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On the relative weight of pitch and durational cues in the perception of accentuation by 

French listeners 

 

Amandine Michelas1,a and Sophie Dufour1  

1 Aix Marseille Univ, CNRS, LPL, 13 100 Aix-en-Provence, France 

 

Accentuation is encoded by both durational and pitch cues in French. While previous research agree 

that the sole presence of pitch cues is sufficient to encode accentuation in French, the role of 

durational cues is less clear. In four cue-weighting accent perception experiments, we examined the 

role of pitch and durational cues in French listeners’ perception of accentuation. French listeners 

were tested on acoustic continua ranging from an unaccented first syllable [depla'se] ‘moved’ to an 

accented first syllable ['de] [pla'se] ‘a dice placed’. The continua were obtained by manipulating pitch 

and durational cues either separately or conjointly. In Experiments 1 and 2, participants identified 

each step of the continuum by choosing between two possible segmentations while in Experiments 

3 and 4, participants performed an AX discrimination task on two adjacent steps. Results indicate 

that participants’ performance was better when pitch cues were varied compared to when durational 

cues were varied in both the identification and discrimination tasks. In addition, while participants 

always benefited from the additional presence of pitch cues, participants did not consistently benefit 

from the additional presence of durational cues. Taken together, these results suggest that pitch cues 

are a better marker of French accentuation than durational cues.  

 
a Email: amandine.michelas@univ-amu.fr 
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I. INTRODUCTION 1 

When listeners process the speech signal, they identify the sounds that compose it with an 2 

impressive ease. However, this identification process involves considering a very large number of 3 

different acoustic information simultaneously. For instance, to differentiate the English sounds /b/ 4 

and /p/, English listeners have to process simultaneously VOT information (the amount of time 5 

between the stop release and onset of voicing,) duration of the stop closure and fundamental 6 

frequency among many other acoustic cues (Lisker, 1986). Whereas all these acoustic cues play a role 7 

in the consonant identification process, they are not perceptually equivalent: VOT information plays 8 

a more important role than fundamental frequency for English listeners (Abramson & Lisker, 1985). 9 

This has been referred to as perceptual cue weighting (e.g., Francis et al., 2008; Schertz & Clare, 10 

2020; Idemaru et al. 2012). Perceptual cue weighting does not apply only to segmental information 11 

(i.e., phonemes) but also to suprasegmental information such as stress. 12 

 13 

 In stress-accent languages such as English or Dutch, polysyllabic words contain a syllable which 14 

is more acoustically salient than the other syllables and which can change the meaning of that word 15 

(e.g., the English word pair present ‘gift’ vs. present ‘to give, provide, or make something known’). The 16 

acoustic realization of this ‘stressed’ syllable results of a combination of several acoustic parameters 17 

(including vowel quality, intensity and durational indices1) and the relative weight of each parameter 18 

in lexical stress marking differs according to languages. For instance, while in English, the stressed 19 

syllable is primarily cued by vowel quality (Gay, 1978; Lindblom, 1963), in Dutch, syllable 20 

lengthening is the most important cue to lexical stress (Sluijter & van Heuven, 1996). This language-21 

dependent weighting of cues affects the perception of stress, with English listeners’ stress perception 22 

depending more on vowel quality (Zhang & Francis, 2010). while Dutch listeners rely primarily on 23 

syllable lengthening to perceive stress (van Heuven & de Jonge, 2011). Unlike English and Dutch, 24 

https://dictionary.cambridge.org/dictionary/english/provide
https://dictionary.cambridge.org/dictionary/english/known
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the acoustic highlighting of the syllable does not occur at the word level in French but occurs at a 25 

larger level than the word which is called the Accentual Phrase (AP). This unit corresponds 26 

minimally to a lexical word and to all the function words that this word governs (e.g., Jun & 27 

Fougreon 2002; Delais-Roussarie et al. 2015). The last syllable of the AP is always accented2 in 28 

French. It is always longer than non-final syllables and typically associated to a fundamental 29 

frequency (f0) rise (e.g., Jun & Fougeron, 2002; Welby, 2006; Michelas & d’Imperio, 2012; Delais-30 

Roussarie et al. 2015; Smith et al. 2019). Since the ‘accented’ syllable always marks the end of APs 31 

and thus the end of words occurring at the end of APs in French, French listeners are able to exploit 32 

the conjoint presence of durational and pitch cues to accent to segment the speech stream into 33 

words (e.g., Rietveld, 1980; Bagou et al., 2002; Christophe et al. 2004; Bagou & Frauenfelder, 2006; 34 

Tremblay et al., 2012, 2016; Bagou & Frauenfelder, 2018). The sole presence of pitch cues in the 35 

absence of durational cues also appears as a robust cue to segment speech into words (Tremblay et 36 

al., 2012, 2016). However, the reverse is not true and the contribution of the sole presence of 37 

durational cues in the absence of pitch cues is less clear. While some studies (Banel & Bacri, 1994; 38 

Tyler & Cutler, 2009) showed that French speakers perceive a word boundary when cued by 39 

duration alone, some other studies did not find such an effect (Bagou & Frauenfelder, 2018). In this 40 

study we thus re-examine the role of pitch and durational cues in accentuation marking in French by 41 

testing their contribution in French listeners’ perception of accent.  42 

 43 

To date, most studies that have examined the contribution of durational and pitch cues in 44 

French listeners’ perception of accent have done so by examining the effect of these cues in speech 45 

segmentation. Among these studies, several ones indicated that French listeners use the combination 46 

of the f0 rise and the syllable lengthening located at the end of APs to segment the speech stream 47 

into words (Christophe et al., 2004; Tremblay et al., 2012, 2016; Bagou & Frauenfelder, 2018). For 48 
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example, in a word monitoring task, Christophe et al. (2004) asked participants to detect a target 49 

word (e.g., chat ‘cat’) in sentences like [Le chat grincheux] ‘the grumpy cat’ in which only the word 50 

grincheux bore an accent cued by both an f0 rise and syllable lengthening, or in sentences like [Le chat] 51 

[grimpait] ‘the cat climbed up’ in which both the words chat and the word grimpait were accented. 52 

They found slower detection times in [Le chat grincheux] than in [Le chat] [grimpait]. This slower 53 

detection of chat in [Le chat grincheux] has been interpreted as resulting from competition between chat 54 

and its competitor chagrin ‘sadness’. In this case, since there is no acoustic cue on chat to indicate its 55 

end, the word chagrin remains active and competes with the word chat. The results of Christophe et 56 

al.’s thus suggest that French listeners insert a word final boundary each time they encounter an 57 

accented syllable marked by a combination of durational and pitch cues. The conjoint contribution 58 

of durational and pitch cues to accent marking and their role in speech segmentation has been 59 

replicated in several subsequent studies using various paradigms such as word-monitoring tasks 60 

(Tremblay et al. 2012, 2016) or artificial-language learning experiments (Bagou & Frauenfelder, 61 

2018). 62 

 63 

Other studies have shown that French listeners are not only able to use the combination of pitch 64 

and durational cues to segment speech into words, but they are also able to exploit the sole presence 65 

of pitch cues to do so (Tremblay et al., 2012; Tremblay at al., 2016). In a word-monitoring task, 66 

Tremblay et al. (2012) presented to French listeners sequences composed of a monosyllabic word 67 

and a multisyllabic word (e.g., rat tondu ‘the shaved rat’) and asked them to detect a bisyllabic word 68 

which corresponds to the combination of the monosyllabic word and the first syllable of the 69 

following multisyllabic word (e.g., raton ‘young rat’). In this experiment, the stimuli were 70 

resynthesized so that the monosyllabic word (e.g., rat) was unaccented or received an accent marked 71 

by (1) pitch cues but not durational cues, (2) durational cues but not pitch cues or (4) both 72 
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durational and pitch cues. The results revealed that French listeners use pitch cues to segment 73 

speech into words in the absence of durational cues so that they detected the word raton to a greater 74 

extent in the condition in which the monosyllabic word rat was unaccented in comparison to when it 75 

bore an accent marked by pitch cues only. 76 

 77 

Studies using artificial-learning experiments similarly showed that French listeners are able to use 78 

pitch cues in the absence of durational cues to segment an artificial language into words (Bagou & 79 

Frauenfleder 2002, 2006, 2018; Tyler & Cutler, 2009; Tremblay et al. 2017). For example, Bagou & 80 

Frauenfelder (2018) presented to participants continuous sequences of consonant-vowel syllables 81 

forming artificial words (e.g., /ʁun.søt.fɛb#.ʁyf.dap#.ʁɛb.nyv.zak#.../) and asked them to 82 

remember the words of the artificial language. The last syllable of the target artificial word was either 83 

(1) completely unaccented, (2) marked by syllable lengthening (the syllable’s intrinsic duration was 84 

increased by 30%), (3) marked by an f0 rise (the end of the syllable was raised of 30Hz compared to 85 

the beginning of the syllable), or (4) marked by both durational and pitch cues. After having exposed 86 

to the artificial language, participants were presented with pairs of items. For each pair, one member 87 

was a word from the artificial language while the other was a sequence of syllables that crossed a 88 

word boundary in the artificial language. Participants had to decide whether the word of the artificial 89 

language was the first or the second member of the pair. The results show that participants gave 90 

more correct responses when an f0 rise was associated to the last syllable of artificial words 91 

compared to when the artificial words were unaccented. By contrast, participants did not perform 92 

better when the last syllable of artificial words were lengthened compared to when the words were 93 

unaccented. The results of this study indicate that the presence of a final f0 rise facilitated word 94 

learning whereas the presence of durational cues did not.  95 

 96 
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The effect of durational cues in French speech segmentation are not so clear and different 97 

studies come to contradictory conclusions. While the study of Bagou & Frauenfelder (2018) suggests 98 

that French listeners did not exploit durational cues in the absence of final pitch rise to segment an 99 

artificial language into words, other studies using the same paradigm revealed that French listeners 100 

appear to use vowel lengthening as a cue to word-final boundaries. In their artificial learning 101 

experiment, Tyler & Cutler (2009) presented to participants continuous sequences of consonant-102 

vowel syllables composed of three and four-syllable artificial words. While the pitch contour was 103 

kept flat for all words (f0 was set to 120Hz for all words), these words were demarcated by (1) no 104 

cue, (2) the lengthening of their initial vowel or (3) the lengthening of the final vowel. In each 105 

lengthening condition, the vowel was lengthened by 60 ms. After having been exposed to the 106 

artificial language, participants had to perform a forced choice test during which they have to decide 107 

which member of a pair of items was a word of the artificial language. The results show that 108 

participants gave more correct responses when the final vowel was lengthened rather when there 109 

was no cue. The results of Tyler & Cutler (2009) thus suggest that French listeners interpret vowel 110 

lengthening in the absence of pitch rise as a cue to word-final boundary. 111 

 112 

Such a conclusion was also reached in an older study examining the effect of syllable lengthening 113 

on speech segmentation in French (Banel & Bacri, 1994).  In this study, the authors presented 114 

phonemically ambiguous sequences of two syllables to French listeners and asked them to determine 115 

whether they heard “one word” (e.g., bagage ‘luggage’) or “multi-word” (e.g. bas gage ‘low pledge’). 116 

While the pitch contour was kept flat and intensity fixed for all stimuli, these ambiguous sequences 117 

differed in the relative duration of the first syllable compared to the second syllable (i.e, for bagage: 1st 118 

short syllable – 2nd long syllable; for bas gage: 1st long syllable – 2nd short syllable) with a duration 119 

difference between the first syllable and the second syllable of 35% in the two versions. The authors 120 
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found that French listeners were more likely to interpret these sequences as containing one word 121 

(e.g., bagage) when the second syllable was lengthened, while they were more likely to interpret them 122 

as containing two words (e.g., bas gage) when the first syllable was lengthened. Hence, even in the 123 

absence of pitch cues, French listeners were able to use syllable lengthening to segment the speech 124 

stream into words. 125 

 126 

Given that some studies (Banel & Bacri, 1994; Tyler & Cutler, 2009) showed that French 127 

speakers perceive a word boundary when cued by duration alone while other studies did not show 128 

such an effect ( Bagou & Frauenfelder, 2018), in the present study, we tested the hypothesis that 129 

pitch cues would be a better marker than durational cues to accentuation in that language. To do so, 130 

we used a series of four cue-weighting accent perception experiments during which participants 131 

heard acoustic continua ranging from an unaccented first syllable [depla'se] ‘moved’ to an accented 132 

first syllable ['de] [pla'se] ‘a dice placed’. The stimuli were manipulated in eights steps from the 133 

unaccented syllable to the accented one, manipulating the two main acoustic correlates of 134 

accentuation in French: syllable lengthening and f0 rise.  In experiments 1 and 2, participants 135 

completed an identification task in which they had to determine whether the sequence they heard 136 

correspond to one word (i.e., deplacé ‘moved’) or two words (i.e., dé#placé ‘dice placed’). In 137 

experiments 3 and 4, participants completed a discrimination task in which they heard two 138 

continuous steps on the continuum and had to determine whether the two steps were identical or 139 

different. In both types of tasks, duration and pitch cues were manipulated either separately to test 140 

their independent contribution in accentuation marking (Experiments 1 and 3), or at the same time 141 

in order to determine whether French listeners benefit from their conjoint presence (Experiments 2 142 

and 4). If pitch cues are a better marker of accentuation than durational cues, French listeners would 143 

rely more on this type of cue to identify and discriminate lexical sequences such as [depla'se] vs. ['de] 144 
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[pla'se]. Moreover, if French listeners benefit from the co-presence of durational and pitch cues to 145 

perform identification and discrimination tasks, in Experiments 3 and 4, we expect better 146 

performance when the two cues will be varied compared to when only one cue will be varied. 147 

 148 

II. EXPERIMENT 1 149 

Experiment 1 used a two forced-choice identification task in which pitch and durational cues 150 

were manipulated separately.  151 

 152 

A. Method  153 

1. Participants 154 

 155 

Sixty monolingual native speakers of French (45 females, 15 males) between 18 and 45 years old 156 

(mean=24.2, SD=3.4) participated in the experiment. They all reported having no 157 

neurological/hearing impairment or language disorders. None of them were professional musicians. 158 

Since English (or German) are taught in the French educational system, they all reported having 159 

basic knowledge in one of these languages. Some of them also reported having basic knowledge in 160 

Italian, Spanish or Mandarin Chinese, but none spent more than 3 months abroad, and all have been 161 

exposed to these languages after 10 years of age during middle school. The four experiments 162 

developed in this article followed local ethical guidelines3.  163 

 164 

 165 

2. Speech materials 166 

 167 
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The material used was derived from natural versions of the phonemic sequence /deplase/ which 168 

is lexically ambiguous beween déplacé ‘moved’ and dé#placé ‘a dice placed’. A native speaker of French 169 

read both sequences one time each within carrier sentences. Within these sentences, the syllable 170 

/de/ was either accented ([On a remarqué]AP [le petit dé]AP [placé sur cette case]AP ‘We noticed the small 171 

dice placed on this square’) or unaccented ([Le pion]AP [est déplacé]AP [sur cette case]AP ‘The pawn is 172 

moved to this square’) depending on the location of the syllable within the AP. Acoustic analysis 173 

conducted on syllable /de/ confirmed that the syllable was longer and associated with an f0 rise in 174 

the dé#placé sequence (syllable length: 209 ms; f0 min: 204 Hz; f0 max: 351 Hz; % of f0 slope: 72%) 175 

than in the déplacé sequence (syllable length: 146 ms; f0 min: 159 Hz; f0 max: 159 Hz; % of f0 slope: 176 

0%)4. Figure 1 reports spectrograms, f0 curves and textgrids for the two natural versions of the 177 

/deplase/ sequences.  178 

 179 

 180 

Figure 1: spectrograms, f0 curves and textgrids for the dé#placé sequence in a.  and the déplacé 181 

sequence in b. F0 min and f0 max labels are only appropriate for dé#placé sequences in which the 182 
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/de/ syllable is accented. For déplacé sequences in which the /de/ syllable is unaccented, it 183 

corresponds to the first f0 value observed at the onset and the offset of the syllable. 184 

 185 

Height continua of 8 steps (i.e., 4 f0-continua and 4 duration-continua) were generated from two 186 

base stimuli in order to manipulate pitch cues and durational cues separately.  187 

 188 

F0-continua: For the four 8-step f0-continua, the f0 rise associated to the /de/ syllable was 189 

manipulated to create an acoustic continuum ranging from an unaccented first syllable [depla'se] 190 

‘moved’ to an accented first syllable ['de] [pla'se] ‘a dice placed’ while the duration of this first 191 

syllable was altered to make it ambiguous between an unaccented and accented syllable (see Table I 192 

and Figure 2). 193 
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 194 

Figure 2. F0-continua and duration-continua from the four base stimuli. 195 
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TABLE I. Acoustic characteristics of the /de/ syllable for the f0-continua and duration-196 

continua for steps 1-8. 197 

f0-continua 198 

f0-continua 
 Base stimuli in which the /de/ syllable was 

originally unaccented 
Base stimuli in which the /de/ syllable was 
originally accented 

Steps 1 2 3 4 5 6 7 8  1 2 3 4 5 6 7 8 
f0 min 
(Hz) 

159 159 159 159 159 159 159 159  204 204 204 204 204 204 204 204 

f0 max 
(Hz) 

159 180 201 222 243 264 285 306  204 225 246 267 289 309 330 351 

Duration 
(ms) 

177 177 177 177 177 177 177 177  177 177 177 177 177 177 177 177 

Duration-continua 
 Base stimuli in which the /de/ syllable was originally 

unaccented 
Base stimuli in which the /de/ syllable was 
originally accented 

Steps 1 2 3 4 5 6 7 8  1 2 3 4 5 6 7 8 
                  
f0 min 
(Hz) 

159 159 159 159 159 159 159 159  204 204 204 204 204 204 204 204 

f0 max 
(Hz) 

232 232 232 232 232 232 232 232  277 277 277 277 277 277 277 277 

Duration 
(ms) 

146 155 164 173 182 191 200 209  146 155 164 173 182 191 200 209 

 199 

For the first continuum, we used as base stimulus the natural déplacé sequence (see Figure 1b). 200 

For the second continuum we used as base stimulus the natural dé#placé sequence (see Figure 1a). 201 

Because as illustrated in Figure 1, the two /plase/ sequences had not the same acoustic 202 

characteristics, they can influence participants’ decisions. To avoid that, we generated two others f0-203 

continua in which the base stimulus was created by cross-splicing. For the third continuum, we 204 

cross-spliced the unaccented /de/ syllable with the /plase/ sequence of the accented /de/ syllable. 205 

In the same way, for the fourth f0-continuum, we cross-spliced the accented /de/ syllable with the 206 

/plase/ sequence of the unaccented /de/ syllable.  207 

 208 

For each of the four base stimuli, we generated a re-synthesis file that contains duration and 209 

pitch points at the beginning and the end of the /de/ syllable. For each base stimulus, the duration 210 
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of the /de/ syllable was set to 177 ms which corresponds to an ambiguous value between the 211 

unaccented /de/ syllable (146 ms, see Figure 1) and the accented /de/ syllable (209 ms). To 212 

generate the pitch manipulation and because f0 minima were not the same in the accented version 213 

and in the unaccented version of the stimuli, the different steps were generated separately for the 214 

accented base stimuli and for the unaccented base stimuli. For the two base stimuli with the 215 

accented /de/ syllable, a continuum was created between 204 Hz and 351 Hz (see Table I and 216 

Figure 2). For the two base stimuli with the unaccented /de/ syllable, a continuum was created 217 

between 159 Hz and 306 Hz. As a result, for both the accented an unaccented /de/ syllable, we 218 

obtained an increase of 147 Hz between the f0 min and the f0 max by step of 21 Hz (= 8 steps). 219 

These 21Hz steps thus correspond to the difference between the f0 max and the f0 min obtained in 220 

the accented /de/ syllable divided by the 8 steps of the continuum.  221 

Pitch contours were obtained via interpolation between the first and the second pitch point.  222 

 223 

Duration-continua: For the four 8-step duration-continua, the duration of the /de/ syllable was 224 

manipulated to create an acoustic continuum ranging from an unaccented first syllable [depla'se] 225 

‘moved’ to an accented first syllable ['de] [pla'se] ‘a dice placed’ while the f0 rise associated to this 226 

syllable was altered to make it ambiguous between an unaccented and accented syllable (see Table I 227 

and Figure 2). 228 

 229 

As for f0-continua, for the first duration-continuum we used the natural déplacé sequence as base 230 

stimulus (see Figure 1b) while the natural dé#placé sequence was used as base stimulus for the second 231 

duration-continuum (see Figure 1a). Because as illustrated in Figure 1, the two /plase/ sequences 232 

had not the same acoustic characteristics, they can influence participants’ decisions. To avoid that, 233 

we generated two others duration-continua in which the base stimulus was created by cross-splicing. 234 
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For the third continuum, we cross-spliced the unaccented /de/ syllable with the /plase/ sequence of 235 

the accented /de/ syllable. In the same way, for the fourth duration-continuum, we cross-spliced the 236 

accented /de/ syllable with the /plase/ sequence of the unaccented /de/ syllable.  237 

 238 

For each of the four base stimulus, we generated a re-synthesis file that contains duration and 239 

pitch points at the beginning and the end of the /de/ syllable. For each base stimulus, the f0 240 

movement associated to the /de/ syllable was manipulated to correspond to an ambiguous f0 241 

movement between the f0 rise observed for the accented /de/ syllable (see Figure 1a) and the f0 242 

plateau observed for the unaccented /de/ syllable (see Figure 1b). To generate this pitch 243 

manipulation and because f0 minima were not the same in the accented version and in the 244 

unaccented version of the stimuli, we adjusted f0 maxima separately for the accented base stimuli 245 

and for the unaccented base stimuli. For the two base stimuli with the accented /de/ syllable for 246 

which the f0 minima corresponds to a value of 204 Hz, f0 maxima were set at a value of 277 Hz. 247 

For the two base stimuli with the unaccented /de/ syllable for which the f0 minima corresponds to 248 

a value of 150 Hz, f0 maxima were set at a value of 232 Hz. As a result, for both the accented an 249 

unaccented /de/ syllable, we obtained an f0 rise of 73 Hz which corresponds to an ambiguous 250 

movement between the f0 plateau observed for the natural unaccented /de/ syllable and the f0 rise 251 

of 147 Hz observed for the natural accented /de/ syllable (see Table I). Pitch contours were 252 

obtained via interpolation between the first and the second pitch points. To generate the durational 253 

manipulations, the duration of the /de/ syllable was manipulated by creating a continuum between 254 

146 ms (corresponding to the length of the unaccented /de/ syllable; see Figure 1b) and 209 ms 255 

(corresponding to the length of the /de/ syllable; see Figure 1a) by step of 9 ms (= 8 steps). As a 256 

result, these 9 ms steps correspond to the difference of duration between the unaccented syllable 257 

and the accented syllable divided by the 8 steps of the continuum. Note that this 9 ms duration is 258 
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really close to the just-noticeable difference (JND) for segment duration which has been estimated 259 

to 10ms in the literature (Klatt, 1976; Koffi, 2018).  260 

 261 

All acoustic manipulations were done using the Pitch Synchronous Overlap and Add method 262 

(PSOLA, Moulines & Charpentier, 1990; see also Michelas & d’Imperio, 2015; Petrone et al., 2017) 263 

on Praat (Boersma & Weenink, 2024) which is known for the high degree of naturalness achieved. 264 

RMS amplitude of all stimuli was equated to 50 dB SPL. 265 

  266 

3. Procedure 267 

 268 

Participants were tested in a sound attenuated booth of the Laboratoire Parole et Langage, and the 269 

stimuli were presented over headphones at the sound level of 60 dBA for all participants. 270 

Participants were informed that they would hear sequences containing either one word (déplacé) or 271 

two words (dé#placé) and their task was to decide whether the sequence was extracted to the 272 

sentence Le pion est déplacé sur cette case ‘The pawn is moved to this square’ or to the sentence On a 273 

remarqué le petit dé placé sur cette case ‘We noticed the small dice placed on this square’. They give their 274 

responses on a button box placed in front of them. Half of them heard the stimuli from the four 8-275 

step f0-continua and the other half the stimuli from the four 8-step duration-continua. For each type 276 

of continuum (f0 and duration) half of the participants were asked to press the left button for 277 

“déplacé” and the right button for “dé#placé” and the reverse was true for the other half. For each 278 

continuum, each step was presented ten times. As a result, each participant heard 320 trials 279 

randomly presented (4 base stimulus * 8 steps * 10 repetitions). The experiment lasted 280 

approximatively 30 minutes. An inter-trial interval of 1000 ms elapsed between each participant’s 281 
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response and the beginning of the next stimulus. The participants began the experiment with a block 282 

of 8 practice trials and no feedback was given to participants. 283 

 284 

B. Results and discussion 285 

 286 

The mean percentage of déplacé responses for pitch and durational cues are displayed in Figure 3. 287 

The type of response (1 = déplacé response, 0 = dé#placé response) was first analyzed using a mixed-288 

effect regression model (lme4 package, Douglas et al., 2015, in R-studio statistics Version 289 

2022.12.0+353, R core team, 2022) with a logistic linking function (Baayen et al., 2008). The model 290 

included steps (1-8), type of cues (pitch vs. durational cues) and their interaction as fixed effects. 291 

Participants were included as random intercept and a random slope was included for the within-292 

participant factor steps6. Since our data set was too large for the default fitting methods in glmer.nb, 293 

it was necessary to implement the function options nAG0=0 and optimizer="nloptwrap” for the 294 

model-fitting process to converge (Bates et al., 2015). Significance of the main effect was assessed 295 

using the Anova function from the car package (Fox, 1996). The model revealed a significant step x 296 

cue interaction (X2 = 14.30, p < .05) showing that the number of déplacé responses decreased more 297 

from one extremity to the other of the continuum when pitch cues were varied than when 298 

durational cues were varied. To have a better understanding of this interaction, two mixed-effect 299 

models were run, one with pitch cues and one with durational cues. These two models included 300 

steps as fixed factors, random intercepts by participant. The random slope for the within-participant 301 

factor steps was not included because it does not allow the model to converge (Barr et al., 2013). 302 

Both models revealed a significant main effect of steps (f0 cue: X2 =20.47, p < .01; duration cue: X2 303 

=24.66, p < .0001). Pairwise comparisons were performed and summarized in Table II. As shown in 304 
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Table II, three comparisons among seven were significant when pitch cues were varied while no 305 

comparison was significant when durational cues were varied.  306 

  307 

Figure 3. Mean percentage of déplacé responses as a function of type of cues (pitch vs. durational 308 

cues) and steps. Error bars represent standard errors.  309 

 310 

TABLE II. Pairwise comparisons for both types of cues 311 

  Pitch cues Durational cues 

 z-value p-value z-value p-value 

Step 1 vs. 2 1.859 = .06 0.568 > .20 

Step 2 vs. 3 0.943 > .20 0.243 > .20 

Step 3 vs. 4 1.448 = .15 0.283 > .20 
Step 4 vs. 5 2.253 < .05 * 1.271 > .20 

Step 5 vs. 6 2.962 < .01 * 0.527 > .20 

Step 6 vs. 7 1.553 =. 12 1.626 = 0.10 
Step 7 vs. 8 4.143 < .0001 * 0.191 > .20 

 312 

To sum up, Experiment 1 showed a significant interaction between the steps and the type of 313 

cues (pitch vs. durational cues) indicating that the percentage of déplacé responses decreased more 314 

0

10

20

30

40

50

60

70

80

90

100

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8

Pe
rc

en
ta

ge
 o

f d
ép
la
cé
-re

sp
on

se
s 

Durational cues
Pitch cues



 18 

when pitch cues were varied compared to when durational cues were varied. Such results suggests 315 

that French listeners use pitch cues more than durational cues to identify lexical sequences. A closer 316 

look at the results reveals that the percentage of déplacé responses differed from the chance level 317 

when pitch cues were varied, going from 65% for step 1 to 33% for step 8. By contrast, when 318 

durational cues were varied, the percentage of déplacé responses approached the chance level for all 319 

steps going from 56% for step 1 to 46% for step 8 thus suggesting a limited role of durational cues 320 

to identify lexical sequences.  321 

 322 

Given the specificities of accentuation in the French language in which the final f0 rise is always 323 

accompanied by syllable lengthening, one possibility is that French listeners exploit durational cues 324 

only when pitch cues are already present in the stimuli. To test this possibility, we conducted a 325 

second experiment in which pitch and durational cues were manipulated conjointly. If our reasoning 326 

is correct, we expect the percentage of déplacé responses to decrease more when the two cues are 327 

varied compared to when pitch cues only are varied. If it is not the case and if French listeners do 328 

not exploit durational cues even when pitch cues are present in the stimuli, the percentage of déplacé 329 

responses should be identical when the two cues are varied and when durational cues only are 330 

varied. Finally, the comparison between the percentage of déplacé responses when the two cues are 331 

varied and the percentage of déplacé responses when durational cues only are varied constitutes an 332 

additional test of the role of pitch cues in accentuation marking. If, as suggested by the results of 333 

Experiment 1, pitch cues are a good marker of accentuation, the percentage of déplacé responses 334 

should be identical when the two cues are varied and when durational cues only are varied.  335 

 336 
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III. EXPERIMENT 2 337 

Experiment 2 consisted of a two forced-choice identification task in which pitch and durational 338 

cues were manipulated conjointly on the same syllable. In order to determine whether French 339 

listeners benefit from the co-presence of the two cues, we compared participants’ responses in 340 

Experiment 2 (when the two indices were combined) to participants’ responses in Experiment 1 341 

(when only one cue was varied)5.  342 

 343 

A.  Method 344 

 345 

1. Participants 346 

 347 

Thirty monolingual native speakers of French (28 females, 2 males) between 18 and 38 years old 348 

(mean=22.7, SD=3.2), with the same characteristics as participants from Experiment 1, participated 349 

in the experiment.  350 

 351 

2. Speech materials  352 

 353 

Similar to what was done for Experiment 1, four continua of 8 steps were generated from 354 

natural versions of the phonemic sequence /deplase/. The natural déplacé sequence was used for the 355 

first continuum while the natural dé#placé sequence was used to create the second continuum. As for 356 

experiment 1, two other continua were created by cross-splicing to avoid the potential influence of 357 

the following /plase/ sequence on the target syllable.  We used the same procedure as in 358 

Experiment 1 to do the pitch and durational manipulations except that the we manipulated both 359 

indices at the same time on the same syllable. Figure 4 and table III illustrate the acoustic 360 
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manipulation for steps 1-8 for each base stimulus. RMS amplitude of all stimuli was equated to 50 361 

dB SPL.  362 

  363 

 364 

Figure 4. Acoustic continua from the four base stimuli. 365 

 366 

TABLE III. Acoustic characteristics of the /de/ for steps 1-8. 367 

Base stimuli in which the /de/ syllable was 
originally unaccented 

Base stimuli in which the /de/ syllable was 
originally accented 

Steps 1 2 3 4 5 6 7 8  1 2 3 4 5 6 7 8 
f0 min 
(Hz) 

159 159 159 159 159 159 159 159  204 204 204 204 204 204 204 204 

f0 max 
(Hz) 

159 180 201 222 243 264 285 306  204 225 246 267 289 309 330 351 

Duration 
(ms) 

146 155 164 173 182 191 200 209  146 155 164 173 182 191 200 209 

 368 

3.  Procedure 369 

 370 

It was the same procedure as in Experiment 1. 371 
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B. Results and discussion 372 

 373 

Figure 5 shows the participants’ proportion of déplacé responses as a function of steps when 374 

accentuation was cued by a combination of cues compared to when it was cued by only one cue 375 

(pitch cues in a. and durational cues in b.). Two mixed-effect regression models were used. The first 376 

model compared the responses obtained when durational and pitch cues were varied to the 377 

responses obtained when only pitch cues were varied. The second model compared the responses 378 

obtained when durational and pitch indices were varied to the responses obtained when only 379 

durational cues were varied. Both models included steps (1-8), number of cues (combined cues vs. 380 

independent cues) and their interaction as fixed effects. Participants were included as random 381 

intercept and a random slope was included for the within-participant factor steps.  382 

 383 

For the model comparing pitch cues with the combination of cues, a significant effect of steps 384 

was found (X2 = 52.45, p < .0001), showing that the percentage of déplacé responses significantly 385 

decreased with steps. No significant effect of the number of cues was found (X2 = 0.25, p > .20). 386 

The steps x number of cues interaction was not significant (X2 = 10.87, p = 0.1442).  387 

 388 

For the model comparing durational cues with the combination of cues, a significant effect of 389 

steps was also found, showing that the percentage of déplacé responses significantly decreased with 390 

steps (X2 =41.72, p < .0001). More interestingly and contrary to what happens for pitch cues, the 391 

effect of the number of cues (X2 =4.37, p < .05) and the steps x number of cues interaction were 392 

significant (X2 =25.56, p < .001). As shown in Table IV, this interaction was due to the fact that 393 

almost all steps significantly differ from each other for combined cues but not for durational cues.  394 

 395 
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 396 

 397 

Figure 5. Mean percentage of déplacé responses as a function of steps and number of cues 398 

(combined vs. independent cues). Error bars represent standard errors.  399 

 400 

TABLE IV. Pairwise comparisons between adjacent steps for both number of cues  401 

  Combined cues Durational cues 

 z-value p-value z-value p-value 

Step 1 vs. 2 4.303 < .0001 0.568 > .20 

Step 2 vs. 3 2.155 < .05 0.243 > .20 

Step 3 vs. 4 2.937 <. 01 0.283 > .20 
Step 4 vs. 5 3.617 < .001 1.271 > .20 

Step 5 vs. 6 4.145 < .0001 0.527 > .20 

Step 6 vs. 7 4.338 < .0001 1.626  = .10 
Step 7 vs. 8 4.223 < .0001 0.191 > .20 

 402 

To sum up, Experiment 2 reveals that the percentage of déplacé responses similarly decreased 403 

when the two cues were varied compared to when pitch cues only were varied. Thus, in contrast 404 

with our hypothesis, French listeners did not exploit durational cues to disambiguate lexical 405 

sequences even when pitch cues were present. By contrast, the percentage of déplacé responses 406 

decreased more when the two cues were varied compared to when durational cues only were varied. 407 

This result indicates that French listeners benefit from pitch cues even when durational cues are 408 

present. Taken together, these results corroborate the results of Experiment 1 by showing that pitch 409 
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cues are more efficient than duration cues in identification tasks. Pairwise comparisons of 410 

Experiment 1 also showed that participants were able to use almost all f0 fine-grained differences 411 

distinguishing two adjacent steps while this was not the case for fine-grained durational differences. 412 

We thus conducted a third experiment to strengthen our claim that French listeners are more 413 

sensitive to fine-grained pitch differences compared to fine-grained durational differences. If this is 414 

confirmed, participants should be better to discriminate two adjacent steps differing in pitch 415 

compared to two adjacent steps differing in duration.  416 

 417 

IV. EXPERIMENT 3 418 

Experiment 3 used the /de/ syllables extracted from the f0-continua and duration-continua of 419 

Experiment 1. Participants performed an AX discrimination task in which A and X were identical or 420 

differed either in pitch or in duration.  421 

 422 

A.  Method 423 

 424 

1. Participants 425 

 426 

Sixty monolingual native speakers of French (47 females, 13 males) between 19 and 38 years old 427 

(mean=23.4, SD=3.6) with the same characteristics as participants from Experiments 1 and 2, 428 

participated in the experiment. Each participant gave informed consent prior to experiment and was 429 

remunerated for his/her time. As in Experiment 1, half the participants heard the stimuli from the 430 

f0 continuum, while the other heard the stimuli from the duration continuum.  431 

 432 

 433 
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2. Speech materials  434 

 435 

For the purpose of the discrimination task, the /de/ syllables were extracted from the two f0-436 

continua and the two duration-continua without cross-splicing. Hence, this experiment concerned 437 

only two continua for each type of cues among the four used in Experiment 1.  438 

 439 

3. Procedure 440 

 441 

Participants were tested in a sound attenuated booth of the Laboratoire Parole et Langage, and the 442 

stimuli were presented over headphones at the sound level of 60 dBA for all participants. Each 443 

experimental trial consisted of a pair of two stimuli (A and X) separated by an interval of 500 ms6. 444 

The participants were told that they would hear pairs of stimuli in which the second stimulus would 445 

be either identical or different from the first stimulus. They were required to press a button on their 446 

left or on their right to indicate whether X was identical or different from A. No further instructions 447 

were given to participants, neither on the way the stimuli might differ, nor on the sentences from 448 

which they were extracted. Half the participants heard the stimuli from the two 8-step f0-continua 449 

and the other half the stimuli from the two 8-step duration-continua. For each type of continuum 450 

(f0-continuum or duration-continuum) and thus for each participant, there were 7 different pairs (1-451 

2, 2-3, 3-4, 4-5, 5-6, 6-7, 7-8) and 8 same pairs. Moreover, for each type of continuum, the 7 452 

different combinations were presented 10 times.  In order to have the same number of same and 453 

different responses, 6 pairs of the same combination were presented 9 times and 5 pairs of the same 454 

combination were presented 8 times. As a result, each participant heard 280 trials randomly 455 

presented (2 base stimulus * 140 combinations). The experiment lasted approximatively 20 minutes. 456 

An inter-trial interval of 1000ms elapsed between each participant’s response and the beginning of 457 
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the next stimulus. The participants began the experiment with a block of 8 practice trials and no 458 

feedback was given to participants. 459 

 460 

B. Results and discussion 461 

 462 

The mean percentage of different responses for pitch and durational cues are displayed in Figure 463 

6. We analyzed accuracy data (1= different responses, 0 = identical responses) on different pairs 464 

using the same procedure as in Experiment 1. A mixed-effect regression model with a logistic 465 

linking function was used. This model included pairs, the type of cues (durational vs. pitch) and their 466 

interaction as fixed effects. Participants were included as random intercept and a random slope was 467 

included for the within-participant factor pairs. The model revealed a significant effect of type of 468 

cues (X2 = 970.21, p < .0001) showing that participants gave more different responses when the 469 

accented syllable was marked by pitch cues than when it was marked by durational cues8. The effect 470 

of the pair (X2 = 22.14, p < .01) was also significant with more different responses for the pairs 1-2, 471 

4-5, 5-6 and 7-8 compared to the pair 2-3. The pairs x type of cues interaction was also significant 472 

(X2 = 202.04, p < .01). As shown in Table V, participants gave more different responses when 473 

accentuation was cued by pitch cues compared to durational cues and this is particularly true for the 474 

pairs 1-2, 3-4, 4-5, 5-6, 7-8. 475 
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  476 

Figure 6. Discrimination performance of participants as a function of pairs and type of cues. 477 

Errors bars represents standard errors.  478 

 479 

TABLE V. Pairwise comparison between pitch and durational cues for each pair 480 

 z-value p-value 

Pitch pair 1-2 vs. Durational pair 1-2 13.200 > .0001 

Pitch pair 2-3 vs. Durational pair 2-3 9.291 > .0001 

Pitch pair 3-4 vs. Durational pair 3-4 12.327 > .0001 

Pitch pair 4-5 vs. Durational pair 4-5 12.571 > .0001 

Pitch pair 5-6 vs. Durational pair 5-6 12.898 > .0001 

Pitch pair 6-7 vs. Durational pair 6-7 10.967 > .0001 

Pitch pair 7-8 vs. Durational pair 7-8 12.508 > .0001 
 481 

To sum up, Experiment 3 showed a significant effect of the type of cues (durational vs. pitch 482 

cues) showing that participants gave more different responses when pitch cues were varied rather 483 

than when duration cues were varied. This result reveals that French listeners were more sensitive to 484 

fine-grained pitch cues than to fine-grained durational cues to discriminate syllables differing in 485 

accentuation. Similarly to what we found in Experiment 1, participants’ performance were above 486 

chance level when accentuation was cued by fine-grained pitch cues while participants’ performance 487 
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were at the chance level when accentuation was cued by fine-grained durational cues. Again, due to 488 

the specificities of accentuation in French in which the final f0 rise is always accompanied by syllable 489 

lengthening, it is possible that French listeners are able to use fine-grained durational differences to 490 

discriminate syllables only when these differences are accompanied by pitch differences. To test this 491 

possibility, we conducted an additional discrimination experiment in which fine-grained pitch and 492 

durational cues were manipulated conjointly. If our reasoning is correct, participants’ performance 493 

should be better when the two cues were varied compared to when fine-grained pitch cues were 494 

varied. Moreover, as for Experiment 2, the comparison between participants’ performance when the 495 

two cues are varied and participants’ performance when fine-grained durational cues are varied 496 

constitutes an additional test of French listeners’ sensitivity to fine-grained pitch differences. 497 

 498 

V.  EXPERIMENT 4 499 

 500 

Experiment 4 used the /de/ syllables extracted from the continua of Experiment 2. Participants 501 

performed an AX discrimination task in which A and X were identical or differed on the two cues 502 

(pitch + durational cues). In order to determine whether French listeners benefit from the co-503 

presence of both cues, we compared the performance of participants in Experiment 4 (when the 504 

two cues were varied) to their performance in Experiment 3 (when only cue was varied).  505 

 506 

A. Method  507 

 508 

1. Participants 509 

 510 
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Thirty monolingual native speakers of French (25 females, 5 males) between 18 and 32 years old 511 

(mean=23.1, SD=3.1) with the same characteristics as participants from Experiment 1 to 3 512 

participated in the experiment.  513 

 514 

2.  Speech materials  515 

 516 

For the purpose of the discrimination task, the /de/ syllables were extracted from the two 517 

continua of Experiment 2 without cross-splicing.  518 

 519 

3.  Procedure 520 

 521 

It was the same procedure as in Experiment 3. 522 

 523 

B.  Results and discussion 524 

 525 

The mean percentage of different responses for pitch and durational cues are displayed in Figure 526 

7. We analyzed accuracy data (1 = different responses, 0 = identical responses) on different pairs 527 

using the same procedure as in Experiment 2. Two mixed-effect regression models were used. The 528 

first model compared the responses obtained when durational and pitch cues were varied to the 529 

responses obtained when only pitch cues were varied. The second model compared the responses 530 

obtained when durational and pitch cues were varied to the responses obtained when only durational 531 

cues were varied. Both models included pairs, the number of cues (combined vs. independent) and 532 

their interaction as fixed effects. Participants were included as random intercept and a random slope 533 

was included for the within-participant factor pairs.  534 
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 535 

For the model including pitch cues, a significant effect of the number of cues was found (X2 = 536 

30.93, p < .0001), showing that participants gave more different responses when the accented 537 

syllable was marked by combined cues compared to when it was marked by pitch cues only. The 538 

effect of pairs was also significant (X2 = 29.56, p < .0001) with more different responses for the 539 

pairs 1-2 and 6-7 compared to the pair 2-3. The pairs x number of cues interaction was also 540 

significant (X2 = 12.76, p < .05). As shown in Table VI, participants gave more different responses 541 

when accentuation was cued by combined cues than by pitch cues for pairs 1-2,2-3,3-4,6-7,7-8 but 542 

not for pairs 4-5 and 5-6.  543 

 544 

For the model including durational cues, a significant effect of the number of cues was also 545 

found (X2 = 252.23 p < .0001), showing that participants gave more different responses when the 546 

accented syllable was marked by combined cues compared to when it was marked by durational cues 547 

only.9 The effect of the pairs was not significant (X2 = 5.56, p > .20). Crucially and contrary to what 548 

happens for pitch cues the pairs x number of cues interaction was not significant (X2 = 3.48, p > 549 

.20), showing better performance when cues are combined for all pairs.  550 

 551 

 552 

Figure 7. Discrimination performance of participants as a function of pairs and number of cues 553 

(combined vs. independent cues). Error bars represent standard errors.  554 
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TABLE VI. Pairwise comparison between combined and independent cues for each pair 555 

  z-value p-value 

Combined vs. independent cues pair 1-2 5.775 < .0001 

Combined vs. independent cues pair 2-3 5.142 < .0001 
Combined vs. independent cues pair 3-4 2.581 < .01 

Combined vs. independent cues pair 4-5 1.292 > .20 

Combined vs. independent cues pair 5-6 1.371 = .17 
Combined vs. independent cues pair 6-7 4.353 < .0001 

Combined vs. independent cues pair 7-8 2.523 < .05 
 556 

To sum up, results of Experiment 4 showed a significant effect of the number of cues 557 

(combined vs. independent cues) for both pitch cues and durational cues, showing that in both cases 558 

participants benefit from cue redundancy to discriminate syllables differing in accentuation.  559 

 560 

V. GENERAL DISCUSSION 561 

The aim of this study was to examine the relative contribution of pitch and durational cues to 562 

accent marking in French. To do so, French participants were tested on acoustic continua ranging 563 

from an unaccented first syllable [depla'se] ‘moved’ to an accented first syllable ['de] [pla'se] ‘a dice 564 

placed’ while durational and pitch cues were manipulated either separately or conjointly. Given the 565 

previous contradictory results about the role of durational cues on speech segmentation in French, 566 

we predicted that pitch cues would be a better marker to accentuation than durational cues in that 567 

language. Moreover, given the specificities of the French language in which the final f0 rise is always 568 

accompanied by syllable lengthening, we expected durational cues to be exploited only when pitch 569 

cues were already present in the stimuli. 570 

 571 

Consistent with our first prediction, we found better performance in both the identification and 572 

discrimination tasks when pitch cues were varied compared to when durational cues were varied. 573 
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When the two lexical sequences differed on the sole presence of an f0 rise, participants’ performance 574 

to identify lexical sequences differed from the chance level for all steps of the acoustic continua. 575 

Moreover, participants were also able to discriminate all adjacent steps that differed in pitch. Such 576 

results corroborate previous studies (Tremblay et al., 2012; Bagou & Frauenfelder, 2018) by showing 577 

that French listeners are sensitive to very fine-grained f0 differences and are able to exploit them to 578 

segment speech into words even when durational cues were not found in the stimuli. 579 

 580 

The situation is more complicated for durational cues. When durational cues were located at the 581 

extremities of the acoustic continua, French participants were able to exploit the sole presence of 582 

these cues to identify lexical sequences. By contrast, when locating at the center of the continua, 583 

participants’ performance approach the chance level and participants were not able to exploit these 584 

cues to decide whether the lexical sequences they heard constituted one single word (déplacé) or two 585 

separated words (dé#placé). Moreover, although the duration difference between two adjacent steps 586 

of the continuum is really close to the just-noticeable difference (JND), participants were not able to 587 

use this duration difference to discriminate adjacent steps. This suggests that French listeners’ 588 

sensitivity to durational cues is more limited than their sensitivity to pitch cues.  589 

 590 

Taken together, these results thus indicate a more limited role of durational cues compared to 591 

pitch cues to accent marking in French. This limited role of durational cues is corroborated by the 592 

results of our identification task (Experience 2) showing that French participants did not benefit 593 

from durational cues when pitch cues were already present in the stimuli. In fact, contrary to our 594 

second prediction, we did not observe any benefit of the use of durational cues in lexical sequences 595 

identification when the stimuli already differed in pitch. Given that the difference between the 596 

unaccented syllable and the accented syllables in the original stimuli from which the speech was 597 
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manipulated was relatively small (of 63 ms), one alternative hypothesis could be that any listeners 598 

(and not just French listeners) would perceive the pitch difference as being far more salient than the 599 

durational difference. However, in a study by Tremblay et al. (2012) the reverse pattern was 600 

observed and English listeners used durational cues (of about 40ms) but not pitch cues to segment 601 

speech into words. Hence our results corroborate a previous studies suggesting that the co-602 

occurrence of pitch and durational cues is not necessary for French speakers and that the sole 603 

presence of pitch cues is sufficient for them to segment the speech stream into words (Tremblay et 604 

al., 2012).  605 

 606 

The greater sensibility of French listeners to pitch cues compared to durational cues does not 607 

mean however that they do not exploit durational cues at all. The fact that in the absence of pitch 608 

cues, our participants were able to use durational differences located at the extremities of our 609 

acoustic continua confirms the idea that French listeners are able to use the sole presence of these 610 

cues provided that they are sufficiently brief or long. In our case, participants exploited them to 611 

identify lexical sequences when the difference between the unaccented syllable and the accented one 612 

was about 40 %. This is in line with a previous study showing that French speakers were more likely 613 

to interpret phonemically ambiguous sequences of two syllables as containing one word (e.g., bagage 614 

‘luggage’) than two words (e.g. bas gage ‘low pledge’) when the first syllable was 35% longer than the 615 

second syllable (Banel & Bacri, 1994).  The claim that French speakers are to some extent able to 616 

exploit the presence of durational cues is also corroborated by the results of the discrimination task 617 

(Experience 4) in which participants were found, for some adjacent pairs, to be able to discriminate 618 

two syllables that already differed in pitch.  619 

 620 
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It thus remains to explain why our participants benefit to some extent from the additional 621 

presence of durational cues to discriminate syllables in the discrimination task while they do not 622 

benefit from this information to identify lexical sequences in the identification task. A possibility is 623 

that, in the discrimination task, participants give their response while durational cues are yet retained 624 

in memory since in this kind of task only the syllable of interest is presented to the participants. In 625 

contrast, in the identification task, the entire / deplase/ sequences are presented to participants. 626 

Hence as discussed just above, it remains possible that durational cues are not sufficiently salient 627 

either in terms of shortness or length, and one consequence is that the durational cues present in the 628 

first syllable of the /deplase/ sequence are overwhelmed by the phonetic/phonemic information 629 

extracted during the processing of the second syllable. As a result, information relative to the first 630 

syllable (i.e. /de/ in déplacé or dé#placé) can no longer be used to perform the identification task.  631 

 632 

To conclude, our study show that French listeners rely more on pitch cues than on durational 633 

cues to differentiate an accented syllable from an unaccented one. Even if the vast majority of 634 

production studies have highlighted two main acoustic correlates of accentuation in French, our 635 

results therefore suggest that pitch cues are the most robust accentual cues in perception, at least in 636 

identification and discrimination tasks.  637 

 638 
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 645 

 646 

FOOTNOTES 647 

1 While pitch is sometimes described as a correlate of lexical stress in English (Fry, 1958), there is an 648 

increasing consensus that there is no one-to-one relationship between pitch and lexical stress (e.g., 649 

Beckman & Edward, 1994; Sluijter & van Heuven, 1996). Instead, stressed syllables are “docking 650 

sites” for intonational patterns that affects the sentences level. Stressed syllables can thus have 651 

different intonational pitch accents (e.g., H*, L + H*, L*, L*+H) and thus different fundamental 652 

frequency (F0) patterns depending on discourse information (Beckman & Pierrehumbert, 1986). 653 

Hence, pitch can only be interpreted as a cue to lexical stress if sentence intonation (and specifically 654 

the pitch accent associated to the stressed syllable) is taken into consideration (Brown et al., 2015). 655 

2 Because in French the acoustic prominence given to a syllable is determined post-lexically and not 656 

lexically, the term “accent” rather than “stress” is usually used (see for instance Delais-Roussarie et 657 

al., 2015).  658 

3 For the four experiments, each participant gave informed consent prior to experiment and was 659 

remunerated for his/her time. All the studies were conducted according to the ethics procedure of 660 

Aix Marseille University and the principles expressed in the Declaration of Helsinki.  661 

4Note that vowel quality differed in the original stimuli across the two sequences with a clearer, 662 

better articulated vowel in the dé#placé sequence than in the déplacé sequence. Since our continua 663 

were created from the /de/ syllables extracted from the two déplacé and dé#placé sequences, it is 664 

unlikely that these differences of vowel quality will impact our results.  665 

 666 



 35 

5 Since our aim is to determine whether French listeners benefit from the co-presence of the two 667 

cues, the comparison between results of Experiment 2 (when the two indices were combined) and 668 

the results of Experiment 1 (when only one cue was varied) is crucial whereas the results of 669 

Experiment 2 in themselves are not essential. Nevertheless, a mixed-effect regression model run on 670 

participants’ responses in experiment 2 (without comparison with Experiment 1) showed a 671 

significant effect of steps (X2 = 32.65, p < .0001) showing that the percentage of déplacé responses 672 

significantly decrease with steps.  673 

6 In our study, the four base stimuli were used in the same way to generate our continua in both the 674 

pitch cues and the durational cues conditions. It is thus unlikely that base stimulus will impact our 675 

results. For this reason, base stimulus was not included as random factor in our statistical model.  676 

7 We used a 500ms ISI that leaves the time for the stimulus A to be fully processed so that both 677 

phonetic and phonological information are available when the stimulus X is presented (see Tyler and 678 

Fenwick, 2012). 679 

8 d’ values from the accuracy data were also calculated using the function (hit,fa) {qnorm(hit) - 680 

qnorm(fa)} of the statistical software R (R core team, 2022; see Pallier, 2002). Responses were coded 681 

as hits when participants correctly responded different, and as false alarms when participants 682 

incorrectly responded different on the “same” trials (i.e., X% of false alarms). A linear mixed-effect 683 

regression model was run on d’ data. This model included the type of cues (durational vs. pitch) as 684 

fixed effect and participants as random intercepts. The model revealed a significant effect of the type 685 

of cues (X2= 179.66, p<.0001) showing greater sensitivity when accentuation was cued by pitch cues 686 

compared to durational cues. Note that because the hits of the d’ are calculated on the different 687 
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pairs and the false alarms on the identical pairs, it is not possible to include the factor pair within this 688 

analysis.  689 

9 As in Experiment 3, d’ values from the accuracy data were calculated. For both models, a 690 

significant effect of the number of cues was found, showing greater sensitivity for the combined 691 

cues than for one cue, whether it is for durational cues (X2= 128.78, p<.0001) or pitch cues (X2= 692 

5.9916, p<.05).  693 
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