in N1 (F(1,11) = 22.69; p < .01), suggesting a robust after-effect, and they were lower than in both perturbed conditions P1 (F(1,11) = 93.47; p < .01) and P2 (F(1,11) = 101.13; p < .01).

c. F0 values.

3 that the evolution of F0 values over the four experimental conditions varies among the 12 subjects. A repeated-measure ANOVA was computed on the mean F0 values for the 12 subjects with measurement point (vowel onset and vowel midpoint) and experimental condition as the within-subject factors. No significant effects of the factors, either as main effects or in interaction, were observed.

TABLE 2 :

 2 Mean F2 values (in Hertz) for each subject, in the four experimental conditions and at two measurement points (onset and midpoint). Standard deviations are presented in square brackets. Percentage variation relative to the N1 condition is presented in parentheses.

	Onset

TABLE 3 :

 3 Mean F0 values (in Hertz) for each subject, in the four experimental conditions and at two measurement points (onset and midpoint). Standard deviations are presented in square brackets. Percentage variation relative to the N1 condition is presented in parentheses.

	Onset

TABLE 4 :

 4 Mean percentage of produced [u] perceived as[u] for each subject, in the four experimental conditions. Percentage variation relative to the N1 condition is presented in

	parentheses.				
		N1	P1	P2	N2
	S1 P1-P2	91	79 (-13%)	86 (-5%)	91 (0%)
	S2 P1-P2	73	55 (-25%)	15 (-80%)	97 (+33%)
	S3 P1-P2	60	23 (-61%)	1 (-98%)	77 (+29%)
	S4 P2-P1	47	19 (-60%)	1 (-99%)	100 (+114%)
	S5 P2-P1	96	87 (-9%)	18 (-81%)	93 (-3%)
	S6 P2-P1	73	48 (-35%)	42 (-43%)	92 (+25%)
	S7 P1-P2	61	45 (-26%)	3 (-96%)	79 (+28%)
	S8 P1-P2	88	34 (-61%)	7 (-92%)	97 (+11%)
	S9 P1-P2	53	24 (-55%)	11 (-79%)	80 (+50%)
	S10 P2-P1	73	36 (-51%)	8 (-89%)	69 (-5%)
	S11 P2-P1	43	35 (-17%)	36 (-16%)	80 (+88%)
	S12 P2-P1	61	68 (+11%)	59 (-3%)	100 (+63%)
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i The Bonferonni correction, which would have resulted in adapting the probability level to 0.0125, was not applied here, in order to follow as strictly as possible the method previously used in Savariaux et al.(1995Savariaux et al.( , 1999) ) and Baum and Katz (1988).