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The current study aimed to better understand the development of prosody perception,

by investigating the audiovisual, audio, and visual perception of contrastive focus in

French-speaking adults and children. Specifically, 20 adults and 20 school-aged children

were presentedwith short sentences in audiovisual, audio, and visual modalities andwere

asked to determine if the sentences were produced under neutral or contrastive focused

speech. Target words incorporated into the sentences varied across four vowels: /i y u a/.

Overall, the adults performed significantly better than the children. Moreover, the children

relied more on duration cues to identify contrastive focus, while the adults relied more on

formant and lip height values. These findings suggest that children acquire visual cues

of speech perception as they mature.

Keywords: contrastive focus, perception, multimodality, development, signal detection theory

INTRODUCTION

Speech development entails the gradual mastery of orofacial articulators and the refinement
of sensory processing. As the child matures, specific movements of the jaw, lips, and tongue
are associated with their sensory consequences. It is well-known that those consequences are
multimodal. As demonstrated by many studies conducted with adults, auditory, and visual cues
are involved in the perception of phonemic units (Robert-Ribes et al., 1998) as well as prosodic
prominence (Dohen and Lœvenbruck, 2009). Although audiovisual interaction in early speech
perception has been studied in infants, little is known about changes in school-aged children. In this
study, we investigated the audiovisual perception of a specific prosodic form, namely contrastive
focus, in school-aged French-speaking children and adults.

Prosodic Prominence: The Case of Contrastive Focus
In day-to-day conversation, speech sounds are highly variable. Part of this variability comes from
the prosodic structure within which sentences are embedded. Indeed, some sounds are made
stronger (more prominent) through various strategies. Prosodic prominence or “narrow focus”
refers to emphasis on the unit (word or phrase, for instance) put forward by the speaker in contrast
to other units. One function of prosodic prominence is to signal important information in a
sentence (e.g., the word apple in the sentence “No, I ate the apple” in reply to the question “Did you
eat the orange?”). Contrastive focus, which is sometimes referred to as “focal accent,” “contrastive
emphasis,” or “contrastive stress,” is a type of narrow focus that can be defined as “emphasis
on a given constituent of a message that is selected by the speaker, as opposed to emphasizing
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another constituent in a paradigmatic comparison” (Selkirk,
1984; Touati, 1987; Pierrehumbert and Hirshberg, 1990; Bartels
and Kingston, 1994; Dahan and Bernard, 1996; Ladd, 1996;
Di Cristo, 2000). This prosodic form is particularly important
in speech development. The present study examines how
children learn to perceive contrastive focus in French conveyed
by prosody.

Contrastive Focus in Adults
The production of French contrastive focus is well-described
in adults. Jun and Fougeron (2000) noted that this prosodic
prominence is marked by a considerable rising of pitch contour,
which can be assigned to either the first or final syllable of an
emphasized (accented) word depending on the length of the
word. Acoustically, contrastive focus is produced with increased
pitch, intensity, and duration of the accented constituent relative
to the others (Dahan and Bernard, 1996; Di Cristo, 1998; Jun and
Fougeron, 2000). It is usually accompanied by a hyperarticulation
of the accented syllable followed by a hypoarticulation of
the subsequent syllable (Lœvenbruck, 1999). Specifically, more
important displacements of the jaw, lips, and tongue are observed
in syllables produced under contrastive focus by French speakers
(Lœvenbruck, 1999; Ménard et al., 2006, 2014).

This hyperarticulation, combined with pre- and post-focus
hypoarticulation, should make the focused constituent more
perceptually salient (prominent). Studies have indeed revealed
that contrastive focus in French is well-perceived in the auditory
modality (Gussenhoven, 1983; Dahan and Bernard, 1996; Dohen
and Lœvenbruck, 2009). Furthermore, it has been shown that
this type of prosodic prominence can also be identified with a
better-than-chance accuracy when only seeing a speaker’s face
(visual modality)1 (Dohen et al., 2004; Krahmer and Swerts,
2007). Dohen et al. (2004) investigated the visual perception
of contrastive focus in reiterated French speech. Participants
correctly identified 86% of the utterances, suggesting that adults
are sensitive to visual information related to contrastive focus. In
a more recent study, the ability to identify focused constituents
when presented with the audio, visual, or audiovisual signals
was investigated (Dohen and Lœvenbruck, 2009). When asked
to determine which part of a sentence had been misunderstood
by a speaker (thus identifying the focused constituent), 31 native
French speakers correctly identified the focused constituent at
a rate of 97.4% in the audiovisual condition, 95.9% in the
auditory condition, and 79% in the visual condition (Dohen
and Lœvenbruck, 2009). This work, along with that of others
(see Krahmer and Swerts, 2007), suggests that visual cues are
important in prosody perception and production in general, and
especially in contrastive focus perception.

Contrastive Focus in Children
Prosody plays a crucial role in speech acquisition and
development (Mehler et al., 1988; Jusczyk and Krumhansl,
1993; Morgan and Demuth, 1996). According to the prosodic

1In the context of this study, auditory cues refer to information that can be

retrieved from the sound wave and perceived by the ear, whereas visual cues refer

to information related to the lip shape and jaw position that is processed by the

eye.

bootstrapping hypothesis, intonational and temporal variations
in speech provide infants with important cues for word
segmentation and for acquiring lexical and morphosyntactic
competence (Gleitman et al., 1988; Fernald and Mazzie, 1991).
As soon as children begin combining syllables into words, they
have to learn how to alternate between weak and strong syllables,
signal stressed syllables, and delimit group boundaries. Since
focalization involves selecting an item from other items, it is
often considered to be a prosodic deictic2 (Lœvenbruck, 1999).
Focalization can be seen as the vocal equivalent of manually
pointing, which co-occurs with first word production in one-
year-old infants and which can be correlated with later lexical and
morphosyntactic development (Bates and Dick, 2002; Volterra
et al., 2005). The ability to point, be it manually or prosodically,
is a key component of shared attention involved in adult-child
interactions. The production and perception of prosodic focus
is a prerequisite for typical language development, as suggested
by the fact that this function is often altered in children with
language disorders (Connaghan and Patel, 2013).

At the word production level, researchers have suggested
that children between 2 and 7 years of age use different cues
to produce prosodic prominence compared with adults (Allen
and Hawkins, 1980; Pollock et al., 1993; Ballard et al., 2012).
Children generally rely more on duration and, to a lesser
extent, intensity, to indicate stress (although see Connaghan
et al., 2001 and Wells et al., 2004). At the articulatory level,
Goffman and Malin (1999) showed that children produced
longer lip displacements than adults in the context of stressed
words. Regarding prosodic focus, it has long been considered
that preschool-aged children correctly produce prosodic focus
before they can perceive and process prosodic focus as adults
do (Cruttenden, 1985; Szendröi, 2004; Hendriks, 2005; Müller
et al., 2006). However, a reinterpretation of previous studies led
Chen (2010) to suggest that 4–5 year-old children’s production
of contrastive focus is similar to their comprehension of such
focus. However, they do not display adult-like patterns of focus
production and perception. A recent study investigating focus
marking in English-, French-, and German-speaking children
confirmed this hypothesis. It is important to note that the above-
mentioned studies did not include any experiment testing the
phonetic implementation of focus (Szendröi et al., 2018). Even
though children can produce and perceive focused words, do
they manipulate the same cues in the speech signal as adults
do? Ménard et al. (2006) studied the production of contrastive
focus in 4-year-old, 8-year-old, and adult French Canadians.
Participants were asked to produce sentences in two prosodic
conditions: neutral or contrastive focus. The 4-year-old children
only used acoustic strategies related to variations in intensity and
pitch, whereas the older children adopted the same acoustic and
articulatory labial strategies as the adult speakers. This suggests
that the use of acoustic and articulatory features to produce
contrastive focus differed between children and adults in these
French-speakers, a finding that was replicated in English speakers
by Grigos and Patel (2010).

2In linguistics, a deictic is a word that can be understood thanks to supplementary

contextual information.
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These differences at the production level were also found
in the few studies that have investigated the perception of
contrastive focus in children, all in the auditory modality. Wells
et al. (2004) observed developmental improvements between
5-year-olds and 14-year-olds. The findings suggested that the
ability to perceive contrastive focus improves as a child matures.
In agreement with this maturation hypothesis, Cruttenden
(1985) observed that children performed significantly worse than
adults in identifying contrastive focus. In Wells et al. (2004),
contrastive focus perception differed based on age, with younger
children performing less well than older children. The authors
suggested that children are able to produce specific prosodic
intonations before they can interpret the prosodic information
of others, and thus prosodic development continues throughout
the school years.

Taken together, these studies suggest that the auditory
perception of prosodic contrastive focus is still immature in
school-aged children. It is not known, however, if this is also
true for visual or audiovisual cues. Since it has been reported
that children are less sensitive to visual cues in speech perception
and seem to rely more on auditory cues in recognizing speech
(Massaro, 1984; Dupont et al., 2005), it might be hypothesized
that children become more aware of visual cues in the perception
of contrastive focus as they grow older. Thus, the current study
aimed to better understand the development of contrastive focus
perception, by investigating the audiovisual, audio, and visual
perception of contrastive focus in children and adults.

METHODS

Participants
Forty subjects (20 adults and 20 children) participated in the
study. The adults were six men and 14 women with a mean age
of 31.66± 9.02 years (range, 20.3–50.4 years). The children were
seven boys and 13 girls who had a mean age of 9.42 ± 0.06 years
(range, 8.3–10.4 years). Gender distribution was similar in the
two groups (χ2(1) = 0.114, p = 0.73). All subjects were native
speakers of Canadian French and had no hearing disorder or
visual deficit (that could not be corrected by lenses) or any known
neurological condition. Informed consent was obtained from the
adult participants and the parents of the child participants. The
adults received 20 dollars and the children received gifts worth
20 dollars. The university research ethics committee approved
the study.

Corpus
A corpus of eight disyllabic words was created. In our previous
study (Ménard et al., 2006), we found that when a disyllabic
word is produced in focused condition, the first syllable inherits
a focused accent with a high pitch rise, whereas the second
syllable may or may not be deaccented. Based on this finding,
the target words included, in the first syllable, one of the vowels
/i y u a/ and one of the consonants /p t k s/. These vowels
were selected because they represent the articulatory and acoustic
extreme positions of the vocalic triangle (Vorperian and Kent,
2007). The consonants were chosen based on variability in their
articulatory mode and their place of articulation; all of them were

voiceless. The target words were selected from the Lexicon 3.80
database (http://www.lexique.org) (New et al., 2001) according
to the following criteria: high frequency, disyllabic, and identical
syllabic structure (/C1V1-C2V2C3/). The words also had a
neutral emotional content. The selected target words were canard
(/kana

R
/; ‘duck’), couronne (/ku

R
On/; ‘crown’), culotte (/kylOt/;

‘underwear’), pilote (/pilOt/; ‘pilot’), poussette (/pusεt/; ‘stroller’),
salade (/salad/; ‘salad’), sirène (/si

R
εn/; ‘siren’), and tunnel

(/tynεl/; ‘tunnel’). The target words were then incorporated into
a short sentence: ≪ C’est un/une target word ≫ (It is a target
word) to form the corpus. The target word was placed in the final
position of the sentence to facilitate elicitation in children, based
on pilot experiments. The sentence was produced first (neutral).
The experimenter then asked a question introducing an error on
the target word. The speaker was asked to repeat the sentence and
correct the experimenter (focus).

Experimental Procedure
The corpus was recorded by a French Canadian male adult
speaker in both neutral and contrastive focus conditions. He
produced six repetitions of each sentence, which resulted in
96 sentences (4 vowels with 2 words for each vowel, and 6
repetitions of 2 conditions). Blue make up was applied on the
speaker’s lips, to facilitate data extraction on the image, following
a method already used in articulatory phonetics and audio-visual
studies (Lallouache, 1990; Robert-Ribes et al., 1998). Acoustic
and articulatory values associated with the eight target words
were extracted at the vowel midpoint for both vowels (V1
and V2) of the target words [using Praat (Boersma, 2001) and
Matlab]. The acoustic parameter of pitch was determined by
the autocorrelation algorithm. Duration was measured as the
time between vowel onset and vowel offset. Intensity was also
measured, in dB. The values of the first three formant frequencies
were automatically extracted at vowel midpoint using the Linear
Predictive Coding (LPC) algorithm. Figure 1 shows the values
of pitch, duration and intensity for the two prosodic conditions
(neutral and focus), averaged across words and repetitions. One-
way ANOVAs conducted separately for each of the dependent
variables (duration, F0, intensity) revealed that position had a
significant effect on vowel duration, with V2 being significantly
longer than V1 [F(1, 188) = 203.96; p < 0.01].

As suggested by those results, since the target word was in
the final position of the sentence, the effects of final lengthening
were noticeable: the second syllable was lengthened, but this
effect was similar in both prosodic contexts. Moreover, analyses
revealed a significant effect of the interaction of vowel position
and prosodic condition: for V1 only, duration was longer when
produced under contrastive emphasis compared to the neutral
condition [F(1, 188) = 15.28; p < 0.05]. A similar pattern was
observed for average F0 values (Figure 1, upper right panel).
F0 was significantly lower in V2 than in V1 [F(1, 188) = 187.43;
p < 0.001], and V1 was produced with a higher F0 in the
emphasis condition compared to the neutral condition [F(1, 188)
= 29.42; p < 0.01]. Regarding average intensity (Figure 1, lower
left panel), the ANOVA showed a significant effect of position,
with intensity values being significantly larger for V1 than for
V2 [F(1, 188) = 312.13; p < 0.001]. Prosodic condition also had
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FIGURE 1 | Average duration (Upper Left), F0 (Upper Right), and instensity (Lower Left) measured on the first (V1) and second (V2) vowels of the disyllabic target

word, for each prosodic condition (neutral and emphasis). Error bars are standard errors.

a significant effect on intensity: in the emphasis condition, values
were produced louder than in the neutral condition [F(1, 188) =
48.99; p < 0.001]. No effect of the interaction between position
and condition was found for this variable. This agrees with the
pattern of results produced by adult participants in our previous
study (Ménard et al., 2006).

The articulatory values of lip height and lip width at vowel
midpoint were measured manually using Matlab. On each
image extracted at vowel midpoint, a trained research assistant
selected 4 points on the internal contour of the lips: on the
vertical dimension, the maximal and minimal points, and on the
horizontal dimension, the leftmost and rightmost points. Values
are presented in Figure 2, for both vowel positions and prosodic
conditions. Lip area was calculated using the following formula:
Lip_area= π

∗Height/2∗Width/2. A two-way ANOVA revealed
a significant effect of the interaction of vowel and prosodic
condition on lip area values [F(3, 376) = 135.64; p < 0.05]: for
/a/ and /i/, when produced in emphasis condition, lip area values
were larger than in the neutral condition; conversely, for /u/ and
/y/, values of lip area were smaller in the emphasis than in the
neutral condition. [F(3, 376) = 256.97; p < 0.05]. Lip area values

measured on the second vowel V2 (Figure 2, right panel) did
not differ significantly across prosodic conditions and vowels.
Those articulatory correlates of prosodic condition in V1 affected
formant frequencies, as shown in Figure 3. In agreement with the
articulatory results, only V1 was significantly affected by prosodic
condition [significant effect of the interaction between condition
and position: F(3, 376) = 243.52; p < 0.05]. For the vowels /a/ and
/i/, F1 was higher in the emphasis condition than in the neutral
condition [F(3, 376) = 185.42; p < 0.05] whereas for /y/ and /u/,
F1 was smaller in the emphasis condition than in the neutral
condition [F(3, 376) = 204.52; p < 0.05]. In summary, focus had
clear acoustic and articulatory correlates, mainly affecting the
first syllable of the disyllabic target word.

Images of the lower part of the face (from just under the chin
to the middle of the nose) were extracted and then implemented
in PsychoPy software (Peirce, 2009). The image of the face took
up a third of the height of the computer screen display and
was centered on the screen. The sentences were presented in a
random order in three modalities: audiovisual, visual, and audio.
In the audio modality, the participant could only hear the sound.
In the visual modality, the participant could only see the lower
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FIGURE 2 | Average lip area values measured on the first vowel V1 (Left) and the second vowel V2 (Right) of the target word, for each prosodic condition (neutral

and contrastive focus). Error bars are standard errors.

FIGURE 3 | F1 and F2 values for the first vowel of the target word (V1, Left) and for the second vowel of the target word (V2, Right), for contrastive focus and neutral

conditions. Ellipses enclose 95% of the dispersion.

part of the speaker’s face during the production of the sentence.
An example of a still image that was part of the visual display
presented to the participant is provided in Figure 4. In the audio-
visual condition, both the images and the sound were presented
to the participant. Each modality contained the 96 trials.

Participants sat in front of a laptop computer in a quiet
room. The subjects had to determine if sentences produced
in the audiovisual, visual, and audio modalities were produced
in neutral speech or contrastive focus and indicate this by
clicking on “N” or “F” keys on the keyboard that corresponded
with the “neutral” or “focus” conditions. A familiarization task
was included in the test. The experimenter provided children
with examples of focused and neutral conditions (items that
were not included in the test). The experimenter would start
the experiment only when the child acknowledged that she/he
understood the task and was ready to perform it. This kind of

task was also used with preschool-aged children in Szendröi et al.
(2018) study and proved to be reliable. Each child was supervised
by an experimenter, who made sure the child remained focused
on the task. The perceived condition (neutral or focus) as well as
reaction time were collected.

Data Analyses
Statistical tests were conducted using IBM SPSS Statistics, version
22.0 (IBM Corp, 2013). Using signal detection theory methods,
the data were used to calculate a sensitivity index d prime: d’=
[z(hit) – z(false alarm)] (Macmillan and Creelman, 2004). This
index measures the distance between the signal and noise mean
distributions and takes into account the tendency to respond
“neutral” or “focus” (Stanislaw and Todorov, 1999). In the
current study, the signal was the focused speech and the noise
was the neutral speech.
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FIGURE 4 | Example of a visual stimulus presented to the participant.

Because some adult participants had extreme values of 0 or
1 in their hit rates and false alarm rates (i.e., ceiling effects), we
used the log-linear approach proposed by Stanislaw and Todorov
(1999) to overcome this. As they explain, this approach “ involves
adding 0.5 to both the number of hits and the number of false
alarms and adding 1 to both the number of signal trials and
the number of noise trials, before calculating the hit and false-
alarm rates.” We computed d’ scores for each subject for each
modality and vowel combination. A d’ value of 0 corresponded
to an inability to distinguish between signal (focus) and noise
(neutral) conditions, whereas larger values indicated a better
capacity to distinguish focus from neutral speech. Reaction times
were also extracted.

For each dependent variable (d’ and reaction time), a mixed
ANOVA was performed with modality (audiovisual [AV] vs.
audio [A] vs. visual [V]) and vowel (/a/ vs. /i/ vs. /u/ vs.
/y/) as within-subject factors and group (adults vs. children)
as the between-subject factor. Interaction effects and pairwise
comparisons were then explored using the Bonferroni correction
with the alpha level set to 0.05. Effect sizes were calculated
as partial eta squared (η2

p). Only significant main effects
and interactions are reported. Finally, in order to investigate
the weight of the various acoustic and articulatory cues in
the identification of focus, multiple regression analyses were
conducted for each age group, with perceptual responses as the
dependent variable, and acoustic parameters (duration, pitch,
intensity, formants) and articulatory parameters (lip area) as the
independent variables.

RESULTS

The perception experiment results were well-above chance in
both groups (adults and children), with an overall identification
rate of 76.9% for adults and 66.1% for children (Table 1). One-
sample Student t-tests for above-chance identification indicated
that the visual perception of contrastive focus significantly
exceeded chance for both adults t(19) = 5.81, p < 0.001 and
children t(19) = 2.4, p < 0.027.

TABLE 1 | Identification rates for the perception of contrastive focus test, for

different modalities, in adult, and child participants.

Identification rate Total (%) AV (%) A (%) V (%)

Adults 76.89 86.04 89.11 55.2

Children 66.08 72.34 73.9 52.0

AV, audiovisual; A, audio; V, visual.

Average D-Prime Values
A Mauchly’s sphericity test indicated that the assumption of
sphericity was not violated for any of the independent variables.
The mixed ANOVA revealed a main effect of modality [F(2, 76)
= 246.63, p < 0.001, η2

p = 0.87]. Pairwise comparisons showed
that average d’ scores in the audiovisual and audio modalities
did not differ (1.76 and 1.9, respectively), whereas they both
differed significantly from the visual modality (0.22), each with
p < 0.001. Thus, the ability to distinguish between contrastive
focus and neutral speech was more difficult when the stimuli
were presented in the visual modality only, for both children
and adults. Vowels also had a significant main effect [F(3, 114) =
14.32, p < 0.001, η2

p = 0.27], suggesting that there were different
mean d’ scores, depending on the vowel. Pairwise comparisons
revealed that the vowels /a/ and /y/ led to significantly higher
d’ scores (1.47 and 1.41, respectively) than the vowels /u/ (1.23)
and /i/ (1.07), each with p < 0.003. The group main effect
was statistically significant [F (1, 38) = 114.45, p < 0.001, η

2
p =

0.75]. Adult participants performed considerably better (1.69)
than child participants (0.9). That is, adults were better able to
distinguish between contrastive focus and neutral speech than
children, in all modalities.

There were also interaction effects. Modality and vowels
interacted such that score patterns were similar across vowels
for the audiovisual and audio modalities but not for the visual
modality [F(6, 228) = 10.63, p < 0.001, η2

p = 0.22]. Specifically, for
the audiovisual and audio modalities, vowels /a/ (AV = 2, A =

2.1) and /y/ (AV= 1.9, A= 2 .1) elicited the highest d’ scores and
were significantly different from vowels /u/ (AV = 1.6, A = 1.8)
and /i/ (AV = 1.4, A = 1.4) (p < 0.04 for all), whereas for the
visual modality, the vowel /i/ (0.4) had the highest d’ score and
was statistically different from the vowels /u/ (0.15) and /y/ (0.1)
(p < 0.04 for all) (Figure 5).

The interaction between the modality and the group was
also statistically significant, F(2, 76) = 20.55, p < 0.001, η

2
p

= 0.35. Specifically, all three modalities led to considerable
recognition-ability differences between the children and adults
[evidenced by Student t-tests performed on each modality–
audiovisual: t(38) = −7.15, p < 0.001; audio: t(38) = −8.66, p
< 0.001; visual: t(38) = −2.33, p < 0.025]–but the difference
was actually smaller for the visual modality, as illustrated
in Figure 6.

Reaction Time
For reaction time measures (Figure 7), Mauchly’s test indicated
that the assumption of sphericity had been violated for modality
(χ2(2) = 19.94, p < 0.001) and vowel (χ2(5) = 15.16, p < 0.01)
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as well as for their interaction, χ
2(20) = 32.47, p < 0.039. The

Greenhouse-Geisser corrected-tests were consequently reported
for the effects linked with these variables and their interactions.
The mixed ANOVA revealed that the modality had a significant
main effect on reaction time, F(1.41, 53.65) = 68.19, p < 0.001,
η
2
p = 0.64. Pairwise comparisons showed that the audiovisual

modality resulted in the shortest reaction time (0.96 s), followed
by the audio modality (1.32 s), followed by the visual modality
(1.51 s), all p < 0.001. The group effect was significant,
F(1, 38) =5.28, p < 0.027, η

2
p = 0.12. Overall, adults had

considerably shorter reaction times (1.12 s) than the children
(1.41 s). This is typical of language development, children
having overall slower processing mechanisms than adults in
perceptual tasks.

Relationships Between
Acoustic/Articulatory Parameters and
Identification Rates
Overall, adults performed better than children in the perceptual
task (as shown by their d’ values and reaction times). Both

FIGURE 5 | Average d’ scores for adult and child participants, for different

modalities. AV, audiovisual; A, audio; V, visual. Error bars are standard errors.

groups performed better in the audiovisual and audio modalities
than in the visual modality. To investigate if children used
different strategies to identify prosodic focus, we conducted
linear mixed effects logistic regressions to determine the role

of the different cues related to the perception of focus in

children and adults. Perceptual responses were considered

the dependent variable, with the perception of the neutral

condition being coded as “0,” whereas the perception of
focus was coded as “1.” Apart from speaker group (ref =

children), the following dependent variables were considered,
based on the significant effect of prosodic condition on
their production in the corpus (cf. section Experimental
Procedure): pitch, duration, intensity, first formant, and lip
area. We performed three independent analyses: (i) in the
audio modality, speaker group, pitch, duration, intensity, and
first formant were included as fixed effects, and subject-specific
intercepts were included as random factors; (ii) in the visual
modality, group and lip area values were the fixed effects and
subject-specific intercepts were included as random factors;
and (iii) in the audiovisual modality, group, pitch, duration,

FIGURE 7 | Average values of reaction time for child and adult participants, for

each modality and vowel. AV, audiovisual; A, audio; V, visual. Error bars are

standard errors.

FIGURE 6 | Average d’ scores for adults (Left) and children (Right), for each modality and vowel. AV, audiovisual; A, audio; V, visual. Error bars are standard errors.
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intensity, and lip area were the fixed effects and subject-specific
intercepts were included as random factors. Odds ratios are
shown in Table 23.

As can be seen in Table 2A, in the audio modality, odds ratios
associated with main effects suggest that adults are more likely
to perceive focused words than children. Furthermore, results
presented in Table 2A reveal that vowels with increased values
of pitch, duration, and formant values have significantly more
chances of being perceived focused. The interaction of speaker
group with F1 is significant: the perceived focused words are
more often associated with increased F1 and perceived by adult
participants than by children. Turning now to the visual modality
(Table 2B), odds ratios suggest that lip area is a significant
predictor of perceived focus: increased lip area is more likely
identified as focused. Again, the interaction between lip area
and speaker group is significant in the model: increased lip area
in the adult group has significantly more chances than in the
child group of being perceived as indicating focus. Regarding
the audiovisual modality (Table 2C), this time, parameters of
pitch and duration are not equivalent: words with increased pitch
values have less chance of being perceived as focused by adults
than by children. However, the odds of perceiving a focused
constituent when lip area is enlarged are greater in adults than
in children.

DISCUSSION

In this investigation of the perception of contrastive focus in
20 adults and 20 school-aged children, contrastive focus was
implemented in words combining four vowels (/i y u a/) across
three perceptual modalities (audiovisual, audio, and visual). We
used an index of sensitivity (d’) derived from signal-detection
theory to investigate the ability to discriminate between speech
with contrastive focus and neutral speech, and we analyzed
reaction times.

The results suggest that the modality of stimulus presentation
affects the ability to identify contrastive focus. Audiovisual
and audio modalities of stimulus presentation were associated
with the highest contrastive focus sensitivity scores and shorter
reaction times. In the visual modality, participants had noticeable
difficulty distinguishing between the two types of speech.

Taken together, these findings highlight the primary role of
acoustic cues in the perception of contrastive focus. The results
are consistent with previous reports of an efficient auditory-
only identification of contrastive focus (Dohen et al., 2004).
However, the audiovisual integration was superior, since it
resulted in the highest contrastive focus identification scores
with the shortest reaction times, which provides evidence that
adding visual cues to audio cues improves contrastive focus
perception. The integration of vision with hearing may reduce
the duration of cognitive processing of the prosodic information
and therefore lead to a more accurate and rapid designation of
focus (Dohen et al., 2004).

3The syntax used in R was the following: m <- glmer(rep ∼ group + RatioF0
+ Ratioduree + RatioF1 + (1 | sujet), data = data, family = binomial, control =

glmerControl (optimizer= “bobyqa”), nAGQ= 10).

TABLE 2 | Results of linear mixed effects logistic regressions performed on

perceptual responses (for the group variable, ref = children).

Fixed effects Odd ratios Estimate

(A) AUDIO MODALITY

(Intercept) 5.77 −25.88*

group 4.00 22.11*

Pitch 7.19 20.39*

Duration 5.82 1.76*

F1 5.40 0.62*

group*pitch 0.33 17.42

group*duration 0.41 14.38

group*F1 1.48 0.16*

(B) VISUAL MODALITY

(Intercept) 1.85 9.73*

group 3.02 2.05*

Lip area 9.88 4.05*

group*lip area 1.02 1.98*

(C) AUDIO-VISUAL MODALITY

(Intercept) 1.18 1.72*

group 7.26 2.26

Pitch 7.26 0.89*

Duration 9.10 0.22*

Lip area 9.92 3**

group*Pitch 0.69 1.02**

group*duration 1.72 0.30

group*lip area 1.30 4**

*p < 0.05; **p < 0.01; ***p < 0.001.

The choice of vowels also had an impact on the correct
identification of contrastive focus. The vowels /a/ and /y/ elicited
considerably higher recognition scores compared with the vowels
/i/ and /u/, for both children and adults, in the audiovisual and
audio modalities. Moreover, in the visual modality, the vowel
/i/ elicited a significantly higher recognition score relative to /u/
and /y/, which actually was associated with the lowest d’ score.
The vowels /u/ and /y/ are associated with lip-rounding gestures,
which are more visible when a profile is viewed. The fact that the
face was displayed from the front and not as a profile in this study
may explain why those vowels were not as clearly detected in the
visual modality as the vowels /i/ and /a/, for which articulatory
gestures are strongly apparent when viewed from the front.

The findings related to the development of contrastive focus
identification are of special interest. Overall, adults performed
better than children in this experiment, both in terms of
perceptual scores than reaction times4. Specifically, adults had
significantly higher contrastive focus recognition scores than
children in the audiovisual and audio modalities of presentation,
and to a lesser extent, in the visual modality. These findings add
to previous findings that visual cues play a smaller role than
acoustic markers in audiovisual speech perception (Massaro,
1984), by adding a prosodic component. Regardless of their age,
participants had a harder time understanding prosody in the

4One might suggest that longer reaction times in children reflect the difficulty of

the task. However, a similar task was used by Szendröi et al. (2018) with 3- to 6-

year-old children (younger than the child participants in this study), and proved to

be appropriate for this population.
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visual modality than in the audio modality. It has to be noted
that, apart from maturation, vocabulary size might also play a
role in the children’s poorer performance than adults. Indeed,
it has been reported that for very young children or infants, age
is less important than vocabulary size as a predictor of speed of
response in word recognition (e.g., Fernald et al., 2001) and in fast
mapping (Torkildsen et al., 2008, 2009), for example. In a further
study, vocabulary size could also bemeasured and included in the
statistical models.

The current investigation of cues that speakers rely on to
identify contrastive emphasis showed that children do not rely
on segmental information, be it in the auditory (F1) or visual
(lip area) modality, to the same extent as adults. The findings
can be interpreted in light of the hypothesis that, until 8-9 years
of age, children have not learned to process and interpret visual
sources of speech information, in either the production or the
perception domain, as suggested by Ménard et al. (2006). That
study examined 8-year-old children (similar to the current cohort
of 9-year-old children) and reported that they did not use lip-
opening gestures to mark contrastive focus as much as adults
do and instead relied on acoustic features. Repeating the current
study in adolescents would likely provide more evidence of the
link between the maturation of articulatory gestures and visual
correlates of perception.

This developmental profile in speech perception parallels that
proposal for speech production in our previous work (Ménard
et al., 2006, 2014). Indeed, we found that children first learn
the hyperarticulated form of a phoneme, and then have to learn
to hypoarticulate, for example, through reduced magnitudes
of articulatory displacements. Those results are consistent with
those presented in Allen and Hawkins (1980) and Payne et al.
(2012). Thus, when we investigated the produced correlates of
prosodic focus, we found that 4-year-olds did not differentiate
their lip configurations according to the prosodic condition, but
instead used pitch, intensity, and duration to signal emphasis.
Eight-year-olds showed some differentiation of lip movements
according to prosodic context, but to a lesser extent than
adults. Taken together, these earlier results of production studies
and findings from the present study suggest that there is a
close relationship between production and perception in speech
development, and children are perceptually attuned to the
parameters they use to produce a given form. This is consistent
with the articulatory filter hypothesis proposed by Vihman
(1993, 2014), in which infants’ vocal repertoires influence

their ability to retain word forms. A similar phenomenon
could be at stake at a later stage of speech development,
when children are fine-tuning their speech production and
perception abilities.

In conclusion, the investigation of contrastive focus
perception in adults and school-aged children suggests that
children tend to acquire this ability as they mature. Overall,
adults performed better in discriminating contrastive focus.
These findings build on previous research of the influence of
visual information in speech perception. Although perceiving
contrastive focus appeared to be more difficult in the visual
modality than in the audio or audiovisual modalities, all
participants were still able to do this; however, adults performed

better than children, suggesting that visual cues in speech
perception are acquired with age, as children learn to use
their speech articulators appropriately. This hypothesis could
seem to contradict the fact that phonemes involving the lips
(such as /p/ and /m/) are acquired early in life. We believe
that the weight given to the auditory and visual modality vary
throughout development. Early in life, children use visual
cues to acquire articulatory control of phonemic goals but as
they improve their language and sensory processing ability,
they start using the auditory modality more importantly to
build feed-forward models of the articulatory-to-acoustic
relationships. Thus, when processing complex speech tasks
such as the perception of prosodic focus, they rely more on
auditory feedback than visual feedback. This interpretation
is in line with the results of McGurk tasks in children and
adults, showing that children put more weight on visual
cues than adults do (Massaro, 1984; Dupont et al., 2005,
for instance).
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