An fMRI study of the perception of contrastive prosodic focusin French
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Abstract

This fMRI study deals with the perception of prosodi
contrastive focus in French. Twenty-two right-hashd@ench
participants listened to two kinds of utterancesithw
contrastive prosodic focus (Focus) and without el The
task was to judge whether the utterances contdomd. The
Focus vs. Neutral contrast revealed bilateral atitw of the
inferior frontal, superior and middle temporal, @or cortex
and supramarginal gyri, as well as of the supeparietal
lobule and anterior insula. Among these regions, ittierior
frontal and supramarginal gyri, as well as the @mtensula,
were significantly more activated to the left. The®sults
suggest that the auditory perception of contrasgix@sodic
focus involves a large cerebral network which istipby
predominant to the left.

1. Introduction

Contrastive focus is used to emphasize a constituretsn
utterance as opposed to another. In French, ibeasonveyed
by prosody using a specific intonational contour the
constituent pointed at (THOMASa mangé la pomme.
‘THOMAS:: ate the apple.’).

The studies of the neural correlates of the peimepif
prosody have led to different conclusions (see fdj a
review). Early works claimed that prosody is presesin the
right hemisphere (e.g. [2-7]), a view reflecting ttiaditional
conception of prosody as a well adapted suborditmtthe
left-hemisphere processed syntax and semanticer Gthdies
have shown that prosodic processing cannot beiatestrto
the right hemisphere (e.g. [8-10]).

A few neuroimaging studies have specifically anadlythe
processing of prosodic focus. Wildgrulsral. [11] aimed at
studying affective vs linguistic prosodyThe linguistic
prosodic task consisted of indirect informationalcus
detection find the most suitable answer to a specific
question. The affective prosodic task consisted in the
evaluation of emotional expressiveness. The lirguis
prosodic task (vs. baseline) yielded bilateralattbns of the
primary and secondary auditory cortices, of the@ot insular
cortex and of the frontal operculum (BA 6/44/47)vadl as
right hemisphere dominant activations of dorsodtéontal
regions and left hemisphere activation of the prima
sensorimotor cortex. Linguistic vs. Affective prdgoyielded
activation in left inferior frontal cortex (Brocaarea). [12]
examined the processing of prosodic focus and aiaied
differentiating the processing of ‘intonation’
(question/affirmation discrimination) and that afntrastive
stress. It additionally compared English and Chinése the
processing of contrastive stress, the authors rmddabilateral
activation of the intra-parietal sulcus (BA 40/7)ight
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hemisphere predominant activation of the mediaitabgyrus
(BA 9/46) and, for the Chinese group, left hemisphere
predominant activation of the supramarginal gymd af the
posterior medio-temporal (BA 21/20/37) cortex.

This functional magnetic brain imaging (fMRI) studgals
with the perception of prosodic contrastive foau&rench.

2. Methods

2.1. Participants

Twenty two adults, 11 males and 11 females, agger22-34
(mean = 27.45, SD = 3.48) participated in the eirpamt. All
participants were right-handed according to thenBdigh
Handedness Inventory [13], were native speakerErefich
and had no history of language, neurological and/or
psychiatric disorders. They gave their informed tten
consent for the experiment and the study was apprby the
local ethic committee (CPP n°09-CHUG-14, 04/06/2009).

2.2. Stimuli

The experiment compared two conditions: “sentenwéh
narrow contrastive focus” (Focus condition, Task)da
“sentences with broad focus” (Neutral condition, €ol.
The stimuli were 24 short French sentences. Alteseres had
the same syntactic and syllabic structure: Sul§fgc-syllable
first name) — Verb (V: 2 syllables, past tense)bjett (O: 1-
syllable determiner, 2-syllable noun), as in thdlofeing
example: “Thomas cassait le vélo” (“Thomas brolelitke”).
The syllabic structure of all the constituents lné sentences
was controlled (CVCV) using a French lexical database
(http://mwww.lexique.org/). For the “Focus conditfpnthe
sentences were uttered once with focus on the culisS:
THOMAS broke the bike) and once with focus on thgeot
(FO: Thomas broke the BIKE). Overall, 72 utteran4
sentences, three focus cases: broad, FS and F@)ustered
by a trained French female speaker in a soundponuif.

2.3. Tasks

The subjects were asked to judge whether the astitiauli
contained contrastive focus. The “Yes” and “No”passes
were provided with the index and the middle fingefsthe
right hand, by means of two response keys. Theyewer
recorded and the performance of task executionewaksiated.

2.4. fMRI paradigm

The stimuli were presented via E-Prime (E-primecRsjogy
Software Tools Inc., Pittsburgh, USA) running onP&
computer. They were delivered by means of headghare
stimulus every two seconds. Between stimuli, thejesib®



maintained their gaze on a white fixation cross trediy
displayed on a black screen. A total of 96 stimukre
presented in a random order (focus condition: 24 Z4SFO:
neutral condition: 24 stimuli presented twice).

After receiving instructions, the participants werained
outside the scanner with audio stimuli differenanfr those
presented during the actual fMRI experiment.

A pseudo-randomized event-related fMRI
including one functional run, was designed based thom
optimisation of the onset for each type of stimfai each
condition [14]. Two pseudo-randomized lists of stiitwere
created, their order was counterbalanced acrosisipants.

The functional run was composed of 48 events per

prosodic condition (96 total). In addition, 30 nellents (five
at the end of the session) were also included geroto
provide an appropriate baseline measure [14]. Ttikeewent
was a white fixation cross at the centre of theclblscreen.
The average inter-stimulus interval was 4s andfahetional
run duration was '89. The functional run started with 5
dummies. Overall, 168 functional volumes were aczlli

2.5. MR acquisition

The fMRI data were acquired using a whole-body 3nhser
(Bruker MedSpec S300). For functional runs, a gradie
echo/T2* weighted EPI method was used (39 adjaagiat
slices parallel to the bi-commissural plane, iavied mode,
slice thickness 3.5 mm, voxel size 3x3 mm, TR =BEz= 40
ms, flip angle = 77°). Images were corrected foorgetric
distortions using a BO fieldmap. Finally, a T1-weigh high-
resolution three-dimensional anatomical volume aeguired
(field of view = 256 x 224 x 176 mm; resolution:
1.333x1.750%x1.375 mm; acquisition matrix: 192x128%1
pixels; reconstruction matrix: 256x 128x128 pixels)

2.6. fMRI data processing

Data analysis was performed using the general dinezdel
[15] in SPM5 (Welcome Department of
Neuroscience, www.fil.ion.ucl.ac.uk/spm). First, eth
functional volumes were time-corrected (slice tig)inThen,
all volumes were realigned to correct for head oroti
Unwrapping was performed using the individually @iced
fieldmaps, to correct for interaction between heaxements
and EPI distortions [16]. T1-weighted anatomicduwee was
co-registered to mean images created by the readigh
procedure and was normalized to the MNI space using
trilinear interpolation. The anatomical normalipati
parameters were then used for the normalizaticiurodtional
volumes. Finally, each functional volume was smedthTime
series for each voxel were high-pass filtered (&/H2 cutoff)
to remove low frequency noise and signal drift.

Following spatial pre-processing steps, the stadist
analysis was performed on functional images. Thatiap
resolution of the statistical parametric maps wes same as
the spatial resolution of functional MR acquisiti(@x3x3.5
mm). The two conditions of interest (“Focus”, F Wdeutral”,

N) were modelled as two regressors convolved with a
response function (HRF). The

canonical hemodynamic
movement parameters derived from realignment ctores (3
translations and 3 rotations) were included in thesign
matrix as additional factors. The general lineadelavas then
used to generate the parameter estimates of gctositeach

paradigm,

At the individual level, we contrasted the main dibions,
F vs. N and N vs. F, in order to assess the netwbrkgions
specifically involved during F and during N condits.

Secondly, we performed a random-effect group arsatys
the contrast images from individual analyses [1y]using
one-sample t-tests. Based on the intensity of iddiaf
response (p < 0.001, uncorrected, height thresfiokd3.53),
we identified clusters of activated voxels compogédt least
15 adjacent voxels. The activated regions for ezmidition
were identified according to Talairach coordindfiesj.

Thirdly, we defined Regions of Interest (ROI) basadle
whole-brain activation obtained by contrasting FNsand by
taking into account the results obtained by previstudies in
the literature [12, 19]. Specifically, we retainalll activated
voxels included inside a 5 x 5 x 5 size sphere rooelach
peak of activation, in the left and right hemisseThe peaks
of activation are shown in Table 1. To build the R@ used
the MarsBar software (http://marsbar.sourceforgf.ndhe
MR signal intensity variation (%MR, parameter estiesat
from each ROI was then extracted. The parametematsts
values for each ROI and for each subject, were dezun an
analysis of variance (ANOVA) to detect significalifferences
according to experimental conditions and hemisghere

Table 1.Peak coordinates of Regions of Interest

Imaging

Region of Interest X y z BA
Premotor + 3 33 37 6
Inferior frontal + 50 12 18 44

Inferior frontal + 53 29 -4 47

Insula + 33 18 2 13
Superior temporal + 59 -31 4 23
Middle temporal + 62 -52 5 21
Supramarginal + 50 -53 41 4(

3. Results

3.1. Behavioural results

The behavioural responses obtained during the fMRI
experiments (manual responses recorded) were toarec
most trials: Focus (M = 92.99%, SD = 6.73%) and tikg (N

= 97.72 %, SD = 3.85%). Responses obtained wereeabov

chance level, during Focus (t (21) = 29.26, p<.0@by
Neutral (t (21) = 58.10, p<.001) conditions.

3.2. fMRI results

3.2.1 Main contrasts between conditions

The activated regions provided by thevs. N contrast are
mentioned in Table 2 and Figure 1. The frontalvattbn was
bilateral: left premotor (BA 6) and left inferiordintal gyrus
(BA 47); right inferior frontal gyrus (BA 44, 47). &h
temporal activation included left superior (BA 22)daright
middle (BA 21) temporal gyri. We also obtained letal
activation of the supramarginal gyrus (BA 40) andt le
activation of the superior parietal lobule (BA 7).

3.2.2 Parameter estimates (% MR signal variatianRiOls

The seven ROIs (Table 1) were delineated in thealedt right

hemispheres symmetrically. For each ROI, the pamemet
estimates values were analyzed by means of a mxpeat
ANOVA with hemisphere as a within-subject factoN@VA
was performed in order to detect significant heimisp

voxel, each condition and each participant. Siasbt
parametric maps were generated from linear costiadiveen
the HRF parameter estimates for the two experimental
conditions.



predominance of the activation. Our results (Tabknd Fig.
2) show significant left hemisphere predominance ttoé
inferior frontal (BA 47) and supramarginal (BA 40)rgyas
well as for left anterior insula (BA 13) during tRecondition.

Table 3.ROI analysis: Statistical p value of the left-
right hemisphere difference for each ROI

ROI BA F p

Premotor 6 0.49 0.49
Inferior frontal 44 1.33 0.26

Inferior frontal 47 6.04 | 0.02

Insula 13 532 | 0.03
Superior temporal 22 29 0.1
Middle temporal 21 0.21] 0.64

Supramarginal 40 6.97 | 0.01

4. Discussion and Conclusion

Our results show that the processing of contrastoaus
involves left hemisphere specialization of regiafisinterest
which suggests that the processing of prosody isstrtly
right-hemisphere lateralized, as claimed by someiss.
Among the left hemisphere predominant regions tdrasts,
we obtained the activation of the inferior front@A47,
LIFG) and supramarginal (BA 40) gyri and the antenisula.

The LIFG is classically related to semantic proicesf20]
but also to syntactic judgment tasks. According [2d],
thematic role assignment which involves lexical-aatit and
morpho-syntactic processes recruits both the amtgBA
45/47) and the posterior (BA 44/45) portions of teG. The
LIFG was also reported by [19] as involved in thémeole
monitoring in speech production. This last intetatien is
reinforced by the present findings, on the percepside.

The left anterior insula may be related to thecatstory
loop [22] probably involved in focus detection abjects may
need to covertly repeat the utterance in the pémeprocess.

The left superior parietal lobule was reported wlgri
production of multimodal pointing, including vocpbinting
(contrastive focus), manual- and ocular- pointi@g][ Given
the key role of the left superior parietal lobufebody part
localization processing, it was suggested thatkgreanay use
multisensory body representations in order to pecedu
prosodic focus, just like they do to produce mararabcular
pointing gestures. Interestingly, the present tesalggest that
perception of prosodic focus also makes use ohhmgions
ordinarily used for spatial localization of bodyrgsa In line
with embodied approaches to language [24], thishmnig
indicate that neural systems for perception anbctre also
engaged during language comprehension and, more
specifically, the detection of contrastive prosaddicus.

The strong right middle temporal activation suggebat
the melodic processing of the intonational contatiner takes
place in the right whereas the linguistic decisicather
involves the left hemisphere.

Contrary to many brain imaging studies, these result
suggest that both hemispheres participate in thditaay
perception of prosody, with a left-dominant conttibn for
morpho-syntactic processes and thematic role mamgo
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Table 2.Activated regions for F(ocus) > N(eutral) provideg tandom-effect group analysis, p > 0.001 (uncoted.
H=hemisphere, R=right; L=left, k=number of voxets fach cluster; BA=Brodmann area.

Cortical region H BA | k X y z T
Premotor L 6| 104 -3 34 3 8.14
Inferior frontal L 471 80| -50( 21 2 6.55
R 47 67 53 29| 4 5.32
Inferior frontal R 44| 47 50 13 1p 5.66
Middle temporal R 21| 352 624 -5p 6 6.1
Superior temporal L 220 74 59 -3 p 491
Supramarginal (parietal) L 44 9 -50 -33 M1 5.y0
R 40| 27| 50| -32 50 4.29
Superior parietal L 7 59 -42 -6f 942 5.16
Insula (anterior) L 13| 18 -39 14 P 4.8

F>N N=2P=-0001K=15

LH
IFG (BA 44)
SMG (BA 40) -

STG (BA22) , STG (BA22)

i DMTG(BA2L) MTG (BA21)
A A - 4

Figure 1:Activated regions for the contrast F(ocus) > N(eltr&anel A: projections onto 2D anatomical slidescoronal and
axial orientation. Panel B: projections onto 3D domical templates (lateral view of the left (L) aight (R) hemisphere (H)).
STG=superior temporal gyrus, SMG=supramarginal gyrMTG=middle temporal gyrus, LIFG=inferior frontglyrus.

L5328 A (BA 4T)

+50-53 41 (BA 40)

£33182 (aINS)

Figure 2:Graphic representation of left-right hemispherdeatiénce for each ROI (p value in Table 3). SigaiftcLH predominance
was obtained for the inferior frontal (BA 47) andhsamarginal (BA 40) gyri and anterior insula (BA)13* = p < .05.



