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Abstract

Deixis, or pointing, is the ability to draw the wier/listener’s attention to an object, a persodijraction or an
event. Pointing is involved at different stageshainan communication development, in multiple mdai

first with the eyes, then with the finger, then lwintonation and finally with syntax. It is ubigoits and
probably universal in human interactions. The aflendex-finger pointing in language acquisitiorggests that
it may be a precursor of vocal pointing or thatalgaointing may be grounded in the same cerebitalork as

gestural pointing.

Résumé

La deixis, ou le pointage, est la capacité d'attii@tention du spectateur ou de I'auditeur versabjet, une
personne, une direction ou un événement. Le pangstimpliqué a différents stades du développemnierna
communication chez I'étre humain, via diverses nligela: d’abord avec les yeux, puis avec le ddigidex),
puis lintonation et enfin la syntaxe. Il est uhigire lors des interactions humaines et est prienadnt
universel. Le réle du pointage avec l'index darecduisition du langage suggére qu’il pourrait étre
précurseur du pointage vocal et que pointages gjestuvocal pourraient étre ancrés dans un méneaués

cérébral.

INTRODUCTION

Pointing, or deixis, is a universal ability whichrients the attention of another person so that an
object/person/direction/event becomes the shareasfof attention. It serves to single out, to ifdliate what
will become the referent. A pointing gesture is trafsen performed with the index finger and armeexted in
the direction of the interesting object and witk tither fingers curled inside the hand (Butterwo2®03). But
pointing can be expressed in other modalitiesaft for instance be vocal or linguistic. Linguistfide deixis as
the way language expresses reference to poinisa space or events (Fillmore, 1997). In its narsense,
deixis refers to the contextual meaning of deietards, which include pronouns, place deictics, tioheéctics
and demonstratives. In its broad sense, it provadeseans to highlight relevant elements in thealisse, to
designate, identify or select an element. In Freashin many languages, broad sense deixis caarbeyed by
syntactic extraction or prosodic focus (Berthou®9Q). Syntactic extraction involves the use of aftcl

presentation form such as in the example below:



C’est Madeleine qui m’amena (It's Madeleine whdrought me along.)
Deixis can also be conveyed by contrastive prosfmtias,i.e. by using a specific intonational contour on the
pointed item, such as in the example below:

MADELEINE:- m'amena. (MADELEINEE brought me along.)
The effect of this intonational contour is to highlt the pointed item (“Madeleine”), the rest oéthtterance
bearing a flat, post-focal contour. Compared witir@ad focus or non-deictic rendition of an uttegrprosodic
focus involves precise acoustic and articulatorydifiations. It has been shown that speakers ukable
proprioceptive strategies to organize phonation aridulation adequately in order to convey prosddicus
(seee.g.Dohenet al, 2006). On the perception side, visual only anditany-visual perception tests carried out
in our department (Dohen & Lcevenbruck, 2005; inspyehave shown that these phonatory and articylator
patterns are recovered by listeners/viewers and faseprosodic focus detection.
It should be mentioned that syntactic extractiory manot be accompanied by prosodic focus. Theaise
specific (stored) linguistic construction can copvine pointing meaning, without the need for specif
somatosensory (acoustic and articulatory) changh,respect to a non-deictic utterance.
Interestingly, pointing is involved at several ga@f human communication developmédtular pointing(or
deictic gazes, at 6 - 9 months) and, later, indegef-pointing (deictic gestures, at 9 - 11 monthaye been
shown to be two key stages in infant cognitive dmwament that are correlated with stages in orakspe
development.
At 9 to 11 months, when infants start to be ablariderstand a few words, they produce pointinguyest The
emergence of pointing is a good predictor of fiestrd onset, and gesture production is related iasgen
language development between 9 and 13 months (Batds 1979, Butcher & Goldin-Meadow, 2000; Caselli,
1990). As explained in Butterworth (2003), pointingt only serves to single out the object but atsbuild a
connection between the object and the speech sdétinger pointing therefore seems clearly associatitd
lexicon construction. Then at 16 to 20 months, mythe transition from the one-word stage to the-tvord
stage, combinations of words and deictic gestuagssbe observed (such as a pointing gesture toagidocand
pronouncing “dog”, to indicate that a dog is theredrthermore, the number of gestures and gestard-w
combinations produced at 16 months are predictivietal vocal production at 20 months (Morford & IGio-
Meadow, 1992 ; Capirat al, 1996; Goldin-Meadow & Butcher, 2003 ; Voltertal, 2005). Finger pointing
therefore clearly seems associated with morphogarteergence.
Little is known about the stages of developmentarfal pointing, i.e. prosodic focus and syntackitraction in
children.
Concerning the acoustic realization of prosody;guieool children have been shown to master conteaficus
in English, in the absence of any formal teachidgroby & Hass, 1970). As concerns articulatory piitbn of
prosodic pointing, Ménardt al (2006) showed that French-speaking children (aigadd 8) do not differentiate
articulatory and acoustic patterns across focusetl umfocused syllables as much as adult speaker3alo
summarize the findings, although the productiopraodic focus, or vocal pointing, seems to be enadtquite

early (as early as 3 years of age) in the acodstigain, and without formal teaching, its articutgtoorrelates
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seem to be acquired much later. But what seemsnigdk children is not the capacity to hyper-artata
focused phrases, but to hypo-articulate surrounghrgses. The delay in articulatory performancddcthus be
related to general articulatory proficiency ratliban to specific linguistic mastery. Since manuainfing
emerges spontaneously before the end of the fi&t, yt could be that acoustic correlates of prastatus are

in fact mastered much earlier than 3 years of age.

The development of syntax in young children hasabdensively studied by Tomasello and colleagasmng
others. Diessel & Tomasello (2000) showed thatdhdiest and most frequent relative clauses thitireim
(aged 2 and younger: 1;11) learn occur in presentltconstructions that are propositionally simech as:
“That’s the sugar thagoes in there”. Interestingly, the main clausetaims a deictic pronoun. They quoted a
study by Jisa and Kern (1998) on French childrero velso reported extensive use of presentational
constructions in young children.

To sum up, pointing seems to be one of the firshmonicative tools used by babiesd. Bateset al, 1975;
Bruner, 1975; Hewes, 1981; Kita, 2003; Tomaseltoal, 2007). It is a key part of the shared attention
mechanism in child-adult interaction. It seems ritegge spontaneously, in stages, and in associafitbnoral
productions. Some researchers even claim that géstainting is at the origin of human communicatiGee
e.g. Corballis, 1991)The crucial role of index-finger pointing in langeadevelopment suggests that vocal
pointing may share features in common with manwihtpng, and typically may be grounded in closeeteal

tissues. The aim of this article is to explore ¢beesbral basis of gestural and vocal pointing.

1. CEREBRAL REGIONS INVOLVED IN GESTURAL POINTING

As explained above, the crucial role of pointinchiiman communication, be it with the finger, wittionation
or syntax, suggests that pointing with the fingad @ointing with the voice may be grounded in a own
cerebral network. The first question we want toradd is: what are the cerebral correlates of mgmiating?
Several observations provide preliminary answetkitquestion.

The first set of observations deals with the rdi¢he posterior parietal regions of both hemispseénemanual
pointing tasks. It has been suggested that théaspapresentations formed in the posterior palrizta premotor
frontal regions could provide “perceptual — prematterfaces for the organization of movements.(painting
locomotion) directed towards targets in personal amtrapersonal space” (Vallar, 1997, our undergi
Patients with left unilateral neglect have beenwshdo present deficits in pointing tasks.d. Edwards &
Humphreys, 1999) while PET studies on normal subjesbow activation within the left and/or right énior
parietal lobule (IPL) during pointing tasks.q. Lacquanitiet al, 1997; Kertzmaret al, 1997). The role of the
right and left posterior/inferior parietal regiomspointing tasks may further be related to datd@in-damaged
deaf signers. Bellugi and colleagues presenteddy sif deaf signers of American Sign Language (ASkp of
which presented lateralized parietal lesions, ontaé right hemisphere and the other in the leéli(&ji et al,
1989). Space in ASL is handled in two ways. Thet fis topographic: in the description of the layofibbjects
in space, spatial relations among signs reprodueecttual spatial relations among the objects. Seoend is

deictic: space is used for referential indexinge Thght-lesioned signer had difficulty in the usfespace for
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topography: room description was distorted spatialith the left side of the signing space negldcta the use
of space for syntax, however, the entire signingcepwas covered and consistent reference to spztiavas
preserved. By contrast, the left-lesioned signedpced room descriptions without spatial distodidut made
errors in the deictic use of space.

More recently a study on finger pointisgggests that pointing with the finger seems touita left lateralized
network including the frontal eye field and the feo®r parietal cortex (Astafiegt al, 2003). In this study, the
manual pointing task included a preparation phagkan execution phase. During the preparation phhee
subjects had to prepare to point at a cued locatitim the right index finger. During the executiphase, the
subjects were asked to point towards the targspbas as the target flashed. In pointing preparatidateral
frontal eye field (FEF) and intraparietal sulcuBg) activations were observed. Additiomafit hemisphere
activation was observed in the angular gyrus, tigramarginal gyrus, the superior parietal lobute, dorsal
precentral gyrus, and the superior temporal sulthsse results suggest that the posterior padetsx and the
superior frontal cortex contain regions that codeppratory signals for finger pointing, with leferhisphere
dominance.

The question we want to address now is whethemaasinetwork is involved in vocal pointing. Ourrgecture
is that it could well be the case, for prosodicnpiog. We mentioned in the introduction that prasd@cus
involves precise acoustic and articulatory contitblmay therefore need integrated (acoustic, detouy,
proprioceptive) representations in order to prodameustic contours and articulatory patterns adetyud hese
representations may be formed via the activatioassbciative cerebral areas, such as temporal rapa/etal
regions. The fact that, as detailed above, manuiatipg recruits the (associative) posterior pafiebrtex is a
strong motivation to explore the cerebral corredaiEprosodic pointing. As concerns syntactic pomtthe fact
that a stored linguistic construction may be useidhout the additional requirement of any sophestid

articulatory and phonatory strategy, suggestsabstciative cerebral regions may not be necessaaiyited.

2.CEREBRAL REGIONS INVOLVED IN VOCAL POINTING : PRODUCTION AND PERCEPTION
2.1. fMRI study of the silent production of vocal prosodic and syntactic) pointing
The first fMRI production study presented belowdescribed in more details in Locevenbr@tkal (2005). The
aim was to examine the cerebral correlates of tbdyztion of vocal pointing in French, conveyedprgsodic
focus and syntactic extraction. Sixteen healthylemaght-handed native speakers of French wereneed.
The stimuli consisted of visually presented sergerin French. Three isosyllabic sentences werepted, one
for each condition:

- baseline condition: “Madeleine m’amena” (Madetebrought me around).

- prosodic deixis condition: “MADELEINE m’amena” (MDELEINE brought me around), to elicit

contrastive focus on the agent.

- syntactic deixis condition: “C’est Mad’leine gai'am’na” (It's Mad’leine who brought me 'round).
The number of syllables in the sentence was maiethequal to 6, using schwa deletion. Each sentease

presented for 3 seconds at the beginning of theesponding condition. Then a fixation mark, alteimgevery
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3 seconds between a ‘+'and a ‘X’ sign, appeargtiermiddle of the screen. This alternation aimetliggering
the silent (covert speech) repetition (14 timesquerdition) of the sentence presented.

Functional MR imaging was performed on a 1.5T inng@dilips NT) with echo-planar (EPI) acquisitiorhree
functional scans were performed. A block paradigas wsed. The order of presentation of the conditigas
varied across scans and across subjects.

The results of the fixed effect group and randofeat$ analyses are reported here. The resultseofaidom
effect analysis, using the same statistical sigaifce threshold (p < .001 corrected), for the seomtrasts did
not provide significant activations. With a lessrgjent significance threshold however (p<.05 norrected),
the contrasts provide a similar pattern of actimaias the one obtained with the fixed effect aisly

Figure 1 provides the functional activations olgdirfor the main effect of prosodic pointing withetfixed
effect analysis. Compared to the baseline, prospdgiicting recruited Broca’s region (BA 45, 47), fleé insula
and the premotor cortex (BA 6) bilaterally. In aith, it activated the left anterior cingulate gyBA 24, 32),
the left supramarginal gyrus (LSMG, BA 40) and tb# postero-superior temporal gyrus (WernickesaarBA
22).

T value

C. d. e.

Figure 1: Axial views of activations in the (prosodic poigtir baseline) contrast. The following regions are
observed: a. Broca’s region; b. Wernicke’s areagcleft supramarginal gyrus and bilateral premotartex.
Broca'’s region or the Left Inferior Frontal GyrudKG) was activated during prosodic pointing. Tirgling is
consistent with Dogil and colleagues’ fMRI study the production of prosodic features at the sy#adhd
phrase levels which also revealed LIFG activatidgiayer et al, 2002; Dogilet al, 2002). The left insula was
also found to be activated in the (prosodic pomtinbaseline) contrast. The involvement of the peéicentral
gyrus of the insula in articulatory planning durisgeech has already been shown (Dronkers, 1996). As
described above, prosody has acoustic and articylabrrelates. The production of prosodic focuy mejuire
more accurate planning of the movements of thenkarthe tongue and the jaw, which could explain g
prosodic pointing condition yields significant aetiion of the left insula when compared with thesédae
(same words to articulate, but a more stringensquig).

The activation of the LSMG and of Wernicke’s aredtie prosodic pointing condition is in accordandén our
conjecture. As mentioned earlier about gesturahtpal, and in line with Hickock & Poeppel’s (200Gew of
speech perception, the inferior parietal regionbdth hemispheres can be considered as interfalseh fiorm
representations necessary in the organization dbmections, such as pointing at targets. In speacleft

temporo-parieto-frontal network might be recruiiadthe organization of verbal motor actions frondiaory
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representations. Our results, with the activatiohghe LSMG, the LIFG and Wernicke's area in prdsod
pointing, are in line with this hypothesis. Likesually-guided manual pointing, prosodic pointingynmeed
multisensory representations to be formed via sapdemporal and inferior parietal regions to origan

articulation and phonation adequately.

The functional activations obtained for the maifeef of syntactic pointing with the fixed effectadysis are
shown in Figure 2. Compared to the baseline, stiotaointing recruited Broca’s region (BA 45, 4The left

insula and the premotor cortex (BA 6) bilateraljth a left dominance.
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Figure 2: Axial views of activations in the (syntactic paigti— baseline) contrast. The following regions are
observed: a. Broca’s region (BA 47); b. Broca'simy(BA 45); c.-e. premotor cortex (left dominanasihough
Broca’s region is activated (just as in prosodidgnging), no left parietal activation is observed.

The LIFG activation during the production of syritagointing is consistent with functional neuroigirag
studies on complex syntactic processing, which wi farther describe belowe(g. Caplanet al, 2000,
Friederici, 2002; Juset al, 1996). Taken together with the results for pdisgointing, these observations
support the claim that the role of the LIFG is tloftan action-structure parser, which, in morphosgtic
encoding and decoding, handles the parsing of tbdigate and its arguments, or the attentional tadng of
“who does what to whom”.

Compared to the baseline condition, the syntadte&rances required more accurate articulatory apmiven
the larger number of consonant clusters involvedke (tb schwa deletion). This could explain the Iaftula
activation observed in the syntactic deixis conditicompared to the baseline).

Contrary to prosodic pointing, syntactic pointind dot involve any parietal activation. In the ingtions, we
had explicitly asked the speakers to restrain fusing a focused intonation when using the syntamtitaction
form. One interpretation for the lack of parietaltigation may be that the use of a (stored) forreali
presentational construction, without specific areliarticulatory and phonatory control, may not rexjthe
activation of associative cerebral regions.

We therefore suggest that non-grammaticalized Igtgupointing (prosodic focus) recruits the tempparieto-

frontal network and that grammaticalized pointisgrtactic pointing) is handled solely by the LIFG.

2.1. fMRI study of the perception of vocal pointing

We first present the preliminary results of an fMfRldy of the processing of prosodic pointing. ¥ee of the
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literature provides data on the processing of sjict@ointing.

Perception of prosodic pointing

The production study described above suggestsadsticiative brain areas are recruited for the momhu of
prosodic vocal pointing. It can be hypothesized tha cerebral network recruited for the productiéprosodic
pointing is, at least partly, also recruited fargierception. This is what the study presentedaffieretested.
Although the acoustic and articulatory correlatéspmsodic focus have been quite extensively stidie
remains unclear what neural processes underlipeitseption. Meanwhile studies have shown that mlioso
processing in general cannot be restricted toitild hemisphere (see Baum & Pell, 1999 for a reyiéwo
studies have analysed the processing of prosodigsfor closely related prosodic phenomena). Tt dine
(Wildgruberet al, 2004) aimed at contrasting affective. linguistic prosody. The linguistic prosodic tasksv
an indirect informational focus detection task dfithe most suitable answer to a specific questibo}. the
linguistic prosodic task, the authors found bilatexctivations of the primary and secondary augitmrtices, of
the anterior insular cortex and of the frontal apdéurm (BA 6/44/47), right hemisphere activationtioé dorso-
lateral-frontal regions and left hemisphere actora of the inferior frontal cortex. The seconddstuvhich
examined the processing of prosodic focus (Tehcal, 2005) aimed at differentiating the processing of
“intonation” (question/affirmation discriminatiomnd that of contrastive stress. It additionally paned English
and Chinese. For the processing of contrastivesstithe authors put forward bilateral activatiorthe intra-
parietal sulcus (BA 40/7), right hemisphere actorabf the medial frontal gyrus (BA 9/46) and le&misphere
activations of the supramarginal gyrus and thegsmst medio-temporal gyrus (BA 21/20/37).

Moreover, even though the perception of prosoditigas often considered as uniquely auditory, jfdssible to
perceive prosodic focus visually and the visual alitgl can enhance perception when prosodic auditogs
are degraded (Dohen & Laevenbruck, in press). Thiifg emphasizes the necessity to consider theepdon
of prosodic contrastive focus and speech prosodgeneral as multimodal. The perception fMRI study
presented here aims at analyzing the neural progessprosodic focus from a multimodal point oéwi.

fMRI recordings were conducted for 12 native speskd French at the ATR Brain Activity Imaging Cent
(Japan). Subjects were scanned while they weremeirig a prosodic focus detection task for threelatites
(audio only A, visual only V and audiovisual AV).h& stimuli were subject-verb-object (SVO) structure
sentences uttered in both normal and whisperedchpée some cases, S was under prosodic contrasibues.
The speaker was a female native speaker of Frekftér. seeing/hearing/seeing and hearing each stispul

subjects were asked to tell whether they had perdea correctioni.e. contrastive focus) or not.

Preliminary fMRI results

The analysis of the fMRI data is still underway dhne results presented here are only preliminaprefiminary
analysis was conducted for the foots no focus contrast for the auditory and auditorsuel modalities. It
appeared that auditory alone (A) detection of ptdasdocus involved the right associative auditogrtex and
fusiform gyrus (BA 19) as well as the left middkerital gyrus (BA 6/46) and inferior temporal gyfi&BA 37)

and the cerebellum bilaterally. For the auditorgwél modality, we found bilateral activations oé timiddle and
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inferior frontal gyri (BA 40), the middle temporglrus (BA 21), the inferior parietal lobule (BA 4@phd the
fusiform gyrus (BA 37) as well as left activatiohtbe supramarginal gyrus (BA 40).

It appears that, for all modalities, prosodic foaetection or processing involves bilateral actoa of
associative brain areas. Auditory perception okpdic focus ¥s. no focus) appears to be essentially processed
in associative areas: right superior temporal gya left inferior temporal gyrus (BA 37). Multimald(AV)
perception of prosodic focus involves bilateralivations of temporal and parietal associative aasasvell as
inferior and middle frontal regions. This illusteatthe underlying necessity of associating variypes of
information to detect focus (especially auditorydaarticulatory) and supports the assumption that th
articulatory and phonatory patterns produced bysgieaker are integrated in perception.

Similar activations of a complex neural networktle processing of focus have been observed in aévent
ERP studies (Bornkesset al, 2003 and Magnet al, 2005). The implication of the left parietal lobethe
auditory-visual perception of prosodic pointingrigeresting, in the light of our fMRI study of tipeoduction of

prosodic pointing, and of the studies on manuahtiag described above.

Figure 3: Sagittal views of activations in the (prosodic gmig — baseline) contrast in the auditory (top) and
audiovisual (bottom) modalities.

Perception of syntactic pointing

Syntax processing has been the object of intefestany research teams, since the 1960s, when ine#sed

that Broca’s aphasics, in addition to having protdevith speech production, also present difficaliie speech
comprehension and specifically with syntactic pesieg (Caramazza & Zurif, 1976; Zurif, 1980). Sirthen,

an extensive body of lesion-studies and neurointagirperiments have been carried out about the brain
networks involved in syntactic processing. Althowgyimtactic pointing (or syntactic extraction) ifsehs rarely
been the specific focus of these research workexgsting facts can be drawn from them.

It has been reported by many researchers that Braghasic patients show random performance on the
comprehension of cleft-object sentences such asd# the girl who the boy pushed” (Caplan, 1985nBe&
Caramazza, 1980; Grodzinsky, 1995, 2000; Maunesmkin & Cornell, 1993; Rigalleaet al. 2004). This

could mean that Broca’s region is involved in sgtitapointing. The fact that Broca’s aphasics shawmal
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performance on cleft-subject sentences such awd#t the boy who pushed the girl” has been the stiloje
many debates (sexg.Grodzinsky, 2000; Rigalleaet al, 2004). It could either mean that this type oftagtic
extraction does not require Broca'’s region or, tBeica’s aphasics use contextual information angulistic
canonicity (typically, order rules such as Subjéetb Object) to recover the meaning of these seeten
Neuroimaging studies provide further data on threlo&l regions recruited during syntactic pointi@gplanet
al. (1999) show that plausibility judgments regardinglitorily presented cleft object sentenceg(“It was the
juice that the child enjoyed”) recruit Broca’'s arears triangularis (BA 45), when contrasted to fihecessing
of cleft subject sentences (“It was the child wimjoged the juice”). They interpret their findings the line of
those of Stromswolat al. (1996) who reported an increase in Broca's ardavaion (BA 45) when PET
activity associated with the processing of more glem sentences (such as Object Subject senterntles:jtiice
that the child spilled stained the rug.”) was satied from that associated with Subject Objectesemts (“The
child spilled the juice that stained the rug”). 8anresults were obtained by Jut al. (1996) who showed
increased activation in both Broca’s area (BA 49) dand Wernicke's area (BA 22, 42, 21) as wellrashie
homologous regions of the right hemisphere whefestdbwere presented with complex relative clauses.
Overall, these lesion studies and neuroimagingirfoml suggest that Broca's region (BA 44, 45) can be
considered to be involved in complex syntactic pesing when thematic-role monitoring is requireegl, the
processing of ‘who-does-what-to-whom'. None of thetudies show significant activation in the patiébe.
Syntactic pointing typically involves thematic rateonitoring, or the tracking of ‘who-did-what-to-ein’, since
it operates a contrastive pointing at one speeifient or patient of the action. It can be assurhatit should
involve activation of the left inferior frontal remn, with possible left superior and middle tempogstri.
Activation of the parietal lobe during syntacticdqong seems less likely. Further experiments sthdna carried

out to verify these assumptions.

CONCLUSION
We have shown that pointing is a critical deviceeiglore the potential common neural networks ay ph
gesture and language. The role of manual (or digitainting in language acquisition strongly sudggethat
vocal pointing and pointing in other modalities nvegll be grounded in a common cerebral network.
We have argued from several neuroimaging studiesnanual pointing that this modality seems to recaui
network including the left posterior parietal andrital cortices.
The results of a first study on covert vocal paigtiincluding prosodic pointingi.€. focus) and syntactic
pointing (.e. syntactic extraction) have been presented. It shasvn that covert prosodic pointing does recruit
left parietal regions in addition to frontal regggmvhereas syntactic pointing mainly involves fedmegion. The
involvement of the left parietal lobe was also evidin a second fMRI study of the perception ofspitic
pointing. Finally, a review of the literature sugtgethat the perception of syntactic pointing goledcruits
Broca’s region without additional parietal lobe ahwement, just as the production of syntactic pgomt
Altogether these findings are in line with our ceture that linguistic on-line pointing (prosodiacis) is
grounded in the same cerebral network as gestomahal) pointing. The more formalized pointing (satic
extraction) would be an evolved form of vocal pigtwhich would not necessitate parietal recruitméfore
9



analyses are underway to consolidate these results.
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