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Abstract

Research has shown that listeners exploit prosodic cues to carry

out word segmentation, and that the choice of cues and how

these are weighted are language specific. French accentual

phrases are demarcated to the left edge with a phrase initial ris-

ing (LHi) accent. Listeners are sensitive to the start of the rise

(from L to Hi) which is used for word segmentation and to dis-

ambiguate between segmentally identical pairs. However, it is

unclear whether prosodic cues are only used when disambigua-

tion is required or if they play a more general role. Addition-

ally, it remains an open question as to how sensitive listeners

are to prosodic information of the initial rise encoded at the

segmental level. This study examines whether microprosodic

variations influence word recognition in less well studied seg-

mental environments such as consonant clusters. A manipula-

tion of duration and fundamental frequency cues at the word

onset was performed. Results show that lexical activation was

significantly delayed for words with onsets containing voiced

consonant clusters of the type /bl/. Lexical access was also de-

layed for onsets of the type /pl/, although the effect was weaker.

These results provide preliminary evidence that French listeners

are sensitive to fine-grained prosodic information on segments.

Index Terms: word recognition, French, segmental prosody

1. Introduction

A great deal of research has investigated how listeners process

the speech stream in order to arrive at meaningful entities such

as words. This has led to a rich body of psycholinguistic re-

search into mechanisms involved in word segmentation, word

recognition, and lexical access. This study investigates the role

of prosodic cues during word recognition in French listeners.

More precisely, we set out to examine the role of prosodic cues

at the left edge of an Accentual Phrase (AP), encoded in seg-

ments of different types. A growing body of research indi-

cates that strategies in word segmentation are language specific

[1, 2, 3, 4, 5, 6]. In French, a language without lexical stress

[7], lexical distinctions based on prominence marking are not

stored in the mental lexicon [8] and intonation is marked at the

post-lexical level.

French intonational structure is thus defined post-lexically

and the Accentual Phrase represents the lowest tonally marked

prosodic constituent [9, 10, 7, 11]. The AP consists of one

or more content words, optionally preceded by one or more

proclitic function words and has been reported to contain ap-

proximately 2.3 to 2.6 words (or 1.2 content words), and 3.5

to 3.9 syllables in read speech [10]. The notation /LHiLH*/

represents the underlying tonal pattern of the canonical AP.

To mark a distinction between the two low tones, we will use

/L1HiL2H*/ in this description, following a similar notation by

[12]. A phrase final rise (L2H*) is typically found on the metri-

cally strongest and last full syllable (non-reduced, non-schwa)

of the AP whereas a non-accentual rise can occur phrase ini-

tially (L1Hi) [7, 11]. The position of the primary prominence

is fixed at the word level but its realisation relies upon the lo-

cation of a word within the phrase. Tonal targets within the AP

can be undershot or omitted leading to variations in the tonal

configuration of the AP [10, 11]. Shorter APs (of three or fewer

syllables), for example, are more likely to be produced with

simpler patterns, such as a /L1H*/ pattern [11]. In addition to

this intonational structure, an AP is marked by a lengthening of

the last full syllable. The syllable to which H* is associated is

significantly longer than non-final ones.

French listeners do rely on prosodic cues for word segmen-

tation, as a number of studies have shown [13, 2, 14, 15, 16,

17, 1, 18]. Studies using an artificial language experiments

have concluded that (Swiss) French listeners rely on word-final

prominences for word segmentation [1, 18]. However, these

studies did not include function words in the artificial language

which limits the conclusions that can be made. Prominence,

in these studies, is understood as a high tone or a lengthened

syllable. As a result, it has been argued that French listeners

do not rely on word-initial prominence when segmenting the

speech stream. One study demonstrated that in non-word se-

quences like [me.la.mÕ.din] when a fundamental frequency (F0)

rise (early rise) started at the second syllable, listeners were

more likely to perceive the sequence as two words (mes lam-

ondines) but when the early rise started at the first syllable the

sequence was perceived as a single content (non)word (melam-

ondine) [13]. In contrast to English, where statistical regulari-

ties in stress pattern (predominantly word-initial stress) can be

used in word segmentation by signalling potential word bound-

aries [6], the French early rise signals actual rather than poten-

tial word boundaries. [14] showed an even finer use of F0 as cue

in which the beginning of the rise in F0 at the onset of a seg-

mentally identical pair of words (l’affiche vs. la fiche) helped to

disambiguate them and facilitated lexical access.

Another line of study has shown that speakers are sensitive

to very fine differences at the segmental level when activating

lexical items [19, 20]. It has been shown that French listeners

can detect word boundaries based on duration cues of voiceless

plosives, whereby a longer stop closure is interpreted as a word

boundary [21, 22]. Interestingly, studies on German and French

have demonstrated that the acoustic-phonetic characteristics of

voiceless fricatives are systematically affected by the F0 context

[23, 24, 25], showing that aperiodic pitch impressions of voice-

less fricatives reflect the pitch level of the adjacent F0 contour.

This means that voiceless fricatives show higher spectral energy

in environments with high F0 and lower values in environments

with low F0. Moreover, it was found that listeners of German
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are sensitive to these differences [26]. This suggests listeners

are sensitive to intonation cues which are encoded at the seg-

mental level. This study investigates the influence of F0 and

duration as prosodic cues to word recognition while taking into

consideration segmental prosodic effects. An experiment with

an online lexical decision task was conducted. We are inter-

ested in examining the effect of a manipulation of duration and

F0 on the detection of content word onsets. The experiment ex-

amines the relevance of F0 and duration as cues at the left edge

of French words, by further examining the relevance of the F0

rise at the content word onset and taking into consideration the

word-initial segments [13, 19, 20].

1.1. Predictions

It is expected that the manipulation of the cues will play out

differently depending on segmental material. Taking into ac-

count previous descriptions of the intonational phonology and

characteristics of consonants in French, as well as the literature

on word segmentation in French we postulate the following ex-

ploratory hypotheses:

H1 LACK OF ELBOW CAUSES DELAY: A flat F0 will lead to

delayed word recognition in items starting with a nasal

consonant or a voiced plosive + liquid. This is because

voiced segments are carriers of F0 cues, and so the ab-

sence of an elbow and rise will be interpreted as the ab-

sence of a word beginning.

H2 INFLUENCE OF SEGMENTAL ENVIRONMENT: Words

starting with voiceless fricatives will be affected by the

manipulation of F0 since their spectral energy is not ma-

nipulated and their acoustic cues will not match the sur-

rounding pitch context. This effect should not be present

when duration is manipulated instead.

H3 INCREASED INITIAL DURATION SIGNALS WORD

BOUNDARY: A lengthened content word-initial voiced

or voiceless plosive will facilitate word recognition. This

is because longer stop closure duration is interpreted as

a word onset in French.

1.2. Method

Participants were invited to a forced choice lexical decision task

where for each sequence they heard, they had to decide whether

or not this was a real French word. The experiment was carried

out using the software PsychoPy [27], version 3.2.1.

1.2.1. Participants

64 French listeners (age range 18-28 years) were recruited from

the Aix Marseille University community in Aix-en-Provence,

France.

1.2.2. Materials

A native female speaker of Hexagonal French was recorded pro-

ducing all items in a carrier phrase and target APs were excised

for acoustic manipulation. Stimuli consisted of a short AP con-

taining the definite article followed by the target word e.g.: la

mission (‘the mission’). Stimuli were divided into four sub-

groups according to a sonority distinction related to the word-

initial phonemes. The groups formed consisted of (i) voiced

nasals [n], (ii) voiced plosive + liquid [bl], (iii) voiceless plo-

sive + liquid [pl] and (iv) voiceless fricatives [s]. Note that in

French phonologically voiced plosives has voicing in the clo-

sure, as opposed to other languages such as English or German
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Figure 1: Schematic representation of resynthesis manipulation

carried out on fundamental frequency. The initial LHiL* pat-

tern is resynthesised into a flat pattern with no peaks or elbows.

where the phonological contrast between e.g. /b/ and /p/ is due

to a difference between short and long lag in voice onset time

and there is no voicing in either case. Target items consisted

of five disyllabic, five trisyllabic, and five quadrisyllabic French

words that together formed an AP together with a preceding ar-

ticle1. The set of stimuli further included non-word items for di-

syllables, trisyllables, and quadrisyllables (3x30), as well as an

additional 87 fillers. The experiment included three conditions

corresponding to the type of resynthesis manipulation carried

out:
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fw       1        2         F 

 

la       cru     di       té 

fw           1            2          F 

 

la        cru          di         té 

Figure 2: Schematic representation of resynthesis manipula-

tion carried out on duration values. The word-initial syllable

is resynthesised into a longer syllable while no other syllables

are manipulated.

(i) Manipulation of fundamental frequency (Resyn-

thF0), the aim of this manipulation was to create a continu-

ous flat F0 pattern with no elbows or peaks. Figure 1 shows

a schematic representation of the resynthesis process applied to

all stimuli (words, non-words, and fillers). Resynthesis was car-

ried out using the PSOLA technique in Praat [28] using scripts

to automate the procedure. This procedure led to F0 mean val-

ues that were higher for onsets of the type voiced plosive + liq-

uid (approx. +11 Hz) but lower for nasal (approx. -8 Hz). (ii)

Manipulation of duration (ResynthDur), the aim of this ma-

nipulation was to change syllabic duration patterns. The first

syllable of the content word, which L1 consistently straddles,

was lengthened to make word-initial syllable the longest in the

AP. This manipulation specifically targeted the duration of the

content word-initial syllable, increasing it by a stretch factor of

two, whereas the preceding article and remaining syllables were

not modified. A schematic representation is given in Figure 2.

This procedure ensured that the portion of the consonant and

the vowel were increased proportionally to the original duration

values. In this case, the original F0 pattern was retained and

only duration was modified. (iii) Combination of F0 and du-

ration manipulation (ResynthF0Dur); the third manipulation

included the lengthening of the word-initial syllable as well as

the flattening of the F0 curve.

1.3. Data analysis

To control for frequency effects that could affect response time

(RT) we used Lexique an online French lexical database (lex-

ique.org), which provides lexical frequency measures based on

1One AP of the type /pl/ was excluded because it was produced with
the wrong article.
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film subtitles [29, 30]. Seven words for which no frequency

scores information was available were excluded (2 = voiced

plosive + liquid; 1 = voiceless plosive + liquid; 2 = nasal; 2

= voiceless fricative). Responses given before the end of the

first content word syllable, or after 5000 ms were considered

unrealistic and discarded. Responses given with RTs greater

than three times the standard deviation were also discarded. A

total of 3% of the data were excluded from the analyses. Since

stimuli duration varied depending on the manipulation carried

out, we calculated the RT excluding the duration of the stimuli,

and used these values in statistical analyses.

1.4. Statistical analysis

A linear mixed effects model was used to investigate

the normalised RT using the packages lme4 [31] and

lmerTest [32]. The model included Condition (Resyn-

thF0,ResynthDur,ResynthF0Dur), Onset segment type (nasal,

voiceless fricative, voiceless plosive + liquid, voiced plosive +

liquid), Lexical frequency (score), and Number of syllables in

the content word (2,3,4) as fixed factors, and Participant and

Stimulus as random intercepts, plus additional random slopes

for Condition and Lexical frequency. Additionally, we used the

step function for backward model selection and pairwise com-

parisons were obtained using emmeans [33].

2. Results

Figure 3 shows normalised RT values according to onset type

of the content word, the three manipulations carried out, and

number of syllables in the content word.
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Figure 3: Box plots of normalised RT measurements in words

starting with varying onset types (voiced plosive + liquid,

voiceless plosive + liquid, nasal, voiceless fricative) according

to resynthesis manipulation (ResynthF0, ResynthDur, Resyn-

thF0Dur), according to number of syllables in the content word

(two, three, and four syllables)

The log values of RT measurements were fitted to a lin-

ear mixed effects model to investigate the experimental ma-

nipulations (N=3229). The model retained after selection in-

cluded Condition, Onset segment type, Number of syllables in

the word, and Lexical frequency as fixed factors, and Stimu-

lus and Participant as random intercepts, plus additional ran-

dom slopes for Lexical frequency. Results show that the factors

Condition (ResynthF0Dur, Est. 0.02 ± 0.01 log(RT), p= 0.04),

Onset segment type (voiced plosive, Est. 0.1 ± 0.02 log(RT),

p<0.0001), Number of syllables in the word (Four, Est. -0.2 ±

0.02 log(RT), p<0.0001), and Lexical frequency (Est. -0.01 ±

0.002 log(RT), p<0.0001) had a statistically significant effect

on RT. To better understand how condition and initial segments

interact factor comparisons were obtained. Table 1 summarises

relevant contrasts of interest.

The results show that as expected from H1, the manipula-

tion of F0 at the word onset had a great impact on word onsets

with a voiced plosive + liquid where the cue is relevant. As

shown in Table 1 in condition ResynthF0Dur, when the num-

ber of syllables is equal, words with a voiced plosive + liquid

onset were recognised significantly more slowly in comparison

to words starting with a nasal or voiceless fricative consonant.

However, the strongest effect was noticeable when both dura-

tion and F0 were manipulated in voiced plosives. Contrary to

predictions regarding nasal consonants, however, no evidence

was found that the missing elbow at the word onset caused a

delay in the recognition of words. In fact, as shown in Figure 3,

words starting with nasal consonants were retrieved at consis-

tently faster rates than words with other types of onsets. No sig-

nificant effect was found when comparing words starting with

a voiceless fricative across conditions. Contrary to expectations

with respect to the influence of segmental environment in H2,

we find that words starting with a voiceless fricative are not re-

trieved more slowly in the ResynthF0 or at faster pace in Resyn-

thDur conditions. In addition, contrary to expectations about

the role of the duration manipulation in signalling word bound-

aries in H3, words starting with a voiceless stop are recognised

at a slower rate than words starting with e.g., a voiceless frica-

tive. Note however, that this difference was significant when

the onset voiceless plosive + liquid was in the ResynthF0Dur

condition while the voiceless fricative was in ResynthDur or

ResynthF0. The same comparison between onsets of voiceless

fricatives compared to voiceless plosive + liquid, in equal con-

ditions, i.e., ResynthF0, ResynthDur or ResynthF0Dur, did not

yield a statistically significant difference. Thus, although we

find that onsets with voiceless fricatives are not equally im-

pacted by the manipulation of duration or F0, and are recog-

nised faster, the type of manipulation had an impact. Finally,

words with three and four syllables were recognised signifi-

cantly faster than words with two syllables, when starting with

the same consonant, in the same condition, and across condi-

tions.

3. Discussion

The results of this study confirm that French listeners are sen-

sitive to duration and F0 cues present at the onset of words.

Although the manipulations included in the experiment were

performed at the level of the AP and the syllable the evidence

shows that the recognition of words was affected differently de-

pending on type at the onset of the word. As predicted by the

LACK OF ELBOW CAUSES DELAY hypothesis, words starting

with a voiced plosive + liquid were affected. Note however, that

this effect appeared when both duration and F0 had been manip-

ulated. This result was consistent when comparing word recog-

nition of words starting with voiceless fricatives or nasal con-

sonants to words stating with the voiced plosive + liquid con-

sonant cluster. It may be that the perception of French voiced

plosives relies on duration and F0 cues. Thus, a manipulation

of these two cues had the biggest impact on words starting with

voiced plosive + liquid.

Despite the evidence reported in previous research [13],
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Factor 1 Factor 2 Contrast Estimate SE t-value p-value

Syllables Condition Segment

two ResynthF0Dur nasal - v.stop -0.1 0.02 -5 = .0003

two ResynthF0Dur v.stop - vl.fric 0.1 0.02 5.1 = .0002

four ResynthF0 nasal - v.stop -0.1 0.02 -5 = .0003

four ResynthF0 - ResynthF0Dur nasal - v.stop -0.1 0.02 -5.4 <.0001

Segment Condition

two v.stop ResynthF0 - ResynthF0Dur -0.02 0.01 -2 = .9 (n.s)

two v.stop ResynthDur - ResynthF0 -0.001 0.01 -0.2 = 1 (n.s)

two vl.fric - vl.stop ResynthF0 - ResynthDur -0.1 0.02 -3 = 0.3 (n.s)

two vl.fric - vl.stop ResynthDur - ResynthF0Dur -0.1 0.02 -4 = 0.03

two vl.fric - vl.stop ResynthF0 - ResynthF0Dur -0.1 0.02 -3.9 = 0.04

Condition Segment Syllables

RsesynthDur v.stop two - four 0.2 0.02 9.5 <.0001

Table 1: Results of relevant Tukey corrected factor comparisons for log RT.

which suggests that F0 and especially the AP initial rise L1Hi

play an important role in word segmentation in words starting

with nasal consonants, no evidence was found for words starting

with a nasal consonant being significantly affected by the miss-

ing word-initial elbow. In fact, it was found that words starting

with nasal consonants were systematically recognised at a faster

rate than words starting with a voiced plosive + liquid, all other

things being equal. Thus, contrary to our expectations we did

not find any evidence for the LACK OF ELBOW CAUSES DE-

LAY hypothesis in relation to words whose onset was a nasal

consonant. Note that the effect was the strongest when duration

and F0 were manipulated in the voiced plosive + liquid cluster

whereas only one cue (duration or F0) had been manipulated

for the nasal onset. One possible explanation for this result is

that although a missing elbow could impoverish recognition of

words starting with nasal consonants, under the same circum-

stances, onsets of voiced plosives + liquid are impacted to a

higher degree. This could mean that the prosodic information

encoded at the segmental level in voiced plosives serves a dou-

ble function, firstly, in these consonants, F0 and duration carry

information relative to the initial rise, and secondly they carry

information pertaining to the identity of the segment. Arguably,

the same does not apply to nasal consonants which might be

carriers of prosodic information at the word onset but whose

segmental identity is not equally compromised by the acoustic

manipulation.

No evidence was found in favour of the INFLUENCE OF

SEGMENTAL ENVIRONMENT hypothesis which predicted that

in the ResynthF0 condition words starting with a voiceless frica-

tive would be more difficult to identify than in the Resynth-

Dur condition. Some evidence was found that words starting

with voiceless plosives were recognised at a slower rate than

e.g., words starting with voiceless fricatives, speaking against of

the INCREASED INITIAL DURATION SIGNALS WORD BOUND-

ARY hypothesis. However, this was only the case when the

word-initial consonant cluster voiceless plosive + liquid was

in a condition where both duration and F0 had been manipu-

lated, whereas only duration or F0 had been manipulated for the

voiceless fricative. This result suggests that a manipulation of

duration does not facilitate word recognition of stimuli starting

with a voiceless plosive + liquid. It is likely that the combined

manipulation of duration and F0 masked the identity of the ini-

tial consonant cluster (voiceless plosive + liquid) and this led

to the delayed word recognition. Since word recognition did

not significantly differ between words starting with voiceless

plosive + liquid and voiceless fricatives when the acoustic ma-

nipulation was equal, this suggests that prosodic factors other

than cues related to segmental identity hindered word recogni-

tion. Possibly the missing rise L1Hi and the exaggerated word-

initial syllable in the stimuli had an equally strong impact on

phrase-level prosody and word recognition making it impos-

sible to disentangle whether one segment type or the other is

easier to recover. We find that the INCREASED INITIAL DU-

RATION SIGNALS WORD BOUNDARY hypothesis can neither

be clearly confirmed nor discarded. To clearly determine the

impact of a duration manipulation on segments such as voice-

less plosives, an experiment targeting only the word-initial seg-

ment rather than the syllable could be employed. However, this

would not address the research question of this study which

seeks to shed light on the relationship between segments and

the intonational pattern of the AP initial rise present in French

phrase (word) level prosody. Arguably, in the given segmental

context, prosodic cues at the word level, such as the initial rise

or syllabic duration, take precedence over prosodic information

like duration encoded at the segmental level of the word-initial

voiceless plosive.

4. Conclusion

An online experiment was carried out with French listeners to

determine whether a manipulation of acoustic cues to word on-

sets would affect the recognition of words. The results of this

study show that manipulations had an effect on word recogni-

tion depending on the type of manipulation and segment type

at word onset. It was found that consonant clusters of the type

voiced plosive + liquid [bl] were affected the most when both

duration and F0 cues had been manipulated. Contrary to pre-

dictions, a manipulation of F0 cues on nasal consonants in word

onsets did not have a significant effect on word recognition. We

attribute this result to a double function of acoustic cues for on-

sets of the type [bl], namely F0 and duration are cues to both

the segmental identity and prosodic information of the initial

rise (L1Hi). Finally, it was also established that the effects of

acoustic manipulation were stronger on short words of two syl-

lables than on words of three or four syllables.
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