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Abstract

Hand shape, function and hand preference of communicative gestures in young children:

Insights into the origins of human communication.

Abstract:

Even though children’s early use of communicative gestures is recognized as being closely
related to language development (e.g., Colonnesi et al., 2010), the nature of speech—gestures links
still needs to be clarified. This dissertation aims to investigate the production of pointing gestures
during development to determine whether the predictive and facilitative relationship between
gestures and language acquisition involves specific functions of pointing, in association with specific
features in terms of hand shape, gaze and accompanying vocalizations. Moreover, special attention
was paid to the study of hand preferences in order to better understand the development of left
hemisphere specialization for communicative behaviors.

Our results revealed complex relationships between language, communicative gestures and
manipulative activities depending on the function of gestures (i.e., imperative versus declarative
pointing) as well as on specific stages of language acquisition. Declarative gestures were found to be
more closely associated with speech development than imperative gestures, at least before the
lexical spurt period. In addition, the comparison of hand-preference patterns in adults and infants
showed stronger similarity for gestures than for object manipulation. The right-sided asymmetry for
communicative gestures is thus established in early stages, which suggests a primary role of gestures
in hemispheric specialization.

Finally, our findings have highlighted the existence of a left-lateralized communication
system controlling both gestural and vocal communication, which has been suggested to have a deep
phylogenetic origin (e.g., Corballis, 2010). Therefore, the present work may improve current
understanding of the evolutionary roots of language, including the mechanisms of cerebral

specialization for communicative behaviors.

Key words: Gestural communication, Pointing, Young children, Hand preference, Hemispheric

specialization, Origins of language.



Résumé

Forme, fonction et préférence manuelle des gestes communicatifs chez le jeune enfant :

Comprendre les origines de la communication humaine.

Résumé :

Bien que I'utilisation précoce de gestes communicatifs par de jeunes enfants soit reconnue
comme étant étroitement liée au développement du langage (e.g., Colonnesi et al., 2010), la nature
des liens gestes—langage doit encore étre clarifiée. Cette these a pour but d’étudier la production de
gestes de pointage au cours du développement afin de déterminer si la relation prédictive et
facilitatrice entre les gestes et I'acquisition du langage implique des fonctions spécifiques du
pointage, en association avec des caractéristiques spécifiques en terme de forme de mains, regard et
vocalisations. De plus, une attention particuliére a été apportée a I'étude des préférences manuelles
dans le but de mieux comprendre le développement de la spécialisation hémisphérique gauche pour
les comportements communicatifs.

Nos résultats ont révélé des relations complexes entre le langage, les gestes communicatifs
et les activités de manipulation, qui dépendent de la fonction des gestes (i.e., pointage impératif
versus déclaratif) et des étapes spécifiques de I'acquisition du langage. Les gestes déclaratifs sont
plus étroitement associés au développement de la parole que les gestes impératifs, au-moins avant
la période d’explosion lexicale. De plus, la comparaison des patterns de préférence manuelle chez
I’enfant et I'adulte a montré une plus grande proximité pour les gestes que pour la manipulation
d’objet. L’asymétrie manuelle droite pour les gestes communicatifs est ainsi établie a des stades
précoces, ce qui suggére un role primordial des gestes dans la spécialisation hémisphérique.

Finalement, nos résultats ont mis en évidence I'existence d’un systéeme de communication
dans I’hémisphére cérébral gauche contrélant a la fois la communication gestuelle et verbale, qui
pourrait avoir une origine phylogénétique ancienne (e.g., Corballis, 2010). Par conséquent, le présent
travail peut améliorer notre compréhension des origines du langage, y compris des mécanismes de la

spécialisation cérébrale pour les comportements communicatifs.

Mots-clés : Communication gestuelle, Pointage, Jeune enfant, Préférence manuelle, Spécialisation

hémisphérique, Origines du langage.
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One thing | have learned in a long life: that all our science, measured against reality,
is primitive and childlike - and yet it is the most precious thing we have.

Albert Einstein

A jigsaw’s falling into place...



General introduction

Gestures form such an integral and natural pattumhan communicative behaviors
that they have been described as “a phenomenoofteat passes without notice, though it is
omnipresent” (McNeill, 2000, p. 1). The role play®ggestures in communication, especially
in language development has long been investigatearing a wide range of topics from the
relationship between gesture and thought to sigiguage acquisition. This dissertation
focuses on the relationship between communicaatuges and language by adopting a two-
fold approach. The first objective is to examinevuat extent infants’ and children’s gestural
communication can be regarded as an ontogeneticé&tion for verbal communication. The
second objective is to address the question of eva@utionary foundations of human
language, using the study of speech—gesture Imkgancy as the starting point of inferences
about language origins.

These issues have been investigated in the presektwith special emphasis on the
study of hand preferences for communicative gestufdthough it may provide valuable
insights into the mechanisms of cerebral speci@izafor communicative behaviors, this
guestion has been overlooked in the literaturgelsgrbecauséiandednessas traditionally
referred to manual asymmetries for non-communieabibject-directed activities. It has been
shown that the direction of handedness for manipmelaactions is not a good indicator of
hemispheric dominance for speech (e.g., Knechit,e2@00), yet it is only relatively recently
that researchers have started to differentiate aomative gestures from manipulative
activities in the study of hand preferences. Emhmacagain both ontogenetic and
phylogenetic perspectives, | thus aimed at examitiie development of hand preference for
gestures to shed light on the mechanisms that imdpeech—gestures links, in relation to the

left-hemisphere specialization for language praocgss



General introduction

The first chapter of this dissertation providesttieoretical background relevant to the
issues of language development and hand prefereaeg with the research questions
addressed in the present work. The next chaptegsept six articles, including first a
literature review focusing on pointing gestures.isThterature review is followed by a
presentation of the methodology used and by exmeriah papers that investigated the

relationship between hand preferences and speethldren and adults.



CHAPTER 1. Language development and hand preferense




Chapter 1

1.1. Language and communicative gestures
1.1.1. Communication, language and speech

Some misunderstanding and controversy in the titezausually flow from the use of
core concepts that are not clearly definkthguagebeing the prime example. First and
foremost, the content of concepts central to thesgmt work such as communication,
language and speech therefore needs to be clarified

Communicationrefers to the numerous means through which a fipeuoessage is
conveyed from a signaller to one or several recgiy@lcock, 2005). All animals have a
communication system, whose degree of complexitiesgrom the simple use of chemical
cues to a combination of various modalities inahgdolfactory signals, visual displays and
vocalizations of different types (e.g., Zahavi &haai, 1997). Human communication is
probably the most complex system in the animal damg, notably involving facial
expressions, gestures, laughter, crying, music landuage. Moreover, it is important to
distinguish the general concept of communicafiimm intentional communicatignwhich
involves different mechanisms. Rather than beirgj ftiggered by specific environmental
conditions, intentional communicative signals areedi flexibly and deliberately (e.qg.,
Tomasello & Moll, 2010). Several behavioral critethave been described in humans to
characterize intentional communication. First, pheduction of a signal relies on the presence
of a social partner and is likely to be repeateddjusted if the recipient’s reaction reveals an
apparent failure in communication (e.g., Bates, @ami, & Volterra, 1975). Second, actual
intention to communicate a message to a speciipient is associated with attention-getting
and visual orienting behaviors from the signalieg(, Leavens, Russell, & Hopkins, 2005).

Languageis thus one of the forms of intentional communaratavailable to humans,
defined as a learned symbolic system, infinitegxithle, allowing individuals to express a

variety of meanings about the past, present, anolduLanguage is characterized by multiple
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components and even includes, in its broadest senganunicative gestures (e.g., McNeill,
2005). Although most of gestures — distinct frorgnsi produced in sign languages — are
learned signals subject to cultural variations.(@\glkins, 2003), they will not be regarded as
a component of languageer sein the definition adopted in the present work. duaage will
refer to the ability to use abstract symbols, nyostbrds, through a set of rules shared by the
communicative partners. Viewed from this angle,gleage represents and communicates
thoughts, ideas and emotions in a more preciseflaritble way than gestures or any other
systems (Fitch, 2010). Lastlgpeechis used in a more narrow sense to describe orleeof
ways in which language can be expressed, by usiagvocal-auditory mode to convey
information.

In humans, communicative skills start to develophi first few months of life within
interactive processes with caregivers. By develppundamental abilities such as gaze
following and turn-taking, infants become able tinely engage with partners in shared
attention (e.g., Carpenter, Nagell, & Tomasello9&9Heimann et al., 2006), which is a
central prerequisite of language acquisition (d.gmasello, 1999). A large number of studies
have investigated the development of language sfagwon its different components, namely
phonology, morphology, syntax, semantics, prosaay pragmatics (e.g., Halliday, 2003).
Here | will study language acquisition in childrbatween approximately 1 and 3 years of
age, mainly through the development of lexical agdtactic abilities. Moreover, language
learning is not a linear process, which led meotmu$ on key milestones such as the lexical

spurt period (see Chapter 5).

1.1.2. Communicative gestures
Communicative gestures can be divided into quitewafunctional categoriesyithin

which they can be described on the basis of sefeatlres including hand shape, orientation
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of the hand, movement and position in the gestyaces (e.g., Kendon, 2004Yhe
classification of gestures is usually based omtitere of the relationship between the gesture
and its referent, in relation to semiotics and tben /index / symboltriad, originally
developed by Peirce (1960). Icons have specifipgnttes in common with their objects, for
example similarity in shape; indexes are directdgreected to and influenced by their objects;
and symbols have an arbitrary and convention-baskdionship with their objects. More
specifically, and though the terminology used tealbke the same gestures varies across
researchers (see Guidetti & Nicoladis, 2008), ttuelys of communicative gestures usually
involves the distinction between deictic gesturasresponding to Peirceiadex category)
and representational gestures (e.g., Crais, Dagl2eu& Cox-Campbell, 2004; Liszkowski,
2008). The category of representational gesturesdes both iconic and symbolic gestures,
the former being based on similarity (e.g., deseglhe size or movement of objects with the
hands) and the latter on conventionality or hadig).( nodding the head, waving "goodbye").
Although gesture classification illustrates theedsity of gestures, a shift from categories to
dimensions has been suggested to be more appeopoiatiustrate the multiple facets of
gestures, especially for co-speech gestures prddbgeadults (see McNeill, 2005). The
interest in gestures accompanying speech, alsoedf¢o as “gesticulations”, can be traced
back to Roman antiquity (Kendon, 2007) and theytinooe to be extensively studied (e.qg.,
McNeill, 1992). However, | will focus here on commcative gestures produced by children
as language develops, gestures that are therefmtrecomparable to adults’ co-speech
gestures.

Infants express themselves from an early stageughraronverbal communicative
behaviors such as gazes, babbling, vocalizati@tsalfexpressions and postures, but it is the
production of gestures that marks the onset ohtrdeal communication properly speaking,

from approximately 12 months of age (e.g., Tomasé&llarpenter, & Liszkowski, 2007). As
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indicated by cultural differences observed in thiert, the frequency and the context of use of
gestures (e.g., lverson, Capirci, Volterra, & Goltleadow, 2008; Kendon & Versante,
2003), the cultural and social environment playlseg role in the development of gestural
communication. However, communicative gestures seeemerge in children of all cultures,
and to emerge without any explicit training. Fastoommon across different cultures may
thus explain the development of gestural commuimigatn addition to a prolonged period of
locomotor immaturity (see Leavens, Hopkins, & B&@05 for a discussion on the referential
problem space), human infants experience numenpeiactions with caregivers in the course
of development. These two factors lead to variswsgons in which communicative gestures
prove to be an efficient means before the emergehespeech for achieving specific goals,
which are not exclusively tied to physical needg.(é5uidetti, 2003).

Children’s gestures are usually classified accgrdm the nature of these goals, a
commonly-used distinction contrasting imperativehwdeclarative intentions. Imperative
gestures were first described as the use of adslts means of obtaining an object (Bates et
al., 1975), but now also include request for speattions (Colonnesi, Rieffe, Koops, &
Perucchini, 2008; Tomasello et al., 2007). For eplamin the first case, children produce
imperative pointing gesture in order to obtain schit which is out-of-reach on the table, and
in the second case, they raise their arms to rédpeesg picked up by the adult. Declarative
gestures, first described as the use of an obgeatraeans of obtaining adult attention (Bates
et al., 1975), currently involve the aim of sharinggrest in a specific referent with the adult
(e.q., Liszkowski, Carpenter, Henning, Striano, &masello, 2004 ). More recently, another
communicative function has been highlighted: infative gestures, which were initially
described as a subtype of declarative gesturesg3elio et al., 2007) are used by children to
provide the recipient with information he/she neablsut a referent (Liszkowski, Carpenter,

& Tomasello, 2008).
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The degree of complexity and the early forms of chgjogical understanding
associated with infants’communicative gestures lgven rise to much debate. While some
researchers have claimed that the production dgtigess from 12 months of age, involves an
understanding of the intentions, attention, andwkadge of the communicative partner (see
Liszkowski, 2011), others have emphasized theunstntal nature of infants’ gestures (e.g.,
Leavens & Racine, 2009; Moo& Corkum, 1994). According to this latter view, imaeve
gestures, used to obtain a material reward, anthrddive gestures, used to obtain a social
and emotional reward, are associated with sim@enlag processes rather than with high-
level cognitive and social abilities. Offering afteanative to the "lean" versus "rich"
interpretations, some researchers have arguedinfatts’ communicative gestures may
reveal an intentional reading of behaviors thatsdoat necessarily rely on representations of
unobservable mental states (Gomez, 2007), or anglve social-cognitive understanding
from approximately 18 months of age (D’Entremon&mans, 2007).

Pointing gesture, which is used to draw someont&ntion to a specific external
referent, has received particular attention in thesent work (see Chapter 2). The
categorization of pointing has been debated, segarehers usually classify it is as a deictic
gesture. Indeed, the relationship between the ipgiesture and its referent depends on the
respective localizations of the signaller, the pemit of the signal and the item indicated. In
opposition to symbolic reference which is basedaonarbitrary relationship between the
signal and its referent (e.g., Camaioni, 2001)nmog has thus been identified as nonverbal
reference (Leavens et al., 2005). Pointing allolwddren to enlarge their communicative
repertoire and express meanings that cannot yexjessed verbally, raising the question of
the speech—gesture links and the role played bytugss in the development of

communicative skills.
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1.1.3. Speech—gesture links

The influence of gestures on both the gesturertl@dbserver has been the subject of
intensive investigations in the last decades. litadgestures that accompany speech enhance
communication by helping to disambiguate the speskeessage. The perception of these co-
speech gestures, activating cerebral regions adedciwith the processing of semantic
information (Dick, Goldin-Meadow, Hasson, Skipp&,Small, 2009), therefore facilitates
discourse comprehension. In infants, the percepténgestures may also provide a
communicative framework that facilitates comprelh@msby directing more easily their
attention. Thus, children at two and four yearsagé rely more heavily on adults’ pointing
gestures than on verbal information to identifyemltg (Grassmann & Tomasello, 2010).

Gestures also influence the gesturer him or heraglfevealed by studies showing that
the production of gestures enhances performancepatial visualization tasks (Chu &
Kita, 2011) or in problem solving-tasks such as Tlmver of Hanoi (Goldin-Meadow &
Beilock, 2010). Allowing individuals to lighten cogive load and change mental
representations, gestures thus seem to faciligateninhg processes (Goldin-Meadow, 2006),
including language learning. Through gestures,dechil can express and explore ideas of
increasing complexity, which may indeed contribiast&€ognitive change in the representation
and understanding of other people’s mental statdshalp children acquire the complex skills
of intention-reading (e.g., Moll, & Tomasello, 2Q0Vallotton & Ayoub, 2010). These
abilities play an important role in the building cbmmunicative abilities and in language
development.

Moreover, communicative gestures produced by isfartd children may facilitate
language acquisition by shaping their social anddistic environment. Gestures enhance
interactions with communicative partners and elw#rbal responses that illustrate the

appropriate lexicon and grammatical constructiomsai specific situation (e.g., Goldin-
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Meadow, Goodrich, Sauer, & lverson, 2007; Kishimddhizawa, Yasuda, Hinobayashi, &
Minami, 2007; Vallotton, 2009). For example, coatedns reported between the age of onset
of gesture-word combinations and the age of on$eiwo-word utterances suggest that
caregivers’ verbal commentaries following childiemjesture-word combinations may help
the latter make the transition to two-word speexl.( Capirci, lverson, Pizzuto, & Volterra,
1996; Goldin-Meadow & Butcher, 2003; Iverson & Galdleadow, 2005).

To sum up, the predictive relationship betweertuges used by infants and toddlers
and later language development (e.g., Colonneam&§t Koster, & Noom, 2010; Rowe &
Goldin-Meadow, 2009) relies on a facilitative redaship based on both direct and indirect
mechanisms, the former referring to the developmésbciocognitive abilities and the latter
to the influence of gestures on adults’ responses.

Given the multiple dimensions of communicative gess$, researchers have
investigated whether the relationship between gestiand language development was
specific to one category of gestures, and/or to oammunicative function. Although
symbolic gestures have been argued to facilitateetlrly stages of language acquisition (e.qg.,
Goodwyn, Acredolo, & Brown, 2000), changes in ctalids gestural repertoire during
development suggest that pointing gestures plagranpount role in language acquisition.
The frequency of pointing gestures, produced intmwoation with words or vocalizations, has
been reported to increase during the second yehfedfe.g., Guidetti, 2002; Ozcaliskan &
Goldin-Meadow, 2005), whereas the use of symbddstgres decreases as speech develops
(e.g., Acredolo & Goodwyn, 1988; Rodrigo et al.08] Pointing gestures appear thus to play
a supportive role in different milestones of langgiacquisition, from the establishment of
joint attention to the ability to combine severalrds (Goldin-Meadow, 2007).

However, the nature of the speech—gesture links difésr according to the function

served by the pointing gesture. The productionemfiarative pointing has been reported to be
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more closely related to social-cognitive undersiiagdhan imperative gestures (Camaioni,
Perucchini, Bellagamba, & Colonnesi, 2004), andadfuge more likely to play a role in the
emergence of speech. Moreover, the study of betrewaoarkers such as hand shapes, hand
preference and vocalizations, illustrating theiddton between imperative and declarative
gestures (see Chapter 4), suggests that the twes tgp gestures emerge from distinct
processes. Imperative gestures have been hypadesizdevelop from non-communicative
reaching actions through a process of ontogendtialization (Tomasello & Call, 1997),
while the development of declarative gestures mgly more on early social-cognitive
abilities, including imitation. This hypothesis, wwh will be investigated further throughout
the present dissertation, implies that the relatigm between gestures and language

development involves declarative gestures ratleer timperative ones.

1.2. Study of hand preferences

A large part of the present work is concerned il study of manual asymmetries
associated with children’s communicative gestuvedy the aim of further supporting the
existence of speech-gesture links. Studies of lmaterence originally pertained to object-
directed actions and currentlyandednessainly refers to non-communicative manipulative
activities. Therefore, even if there is no explaifreement on this issue among researchers, |
will preferentially usehe termhand preferencéo describe the asymmetry of communicative
gestures so as to avoid any confusion. As the aeapters will highlight, these different

terminologies are also associated with distinciettgumental trajectories.

1.2.1. Manipulative activities
A right-sided bias in hand-use patterns for mamifwé activities is observed in the

vast majority of humans. Although the proportiorright-handed individuals seems to remain
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relatively constant around the 90% mark (e.g., Anrd®85; Raymond & Pontier, 2004), this
proportion varies from approximately 70 to 90% (eR@ragovic & Hammond, 2007; Perelle
& Ehrman, 1994), depending on the methods usedssesas handedness and to classify
individuals into categories. Handedness is indeledracterized by multiple dimensions,
leading to some discrepancies between studies, (depley, Liederman, & Geschwind,
1986). A first point of confusion is the use oftdist handedness categories, which is not
always based on statistical analyses, whereasvé#iniable is distributed continuously. This
categorization can involve a simple dichotomy bemveight-handers and left-handers, but
researchers usually define several categoriesflectalifferent degrees of handedness and
consider the lack of consistent preferences. Mixaddedness patterns can be represented by
more than one category though (e.g., Annett, 19#)s limiting comparability between
studies.

A second issue pertains to the variety of methodistasks used to collect handedness
data. Handedness can be assessed through seliecemprestionnaires referring to daily
activities or through direct observation of hane ustasks requiring participants to perform
either functional (e.g., hammering) or arbitrarytiaties (e.g., peg-moving tasks). These
different methods lead to a distinction betweenfguemce and performance measures of
handedness, which have been argued to reflectaliffelimensions of manual asymmetries
(e.g., Brown, Roy, Rohr, Snider, & Bryden, 2004)orgover, the use of unimanual versus
bimanual tasks may also influence handedness pattBrmanual coordination activities, in
which the dominant hand plays an active role aedibn-dominant hand a role of support or
orientation, have been reported to elicit a greategree of handedness than unimanual
activities (e.g., Fagard, 2004).

In addition to these methodological issues, thestioie of the origins of handedness

remains largely unanswered, although it seems lib#t genetic (e.g., Annett, 1985) and

12



Chapter 1

environmental factors come into play (e.g., Fagaidlahmen, 2004; Vuoksimaa, Koskenvuo,
Rose, & Kaprio, 2009). Some authors have suggesitat pre-natal lateralized motor
behaviors, such as thumb sucking and head posititaence the subsequent development of
handedness (e.g., Hepper, Wells, & Lynch, 2005yv¥&fer; de Vries, van Geijn, & Hopkins,
1994). However, the development of handedness,hwisicassociated with a considerable
degree of intra- and inter-individual variabilitseems to involve more complex processes.
Although signs of right-sided asymmetries in obj@etinipulation are manifest early in infancy
(see Provins, 1992), the degree of handednessedmsrbported to fluctuate during the first
years of life (e.g., Ferre, Babik, & Michel, 2010yvhich might reflect successive
reorganizations of the motor system (e.g., Corb®tEhelen, 1999). The strength of manual

asymmetry was shown to stabilize only at arounéary of age (McManus et al., 1988).

1.2.2. Communicative gestures

Few data are available regarding manual asymmetfiesommunicative gestures,
compared to the abundant literature on handedmmessdnipulative actions. A right-sided
bias has been observed for gestures accompanye®rispn adult speakers (e.g., Dalby,
Gibson, Grossi, & Schneider, 1980; Kimura, 1973ucsar & Elias, 2001), as well as for
signing in deaf people (e.g., Bellugi, 1991; Vai#llugi, & Poizner, 1989). Several studies
with infants and children have also reported anmasgtry in favor of the right hand for
symbolic gestures and deictic gestures such asipgife.g., Bates, O’Connell, Vaid, Sledge,
& Oakes, 1986; Blake, O’'Rourke, & Borzellino, 19%auclair & Imbault, 2009; Young,
Lock, & Service, 1985). These developmental studase concluded that the right-sided bias
for pointing is established in the early stagesdeb¥elopment, as it did not seem to vary
between approximately 1 and 3 years of age. Howeherstudy by Vauclair and Imbault

(2009) involved a cross-sectional design and ine8att al.’s longitudinal study (1986),

13



Chapter 1

children were observed at 13, 20 and 28 monthgyef &hese studies therefore may not be
perfectly suitable for identifying developmentaladges in hand preference, and the other
studies mentioned did not assess hand preferenmndel5 months of age (Blake et al.,
1994; Young et al., 1985). Longitudinal studieshmghort sampling intervals are thus needed
to investigate further the development of asymrmastfor communicative gestures.

A growing body of research has explored the ratstgp between hand preferences
for communicative and non-communicative activitieggvealing greater right-sided
asymmetry for pointing gestures than for object imaation (Bates et al., 1986; Jacquet,
Esseily, Rider, & Fagard, 2011; Vauclair & Imba@@09). A study of children born to deaf
parents using sign language has also reportedadegréegree of hand preference for signed
gestures than for other manual activities (Borail)i Richards, & Dooley, 1997). Moreover,
hand preferences for pointing gestures and maripelactions appear not to be significantly
correlated in young children (Esseily, Jacquet,ag&id, 2011; Jacquet et al., 2011).

Although the right-sided asymmetries observed fothbcommunicative and non-
communicative activities indicate a stronger ineshent of the left cerebral hemisphere, the
existence of different patterns of hand preferdocgestures and object manipulations has to

be considered when investigating the relationsbkigvben hand preference and language.

1.2.3. Insights into cerebral processes: relationdiween hand preference and
language
In the vast majority of human individuals, the minguage functions are controlled
by the left cerebral hemisphere, involving neuratworks in which Broca’s and Wernicke’s
areas play a key role in the production and the pehension of language, respectively.
Some researchers have argued that language dominams significantly related to

handedness for manipulative activities because ukagg processing is more frequently
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lateralized to the left cerebral hemisphere intrigginders than in left-handers (Knecht et al.,
2000). However, this relationship is far from beidigect since a majority of left-handed
individuals do not have right-hemisphere dominafticdanguage (e.g., Kréliczak, Piper, &
Frey, 2011). In fact, using an event-related imggiechnique, Knecht et al. (2000) have
shown that language processing is lateralized ¢oléft cerebral hemisphere in more than
95% of right-handers, but also in 70% of left-hasd&hus, handedness for manipulative
activities does not appear to be a reliable indicat hemispheric language dominance. As
manipulative activities and communicative gestwes associated with different patterns of
hand preference, we may expect to observe diffepartentages by focusing on the
asymmetry of communicative gestures. Moreover, idensg the speech—gesture links
described above, it can be hypothesized that hegférpnce for gestures is a more relevant
and significant functional marker of hemispheriedplization for language than handedness
for object manipulation.

In human adults, behavioral and neuroimaging stutéiad to support this hypothesis.
Using a dichotic listening task and examining tegnametry of co-speech gestures, Kimura
(1973) observed a right-ear superiority for speaatessing in nearly 90% of right-handers
and a left-ear superiority in two-third of left-tgers. Although this study involved relatively
few participants, it revealed a significant relagbip between the asymmetry of gestures and
cerebral dominance for speech. The close interaiomebetween speech and gesture has
also been emphasized by studies demonstratingntluemnce of gestures on voice parameters
(e.g., Krahmer & Swerts, 2007). Bernardis and Gecti (2006) showed that the voice
frequency spectrum increases when a word and thesponding gesture are produced
simultaneously, compared to conditions involvindyahe production of words, or involving
both modalities but meaningless arm movements a®lidon-words. Moreover, imaging

studies have revealed that the perception of spaadhcommunicative gestures (symbolic
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and iconic gestures) activates common networkseittldteralized inferior frontal and
posterior temporal regions (e.g., Willems, Ozyurek, Hagoort, 2007; Xu, Gannon,
Emmorey, Smith, & Braun, 2009). There is also neawédence that semantic information
conveyed through speech and gestures are integsaedtaneously by the brain (Ozyiirek,
Willems, Kita, & Hagoort, 2007).

The study of sign language offers further supporthe existence of speech—gestures
links. In addition to the left hemisphere supetioreportedin deaf people for sign language
processing(e.g., Grossi, Semenza, Corazza, & Volterra, 199@)ctional brain imaging
studies have shown that the production of signwates regions similar to those implicated
in spoken language use, including Broca’'s area,(Egrina, San Jose-Robertson, Guillemin,
High, & Braun, 2003; Emmorey, Mehta, & GrabowsKi0Z). A left hemisphere advantage in
processing linguistic information has also beeneoled in deaf children exposed to cued
speech, which is a visual mode of communication tises handshapes in combination with
the mouth movements of speech to represent theepmes of a spoken language. Deaf
participants and hearing controls were shown toldais comparable left hemisphere
specialization for semantic processing of writtanguage (D’'Hondt & Leybaert, 2003) and
similar accuracy of phonological representationsyflaert, 2000), suggesting that semantic
and phonological abilities develop independentlytltd modality (acoustic versus visual)
through which language is perceived.

Altogether, these results suggest that a spegifitem in the left cerebral hemisphere,
specialized in linking meaning with symbols, cotgrboth gestural and vocal communication
(e.g., Gentilucci & Dalla Volta, 2008). However,tiin the framework of action-grounded
cognition theory (see Anderson, 2003), the relatigm between right-handedness and left-
hemispheric brain specialization for language heenlsuggested to involve action in general

rather than being restricted to communicative gestuAccording to this view, the relation
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between language and gesture is one particular @drthe relation between language and
action (e.g., Willems & Hagoort, 2007). Neurophysgical data showing that the size of a
grasped object influences lip opening kinematias amice parameters, and neuroanatomical
data reporting the existence of neurons controlgngsping movements both of hand and
mouth tend to support this interpretation (see (Bt & Dalla Volta, 2007, for a review).
Nonetheless, findings of most studies examining tbsue indicate that complex processes
may underlie the relationship between languageapmcand gesture, which therefore still
deserves thorough investigation. For example, Gemzmnd Goodale (2009) have shown that
language lateralization was related to hand preterefor precision grasping, but the
correlation explained only 15% of the variance, adother measure of handedness for
manipulative activities was found to be relatethtmyuage lateralization.

To determine the exact nature of the relationshgtwben language and hand
preference, researchers have also focused on tledodenent of communication and speech
acquisition in infants and children. Neuro-cogretivases of language development seem to
develop very early. Infants and toddlers presemtctional and structural hemispheric
asymmetries in speech perception-production netsv(elg., Dehaene-Lamberzehaene &
Hertz-Pannier, 2002Dubois et al., 2009; Mills, Coffey-Corina, & Newll 1993), although
hemispheric specialization for language continuentwease during childhood (e.g., Ressel,
Wilke, Lidzba, Lutzenberger, & Kréageloh-Mann, 2008)loreover, some studies have
highlighted an early association between the catetontrol of speech and communicative
gestures. Using event-related potentialaring a priming task, a study reported N400
congruency effect for pictures preceded by bothde@nd gestures in 18-month-old infants,
demonstrating that words and gestures elicit smpigdterns of semantic activation (Sheehan,
Namy, & Mills, 2007). Furthermore, a study with ants between 11 and 13 months of age

has shown that the production of request gestueartls large objects rather than small
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objects leads to an increase in the acoustic ptiepe(F2 formant) of the infants’
vocalizations (Bernardis, Bello, Pettenati, Stefgn& Gentilucci, 2008). This effect on the
vocal spectra was also observed when infants mktgalithe objects, revealing, as in adults,
the existence of complex relationships betweenctdrol of speech, gestures and actions.
However, as previously described, communicativetuges and manipulative actions are
associated with different patterns of hand prefegan children. Thus, although language and
action may not develop independently, results d&nh studies suggest that the bimodal
communication system in the left cerebral hemispmeay differ from the system involved in

purely motor activities (e.g., Vauclair & Imbauk09).

1.3. Phylogenetic and ontogenetic perspectives

The relationship between gestures and speech #@amuisiuring human ontogeny
raises intriguing questions about the role playgdgbestures in the evolution of language.
Speech—gesture links could be explained in the ifhthe gestural hypothesis for the origin
of language (e.g., Hewes, 1973; Corballis, 2009,020/auclair, 2004). According to this
hypothesis, gestures constituted the first intewtiomeans of communication for early
Hominids. Lateralization of speech evolved fronstlaft-lateralized gestural system and, in
the course of evolution, the vocal modality grajublecame dominant (e.g., Gentilucci &
Corballis, 2006). By contrast, the evolutionary qumsors of human language have been
claimed to lie in vocalizations (vocal hypothegigy., Lemasson, 2011) or in a combination of
gestural and vocal signals (bimodal hypothesis, Blgsataka, 2008).

Although researchers lack direct evidence aboubtlgins and evolution of language,
this issue can be insightfully studied byamining communicative behaviors anr nearest
primate relatives. Nonhuman primatesssess a considerable species-specific reperdbire

gestures,used to communicate with conspecifics in varioiisations such as greeting,
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invitation for grooming,food-begging,or threat (e.g.Hobaiter & Byrne, 2011see Pika,
Liebal, Call, & Tomasello, 2005, for a review). Mospecifically, chimpanzees have been
reported to produce pointing gestures in specifigspcal and social environments. Thus,
confronted with the referential problem space (lez®vet al., 2005), captive individuals for
example use imperative gestures directed to hunaatngys in order to be given food.
Moreover, chimpanzees that experience close rakips with humans, mainly language-
trained and home-raised individuals, also produmating gestures serving functions other
than the imperative function (e.g., Leavens & Ba2@11). Although apes’ spontaneous
pointing gestures, especially declarative pointisgem to be exceedingly rare in the wild
(e.g., Vea & Sabater-Pi, 1998), these results hyghlsome continuities between the
communicative gestures produced by nonhuman prsmabel human language, including
intentionality, flexibility of use, and referentigroperties (see Meguerditchian & Vauclair,
2008; Pika, 2008, for reviews).

In addition, studying the asymmetries associatéd wonhuman primates’ gestural
communication may improve our understanding of dnigin of human left-hemisphere
specialization for language. Population-level righahd preference has been reported for a
variety of communicative gestures, namely humaeeteéd food begging gestures (e.g.,
Hopkins & Wesley, 2002) and intra-species gestusesl in different social contexts such as
the "extended arm" and the "hand slap” (e.g., Metjtelhian & Vauclair, 2006). By contrast,
although some individuals developed a preferenis@ of one hand over the other, several
studies failed to show any population-level han@sdnfor unimanual reaching (e.g.,
Meguerditchian, Calcutt, Lonsdorf, Ross, & Hopki2§10; Vauclair, Meguerditchian, &
Hopkins, 2005). Population-level handedness is emtidin great apes for coordinated
bimanual activities (e.g., Hopkins et al., 2011)t these manipulative actions elicit lower

degrees of right-sided asymmetry than communicdbeleaviors and hand preferences for
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communicative gestures and non-communicative astwere shown not to be significantly
correlated (e.g., Meguerditchian & Vauclair, 2008eguerditchian, Vauclair, & Hopkins,
2010).

Moreover, neuroanatomical data collected in chimapas have revealed a significant
relation between the right-sided bias for communieagestures and leftward asymmetries in
the inferior frontal gyrus (Taglialatela, Cantalup& Hopkins, 2006). Handedness for
reaching actions was not associated with any neatoaical asymmetries in this cerebral
region regarded as the homologous of Broca’s dhes, supporting the prominent role of
gestures in the evolution of language and its heneisc lateralization.

Although the comparison of ontogenetic and phylegienprocesses involved in the
development of speech—gestures links requires stangon, it can be hypothesized that
communicative gestures have played a role in sgapommunicative skills in the course of
Hominin evolution, through the development of bstitial and cognitive abilities. Increasing
use of gestures, possibly with the gradual incafion of vocalizations (e.g., Corballis,
2003), may have fostered social interactions anmmgspecifics and allowed individuals to
develop some abilities to represent and influemutheer person's attentional state, driven by
the selective advantages of more and more complex gttention skills. In line with this
hypothesis, the production of communicative gestumeour species has been argued to be
associated with unique cognitive abilities reflagtihuman evolutionary adaptation for
symbolic reference (e.g., Tomasello, Carpenter, 8ahne, & Moll, 2005).

From a neurobiological point of view, the mirrorunen system, which has been
assigned a key role in understanding others’ iraaat actions, may constitute the substrate
from which complex forms of communication evolvedy(, Fogassi & Ferrari, 2007). These
neurons, first discovered in the premotor cortexnaicaques (Rizzolatti, Fadiga, Gallese, &

Fogassi, 1996), discharge both during the execwtianhand or mouth action and during the
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observation of the similar action performed by aeotindividual. Thus, by matching a
gesture produced by a communicative partner witisoawn internal motor representations,
the observer may attribute a meaning to a spegésture, leading eventually to the
emergence of intention-reading abilities and to dlbquisition of language (e.g., Corballis,

2010).

1.4.Aims of the present thesis

The state of art reviewed in this chapter shows plenty of studies have focused on
the development of communicative gestures in yathmigiren as well as on the relationship
between gestures use and language acquisitionui@esbmmunication, through the different
forms and functions it encompasses, allows infemiateract with communicative partners in
various situations and appears to be closely ikkat¢he emergence of speech.

Moreover, researchers have long investigated masyathmetries, seeking to identify
the processes involved in functional hemispherecegtization. Both speech processing and
hand preference are associated with left-hemispsgperiority in humans, but few studies
have examined these issues simultaneously. Besitese studies have provided only partial
answers regarding the relationship between langaadehand preference, possibly because
they mostly focused on hand preference for non-comacative manipulative actions rather
than for communicative gestures.

Bringing together the two areas of research meatabove, the present work sought
to investigate the production of communicative gest during development with particular
attention to the study of hand preference, in otdetlarify the nature of speech—gestures
links. A first objective is to describe infants’ and dbefs’ gestures, notably in terms of
communicative functions, hand shapes, accompanyaoglizations and gaze behavior. A

second objective is to use the developmeritaofd preference for communicative gestures as
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an index, although indirect, of the cerebral preess involved in communication.
Observational and experimental studies have beetucted to provide some insights into the
role played by communicative gestures in langusgeslopmentin relation to early forms of
social and cognitive abilities, and to identify tleharacteristics of gestures that are
particularly involved in the emergence alpeech—gestures linksMore specifically,
considering the clear distinction that is usuallpd® between imperative and declarative
gestures, | aimed to determine to what extent comcative functions influence the
relationship between gestural communication angudage acquisition.

Although most of the studies presented in the Yalhg chapters focused on infant
development, a study was also carried out on atlukxamine the continuity between hand-
preference patterns associated with children’s addlts’ communicative gestures, in
comparison with handedness for manipulative aawitMoreover, as language and strong
degree of right-handedness have both been regasiedllmarks of the human species, this
dissertation made a point of embracing both onteggeland phylogenetic perspectives on the
mechanisms that underlie speech-gesture links. ,Ttiexgelopmental patterns observed in
human infants may parallel the evolution of languag the phylogenetic level, in relation to
the emergence of hand preference and brain latatiaihn. Because language has historically
occupied an outstanding position in enlighteninghan nature, the issue of language origins
is of central importance to understanding the evahary roots of human social cognition and
communication.

To put it in a nutshell, the purpose of the presbssgertation is to provide significant
data regarding the complex processes of language atiquisin children including the
mechanisms of cerebral specialization for commuivieabehaviors, by adopting also a

broader approach pertaining to the evolutionargionsi of language.
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2.1. Introduction

Research on communicative gesturescimildren has largely focused on pointing
becausethis is the most frequent gesture produced by #toddland children from
approximately 1 year of age (e.g., Butterworth & ridsette, 1996; Rodrigo et al., 2006;
Stefanini, Bello, Caselli, Iverson, & Volterra, Z)0and because it can also be easily elicited
in experimental contexts (e.g., Liszkowski et &004). Pointing can be described as a
communicative movement that projects a vector feoriody part (Kita, 2003) in order to
indicate a specific referent in the proximal ortalisenvironment. It can thus involve the
mouth and the eyes (see Enfield, 2001 and Wilk083 for examples in adult populations),
although the present work studied exclusively mamaenting. The latter is elicited in a
variety of situations and is characterized by s@vieratures (e.g., hand shape, accompanying
vocalizations, gaze, and hand preference). Takiage multiple dimensions into account may
reveal some insights into the exact nature of ttientions underlying children’s pointing
gestures.

Moreover, pointing gesture has been viewed as agtienmilestone in children’s
linguistic and social development” (Colonnesi et &010, p. 363), but we still need to
determine to what extent the various functions waibous forms of pointing are interlinked
with facets of speech acquisition. With this in thinthe following article provides a
description of recent research on pointing anddéeelopment of speech—gesture links in
infancy. In a first section, we discuss severaligts of the different functions and hand
shapes of pointing gestures and examine evidencpadiating having different origins and
playing different roles in the emergence of spegepending on their function. In a second
section, we explore the links between manual dm&iand language, looking at the

development of hand preference for pointing gestarel manipulative actions.
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2.2. Article I: Cochet, H., & Vauclair, J. (2010). Pointing gestimgroung children:

Hand preference and language developn@esture, 1(2/3), 129-149.
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Pointing gesture in young children:

Hand preference and language development

Héléne Cochet & Jacques Vauclair

Center for Research in the Psychology of Cogniti@mguage & Emotion

Aix-Marseille University

Abstract

This paper provides an overview of recent studikat thave investigated the
development of pointing behaviors in infants andidters. First, we focus on deictic gestures
and their role in language development, taking atoount the different hand shapes and the
different functions of pointing, and examining tb@gnitive abilities that may or may not be
associated with the production of pointing gestuBscond, we try to demonstrate that when
a distinction is made between pointing gestures magipulative activities, the study of

children’s hand preference can help to highligketdievelopment of speech—gesture links.

Keywords: toddlers, gestural communicatigrginting, handedness, speech—gesture system.
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Cloet, H., & Vauclair, J. (2010%esture, 1(2/3), 129-149.

Emergence of communicative gestures:
Focus on pointing gestures

Pointing is a specialized gesture for
indicating an object, event or location.
Children start using pointing gestures at
around 11 months of age (Butterworth &
Morissette, 1996; Camaioni, Perucchini,
Bellagamba, & Colonnesi, 2004), and this
behavior opens the door to the development
of intentional communication. One of the
prerequisites for the production of pointing
gestures is a shared experience between the
signaler and the recipient of the gesture, that
is, a simultaneous engagement with the same
external referent, usually referred tojamt
attention (e.g., Carpenter, Nagell, &
Tomasello, 1998). While pointing is
sometimes regarded as a “private gesture”
(Delgado, Gomez, & Sarriaq, 2009), whose
main role is to regulate the infant’s attention
rather than to enable the Ilatter to
communicate with a recipient, a growing
body of research suggests that the onset of
pointing gestures reflects a newly acquired
ability to actively direct the adult’s attention
to outside entities in triadic interactions (e.g.,
Liszkowski, 2005; Tomasello, Carpenter, &
Liszkowski, 2007).

Before describing some of the main
physical features of pointing, we discuss the
different communicative functions
associated with pointing gestures, and the
different social and cognitive skills they may
or may not reflect.

Different communicative intentions

Several criteria are commonly used to
characterize a gesture as intentional: (1) the
behavior of the signaler has to be produced
and directed toward a recipient, (2) the
gesture is usually accompanied by visual-
orienting  behaviors, including gaze
alternation between the recipient and the

object or event being pointed at (this visual
monitoring enables signalers to check the
efficiency of the gestures, thus confirming

their communicative intention), and (3)

children are likely to repeat their gesture if
they fail to produce the desired effect on
their communicative partner (this persistence
of the signal is also interpreted as a
demonstration of intentionality). Researchers
currently seem to agree over the intentional
nature of the pointing gesture, but the latter
encompasses  different  communicative
functions that need to be examined if we are
to see the whole picture.

In order to determine an infant’s
intention when he or she points toward a
referent, researchers take several criteria into
account. They focus on the accompanying
features of the child’s gesture (vocalizations,
facial expressions, posture), the adult’s
behavioral reaction to the child’'s gesture,
and the child’'s behavior following the
adult’s first reaction (see example below).On
the basis of these different clues, they can
generally distinguish between the two main
functions of pointing gestures, named the
imperative and declarative functions (e.qg.,
Camaioni, 1997; Tomasello et al., 2007).
Children use imperative gestures to obtain
something from the adult, whether it is a
specific action or a desired object.
Declarative pointing gestures direct the
adult's attention to a referent in order to
indicate its existence and share interest in it.
More specifically, according to Tomasello,
Carpenter, and Liszkowski (2007), in
declarative expressivepointing, children
seek to point out some object, location or
event to the adult that they consider
interesting and worthwhile, while in
declarative informativepointing, they seek
to provide the adult with information he or
she needs.

In some cases, it can be difficult to
distinguish between the imperative and
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declarative motives behind children’s
pointing gestures. Most of the time,
children’s imperative gestures serve to
request an object -indeed, these
communicative behaviors are sometimes

referred to as ‘“request” gestures or
“ritualized reaches” (e.g., Franco &
Butterworth, 1996; Iverson & Goldin-

Meadow, 2005), but imperative pointing can
also be used to ask an adult to do something
with an object (e.g., Colonnesi, Rieffe,
Koops, & Perucchini, 2008). Thus, when an
adult makes something interesting happen,
such as activating a mechanical toy, how
should children’s pointing be interpreted?
Are they trying to share interest in the event
with the adult or are they asking the adult to
make that event happen again? The request
behaviors that sometimes accompany
children’s gestures (e.g., whining, leaning
forward, displaying negative affect) may
help answer this question. Moreover, infants
are very likely to display signs of
dissatisfaction and repeat their pointing
gesture if they do not achieve their goal the
first time around. In the above example, if
the child seems dissatisfied when the adult
comments on the event of interest and does
not activate the mechanical toy again, one
can infer that the infant’s motive was indeed
imperative.

Above and beyond the different
imperative and declarative motives behind
children’s gestures, the question naturally
arises as to the nature of the cognitive
abilities associated with these pointing
gestures.

Cognitive abilities and pointing

The issue of the social and cognitive
abilities involved in the use of pointing
gestures has long been debated. Some
authors support an instrumental reading of
pointing, arguing that it develops through

processes close to operant conditioning and
that infants are simply seeking to obtain an
object or a positive emotional reaction to the
self from the adult (e.g., Bates, Camaioni, &
Volterra, 1975; Moore & Corkum, 1994). By
contrast, pointing is sometimes viewed as a
cognitively complex gesture, reflecting
infants’ understanding of others’ attention.
Even when they are still in the early stages
of development, children appear to be able to
make references to external events or
objects, and even to absent entities
(Liszkowski,  Schéafer, Carpenter, &
Tomasello, 2009).

A parallel is sometimes drawn
between these different theoretical accounts
and the different functions of pointing.
Basically, a rich mentalistic interpretation of
declarative gestures, in which infants try to
influence others’ mental states, can be
contrasted with a lean interpretation of
imperative gestures, in which they try to
influence others’ behavior. There are several
pieces of evidence supporting the
dissociation  between imperative and
declarative gestures. Firstly, in development,
the comprehension and production of
imperative gestures precedes that of
declarative gestures (Camaioni et al., 2004,
Cochet & Vauclair, 2010-a). Moreover,
gestures produced by children with autism
seem to lack the declarative function
(Camaioni, 1997; Camaioni, Perucchini,
Muratori, & Milone, 1997), leading to the
idea that imperative and declarative gestures
may rely upon different cognitive abilities.
The production of communicative gestures
in nonhuman primates also tends to support
the distinction between imperative and
declarative  functions (e.g., Leavens,
Hopkins, & Bard, 1996). There have been
very few reports of declarative gestures in
apes, and they concerned individuals that
had experienced close emotional ties with
humans and/or had been language-trained
(see Leavens, 2009). It has therefore been
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argued that rearing history and emotional
bonding with caregivers may play a role in
the abilty to develop declarative
communication.

Adults’ reactions can be
experimentally manipulated in order to
investigate the communicative intention and
cognitive abilities involved in the production
of infants’ pointing. Adopting this approach,
an experimenter reacted to 12-month-olds’
pointing toward an interesting event in
different ways (Liszkowski, Carpenter,
Henning, Striano, & Tomasello, 2004).
When the adult emoted positively toward the
child without looking at the event, the infant
showed signs of dissatisfaction, pointing less
often across trials and repeating points more
within trials. By contrast, infants were
satisfied in the joint attention condition, that
is, when the experimenter reacted to the
event being pointed at and shared interest
with the child. These results revealed that
infants wanted the adult to integrate a
specific referent into the interaction and
share interest about it. In declarative
situations, infants therefore expect more than
just the other’'s attention and a display of
interest toward them, contrasting with the
instrumental view of pointing (e.g., Moore &
Corkum, 1994). Experimental studies have
highlighted the complexity of the social and
cognitive skills involved in the production of
declarative gestures (e.g., Liszkowski, 2005).
For example, it has been shown that the
ability to use declarative pointing is linked to
the understanding of the other person’s
intentions, whereas this relation is not
observed for imperative gestures (Camaioni
et al., 2004).

However, the distinction between rich
and lean interpretations of pointing gestures,
depending on their functions, has been
guestioned by several researchers, who have
proposed other alternatives. Leavens (2009)
disproves the strict distinction between

imperative and declarative pointing, arguing
that every pointing gesture serves an
instrumental function, at least in the early
stages. According to him, infants seek to
elicit specific affective behaviors from their
caregivers rather than to share interest with
adults about a referent. Consequently,
declarative pointing would not demand
higher cognitive abilities than imperative
pointing. Moore and D’Entremont (2001)
also argue that early declarative pointing is
motivated  egocentrically,  representing
attempts to receive a positive reaction to the
self from the adult. The main evidence for
this interpretation is that 12-month-olds
point to events that the adult is already
looking at. However, as previously exposed,
these findings can be interpreted differently,
children’s intention being likely to elicit a
reaction from the adult indicative of shared
attention and interest (Liszkowski et al.,
2004).

In the same vein, and though these
statements still need further experimental
investigations to be considered as clear
empirical evidence, Southgate, van Maanen,
and Csibra (2007) regard the pointing
gesture as an interrogative act in all contexts:
children point in order to obtain information
about an object or event. Pointing would not
imply a cooperative motive -sharing interest
or helping another person would not be an
end in itself-, but rather a selfish need to
learn about the environment. It has also been
suggested that declarative pointing reflects
the child’s interest in the referent (the object
or event being pointed at), without
necessarily implying any involvement with
the adult (Colonnesi et al., 2008).

Moreover, according to Tomasello,
Carpenter, and  Liszkowski  (2007),
imperative motives form a continuum from
ordering to suggesting. In the former, the
adult is understood to be a causal agent from
whom the child can obtain what he/she
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wants, whereas the motive involved in the
latter is less individualistic and more

cooperative: the adult is regarded as an
intentional agent who can decide whether or
not to help the child.

Cochet and Vauclair (2010-b) have
suggested that declarative expressive
pointing may play an intermediate role in the
development of communicative skills. They
compared toddlers’ communicative
behaviors (pointing gestures, hand shapes,
gaze patterns and accompanying
vocalizations) in imperative, informative and
expressive situations (Tomasello et al.,
2007). Results revealed an opposition
between imperative and declarative (both
expressive and informative) gestures in
relation to accompanying vocalizations—the
latter were more frequent in the declarative
situation than in the imperative one—, and
also regarding hand shape, in that declarative
gestures were mostly characterized by index-
finger pointing, whereas imperative gestures
were more frequently produced with the
whole hand (see following section).
However, their findings also highlighted a
difference between informative pointing and
the two other types of gestures with regard to
hand preference (see the section concerning
manual preference) and gaze pattern. Gaze
alternation was more frequently coordinated
with pointing in the informative situation,
indicating that children were more likely to
monitor the adult’s attention to the external
referent in this cooperative context.
Declarative  expressive  pointing was
therefore closer to imperative pointing,
regarding visual behavior and hand
preference, but closer to declarative
informative pointing, regarding vocalizations
and hand shapes, hence the hypothesis that
expressive pointing represents an
intermediate stage between imperative and
informative communication (Cochet &
Vauclair, 2010-b).

To briefly summarize, the distinction
between imperative and declarative functions
on the basis of cognitive differences is
increasingly being called into question. It
seems rather that various parameters come
into the picture, including affective factors.
Interestingly, we may also have to look again
at the assumption of a causal relation
between the development of cognitive skills
and the production of pointing gestures, in
favor of the hypothesis of mutual influence
over development. Nonetheless, the
psychological abilities that pointing may or
may not reflect constitute a tricky issue for
researchers. Hypothetical mental processes

have to be inferred from behavioral
measures, as the cognitive processing
involved in the production of pointing

gestures cannot be directly measured. On the
basis of these behavioral measures, we
believe that there are at the very least
motivational differences between imperative,

declarative expressive and declarative

informative pointing gestures.

Different hand shapes for pointing

Pointing gesture has traditionally
referred to its canonical form: extended
index finger and all other fingers tightly

retracted (e.g., Blake, O’'Rourke, &
Borzellino, 1994; Butterworth, Franco,
McKenzie, Graupner, & Todd, 2002;

O’Neill, Bard, Linnell, & Fluck, 2005) and
though index-finger pointing is the most
commonly observed morphology,
comparative investigations of pointing
gestures have revealed cultural variations in
hand shapes and in the degree of orientation
of the forearm (prone versus supine
position). Forms encountered in some
cultures are very rarely produced by English
speakers, for example when the middle
finger, not the index finger, is pointed
toward a target (Wilkins, 2003). This is the
reason why the narrow definition of pointing
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is usually replaced by a broader one that
includes different hand shapes (e.g., Brooks
& Meltzoff, 2008; Gullberg, de Bot, &
Volterra, 2008; Krause & Fouts, 1997). Few
studies have focused on the forms of
pointing, but researchers mostly
distinguished between whole-hand and
index-finger pointing (Cochet & Vauclair,
2010-a, 2010-b; Leavens & Hokpins, 1999).
The term *“whole-hand pointing” was
initially used in studies with nonhuman
primates, as the latter rarely produce index-
finger gestures. In human children, too, at
least until the age of three years, the
extension of the index finger does not seem
to be a key feature of the pointing gesture. A
study comparing the efficacy of various
forms of pointing in an object-choice task
(Lakatos, Soproni, Déka, & Miklési, 2009)
showed that two-year-old children relied on
the direction of the protruding body part,
rather than on the direction of the index
finger, to find a hidden toy. Three-year-old
children, however, understood the meaning
of the index finger and were also able to
generalize from familiar pointing gestures to
unfamiliar ones (e.g., pointing with the
knee).

In addition to the cultural differences
previously exposed, it seems that hand
shapes are influenced by discourse context.
Thus, on the basis of recordings made in
natural situations, Kendon and Versante
(2003) identified instances of pointing
produced by Neapolitans, in order to
investigate whether hand shapes differed
according to the communicative context.
These authors observed that conventional
index-finger pointing (palm-down position)
was more likely to be produced when the
gesture was semantically important to the
ongoing discourse, Wwhereas pointing
gestures with all the fingers extended seemed
to convey the notion of nonsingularity or
nonindividuation. Moreover, pointing can be
performed with different parts of the body,

such as the hand, the mouth or the eyes,
depending, for example, on the visibility of
the referent or the formality of the context
(Wilkins, 2003).

The morphology of pointing gestures
thus appears to be influenced by cultural and
contextual factors and it is reasonable to
assume that the use of one particular hand
shape rather than another involves some
degree of social transmission. This
hypothesis is supported by the difference
observed in the morphology of pointing
gestures between sighted and blind toddlers.
Sighted children have been reported to use
index-finger pointings most frequently and
whole-hand pointings rarely, whereas blind
children, who have not been confronted with
the model of index-finger pointing, produced
a vast majority of whole-hand pointings
(Iverson, Tencer, Lany, & Goldin-Meadow,
2000).

Moreover, the distinction between
different functions of pointing gestures has
revealed an age-related increase in index-
finger pointing at the expense of whole-hand
pointing for declarative gestures, but not for
imperative ones (Cochet & Vauclair, 2010-
b). In an imperative situation, children kept
on using whole-hand pointing, even though
they were able to produce index-finger
pointing, indicating that the distinction
between hand shapes in infancy may depend
on the context of use, as in adulthood,
although the functions of the pointing
gestures produced by children and adults
remain different.

Origins of pointing gestures

The different functions and physical
features of pointing gestures have theoretical
implications regarding their origins, both at
the ontogenetic and phylogenetic levels. In
imperative pointing, the child uses the adult
as a means of obtaining a desired object
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(e.g., Bates et al, 1975). The key
determinant of this gesture is the inability to
obtain the object by oneself, whether
because of immature motor abilities in the
case of human infants or because of captivity
conditions in the case of nonhuman primates
(Bard, 1990; Leavens, Hopkins, & Bard,
1996, 2005). Imperative pointing is thus
rather self-centered and related mostly to the
action of reaching toward an object.
Consequently, and though there might be
some alternatives to this hypothesis (see
Carpendale & Lewis, 2006), it has been

suggested that this gesture gains a
communicative motive through social
scaffolding, in a process known as

ontogenetic ritualizatio{Tomasello & Call,
1997). This process enables a manual action
to become progressively ritualized into a
social and communicative gesture, on the
basis of the adult’s reactions to this specific
action. Vygotsky (1988) had previously
argued that all pointing gestures develop out
of failed reaching, and though consistent
with the imperative function of pointing, this
hypothesis does not seem well-grounded
with regard to declarative pointing.

It has been suggested that declarative
gestures may be learned through social
imitation during children’s development,
rather than being ritualized from reaching
actions (Cochet & Vauclair, 2010-a, 2010-b).
This hypothesis is supported by studies of
nonhuman primates, as the production of
declarative pointing has only been observed
in chimpanzees that have experienced close
relationships with humans (Leavens, 2009),
and that were thus given the opportunity to
imitate humans’ communicative behaviors.
However, further empirical investigations in
human infants are needed to confirm the role
of imitative abilities in the development of
declarative pointing.

As there is no direct evidence of the
learning processes through which the

different kinds of pointing are acquired,
researchers mostly have to base their
arguments on behavioral cues. For example,
the difference in hand shapes between
imperative and declarative gestures supports
the hypothesis of different origins for these
pointing gestures. Imperative pointing is
mostly characterized by whole-hand gestures
whereas declarative pointing is more
frequently produced with an extended index
finger (Cochet & Vauclair, 2010-b).
Moreover, these authors have found that the
form of imperative gestures remains
unchanged between 15 and 30 months of
age, highlighting the close relationship
between the structural characteristics of
reaching actions and imperative pointing,
even once children are able to produce
index-finger pointing.

The different origins of imperative
and declarative pointing gestures may also
be reflected in different degrees of
relationship with language development, as
set out in the following section.

Relations with language development

Various studies have shown that
gestures and speech are closely related in
humans (Bates & Dick, 2002; Iverson &
Thelen, 1999). This interconnection can be
observed in people’s natural conversation, as
gestures frequently accompany discourse
(Goldin-Meadow, 2003; McNeill, 1992).
These co-speech gestures lend rhythm,
emphasize speech and sometimes serve an
iconic function, and although they have no
direct linguistic function, they make the
speaker's message easier to understand. A
study using event-related potentials yielded
neural evidence that both modalities are
simultaneously integrated by the brain in
order to understand an utterance (Ozyiirek,
Willems, Kita, & Hagoort, 2007). Moreover,
functional brain imaging studies have
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revealed that symbolic gestures and spoken
words are processed by a common network
of inferior frontal and posterior temporal
regions of the left hemisphere (Xu, Gannon,
Emmorey, Smith, & Braun, 2009) and that
sign language activates Broca’s area in the
left hemisphere (e.g., Corina, San Jose-
Robertson, Guillemin, High, & Braun, 2003;
Emmorey, Mehta, & Grabowski, 2007).

These results suggest that these areas, rather

than being restricted to speech processing,
have a modality-independent role in linking
meaning with symbols.

The dynamic interplay between speech
and gestures can be observed from the early
stages of development onward. For instance,
a study revealed that the emergence of
babbling at around seven months of age is
accompanied by an increase in repetitive
right-handed activity (Locke, Bekken
McMinn-Larson, & Wein, 1995). More
generally, gestural communication, notably
pointing, provides a foundation for verbal
communication, both  predicting and
facilitating the acquisition of language (e.qg.,
Capirci & Volterra, 2008; Pizzuto &
Capobianco, 2005; Rowe & Goldin-
Meadow, 2009; Rowe, Ozcaliskan, &
Goldin-Meadow, 2008). The ability to
combine two ideas in a single utterance first
manifests itself in gesture-word
combinations and the latter are thought to
reflect a transitional stage in development, in
that the age of onset of supplementary
gesture-word combinations is correlated with
that of two-word combinations (Ozggdan
& Goldin-Meadow, 2005).

Recent findings suggest that the
facilitative role of gestures in language
acquisition may concern declarative but not
imperative gestures. According to Camaioni
and colleagues (2004), the use of declarative
pointing is linked to the understanding of
adults’ intentions and is associated with the
development of theory of mind abilities.

These abilities are necessary for the
emergence of speech, making declarative
pointing gestures likely prerequisites for the
development of human language. Other
researchers also argue that some features of
human language, namely social cognition
and cooperation, are already reflected in
toddlers’ declarative pointing (Liszkowski et
al., 2004; Liszkowski, Carpenter, Striano, &
Tomasello, 2006; Liszkowski, Carpenter, &
Tomasello, 2008). Moreover, when Cochet
and Vauclair (2010-a) recorded pointing
gestures  produced by toddlers in
spontaneous interactions at a daycare center,
they found that declarative gestures were
more frequently accompanied by
vocalizations than imperative gestures were
(Cochet & Vauclair, 2010-a), suggesting that
these two types of pointing have different
relationships with the vocal system.

In order to further investigate the links
between gestures and the emergence of
language, the second section of this review is
devoted to the development of manual
asymmetries.

Handedness and language development

Identifying lateralized patterns of
communicative gestures is an indirect means
of studying hemispheric lateralization for the
control of these gestures (Kimura, 1973-a,
1973-b). Asymmetry in favor of the right or
left hand suggests the functional dominance
of the contralateral cerebral hemisphere, and
given the left-hemispheric specialization for
language functions observed in the majority
of humans (Knecht et al., 2000), studying the
asymmetries associated with  gestural
communication may allow researchers to
bring a new perspective on the relationship
between gestures and language.

Studies investigating handedness have
traditionally focused on manipulative
actions, possibly because the notion of hand
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preference is so salient when talking about
object manipulation. There are indeed many
occasions in daily life when we can observe
asymmetrical manipulation in the use of
tools, whereas laterality for communicative
gestures is less perceptible. People usually
notice when the person next to them is
writing with his/her left hand, but they rarely
pay attention to the hand used by somebody
pointing toward an object or event of
interest. Laterality for communicative
gestures is also more difficult to assess than
handedness for manipulative actions, which
is mostly measured through hand preference
guestionnaires. For these reasons,
handedness in gestural communication has
tended to be disregarded. However, in recent
years, interest in the development of
communicative  gestures has  grown
considerably. Researchers have then started
investigating asymmetries in the production
of these gestures, especially at the time of
language emergence.

Manual preference for pointing gestures

Several studies have reported a right-
hand bias for pointing gestures in infants and
toddlers (Bates, O’Connell, Vaid, Sledge, &
Oakes, 1986; Blake, O'Rourke, &
Borzellino, 1994, Cochet & Vauclair, 2010-
a, 2010-b; Young, Lock, & Service, 1985).
Although the spatial location of the referent
influences hand choice for pointing, children
are more likely to point to locations within
their left visual field with their right hand
than to locations in their right visual field
with their left hand (Butterworth et al., 2002;
Esseily, Jacquet, &Fagard, in press).
Asymmetries in favor of the left hemisphere
also apply to theperception of pointing
gestures. It has been shown that pointing is
understood significantly earlier for targets in
the infant’s right visual field than for ones in
the left visual field (e.g., Carpenter et al.,
1998).

In the course of development, the
right-sided asymmetry for pointing gestures
has been found to increase during the child’s
first twelve months of life (Blake et al.,
1994). However, several researchers have
failed to observe any increase in this right-
handed bias between approximately one and
three years of age (Bates et al., 1986; Cochet
& Vauclair, 2010-a, 2010-b). The
development of hand preference for gestures
may vary according to factors other than age.

With this in mind, Vauclair and
Cochet (submitted) set out to investigate the
relationship between handedness for pointing
gestures and lateralization for language.
They measured hand preference for pointing
in 46 toddlers aged 12-30 months and
assessed their language level on the revised
Brunet-Lézine scale (Josse, 1997), which
allowed them to calculate a developmental
quotient for language. Pointing gestures were
found to be more right-handed in children
with a high developmental quotient, namely
in children who seemed to have higher
learning abilities, compared to children with
average language quotients. Event-related
potential studies have previously reported a
relation between increasing level of speech
abilities and increasing involvement of the
left cerebral hemisphere (Mills, Coffey-
Corina, & Neville, 1993). According to
Vauclair and Cochet (submitted), the fact
that the latter is associated with a stronger
right-handed bias for pointing gestures
suggests the existence of a bimodal system
in the left cerebral hemisphere, controlling
both gestural and vocal communication.

Manipulative activities versus
gestures

pointing

Research on right-handedness and
language, as stated above, initially focused
on manipulative actions. It found that 96% of
right-handers and 70% of left-handers had
left-hemispheric control for speech (Knecht
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et al., 2000), indicating that the relationship
between handedness for manipulation and
speech is, at best, indirect. In order to find
out whether hand preference for pointing
gestures is a better marker of hemispheric
lateralization for language, we need to know
the proportion of right-handed people for
pointing gestures who present left-
hemisphere specialization for language, and
in turn, the proportion of left-handed people
who are right-hemisphere dominant. Studies
by Kimura (1973-a, 1973-b) have come
closer to this issue, revealing a significant
relationship between the cerebral dominance
for speech (assessed with a dichotic listening
task) and manual asymmetry. However, they
focused on free movements that accompany
speech, letting the question regarding
intentionally produced pointing gestures still
unanswered.

A more workable solution for
investigating the relationship between the
cerebral control of speech and pointing
gesture is to compare patterns of manual
preference between pointing gestures and
manipulative activities. Researchers have
reported a stronger degree of manual
asymmetry for pointing gestures than for
object manipulation (Bates et al., 1986;
Cochet & Vauclair, 2010-b; Vauclair &
Imbault, 2009). Moreover, in the study by
Vauclair and Imbault (2009) with 123 infants
and toddlers aged 10-40 months, a large
proportion of the children who were left-
handed or ambidextrous for object
manipulation pointed with their right hand,
whereas very few right-handers shifted to the
left hand for pointing. The stronger
involvement of the left hemisphere for
pointing gestures supports the view that
speech and gestures form an interconnected
system, distinct from the system that is
involved in purely motor activities. In
nonhuman primates, communicative
behaviors also show a stronger degree of
population-level  right-handedness than

manipulative actions (e.g., Hopkins et al.,
2005; Meguerditchian & Vauclair, 2009;
Meguerditchian, Vauclair, & Hopkins,
2010), which can be interpreted within an
evolutionary framework about the origin of
speech. The greater activation of the left
hemisphere for communicative gestures in
our closest cousins suggests that this left-
lateralized gestural-vocal system may have a
deep phylogenetic origin (Corballis, 2010;
Meguerditchian, Vauclair & Hopkins, 2010).

The distinction between the different
functions of pointing has yielded some
interesting results regarding hand preference
patterns. In an experimental study, three
situations in day nurseries were designed to
elicit imperative, declarative expressive and
declarative informative pointing gestures
(see above, page 130) in 48 toddlers (Cochet
& Vauclair, 2010-b). A unimanual reaching
task was also administered. The difference in
the degree of manual preference between
manipulative actions and pointing gestures
was found to be strongest for informative
pointing. The latter is produced to provide
the adult with information he or she needs
about a referent and may thus involve
cooperation abilities (Tomasello et al.,
2007). This result suggests that the
development of cooperation, notably through
the production of informative pointing, may
play a role in the cerebral lateralization of
human communicative behaviors. Bullinger,
Zimmermann, Kaminski, and Tomasello
(2010) have emphasized the especially
cooperative nature of human
communication, comparing the production of
pointing gesture between chimpanzees and
human infants. They observed that the
chimpanzees pointed only when it was to
their ultimate benefit, whereas 25 month-old
infants pointed no matter who benefited. The
authors have thus suggested that the
informative motive, both at the ontogenetic
and phylogenetic levels, may play and have
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played an important role in the emergence of
linguistic communication.

To summarize the question of
handedness, Figure 1 presents the results of
four studies carried out in our laboratory,
illustrating the need to distinguish (1)
between manipulative activities and pointing
gestures, and (2) between the different
functions of pointing. This figure also
emphasizes that research on the relationship
between handedness and language
development is made more difficult by
methodological differences between studies.
Gestures can include different
communicative  functions and  hand
preference can be assessed in either
naturalistic or experimental situations.
Regarding manipulation, handedness can be
measured either through self-reported
guestionnaires or through direct observation

Object
manipulation

Imperative
pointing

Expressive
pointing

Informative
pointing

Pointing (all

of hand use, and using either unimanual or
bimanual tasks. These different measures
may lead to different patterns of handedness
being recorded, as the degree of hand
preference has been shown to vary according
to task complexity (Fagard & Marks, 2000).
Finally, handedness indices are not
consistently used -some researchers only
consider the total numbers of right- and left-
handed gestures that are produced- and the
distinction between right- and left-handers is
not always based on the same criteria across
studies. While some researchers defineaan
priori hand preference threshold, without
any statistical criterion (e.g., participants are
categorized as right-handed if the
handedness index is above 0.5), others rely
on statistical tests to classify individuals as
right- or left-handed (see Hopkins, 1999).

types)

0.7 0.8

MHI

Experiment in daycare center, N=48, 15-30 m (Co&heauclair, 2010-b)
[ Observation in daycare center, N=26, 12-38 m (Cto&héauclair, 2010-a)

B Experiment at home, N=46, 12-30 m (Vauclair & Cdgchabmitted)
B Experiment in daycare center, N=123, 10-40 m (Maué& Imbault, 2009)

Figure 1. Mean handedness indices (MHI) associated with dlbf@mipulation and pointing gestures
in different studies. Handedness index traditignadiries from -1 to 1. The positive sign here ee
right-hand preference and the absolute valuesttbegth of hand preference.
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Manipulative activities, pointing gestures
and language

Pointing gestures and manipulative
activities present different patterns of hand
preference, but a right-handed bias is
observed for both activities. Gestural
communication and object manipulation are
therefore both lateralized to the left cerebral
hemisphere, albeit to different degrees. The
control of actions, gestures and language
may thus involve complex, intertwined
networks, rather  than independent
development. From the motor theory of
speech perception (Liberman, Cooper,
Shankweiler, & Studdert-Kennedy, 1967) to
the more recent discovery of the mirror
neuron system (Di Pellegrino, Fadiga,
Fogassi, Gallese, & Rizzolatti, 1992), the
relationship between motor control and
language has long been the focus of research.

The contiguous representations of
hand and mouth in the cerebral cortex
constituted one of the first arguments
supporting the role of the motor system in
the emergence of speech. More recently,
researchers described seven stages in the
evolution of language, emphasizing the key
role of the motor system (Roy & Arbib,
2005). For these authors, articulated
language evolved from grasping movements.
These praxic movements then became
adapted for communicative purposes and,
with the parallel development of the vocal
apparatus, protospeech emerged and
gradually coevolved with protosign, leading
to the emergence of the final stage: speech.
In support of this scenario, Gonzales and
Goodale (2009) demonstrated a positive

correlation in adults between hand
preference for precision grasping and
language lateralization (measured by a

dichotic listening test). However, the
correlation they observed was moderate,
which may imply that other processes come
into play.

Moreover, if pointing gestures and
speech do indeed originate from object
manipulation, then how can we explain the
different patterns of handedness observed
between pointing gestures and manipulative
actions (Bates et al., 1986; Vauclair &
Imbault, 2009)? A longitudinal study
investigating the relationship between
language, manipulative actions and pointing
gestures in 25 toddlers may go some way
toward answering this question (Cochet,
Jover, & Vauclair, submitted). Participants
were observed once a month in day nurseries
over a five-month period. Handedness was
measured both with manipulative tasks and
communicative tasks, including imperative
and declarative pointing, and language level
was assessed through a parental
guestionnaire. Measures of handedness for
declarative pointing gestures were not
correlated with those of handedness for
manipulation, but the results revealed a
significant  correlation  between hand
preference for imperative pointing gestures
and manipulative activities prior to the
vocabulary spurt. Once the latter had
occurred, this correlation became
nonsignificant. This study illustrates the
complex relationship between handedness
and language development and underscores
the need to take the different functions of
pointing gestures into account.

Another study showed that handedness
for manipulative actions significantly
correlated with handedness for pointing
gestures between 18 and 20 months and
between 29 and 32 months, whereas
correlations were not significant in the
interim (Vauclair & Imbault, 2009).
According to the authors, these two key
phases, corresponding to the onset of the
vocabulary spurt and the improvement in
syntax, generate a specific cognitive load in
the left hemisphere. The development of
handedness in relation to language
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acquisition therefore seems to involve
complex interactions between manipulation
and communication, but it is difficult to
interpret these findings further, especially as
language level was not directly measured in
this study.

Pointing gestures and manipulative
actions may share several properties that
would explain the close interconnection in
the brain between the control of manual
action and language processing (e.g.,
Gentilucci & Dalla Volta, 2007; Willems &
Hagoort, 2007). Both activities involve
visuomotor control and the understanding of
behaviors as being connected to targets
through attention. Furthermore, it has been
suggested that the lateralization of
visuomotor control to the left hemisphere
precedes the emergence of left specialization
for praxis and language (Gonzales &
Goodale, 2009). Moreover, manipulative and
communicative activites may be both
associated, albeit to different extents, with
the development of an intentional and
representational system that is also required
for the control of articulate speech. Kendon
(2009) for example argued that the
emergence of language has been made
possible through the transformation of praxic
activity into “communicative actions”,
pointing and pantomiming. In this regard, the
representational properties of the mirror
neuron system may play a major role. These
neurons, first discovered through single cell
recordings in the ventral premotor cortex
(area F5) of macaques (Rizzolatti, Fadiga,
Gallese, & Fogassi, 1996), which fire during
both the execution and the observation of
actions, have been assigned a role in
understanding others’ intentional actions.
Furthermore, it has been suggested that the

role of the mirror neuron system evolved
from the understanding of transitive actions
to the understanding of intentional
communication in humans (e.g., Capirci &
Volterra, 2008). The mirror system may thus
be the ideal neural substrate for the
emergence of theory of mind and language
(e.g., Fadiga & Craighero, 2007; Gentilucci
& Dalla Volta, 2008; Rizzolatti & Arbib,
1998).

Conclusion

The different studies described in this
review highlight the role played by gestural
communication, especially pointing gestures,
in the control of intentional and referential
communication. We present a number of
arguments, some drawn from our own
studies, in favor of the notion that pointing
gestures are part of a broader and
multimodal communicative system. We go
on to demonstrate the relevance of studying
hand preference for pointing gestures in
order to fully investigate the development of
communicative behaviors and improve
current understanding of the nature of
speech—gesture links. One consequence
arising from this perspective is the need to
distinguish between object manipulation and
pointing gestures, as the degree of
handedness may differ between these two
activities. Lastly, we point out the complex
relationship between actions, gestures and
language in the course of development and
emphasize that studies of pointing gestures

should take several dimensions (e.g.,
functions, hand shapes, accompanying
vocalizations) into account in order to

pinpoint these multifaceted interconnections.
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Chapter 2

Conclusion

There is general agreement that the productiorowiting gestures is closely linked to
the development of linguistic abilities. As showg & meta-analysis of the relationship
between pointing gestures and language developf@oibnnesi et al., 2010), children’s
early gesture use not only precedes, but also ibotes to speech acquisition through both
direct and indirect mechanisms (see Chapter 1).ddew some studies did not reveal any
significant relationship between pointing gestuaesl language abilities (e.g., Bates et al.,
1986; Colonnesi et al., 2008), suggesting that steatires may moderate this relationship.
Some of these features may relate to different comcative contexts, according to which
characteristics of pointing gestures are likelyw#oy. Therefore, in order to identify these
moderating features, we need to investigate thdrgute production of pointing gestures in

children. Such an investigation requires that tle¢hmds used be clearly definagbriori.
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Chapter 3

To investigate the relationship between gesturanmanication and language
development, cross-sectional and longitudinal swdiave been conducted with toddlers and
adults, involving both observations and experimeintsdifferent settings.This chapter
provides an overview of the participants who toakt jin the different studies presented in the

following chapters, as well as a description of phecedures and measures that were used.

3.1. Child studies
3.1.1. Participants

Children were recruited from the surrounding ardth the help of paediatricians and
day-care centers personnel. Parents were inforinewt ahe goals of the different studies and
their written consent was granted before the oladgienv of the children. French was the native
language of all participants. Children were obsérwvetheir second and third year of life, a
developmental period during which communicativetges are broadly used and speech
experiences a remarkable development. This ages ridng appeared as the most appropriate
period to describe developmental changes in comeatine behaviors. The exact age ranges

as well as the number of participants in each studydisplayed in Table 1.

Table 1. Summary of the number and age of participantlerdifferent child studies.

Study ;I)\IaL:':iT:;ki)s;r?tfs Age range
Article Il 26 11.5 - 37.8 months
Article I 48 14.6 - 31 months
Article IV 8 15 - 25 months
Article V 25 13 - 21 months
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3.1.2. Description of the different procedures

Different methods of data collection were used,luding first observation in a
naturalistic context (article Il). Spontaneous gasy of young children was observed in a
day-care center, in a natural context of interagtivith adults and other children. The main
objective was to provide an overview of pointingairsample covering a wide age range, by
taking into account several features such as theramicative function of the gestures, hand
shape and hand preference.

Second, experimental studies were carried out udysthe different functions of
pointing gestures (article 1lI) and investigate teationship between the production of
pointing and language level (article IV and V). @dions of experiments were thus pre-
arranged, including the objects and toys usedrgstteeferents of pointing, the prompts given
to the children, the reactions of the experimemted the number and duration of trials.
Experimental designs therefore allowed us to gantrol over the eliciting context and
facilitated the data collection related to handgmences, since we could control for the effect
of positional bias on hand use (i.e., we controtleslrespective positions of the experimenter
and of the different targets with regard to thdd)hiMoreover, experimental studies allowed
us to assess children’s language level using alatdized scale (the revised Brunet-Lézine
scale, see below), which required being adminidtare consistent manner across children.

It is important to note that both observational argderimental studies were conducted
in natural settings, namely in places that wereilfanto the children, either in their day-care
center or at home. We thus intended to overcomeotee-reliance on artificial laboratory
contexts in studies of children’s communicativedabrs. In addition, in each study, children
were allowed to familiarize themselves with the eimenter and become accustomed to the

situations during “warm-up” periods that precedesel data collection.
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In day-care centers, children were observed iraiswl in a separate room, or when
this was not possible, in the main room but apanfthe other children. As for studies
conducted at the children’s home, children wer¢etesn the room where they were most
used to play, either in the child’s bedroom orha tiving-room. Mothers were present during
the entire session but they were instructed noinitate interactions with their child,
especially for the language test, and not to powiard the different targets during testing in
order not to influence the child’s responses. Videcordings were made in each study to
assess interobserver reliability.

The present work included two longitudinal studieaducted over periods of five and
ten months, and two cross-sectional studies. Iitsielongitudinal study (article 1V), carried
out at home, children were tested on six succesgigasions at bimonthly intervals between
15 and 25 months of age. In the second longitudinaly (article V), carried out in day-care
centers, children were tested at monthly intenaadsfive successive occasions, during the
second year of life. In the latter study, all tletipants did not start the testing at the same
age, due to some difficulties in recruiting a suéfint number of participants. Children were
thus between 13 and 17 months of age at the Bsstien. Cross-sectional studies allowed us
to collect data from larger samples. Table 2 sunmearthe different methods, settings and

designs used in each study.

Table 2. Summary of the different procedures used in cétildiies.

Study Method Setting Design
Article Il observation  day-care center  cross-sewtio
Article I experiment  day-care centers  cross-sewl
Article IV experiment home longitudinal
Article V experiment  day-care centers longitudinal

47



Chapter 3

3.2. Adult study

The last study that will be presented (article MNolved adult participants, recruited
among students of the University of Provence owolantary basis. The purpose of this study
was to elicit pointing gestures and bimanual maafpte activities in natural and plausible
contexts, in order to compare the degree of haafémnce between these different activities.
Participants were tested individually in an expemtal room of the university and were
contacted again by e-mail at the end of all theegrpents so that we could collect additional

measures of hand preference through a self-repqttestionnaire.

3.3. Description of the different measures
3.3.1. Language level

Language level was assessed with two differerguage tests, each having their own
drawbacks and advantages. First, in a longitudinady (article V), parents were asked to fill
in a questionnaire based on the French adaptati@rn( 2003) of the MacArthur
Communicative Development Inventories (MCDI; Fensasinal.,, 1993). Parents had to
indicate the words their child was able to produdthin a list of 691 words, split into 22
categories (see Appendix 1). The language scoresmonded to the total number of words
the children had in their vocabulary, which allowed to determine when children’s
productive vocabulary reached 50 words, a stagentdmbeen associated with the onset of the
vocabulary spurt (e.g., Goldfield & Reznick, 199azzi & Bertoncini, 2003, and see
Chapter 5). Although the original MacArthur testcludes both comprehension and
production scales, only production was taken imtosaderation in the proposed questionnaire,
for several reasons. First, we assumed that thesss®ent of word production might be less
subject to parental subjectivity than the assessofemord comprehension, as the latter relies

on indirect indices (e.g., the child’s behaviomégtion to a specific question or instruction).
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Moreover, completing the production scale requsenhe time and patience from the parents,
especially as they were asked to fill in the questaire every month, and adding a
comprehension scale may have been too demanding.

The second language test used to measure chédrdamguage level was the
“language” sub-test of the French Brunet-Lézindes¢h965), revised by Josse (1997). This
scale, designed for infants and toddlers betweean@® 30 months of age, assessed both
language comprehension and production through aktasks involving familiar objects and
pictures (see Appendix 2). Depending on their ageldren either have to indicate the
location of the object or picture designated byekperimenter, among several ones, or they
directly named them. Other items are based on taresports, but most of the time, the
experimenter also had the opportunity to obsereetdinget behavior during the session (for
example, items assessed the child’s ability to pcedwo-word utterances). Parental reports
were thus mainly used to corroborate the experierentobservations. A raw score is
obtained, from which it is possible to infer a deyenental age for language via the available
French norms. Dividing the developmental age by tieonological age vyields a
developmental quotient for language. This testpubh direct observation of children’s
responses in standardized tasks, may provide alggective measure of language level than
the use of parental questionnaire. However, theesgbtained does not enable the distinction

between language comprehension and productiorpetareen lexical and syntactic skills.

3.3.2. Hand preferences
Examining hand preferences requires several precsuso that the measures carried
out reflect effective manual asymmetry inhereneach person, rather than the influence of
external factors such as the individual’'s posture #he position of the different objects and

referents in space. First, in order to avoid p@dtbrases, data on hand preferences for both
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communicative gestures and manipulative actionsevesly recorded when children were
seated in a symmetrical position, with both hanusaily free. Second, the objects and
stimuli used in the experimental studies were pws#d on the child’s sagittal midline in
order to cancel out the effect of target locatieng( Butterworth, Franco, McKenzie,
Graupner, & Todd, 2002) and the experimenter wagesgen front of the participants. In the
observational study, data were only collected witenreferents were positioned centrally in
front of the children.

In each study, hand preference was assessed fdiftent tasks using an individual
handedness index score (HI), calculated with tme@ita R — L) / (R + L), whereR andL
stood for the total right- and left-hand respon3é® HI values lay along a continuum from
—1 to 1, with the sign indicating the directionlaind preference (a positive sign reflecting
right-hand preference) and the absolute value (AbsHaracterizing the strength of hand
preference. The number of observations used toureasind preference is usually limited in
studies with infants and toddlers, as it is obvipudifficult to maintain their attention and
interest over a long period of time, in particuwanen several tasks are administered. For
example, researchers investigating hand prefer@mctoddlers administered 5 trials in
different pointing tasks (e.g., Vauclair & Imbau2009) and classified children as left-
handed, right-handed or non-lateralized in différeranipulation tasks on the basis of 2
responses (Fagard & Marks, 2000). In the present,wee chose not to calculate handedness
indexes when children produced only 1 response ¢rdy 1 gesture or only 1 manipulative
action) and we ensured that handedness scoresafuputative actions and pointing gestures
were based on a comparable number of responsdlswoaavalid comparison between these
different activities. Moreover, mean handednes®xed were used to characterize hand

preference within groups of participants.
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In addition to handedness indexes, which are wideded in studieson hand
preferencewith human children and nonhuman primafesg., Chapelain, Bec, & Blois-
Heulin, 2006; Esseily et al., 2011; Vauclair & Inoita 2009) we also reported in some
studies (article IV and VIthe number of left-handers, right-handers and dextrous (or
non-lateralized) individuals in the different task$is categorization, based on a statistical
analysis of the number of left- and right-hand oeses, provided additional information to
compare communicative gestures and manipulativevitees, allowing us to determine

whether the classification of participamtas consistent across the different tasks.

3.3.3. Communicative gestures

In the present work, communicative gestures, reghi@s such provided they were
produced and directed towards a recipient, haven Istedied in different communicative
contexts. Several features associated with theugstamh of gestures were taken into account
in addition to hand preference, including the ageanying vocalizations, gaze behavior and
hand shapes.

It can sometimes be difficult to determine whetllildren’s manual movements
intend to convey a specific message to a commuwecaartner or if they correspond to the
initiation of a non-communicative action, the distion between imperative pointing and
object grasping being the prime example. The bemavimarkers described in Chapter 1 thus
need to be closely investigated to establish thé gemmunicative intention associated with
gestures (see also Meguerditchian, Cochet, & Vauck011l). The informative clues
generally used to distinguish between imperative @eclarative gestures include the adult’s
behavioral reaction to the child’'s gesture andahid’'s behavior following the adult’s first
reaction to his/her point. Depending on the reactb recipients that apparently satisfy the

gesturer, the experimenter can thus determinedalefunction of the gesture produced. For
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example, in declarative pointing tasks, childrerraveot given the toys they had pointed at
and yet, they did not show any signs of dissatigfacindicating that their goal was not to
obtain the toys, but rather to share some interlesut them with the experimenter (see also
Liszkowski et al., 2004). Moreover, the tasks usedxperimental studies are now regarded
as reliable designs for eliciting different funet®of communicative gestures, in particular
imperative (e.g., Liszkowski, Schafer, CarpentefT@masello, 2009), declarative expressive
(e.g., Liszkowski et al., 2004) and declarativeoinfative gestures (e.g., Liszkowski,
Carpenter, Striano, & Tomasello, 2006; see als@dé&t al., 1994).

In some studies (article Il and lll), we recordetiether children’s gestures were
accompanied by vocalizations. The latter consistedny kind of vocal productions (i.e.,
words, pseudo-words or other speech sounds), Wehekception of whining and crying.
Vocalizations were considered to accompany a gestuhey were produced at the precise
moment of the pointing gesture (article 11) or kit a two-second interval (article II).

Children’s gaze direction as they produced a gestwithin a two-second interval)
was also noted in these studies (article Il angd Bk visual orienting behaviors have been
regarded as an indicator of the signaller's commwatiie intention (e.g., Bates et al., 1975),
we aimed to identify the contexts in which gazeeralation between the target and the
communicative partner was most frequently observed.

Lastly, we investigated hand shapes of gesturesigfr the distinction between whole-
hand and index-finger pointing gestures. Whole-hamidting was defined as the extension of
all fingers, without any finger clearly distinct frothe others. Index-finger pointing was
characterized by the extension of the index fingee, other fingers being tightly or more
lightly curled (article Il and Ill). Hand shapes mealso recorded in one of the longitudinal
studies (article V), but these data did not yiatg aignificant results and were therefore not

included in the article.
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Inter-rater reliability, assessed from the videoordings made in each study, was

found to be good to high for these different measur

3.3.4. Manipulative activities

Handedness for manipulative actions was assessed usimanual grasping tasks
(article 111), coordinated bimanual tasks (articlgs V, VI), and/or handedness questionnaire
(article VI). For bimanual tasks, the hand thatypth an active role was considered as the
dominant hand and the one having a role of suppostientation as the non-dominant hand.
This distinction between active and passive roteglie two hands has been widely used in
studies with human infants or nonhuman primatesgk@ample with theéube task, in which
the non-dominant hand grasps a tube while the damhihand picks up the object or food
inserted in it (e.g., Hopkins et al., 2005; Vauc&iimbault, 2009).

As manual asymmetries have been reported to vamyssdifferent manipulative
activities (e.g., Fagard & Lockman, 2005), reseancthand preference should ideally involve
both unimanual and bimanual tasks, but increasiagltration of experiments in studies with
young children often leads to a loss of attentiod aterest from the latter. Therefore, the
choice of the manipulation task was influenced &yesal factors. First, as they may require
more lateralized patterns of manipulation, bimanasks have been regarded as more reliable
and more stable indicators of handedness than muiahgasks, especially when the two
hands play much differentiated roles (Fagard & Ma&000). For example, population-level
right-handedness has been found in nonhuman psniatea bimanual task, but not for a
unimanual reaching task (Vauclair et al., 2005)weweer, it can also be argued that simple
unimanual tasks, such as reach-to-grasp movemaa@gde an interesting comparison with
hand-preference patterns for unimanual communiea®stures such as pointing. This may

be all the more relevant when considering the diffe functions of pointing gestures, as the
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production of imperative pointing has been suggktteoriginate from reaching actions (see
Chapter 2).

Lastly, adult participants were asked to fill irhand preference questionnaire based
on the Edinburgh Handedness Inventory (Oldfield;1)9in addition to performing bimanual
coordinated tasks. This questionnaire, containiBgitéms referring mostly to unimanual
activities (e.g., using a toothbrush), aimed tdemtladditional measures of hand preference
and investigate the relationship between self-tigplomeasures and direct observation of hand

preference.
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4.1. Introduction and aims of article Il

While many of the first studies on speech—gestineslwere based on observations
under naturalistic conditions, mostly at the clelds home (e.g., Bates et al., 1975; Werner &
Kaplan, 1963), current experiments are generallydaoted in laboratory settings to elicit
gestures in different communicative contexts (8gooks & Meltzoff, 2008; Camaioni et al.,
2004; Liszkowski et al., 2009). Although experinargtudies enable researchers to isolate
and control the variables of interest, the use rifi@al situations raises the issue of the
ecological validity of measurements and may thusstjan the strength of conclusions drawn
with regard to infants’ and children’s use of commicative gestures. One of the first
objectives of the present dissertation was theeetor provide a general picture of the
production of pointing gestures in natural settjnjgough spontaneous interactions with
familiar adults and children. Observations, conddcin an environment familiar to the
children (in their day-care center), may constitatgood starting point for identifying the
features of children’s gestural repertoire durieyelopment. Moreover, such an overview of
communicative gestures may help us to establishratipeal questions in an attempt to
investigate speech—gesture relationships.

In sum, the main purpose of the following study wasprovide a description of
pointing gestures produced by young children in aturalistic context, between
approximately 1 and 3 years of age. This descnpinzludes the function of the gestures,

hand shapes, the accompanying vocalizations, vimiavior and hand preference.

4.2. Article Il: Cochet, H., & Vauclair, J. (2010). Features of gpnaous pointing

gestures in toddler&esture, 1(1), 86-107.
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Features of spontaneous pointing gestures in todake

Héléne Cochet & Jacques Vauclair

Center for Research in the Psychology of Cogniti@mguage & Emotion

Aix-Marseille University

Abstract

This study investigated the production of spontasegmointing gestures in 26 toddlers,
who were observed during free play time at dayemrsPointing gestures and their different
features (e.g., handedness, vocalizations, formfamction of gesture) were recorded for a
total observation time of 100 hours. Results reagtahat the vast majority of pointing
gestures were right-handed and accompanied by izatiahs, emphasizing the tight
interconnection between speech and gesture froeady stage of development. Whole-hand
gestures were more frequently used in imperativeeotts, whereas index extensions were
more frequently produced in declarative ones. Meeeothe use of declarative gestures and
index extensions were found to increase with agglitations concerning the origins of
imperative and declarative pointing are discussed.

Keywords: spontaneous pointing gestures, toddlers, handedniesgerative versus

declarative function, index-finger versus whole-th@xtensions, gestural-vocal system.
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Several authors have highlighted the
important role played by gesture in
children’s early development, reporting the
existence of a significant relationship
between communicative gestures produced
around the end of the first year and the
emergence of verbal skills at a later stage
(e.g., Ilverson & Goldin-Meadow, 2005;
Pizzuto & Capobianco, 2005; Rowe &
Goldin-Meadow, 2009; Rowe, Ozcaliskan,

& Goldin-Meadow, 2008; Volterra, Caselli,
Capirci, &  Pizzuto, 2005). The
comprehension and production of

communicative gestures involve cognitive
processes that are essential for the
acquisition of language: children develop
some understanding of others’ mental states
through their ability to direct the attention of
a recipient toward external events or objects
(e.g., Liszkowski, Carpenter, Henning,
Striano, & Tomasello, 2004). These gestures
are even regarded by some authors as a first
step toward the emergence of a theory of
mind (e.0., Camaioni, Perucchini,
Bellagamba, & Colonnesi, 2004). In the
broad range of studies dedicated to the
development of communicative skills,
pointing gestures have been the subject of
particular interest. Studies have focused
either on the above-mentioned relationship
between pointing gestures and language
development (e.g., Butterworth &
Morissette, 1996), or on more global features
associated with these gestures, such as the
preference for the right hand (Bates,
O’Connell, Vaid, Sledge, & Oakes, 1986;
Blake, O’'Rourke, & Borzellino, 1994;
Vauclair & Imbault, 2009; Young, Lock, &
Service, 1985) and different contexts of use
(e.g., Tomasello, Carpenter, & Liszkowski,
2007).

It is generally agreed that pointing is
consistently  accompanied by  other
behavioral expressions, especially
vocalizations, which is regarded as one of

the first signs of the tight coupling between
speech and gesture. Speech—gesture links
have been highlighted at both the behavioral
and anatomical levels (e.g., Bates & Dick,
2002; Gentilucci & Dalla Volta, 2008,
Iverson & Thelen, 1999), leading to the
hypothesis that communicative gestures are
generated by a bimodal communication
system in the left cerebral hemisphere, rather
than by the system responsible for
manipulative actions. This hypothesis
implies greater activation of the left
hemisphere when both modalities are
simultaneously engaged, resulting in a
greater degree of right-handedness.
Investigations of manual activity during
natural conversation in adults have indeed
revealed a right-hand bias when the
participants are speaking, though not when
they are only listening (Kimura, 1973;
Saucier & Elias, 2001). The influence of
vocal behavior on the degree of manual
preference for communicative gestures has
also been demonstrated in nonhuman
primates: Hopkins and Cantero (2003)
observed a greater degree of right-
handedness in chimpanzees when food-
begging gestures were produced along with
vocalizations. The left cerebral hemisphere
may thus be more highly activated when
communicative gestures and vocalizations
are produced simultaneously. One of our
goals in the present study was to directly test
this hypothesis. If the relationship between
language and communicative gestures is
established at a very early stage, we would
expect pointing gestures in toddlers to be
more right-handed when accompanied by
vocalizations than gestures produced on their
own.

In many developmental studies,
pointing is defined as the extension of the
arm and the index finger toward an object,
person or event. However, this definition is
regarded as too restrictive by some authors,
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for whom the essence of pointing lies in its
function, namely the intentional attempt to
direct someone’s attention toward a referent.
Wilkins (2003), for instance, has defined
pointing as the use of some part of the body
to make a deictic gestural reference, whether
it is the hand, the mouth or the eyes. One
definition of pointing gestures adopted by
several authors includes both the index
finger on its own and the full hand with all
fingers extended (Brooks & Meltzoff, 2008;
Gullberg, de Bot, & Volterra, 2008;
Liszkowski, Carpenter, & Tomasello, 2007,
2008). References to “whole-hand pointing”
are more widespread in studies of nonhuman
primates, where the traditional finger
extension is less frequently observed than in
human primates (Leavens, Hopkins, & Bard,
1996; Leavens & Hopkins, 1998).

This broader definition of pointing
gestures brings up the issue of how to
distinguish between pointing and another
communicative gesture, usually referred to
as a “request gesture”. The latter is produced
in order to obtain a desired object and is
generally described as an extension of the
arm toward the object, sometimes with a
repeated opening and closing of the hand
(Capirci, Contaldo, Caselli, & Volterra,
2005; Gullberg et al 2008). The fact that
this repeated hand movement is not
consistently observed for request gestures
raises the question of whether there really is
a difference between pointing toward an
object with the whole hand in order to obtain
that object and a requesting gesture. More
confusing still, “request” is not the only term
used to describe arm extensions toward an
attractive object intended to make the adult
give the child that object. Other terms found
in the literature include “open-handed
reaching” (Masur, 1983), “spread” (Fogel &
Hannan, 1985), “ritualized reaches” (Ilverson
& Goldin-Meadow, 2005) and “reaching”
(Franco & Butterworth, 1996). The use of
the word “reaching” can cause difficulties

because it conveys different meanings: it
primarily refers to the act of prehension
(stretching out to grasp an object within
one’s reach), but can sometimes imply a
communicative function. As stated above,
children produce reaching gestures in order
to obtain an out-of-reach object. Some
authors have made a distinction between
“reaching-in gestures” and “reaching-out
gestures” (Blake et al., 1994). The former,
which are similar to grasping, do not involve
any communicative intention, unlike
reaching-out gestures. In the study by Blake
et al. (1994), the latter were right-handed in
8- and 12-month-old children, whereas
reaching-in gestures were not. They were
also accompanied by vocalizations more
often than reaching-in gestures. These results
emphasize the communicative nature of
“reach-outs”, as well as their equivalence
with request gestures. It would therefore be
helpful for researchers to arrive at an
agreement about the accurate definition of
communicative gestures, first by
disambiguating the use of “reaching
gestures” and then, more generally, by using
the same terms to refer to the same
behaviors.

For this to happen, the functions of
pointing must systematically be taken into
account when studying gestural
communication. Two main functions of
pointing gestures have been described so far
(Bates, Camaioni, & Volterra, 1975;
Camaioni, 1997)imperativepointing is used
by children to formulate a request, whereas
the purpose ofdeclarative pointing is to
share an interest in an object or event with
someone. The latter has recently been
divided into “expressive” and “informative”
declarative pointing (Tomasello et al, 2007).
In the expressive subtype, the child seeks to
share his or her enthusiasm with an adult
about a common referent, while in the
informative subtype, the child points to an
object in order to help the adult, providing
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him/her with the information he/she needs.

Tomasello et al. (2007) regard these gestures
as subtypes of declarative pointing because
they both rely on psychological processes

that go well beyond the conception of the

adult as a causal agent, as opposed to
imperative pointing.

The fact that imperative and
declarative pointing gestures are used in
different contexts and for different purposes
raises the question of their origin. Some
gestures are derived from practical actions
and acquire a communicative function via a
process called “ontogenetic ritualization”
(Tomasello & Call, 1997). An action
gradually becomes ritualized into a
communicative signal through a partner’s
reaction to it. Imperative pointing, which is
regarded as being equivalent to a request
gesture, may originate from simple reaching
actions. This abstraction from object-
directed actions may account for similar
structural characteristics, namely for the use
of the whole hand. By contrast, declarative
pointing gesture, as a means of sharing an
attitude about a common referent with other
individuals, may develop through social
interactions and imitation processes. Several
differences that have been observed between
imperative and declarative pointing support
the hypothesis of different origins for these
gestures. Camaioni et al. (2004) assessed the
understanding of adults’ intentions by infants
at the ages of 12 and 15 months through their
ability to reproduce other people’s intended
acts after observing them fail to perform
these acts. They found that the ability to
understand intentions was linked to the
production of declarative, but not imperative
pointing. Moreover, declarative pointing
emerged later than imperative pointing (e.qg,
Camaioni et al., 2004). A study has also
shown that comment gestures, including
declarative pointing, predict later
communicative competence on the Peabody
Picture Vocabulary Test (Dunn & Dunn,

1981), whereas reach-request gestures
produced at the beginning of the first year
are negatively correlated to language
measures at 3 years (Blake, Vitale, Osborne,
& Olshansky, 2005). Imperative function
thus does not seem to be related to verbal
communication. By contrast, declarative
pointing in toddlers already reflects features
of human language, namely social cognition
and cooperation. As the main language
functions are lateralized in the left cerebral
hemisphere in the vast majority of people,
investigating handedness for imperative and
declarative pointing may shed light on the
potentially different nature of these gestures.
We may then observe different forms and
degrees of right-handedness, depending on
the function and origin of the pointing
gestures. For instance, if imperative pointing
is ritualized from a reaching action, we may
observe more gestures produced with the
whole hand, compared with declarative
pointing. Gestures involving a request
function may also be less right-handed than
declarative ones.

The present study focused on several
features of pointing gestures: handedness,
form, function and the links between
pointing and verbal behavior. Never before
had all these aspects been studied together in
humans, and we believed that recording
observations was an efficient way of doing
so. The aim of our investigation was thus to
provide an overview of the entire range of
forms and functions of pointing gestures
produced by young children using
naturalistic methods, that is through the
observation of their spontaneous
communicative gestures at daycare centers.
Our first hypothesis was that we would find
a right bias for communicative gestures, in
line with several previous studies (e.g., Bates
et al., 1986; Vauclair & Cochet, submitted;
Young et al., 1985). Our second hypothesis
concerned the difference between the right
bias of gestures produced on their own and
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the bias of gestures produced with

vocalizations, the assumption being that the
latter would be stronger than the former.

Finally, we hypothesized that the pattern of

pointing gestures would vary according to

their intended function. We expected to

observe differences in both the handedness
and the form of the gestures, depending on
their imperative or declarative function.

Method
Participants

The participants were 26 children (15
girls and 11 boys), observed at a daycare
center. These children were divided into four
groups which attended the daycare center on
different moments (four different half days),
including two groups of 7 (4 girls and 3
boys) and two groups of 6 (2 girls and 4 boys
for the first one; three girls and three boys
for the other one). Six female nursery staff
members were always present with the
children, interacting with and looking after
them. Children were observed between 5 and
10 separate sessions depending on the group,
over a three-month period. The sessions
were each separated by at least one week and
at most three weeks. Children were observed
during three-hour blocks of time, in the
morning or in the afternoon, resulting in a
total observation time of approximately 100
hours. The mean number of sessions per
child was 7.85%.D.= 2.4), corresponding to
a mean duration of 23.5 hours of recording
(S.D.=7.2).

Children were aged between 11
months and 16 days and 37 months and 24
days on the first day of observatioN (=
23.6; S.D. = 6.9). There was no significant
difference in the mean number of sessions as
a function of ageF(2;23) = 0.74;ns (see
Table 1).

Table 1. Mean number of sessions
depending on the age of the participants.

Mean number of

Age range sessions * S.D. N
11.5-20 8.36 +2.3 11

months

20 —29 7426 8
months

29 — 38 8+25 7
months
Procedure

The observations were conducted
during free play times and included a snack
time. In order not to interfere with the
different activities and interactions, the
observer always remained on the periphery
of the group. As this study focused on
pointing gestures, data were collected using
a behavior-dependent sampling methdde
small size of the groups being observed
allowed the experimenter to recoed the
communicative pointing gestures accurately
and efficiently on a datasheet, as and when
they occurred. The observer was highly
trained to record infants’ gestural behaviors
and she had spent a few days in the day-care
center before starting the data collection, in
order to observe the interactions between
children.

Pointing gestures were defined as the
extension of the arm towards a referent
(object or event) involving a clear
communicative intention through gaze,
vocalization or other clear evidence of an
effort to direct someone’s attention. Several
features characterizing pointing gestures
were then taken into account. The observer
(HC) first noted whether the gesture was
produced with the index finger extended and
the other fingers curled or with a less
conventional form and all fingers extended
(“whole-hand”  pointing, Leavens &
Hopkins, 1999). For each gesture, the
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observer recorded which hand was used and
whether or not the gesture was accompanied
by a vocalization. Vocalizations consisted of

either words or other vocal communicative

productions (e.g., pseudowords or speech
sounds). Whining and crying were not

included. Vocalizations were considered to
be produced co-temporally with a gesture
when the two events  occurred

simultaneously or within a two-second

interval. The observer also noted whether or
not the pointing gesture was coordinated
with gaze alternation, that is, whether

children shifted their gaze between the target
and the social partner while pointing or

within a two-second interval after the

production of the gesture.

Each pointing gesture was also
classified according to its function. When the
child pointed to an out-of-reach object so
that the adult gave him/her or did something
with it that the child could not do by
him/herself, it was coded as an imperative
pointing. When the child sought to direct a
recipient’'s attention toward a referent in
order to share interest in it or provide the
recipient with helpful information, the
gesture was coded as a declarative pointing.
In some cases, when the child’s intention
was not obvious at first sight, the observer
relied on the adult’'s behavioral reaction to
the child’s pointing and on the child’s
behavior following the adult’s first reaction.
For example, a gesture was classified as
imperative if the child showed signs of
satisfaction and ceased the gesture after the
adult gave him/her the object pointed at, and
as declarative if the gesture ceased after the
adult commented on the referent (see
Carpenter, Nagell, & Tomasello, 1998).

Within the more general category of
declarative behaviors, we initially
distinguished between the informative
function (e.g., when the child helps the adult
by pointing to an object he/she is looking
for) and the expressive function (e.g., when

the child wants the adult to see an event of
interest and share enthusiasm about it)
(Tomasello et al., 2007). However, as fewer
than five informative pointing gestures were

produced overall, we decided to group these
two functions into a single category.

In order to avoid any effects of
positional bias on hand use, gestures were
only recorded when (1) the child was in a
symmetrical posture (the body was in a
straight position and both arms were at an
equivalent distance from the body) with both
hands initially free, and (2) the referent was
positioned centrally in front of the gesturer.
Even when several individuals meeting these
two criteria were pointing at the same time
(something which happened very rarely), the
observer was still able to score the pointing
behaviors of two individuals simultaneously.
If more than two children were pointing
simultaneously, instead of trying to record
all the gestures, the experimenter chose two
of themin order to maintain a comparable
number of observations for each participant:
if the number of data points previously
recorded for one individual was already
high, this individual child’s pointing was not
recorded. However, this only happened three
times during the 100 hours of observation.

The sessions were videotaped for two
groups in order to evaluate interobserver
reliability (the camera was placed in a corner
of the room). We were not allowed to film
the two other groups because some parents
did not give their agreements. Analyses of
variance did not reveal any difference
between groups for any variables.

Reliability

Reliability was assessed on a subset of
the videotaped sessions (approximately 15h)
by an independent coder who was blind to
the hypotheses of the study. The data
obtained by the first observer from sheet
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recording were compared to the data
recorded by the second observer from
videotapes. First, 63 gestures produced by 12
children (12.5% of the total number of

gestures) were recognized as communicative
by both coders (inter-observer agreement
was 100%). Within these 63 gestures, the
analyses revealed high to very high inter-
observer reliability. Cohen’s kappa statistics
for coding decisions were 1 for the hand

used, .85 for the function of the pointing

gesture, .71 for handshapes, .82 for
vocalizations and .65 for gaze alternation.

A few gestures could not be taken into
account for the assessment of reliability
when the video was not perfectly centered on
the child’s gesture (which could not be
avoided as there was only one camera in the
room), or for example, when an adult passed
in front of the camera. Nevertheless, as the
high agreement between coders highlighted
the reliability of the data recorded by the
observer, these gestures were included in the
analyses.

Data analysis

The data were summed across the test
sessions. An individual handedness index
score (HI) was calculated for each child
using the formula (R-L)/(R+L), where R and
L stand for the total right- and left-hand
responses. The HI values lay along a
continuum from -1 to 1, with the +/- sign
indicating hand-preference direction and the
absolute value reflecting hand-preference
strength. Handedness indices were calculated
for pointing gestures and analyzed with
respect to their form (index-finger versus
whole-hand pointing), function (declarative
versus imperative pointing) and
vocalizations (gestures that were
accompanied by vocalizations versus those
that were not). All analyses were performed
using parametric statistics with alpha septo
< 0.05.

Results

Hand preference for pointing

A total of 503 gestures were collected
(93.4% of which were addressed to an adult)
and the number of observations per
participant varied from 5 to 63 (M = 19.3;
S.D. = 15.1). As expected, we observed a
significant right-hand bias for
communicative gestures, as 428 gestures
(85.1%) were right-handed and 75 (14.9%)
were left-handed. The mean numbers of
right-handed and left-handed gestures
produced were 16.5S(D. = 13.8) and 2.9
(S.D = 3.1), respectivelyt(26) = 4.91;p <
.001). Handedness scores varied between
0.11 and 1 and the mean handedness index
was 0.68 $.D.= 0.25).

Gaze alternation

Each of the 26 children exhibited gaze
alternation between the object of the pointing
gesture and the face of the recipient. Gaze
alternation was observed in 56.5% of cases.
There was no significant difference between
the mean number of gestures accompanied
by gaze alternationM = 10.9;S.D. = 9.8)
and the mean number of gestures produced
without gaze alternationM = 8.4; S.D =
7.2, t1(26) = 1.05n9).

Accompanying vocalizations

A total of 435 pointing gestures were
accompanied by a vocalization (86.5%) and
68 (13.5%) were not. Children’s gestures
were  significantly  more  frequently
accompanied by vocalizationgM (= 16.7;
S.D.= 13.7) than produced on their owm (
= 2.6;S.D.= 2.9;1(18) = 5.16; p < .001). To
test our second prediction, we assessed
whether the right-hand bias for pointing
gestures was stronger when these gestures
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were accompanied by vocalizations. Eight of
the 26 children only produced gestures
accompanied by vocalizations, so they were
excluded from the analysis. No significant
difference was observed between HI for
pointing accompanied by vocalizations
(vocal HI) and HI for unaccompanied
pointing (non-vocal HI)t(18) = 0.067;ns).

Our results therefore did not confirm our
initial hypothesis. It should, however, be
noted that because of the small number of
pointing gestures produced without any
vocalization M = 2.6, S.D. = 2.9), the
handedness scores associated with these
gestures may not have been entirely
representative of the children’'s degree of
handedness. The comparison between vocal
HI and non-vocal HI should thus be
interpreted with some caution.

Form and function of pointing gestures

Every child produced pointing gestures
with the index finger extended and 20 of the
26 participants also produced whole-hand
pointings. Four hundreds and fourteen
pointing gestures (82.3%) were characterized
by the conventional extension of the index
finger, whereas 89 gestures (17.7%) were
produced with the whole hand. Children’s
gestures were significantly more frequently
produced with the index extended € 15.9;
S.D.= 14.2) than with the whole hani (=
3.4;S.D.= 4.0;t(20) = 4.33p < .001).

Regarding the communicative intent of
the pointing gestures, 160 gestures (31.8%)
had an imperative function and 343 gestures
(68.2%) a declarative one, be it sharing an
interest in an object or event or providing
helpful information to the recipient. Four
children used pointing gestures only in the
declarative context. The mean number of
declarative gestured/(= 13.2;S.D.= 12.2)
was significantly greater than the mean

number of imperative gesturdd € 6.2;S.D.
=6.4;1(22) = 2.60;p < .05).

On average, 94.1% of declarative
pointing gestures were produced with the
extended index finger versus 53.9% of
imperative pointing gestures. This difference
was significantf(22) = 5.61p < .001).

We first investigated which handshape
more frequently characterized imperative
and declarative functions, and then,
reciprocally, we examined which function
index-finger and whole-hand pointing were
more frequently used for. As far as
declarative pointing is concerned, the mean
number of gestures produced with the index
finger was higher than the mean number of
whole-hand gesturef(26) = 5.02;p < .001).
This difference was observed for both right-
handed (26) = 4.70;p < .001) and left-
handed pointingt(26) = 3.66;p < .001). As
far as imperative pointing is concerned, there
were no significant differences in the mean
number of gestures produced as a function of
handshapest(@6) = 0.37;ns), either for
right-handed gestures(26) = 0.44;n9 or
for left-handed oned(@6) = -0.47;ns). The
mean proportions of declarative and
imperative  pointing gestures produced
according to gesture form are shown in
Figure 1.

Index-finger pointings were more
frequently used with a declarative function
than with an imperative on&(26) = 4.14;p
< .001). Whole-hand gestures, on the
contrary, were more frequently produced
with an imperative functiont(26) = 3.86;p
< .001). This was true for both right-handed
(t(26) = -3.40;p < .01 for index-finger
gestures ant{26) = 3.35;p < .01 for whole-
hand gestures) and left-handed gestures
(t(26) = -2.88;p < .01 for index-finger
gestures ant{26) = 2.43;p < .05 for whole-
hand gestures).
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Figure 1. Mean proportions of declarative and imperativenping gestures according to gesture

form.

The His for declarative and imperative
pointing were compared using Student’s t-
test. Mean Hls (0.74 £ 0.24 and 0.75 + 0.32,
respectively) did not differt(22) = -0.11;
ng. We also compared the Hls for index-
finger pointing and whole-hand pointing, but
there was no difference either in the degree
of the right-hand biag(R0) = -0.81)n9).

Our third hypothesis was thus partially
confirmed, insofar as the form of the
pointing gestures, though not their
handedness pattern, varied according to the
function of the gesture. Moreover, another
feature appeared to differ between
imperative and declarative pointing: the
proportions of imperative and declarative
gestures produced simultaneously with
vocalizations were respectively 58.8%.[D.
= 35.6) and 91.7%S.D.= 14.7). Declarative
gestures were thus more frequently
accompanied by vocalizations than
imperative gesture$(22) = -4.00p < .001).

Regarding visual behavior, there was
no difference between the two types of
pointing in the mean proportions of gestures
accompanied by gaze alternatiot{22) =
0.08;n9).

Gender

There was no significant difference in
pointing behavior according to gender, either
in the total number of gestures produced
(t(26) = -0.95; ng), the handedness index
associated with pointing(@6) = -1.72;ns)
or the function of the gestureg26) = 0.38;
ns.

Age

There was no significant relationship
neither between the age of the participants
and the total number of gestures they
produced 1( = -0.24; n9g), nor between age
and the degree of right-handedness
associated with pointing = 0.24;n9). The
right-hand bias did not become stronger with
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age. Moreover, the proportion of gestures
produced with accompanying vocalizations
did not increase as a function of age<
0.31; ny. But we observed significant
relationships between age and function of
pointing gesture r(= 0.55;p<.01) and

100% -
80% -

60% -

Proportion

40% -

20%

0%

between age and form of gesture=(0.53;p

< .01). As illustrated in Figure 2, when
children grew older, they produced an
increasing number of pointing gestures with
a declarative function and with the index
finger extended.

5 10 15 20 25

Age (months)

+ Proportion ofindex-finger extensions

30 35 40

o Proportion of declarative gestures

Figure 2. Relationship between age, proportion of index€ingxtensions (solid line) and

proportion of declarative gestures (dashed line).

Discussion

This research was designed to probe
the features of spontaneous pointing gestures
in young children. To our knowledge, it was
the first study to investigate the
characteristics of pointing gestures under
naturalistic conditions in a day care centre.
The observation of these spontaneous
gestures may shed new light on the
development of communicative behavior in
toddlers. The results showed a strong and
significant right-hand preference for pointing
gestures, in line with previously reported
findings (Bates et al., 1986; Blake et al.,
1994; Young et al., 1985). The mean
Handedness Index (HI) observed in the

present study (0.68) was stronger than the
mean HI for pointing reported by Vauclair
and Imbault (2009) in experimental
conditions (0.52). This difference may
simply be due to the absence of left-handed
participants in the present study (all the HI
were positive), which was not the case in the
study by Vauclair and Imbault (2009), as
they recruited a larger sample of participants.

The right-handed bias did not increase
as children grew older, that is, between
approximately 1 and 3 years of age (the
youngest participant was aged 11 months
and 16 days at the beginning of the
observations and the oldest one was 37
months and 24 days). A study of toddlers
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aged 13-28 months (Bates et,al986) also
failed to reveal any strengthening of the
right-sided asymmetry over this period. An
increase in the right-sided bias for pointing
gestures had previously been reported, but it
concerned lower age ranges than those
selected for the present study (Blake et al.,
1994; Young et al., 1985), indicating that the
increasing involvement of the left cerebral
hemisphere in the  production of
communicative gestures may take place even
before children reached one year of age.

Communicative signals were
expressed simultaneously in the gestural and
vocal modalities in 86.5% of cases. This
widespread use of vocalizations contrasts

with results obtained with nonhuman
primates, showing that the majority of
gestures are not accompanied by

vocalizations (Hopkins & Cantero, 2003).
The specificity of human communicative
behavior, which lies in the vocal modality,
therefore appears at a very early stage in
development. Furthermore, it is interesting to
note that the recipients of referential gestures
produced by children were adults in the
majority of cases. This result suggests that
communicative skills may develop through
interactions with adult caregivers and not
with other children, in line with previous
studies emphasizing the influence of adults’
inputs (e.g., Kishimoto, Shizawa, Yasuda,
Hinobayashi, & Minami, 2007).

We did not observe any difference in
the degree of right bias between gestures
produced alone and gestures produced
simultaneously with vocalizations,
apparently disproving our hypothesis that a
greater demand is placed on left hemisphere
resources when both modalities are involved
simultaneously. However, this finding may
be explained by the relatively low number of
gestures produced without vocalizations (the
mean number of pointings produced on their
own was 2.6 and eight children did not

produce any at all). Consequently, the

comparison of handedness scores for
gestures produced with and without

vocalizations was not based on an equivalent
number of gestures. Moreover, no attempt
was made in the present study to characterize
the vocalizations and words produced by the
children. It would be useful to study in a

future research the different features of these
communicative signals in greater depth,

possibly using spectrographic analysis. A

sound spectrograph would provide measures
of the tone, rhythm, amplitude and frequency
of vocal sounds, which could help to

distinguish between different vocalizations.

A significant relationship was observed
between the form and function of pointing
gestures. Index extensions were more
frequently used with a declarative function,
whereas whole-hand gestures were more
frequently produced with an imperative
function. Moreover, in the vast majority of
cases, declarative pointing was produced
with the index finger, whereas imperative
pointing was characterized equally by index-
finger and whole-hand extensions.

These different structural
characteristics, as well as the different
motivational backgrounds of imperative and
declarative pointing gestures, may be related
to their different origins. Imperative gestures
were more frequently associated with whole-
hand extensions, which superficially
resemble acts of prehension, than declarative
gestures were. It may thus be hypothesized
that imperative pointing substitutes for
reaching actions by a process of ontogenetic
ritualization (Tomasello & Call, 1997). A
behavior that is not initially a communicative
signal becomes one through reciprocal social
interactions: the child learns over repeated
instances that his/her gesture elicits a
particular action from the adult (in this case,
the action of giving the child the desired
object). Vygotsky (1988) had previously
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argued that pointing develops out of
reaching, but this hypothesis only seems
consistent with the imperative function of
pointing.

Declarative pointing, by contrast,
would not appear to emerge from a
ritualization  process, as almost all
declarative pointing gestures were produced
with the extended index. It has been
suggested that index-finger pointing emerges
not from a less differentiated form, but from
the non-communicative finger extensions
observed in infants from three months
onwards (Butterworth, 2003; Masataka,
2003). One argument advanced to support
this assumption concerns the changes that
take place in the gestural repertoire in the
course of early development: the frequency
of index-finger extensions increases between
3 and 11/12 months, then decreases, whereas
the frequency of index-finger pointing
gestures starts to increase (Masataka, 2003).
For this reason, among others, index-finger
pointing is sometimes viewed as the basic
and natural form of reference, which
develops spontaneously (Butterworth, 2003).
However, investigations of deictic behaviors
in different cultures have revealed variations
in the form of pointing gestures, indicating
that index-finger pointing is not the
universally preferred referential strategy. In
some cultures, for example, lip-pointing is
dominant and forms of manual pointing that
are never or rarely encountered in some
cultures are frequently observed in others,
such as when the middle finger, not the
index finger, is pointed toward a target
(Kendon & Versante 2003; Wilkins, 2003).

These observations suggest that the use
of the index finger for pointing is not
universal and is, at least to some degree,
socially transmitted to the infant. The
development of index-finger extensions in
the present study may indeed have involved
an imitation process. When adults used

pointing gestures to communicate with
children, they did so with a declarative
motive rather than an imperative one, and
with the extended index. They sought to
direct the child’s attention toward a referent
in order to share interest in it, for example
when looking at pictures in a book. Fewer, if
any, examples come to mind of a parent
pointing with the whole hand toward an
object so that the child will bring it to

him/her. Studies should be conducted to
investigate the function of pointing gestures
produced by caregivers when interacting
with children in order to help determine
whether imitation is the major learning
process at work in the development of
declarative pointing.

We can thus raise the hypothesis that
imperative and declarative pointing gestures
develop in parallel and independently.
Different developmental sequences in the
emergence of imperative and declarative
pointing have previously been reported:
declarative pointing develops later than
imperative pointing (e.g., Camaioni et al.,
2004). Moreover, authors have shown that
children with autism fail to understand and
produce declarative pointing, but not
imperative pointing (Camaioni, 1997). This
hypothesis is also reinforced by the
relationship reported in the present study
between age and the function of the gesture.
As children grow older, they use more and
more pointing gestures in declarative
contexts and with the index finger extended.

This increasing use of index-finger
pointing may reflect a developmental
tendency toward more symbolic forms of
communication (e.0., Franco and
Butterworth, 1996). This hypothesis is
supported by studies of honhuman primates,
as language-trained chimpanzees point more
frequently with their index fingers than
chimpanzees which have not experienced
close relationships with humans (Leavens &
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Hopkins, 1999). The extension of the index
is then particularly likely to be observed in
the context of close relationships with
humans. Note that this is a favorable context
for imitation to occur, but so far, this
assumption has not been confirmed by
empirical evidence, as some studies have
reported that chimpanzees do not imitate (see
Tomasello, 2006).

Even if the majority of whole-hand
pointings were used in imperative contexts,
imperative pointing gestures were produced
both with the whole hand and with the index
finger. Therefore, our initial proposal that
imperative pointing and “request gestures”
(e.g., Capirci et al., 2005) are identical
communicative signals proved not to be
entirely satisfactory. These gestures may
share the same function, but their respective
forms are somewhat different. As a few
studies have observed a decrease in the
production of reaching gestures (described as
communicative and imperative gestures with
all fingers extended) as children grow older
(e.g., Blake, McConnell, Horton, & Benson,
1992), we can assume that early imperative
pointings are produced with the whole hand
and later on with the extended index. This
progressive shift in handshapes might be
related to a progressive shift in the cognitive
processes associated with imperative
gestures. Tomasello and colleagues (2007)
suggested that imperative motives form a
continuum from ordering to suggesting. It
could then be hypothesized that at an early
stage, children understand the adult as a
causal agent from whom they can get what
they want, and later on, while imperative
pointing becomes more frequently produced
with the index-finger, the adult is regarded as
an intentional agent who can decide to help
the children. This perspective entails the
possibility that the production of imperative
pointing is different between non human
primates and human children, that is, is
related to different cognitive and social

skills. In line with this hypothesis, it has
been shown that human infants were able to
request absent objects, whereas chimpanzees
did not possess this ability (Liszkowski,
Schafer, Carpenter, & Tomasello, 2009).

Moreover, as the declarative gestures
were almost exclusively characterized by
index finger extension in the present study,
we can also hypothesize that declarative
pointing influences the structural
characteristic of all deictic behaviors. Once
index-finger pointing appears in the child’'s
gestural communication system, imperative
pointing behavior may gradually be modified
to feature the index extension. Note that this
does not exclude the possibility that
imperative pointing may originate from non-
communicative actions, or the idea that
imperative and declarative pointing are
functionally distinct.

More globally, the relationship
between handshapes, functions and origins
of pointing gestures is a complex issue, and
as suggested by Tomasello (2006), some
infants may learn to use pointing in one way
and some in the other way. Even if the
results of the present study showed some
predominant developmental patterns in the
production of pointing, there might be
different developmental trajectories. For
example, approximately 6% of declarative
pointing gestures were produced with the
whole-hand, by children who also produced
declarative index-finger points. Given the
purpose of declarative pointing, it is unlikely
that these whole-hand gestures emerge from
prehension, but it remains very difficult to
find out, empirically, whether pointing
gestures are ritualized from reaching actions
or learned though imitative process.

The distinction between imperative
and declarative pointing was expected to
encompass different patterns of handedness,
reflecting different degrees of involvement
of the left cerebral hemisphere. Imperative
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pointing, at least in the early stages, relies
solely on the representation of people as
causal agents, whereas declarative pointing
implies the ability to represent and influence
another person's attentional state, which is a
crucial step in communication (Camaioni et

al., 2004). Declarative pointing was thus

expected to be more right-handed than
imperative pointing, but in the event we

failed to observe any handedness differences
between the two types of gestures. Unless
the difference in activation levels is too

subtle to be reflected in manual preferences,
imperative and declarative points may

involve the left cerebral hemisphere to an
equal extent, insofar as they are both
communicative gestures. Moreover, some
researchers do not support a cognitive
distinction  between imperative and

declarative gestures. On the one hand, both
types of gestures are regarded as
instrumental acts that do not involve the

understanding of others’ attention (e.g.,

Moore & Corkum, 1994), and, on the other

hand, both imperative and declarative

gestures would reveal an early form of

psychological understanding (e.0.,

Liszkowski, 2005). This latter perspective

has recently been supported by empirical
findings (e.g., Liszkowski et al., 2009).

However, even if imperative gestures
may not be related to simpler cognitive

processes than declarative gestures, a clear

distinction between both types of gestures in
the present study relied on the incidence of
accompanying vocalizations. Declarative
gestures were more likely to be produced
with vocalizations compared to imperative
gestures, which emphasizes the close relation
between declarative gestures and the vocal
system. This result is important insofar as it
may reflect different roles played by
imperative and declarative pointing in
language development. It would then be
useful for future studies to measure
children’s language levels, in order to

investigate whether language abilities are
more strongly correlated with declarative
than with imperative gestures.

Within declarative pointing, some
authors have distinguished between the
expressive and the informative function (e.g.,
Liszkowski, Carpenter, Striano, &
Tomasello, 2006; Pika, 2008). The
expressive function, the one examined in our
study, refers to the intention of sharing an
interest with a communicative partner about
a referent, whereas the purpose of
informative pointing is to provide the other
person with information he/she needs. For
example, if we see that another person has
mislaid an object, and we know where it is,
we will point in its direction to help that
person. This gesture, which is within the
capability of 12-month-olds, involves an
understanding of others as people with
intentional and informational  states.
Informative pointing has been studied within
experimental contexts, where artificial
situations have been set up to elicit this
gesture (Liszkowski et al., 2006). For
instance, the experimenter,  without
apparently noticing, accidentally drops an
object on the floor and then starts looking for
it. The child is then likely to point toward the
object. In the present study, very few
instances of informative pointing were
observed. Opportunities for a child to
provide an adult with useful information
were probably few and far between, but we
can also assume that this gesture is not
willingly produced outside a standardized
context. Even if experimental studies of
informative pointing are interesting from
both a cognitive and a motivational point of
view, it is noteworthy that this gesture is not
really part of toddlers’ spontaneous gestures.

All 26 children exhibited gaze
alternation between the object of the pointing
and the face of the recipient, but pointing
gestures were not always associated with this
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behavior. Gaze alternation is usually
regarded as a hallmark of intentional

communication (e.g., Bates et al., 1975). The
fact that gaze alternation did not consistently
accompany pointing gestures in our study
could therefore call into question the nature
of the pointing gestures we recorded.
Nevertheless, several factors need to be
taken into account when deciding whether a
communicative gesture is intentional and
infants’ gaze alternation may be influenced
by many factors (Liszkowski, Albrecht,
Carpenter, & Tomasello, 2008). In the
present study, the respective positions of the
gesturer, recipient and referent of the
pointing did not necessarily allow the child
to alternate his/her gaze between the object
and the adult. For example, if the child was
seated on the adult’s lap when pointing to a
referent in front of him/her, gaze alternation
was probably not observed because the child
would have had to have turned round to see
the adult's face. More generally, gaze
alternation was less likely to occur when the
adult and child were looking in the same
direction. It was then easier for the child to
direct the adult's attention to a referent and
he/she probably felt less inclined to check
the efficiency of his/her gesture via gaze
alternation. Thus, pointing cannot be
classified as communicative or non-
communicative simply on the basis of visual
orienting behavior (e.g., Liszkowski et al.,
2008; Murphy, 1978). Future studies
therefore need to focus more carefully on the
situations in which the pointing gesture is
produced. In a study comparing the
declarative and requestive functions of
communicative gestures, visual checking
was found to be more closely associated with
the declarative function of pointing (Franco
& Butterworth, 1996). This result was not
observed in the present study, but Franco and
Butterworth  (1996) investigated visual
behavior in experimental conditions that
allowed the children to adopt standardized

postures. As a consequence, they were not
concerned with the different positions of the

communicative partners and the extent to
which they would favor gaze alternation.

Taken together, our results emphasize
the relevance of distinguishing between
imperative and declarative functions of
pointing when investigating the development
of communicative gestures in a natural
setting. The results of the present
observational study need to be investigated
in experimental studies, where specific
situations would elicit imperative and
declarative pointing gestures. Standardized
contexts would provide a fruitful comparison
with our study regarding handedness, form
and function of pointing gestures.
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Chapter 4

4.3. Aims of article Il

One of the purposes of this study was to replifiagings of the observational study
(article II) using experimental tasks to elicit ping gestures in different communicative
contexts. In order to explore further the differ&mictions of pointing gestures, an additional
distinction was made within declarative gesturesvben expressive and informative pointing
(Tomasello et al., 2007), the latter being scargebduced by children in natural conditions.
As in the previous study, we focused on severdufea associated with pointing gestures,

including hand preferences, hand shapes, gazdidimend accompanying vocalizations.

4.4. Article lll : Cochet, H., & Vauclair, J. (2010). Pointing gestuggoduced by

toddlers from 15 to 30 months: Different functiohand shapes and laterality patteingant

Behavior and Development, 3832-442.
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Pointing gestures produced by toddlers from 15 to@months:

Different functions, hand shapes and laterality paterns

Hélene Cochet & Jacques Vauclair

Center for Research in the Psychology of Cogniti@mguage & Emotion

Aix-Marseille University

Abstract

Three experimental designs were implemented in wolagseries in order to elicit
imperative, declarative expressive, and declaratif@mative pointing gestures (Tomasello,
Carpenter, & Liszkowski, 2007) among a populatidn48 toddlers aged 15-30 months.
Several features were recorded for each situaiticiyding gesture form, gaze direction, and
vocalizations. A unimanual reaching task was atbuiaistered, in order to compare laterality
patterns for each type of gesture. Main resultakd that imperative gestures were
associated with whole-hand pointing, whereas datiler gestures were more frequently
characterized by an extended index finger. Moregowksclarative gestures were more
frequently accompanied by vocalizations than imjpezagestures were. Finally, different
degrees of manual preference were observed, elipdoiainformative pointing gestures,
which tended to be more right-handed than reaclaiagons. Results of the study are
discussed in relation to the nature and developwiegdch kind of pointing gesture.

Keywords: toddlers, pointing gestures, imperative - declaeatexpressive - declarative
informative functions, hand shapes, handedness.
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Introduction attention of others to external entities and
that neither imperative nor declarative
Infants  start to  communicate pointing involved the understanding of

intentionally through gestures toward the end
of their first year (e.g., Butterworth &
Morissette, 1996; Camaioni, Perucchini,
Bellagamba, & Colonnesi, 2004). In addition
to their pragmatic impact (gestures vastly
increase communicative resources),
communicative gestures also play a key role
in the early development of social-cognitive
abilites (e.g., Carpenter, Nagell, &
Tomasello, 1998) and serve as a foundation
for the development of language (e.qg.,
Iverson & Goldin-Meadow, 2005; Rowe &
Goldin-Meadow, 2009). The predictive and
facilitative relationship between gesture and
speech has mainly been highlighted in the
context of the pointing gesture (e.g., Pizzuto
& Capobianco, 2005). The latter shares
common mechanisms with speech, as it
enables children to interact with adults and
to communicate their intentions, requests and
feelings about a specific referent. It is a
complex gesture, whose meaning depends on
the nature of the concrete object or situation
that is being referred to, as well as on the
circumstances in which the gesture is used
(e.g., Tomasello et al., 2007).

Moreover, there is considerable
variability in the expression of pointing
gestures, especially when we focus on their
function. In an early study, Bates, Camaioni,
and Volterra (1975) made a distinction
between protoimperative and
protodeclarative gestures, the former being
defined as the “use of the adult as a means to
a desired object” and the latter as the “use of
an object as the means to obtaining adult
attention” (p. 209). Both protoimperative and
protodeclarative gestures were thus initially
described as instrumental acts towards some
physical or social goal. Several authors later
defended the idea that infants’ early pointing
aimed at gaining positive emotional
reactions to the self rather than directing the

others’ attention (e.g., Moore & Corkum,
1994; Moore & D’Entremont, 2001; Racine
& Carpendale, 2007).

By contrast, others researchers
opposed imperative and declarative gestures,
arguing that declarative pointing reveals an
early form of psychological understanding
(e.g., Pika, 2008; Tomasello, 1995). Children
would use imperative pointing to ask
someone to do something for them (e.g., the
child points to an unreachable object as a
request to be given it), whereas declarative
gestures would be used to direct the
addressee’s attention to a referent for reasons
other than achieving egocentric goals (e.g.,
children point to the plane they have just
seen in the sky so that their parents can see
it, too, and share in their enthusiasm).
Declarative pointing would thus demonstrate
that infants understand others as attentional
and intentional agents (e.g.,Liszkowski,
Carpenter, Henning, Striano, & Tomasello,
2004). More recently, Tomasello and
colleagues (2007) distinguished between
expressive declarative gestures, when the
child seeks to share interest in an object,
event or location, and informative
declarative gestures, when the child
cooperates with adults and gives them some
information they need (see also Liszkowski,
Carpenter, Striano, & Tomasello, 2006).

Evidence from autistic children, who
have problems with declarative
communication, but are able to produce and
understand imperative gestures (e.g.,
Camaioni, 1997; Camaioni, Perucchini,
Muratori, & Milone, 1997), suggests that
imperative and declarative pointing gestures
are associated with different underlying
social and cognitive mechanisms. Studies of
nonhuman primates support the notion of a
split between imperative and declarative
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communication, as the gestures produced by
these species also seem to lack the
declarative function (e.g., Leavens, Hopkins,
& Bard, 1996), although there have been a
few reports of apparently declarative
gestures in language-trained apes (see
Leavens, 2009). It has been argued that early
emotional bonding with caregivers plays a
role in the ability to develop declarative
communication (Leavens, 2009), given that
the few declarative gestures recorded in
nonhuman primates were produced by apes
that had experienced close emotional ties
with humans. However, declarative gestures
may also involve more complex social and
cognitive skills, which are necessary for the
development of speech, such as theory of
mind and cooperation abilities (e.g.,
Liszkowski, 2005). A study of 12-15-month-
old toddlers revealed that the production of

declarative pointing gestures, but not
imperative gestures, was linked to the
understanding of  adults’ intentions

(Camaioni et aJ 2004). Imperative pointing
gestures, even though they are intentional
and referential, may be less cognitively
demanding. The process involved in
controlling these gestures, at least at a very
early stage, may be similar to operant
conditioning: children’s pointing gestures are
followed by adults’ giving them the desired
object (positive reinforcement). This would
lend meaning to the gestures and enable
young children to ‘“operate” on the
environment.

The question then arises as to whether
imperative and declarative pointing gestures
have different origins. Vygotsky (1988)
argued that pointing gestures develop out of
failed reaching. However, although this idea
is consistent with the request function of
pointing gestures (reaching actions and
imperative pointing gestures share the same
ultimate goal, i.e., obtaining a desired
object), it seems unlikely that declarative
pointing emerges from reaching actions, as

illustrated by the following examples. Try to
imagine what infants do when they want
their mother (or father) to give them the
biscuits that are out of reach on the table.
They begin by initiating the action of
reaching for and taking the biscuits. The
mother then understands that they want some
biscuits and may decide to give them some.
By this means, children learn about the
relationship between their own actions and
the effects of these actions on adults.
Tomasello and Call (1997) refer to this
process, by which an action becomes a
communicative signal thanks to the partner’s
reaction, asontogenetic ritualization But
what happens when children are surprised by
a particular event, such as a cat walking
through the garden, which their mother has
not seen? Rather than trying to reach out and
take hold of the cat, the children may instead
want to direct the adult’s attention to it and
provoke some enthusiasm. To find a way of
communicating in this specific context,
children have no choice but to dip into the
gestural repertoire that is already stored in
their memory. And what children are most
likely to have seen in previous declarative
situations is adults producing indexical
pointing gestures, in order to direct their
attention to some external referent. Imitation,
and even deferred imitation, might thus play
a key role in the development of declarative
pointing. A longitudinal study has shown
that deferred imitation in 9-month-old
infants was the strongest predictor of
communicative gesture production measured
5 months later (Heimann, Strid, Smith, Tjus,
Ulvund, & Meltzoff, 2006). However, the
authors unfortunately did not mention
whether they distinguished between
imperative and declarative gestures. And
more globally, the idea of distinct origins for
imperative  and  declarative  remains
hypothetical, as there is no direct evidence of
the learning processes through which the
different kinds of pointing are acquired.
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A more empirically testable distinction
between imperative and declarative pointing
may concern hand shape variability. Not
only do pointing gestures serve different
functions, but they also take different forms,
and this has been a source of disagreement
between researchers regarding the definition
of pointing itself. While all researchers agree
that pointing is a communicative gesture
through which a gesturer directs the
addressee’s attention to a specific referent,
some of them consider that it can be
produced either with the extended index
finger or with the whole hand (e.g., Brooks
& Meltzoff, 2008; Gullberg, de Bot, &
Volterra, 2008; Krause & Fouts, 1997,
Liszkowski, Carpenter, & Tomasello, 2008),
whereas for others, pointing is restricted to

index extension (e.g., Blake, O’'Rourke, &
Borzellino, 1994; Butterworth, Franco,
McKenzie, Graupner, & Todd, 2002;

O’Neill, Bard, Linnell, & Fluck, 2005).

In the present study, the broader of the
two definitions was adopted and we
investigated whether toddlers use different
hand shapes for different functions. We
implemented three experimental designs at
day nurseries to elicit imperative, declarative
expressive and declarative informative
pointing gestures (Tomasello et,&007). If
imperative gestures do indeed evolve from
reaching actions, we would expect them to
be characterized by a similar form, that is,
whole-hand pointing. By  contrast,
declarative gestures, which might develop
through imitation, should be more closely
associated with index-finger pointing.

In addition, as communication involves
a wide range of behaviors, both vocal and
nonvocal, we described several other
features of gestures in the three different
experimental situations. Firstly, in order to
compare interactions between gestural and
vocal systems in each situation, we
distinguished between gestures accompanied

by vocalizations and gestures produced in

isolation. Moreover, language level was
assessed in order to examine whether
declarative gestures have a closer

relationship with language development than
imperative gestures do. Gaze direction
patterns were also studied, as gaze
alternation between addressee and referent is
usually regarded as one of the markers of
intentional communication (e.g., Leavens,
2009). Pointing duration was measured, too.
We hoped that all these variables would help
us to identify the nature of children’s
intentions when producing imperative,
declarative expressive, and declarative
informative pointing gestures.

We also focused on manual
preferences, as an indicator, albeit indirect,
of cerebral asymmetries for gestural

communication. While there is no longer any
doubt as to the right-hand bias for pointing
gestures (Bates, O’Connell, Vaid, Sledge, &
Oakes, 1986; Blake et al., 1994; Young,
Lock, & Service, 1985), the question of
whether imperative, declarative expressive,
and declarative informative pointing gestures
present different laterality patterns has yet to
be answered. Our goal was therefore to
compare the involvement of the left cerebral
hemisphere between these three situations.
Moreover, in order to investigate the contrast
with handedness for manipulative actions, a
simple unimanual task was included in the
present study, in which children had to reach
for and grasp objects. The comparison of
hand preferences for reaching actions and for
the different pointing gestures might help to
shed light on the hypothesis of distinct
origins for imperative and declarative
pointing. Non-communicative  manual
actions have previously been reported as
being less right-handed than pointing
gestures in toddlers (Bates et al., 1986;
Vauclair & Imbault, 2009). If imperative
pointing gestures originate from reaching
actions, we would expect to observe
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differences in the degree of hand preference
between imperative and declarative gestures:
imperative pointing would be less right-
handed than declarative pointing.

Our hypotheses mainly concerned
differences  between imperative and
declarative gestures, as it is more difficult to
infer  potential  differences  between
declarative expressive and declarative
informative  pointing  gestures.  With
declarative expressive pointing, children
seek to share their interest in a specific
referent, expecting the addressee to attend to
this referent and show some enthusiasm
(Liszkowski, 2005). Expressive pointing
does not seem to require the same
cooperative abilities as informative pointing.
Little, however, is currently known about the
specific  characteristics of declarative
informative pointing, other than that it
involves the understanding of others as
agents with informational states, and the
motivation to cooperate with and help a
communication  partner, without any
immediate benefit to oneself (Liszkowski et
al., 2006). Our study might therefore yield
some interesting information about the
distinguishing features of these two kinds of
declarative pointing.

Method
Participants

Forty-eight children (23 girls and 25
boys) attending four different daycare
centers took part in the study. They were
aged between 14.6 months and 31 months
(M =23.9;SD=3.7).

Procedure

Depending on the daycare center,
children were seen either in isolation in a
separate room or in the main room but apart
from the other children. All sessions were
videotaped. Three experimenters were

present in the room, including one standing
behind the camera who noted down the
behaviors as they were recorded. The two
others interacted with the children and
participated in the different situations
described hereafter. Each participant in turn
was seated at a rectangular table, with one of
the experimenters sitting opposite him/her.
Children had met the experimenters at least
once before the day of the experiment and
every session began with a short warming-up
period so that the children did not feel
insecure. Three pointing tasks and one
unimanual grasping task were administered.
Children undertook five trials for each task
and the order of task presentation (unimanual
grasping and pointing) was alternated across
participants. Between the different tasks, the
experimenter interacted with the children in
order to maintain their attention.

For the unimanual grasping task
participants had to grasp small, different-
colored balls that the experimenter put down
on the table in front of them. All the children
successfully performed the five trials of the
grasping task.

The pointing tasks, presented in
random order, were designed to elicit
imperative, declarative expressive, and
declarative informative pointing gestures
(Tomasello et al 2007). In each of the
following situations, the experimenter
reacted immediately and continuously for 5
seconds once the child pointed toward the
specific referent, then the trial was over.

For the imperative pointing taskl),
we used five attractive toys. The
experimenter sitting opposite the child,
between 1 and 1. 5m away from him/her,
handled the object first. She showed interest
in the toy, then gave it to the child for a few
seconds before taking it back. The
experimenter then put the object on the table,
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beyond the child’s reach. The experimenter
looked silently at the child for 15 seconds
and gave the toy to the child if the latter
produced a pointing gesture. If the child did
not react, the experimenter said “Look at
this! Isn’t it pretty?” or something similar,
and waited again for a further 15 seconds.
The experimenter then gave the toy to the
child.

For the declarative expressive task
(DE), we used different-colored drawings of
faces on 30 x 30 cm boards, between 1 and
1.5 m away from the child. The first
experimenter (E1) sat opposite the child and
interacted and played with him/her. The
other experimenter (E2), hiding behind E1,
suddenly held up one of the drawings twice,
so that the child could see it but not E1. If
the child pointed toward the drawing, the
experimenter emoted positively about it for a
few seconds. If the child did not react within
15 seconds once the board had disappeared,
E2 held up the picture again in order to
trigger a pointing gesture. The aim of the
task was to create a sudden and unexpected
event that the child would want to share with
E1l.

For the declarative informative task
(D), we used everyday objects that we
thought would not be particularly attractive
to the children, or at least, not as interesting
as the toys used for the imperative task (e.qg.,
a pen, a packet of lozenges, keys). E1 put the
object down on the table (in front of the
children, but out of reach (approximately 0.5
m away from them) and left the room. E2
came in, covered the object with a magazine
so that the child could still see the object
protruding from under it, and left. E1 came
back and started searching for the object
silently. If the child pointed, the
experimenter retrieved the object and
thanked the child for his/her help. If no
pointing gestures were produced within 15

seconds, E1 asked “Where are my keys?”, or
an equivalent question, and waited for the
child’s reaction for a further 15 seconds.

Measures

In order to assess the children’s
language level, parents were asked to fill in
the French adaptation (Kern, 2003) of the
MacArthur Communicative Development
Inventories (MCDI; Fenson et al., 1993). For
the sake of comparison, we used the “Words
and Sentences” questionnaire, designed for
children aged between 16 and 30 months, to
assess all the participants, instead of
combining it with the one aimed at children
between 8 and 16 months. The language
score corresponded to the total number of
words the children had in their vocabulary,
according to their parents. Scores varied
between 2 and 58M(= 201;SD = 162) and
significantly correlated with age(é2) = .63;

p <.001).

Regarding the children’s visual
behavior, we distinguished between gaze
directed toward the referent (the object or
event being pointed at), gaze directed toward
the experimenter, and gaze alternating
between experimenter and referent. The
duration of the pointing gesture was also
recorded. Moreover, we noted whether or not
the gesture was accompanied by
vocalizations. The latter, which could consist
of any kind of vocal sound, had to be
produced at the precise moment of the
pointing gesture. Finally, the gesture was
deemed to be a whole-hand point if all the
fingers were extended, without any finger
clearly distinct from the others, and an
index-finger point when the index finger was
extended and the other fingers were tightly
or more lightly curled.

To measure handedness, we calculated
individual handedness index scores (HI) with
the formula (R-L)/(R+L), where R and L
stand for the total number of right- and left-
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hand responses. The HI values lay along a
continuum from -1 to 1, with the +/- sign
indicating hand-preference direction and the
absolute value reflecting hand-preference
strength.

Reliability

All the behaviors we studied were first

coded in real time by one of the
experimenters. Two other experimenters
then separately coded all the video

recordings at the end of all the experiments
in order to check the initial coding. There
was 100% agreement between coders on
hand preference, 100% on vocalizations,
98% on point duration, 86% on visual
behaviour and 92% on hand shapes. When
they disagreed over the interpretation of a
behavior, the video was shown to a research
assistant who settled the question.

Results

To present our results as clearly as
possible, we focus, in turn, on the number of
pointing gestures the infants produced, the
form of these gestures, manual preference,
vocal and visual behaviors, and finally, the
duration of the pointing gestures. We also
report how these different variables were
related to age and language level.

Number of pointing gestures

Forty-seven of the 48 children
produced pointing gestures. There were five
trials for each of the three pointing
situations, but children only produced a
pointing gesture in 52%SPO = 24.5%) of
them, that is, an average of 7.8 gestures
across the 15 trials. Whereas age did not
correlate with the overall number of pointing
gestures produced, it did correlate with the
proportion of declarative informative
gesturesr(= .47;p < .001), indicating that as
children grew older, they produced more
informative pointing gestures.

Hand shape

On average, 36.9% of the gestures
produced by children took the form of
whole-hand pointinggD = 31.5) and 61.6%
the form of index-finger pointingSD =
32.1). The remaining 1.5%6D = 5.8) were
made up of other form'sFigure 1 shows the
mean proportions of whole-hand and index-
finger gestures produced for each pointing
situation.

Imperative  gestures were more
frequently associated with whole-hand
pointing, whereas declarative gestures, both
expressive and informative, were more
frequently associated with index-finger
pointing (see Table 1 fartests).

Reciprocally, a significantly higher
number of index-finger pointing gestures
were produced in declarative situations than
in the imperative ong(28) = -6.17;p < .001
for declarative expressive pointing at{d9)
= 8.44;p < .001 for declarative informative
pointing. Conversely, whole-hand pointing
gestures were more frequently used in the
imperative situation than in the declarative
expressive,t(28) = 6.48;p < .001, and
declarative informative oneg29) = -8.08;p
<.001.

Both whole-hand and index-finger
gestures were more frequently produced with
the right hand than with the left hani0) =
2.77;p < .01 andt(41) = 6.78;p < .001.
However, when we compared the mean
handedness indices (MHI) of children who
produced both types of gesturds £ 34),
whole-hand pointings (MHI = 0.39) tended
to be less right-handed than index-finger
pointings (MHI = 0.67)t(34) = -1.74;p =
.086.

! These included any forms that did not match the
earlier description of index-finger or whole-hand
pointing gestures (e.g., extending the arm and fist
toward an object, without any extended fingers).
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Fig. 1. Mean proportions of whole-hand and index-fingempog gestures produced in each

pointing situation.

Table 1.

Comparison of the mean proportions of whole-hardl iadex-finger pointing gestures for each

gesture function.

Whole-hand

Index-finger

T-test

73.6% = 31.5
14.5% + 32.9
11.1% + 26.9

Imperative pointing
Declarative expressive

Declarative informative

24.2% + 31.9

88.9% * 26.9

t(42) =7.14p < .001
t(30) =-7.70p < .001
t(33) =-11.75p < .001

81.9% * 35.0

Finally, the proportions of index-finger
gestures and whole-hand gestures were
correlated with ager (=.58;p < .001 and =
-.59; p < .01). As they grew older, children
produced more index-finger pointing
gestures and fewer whole-hand gestures (see
Fig. 2). The proportion of index-finger
gestures also correlated with language level
(r = .41;p < .01), as did the proportion of
whole-hand gestures (= -.43; p < .001).
However, this relation was explained by the
correlation between age and language level.
After controlling for age, no correlation was
found between language level and the
proportion of index pointing gestures (for

age: = 0.57;p < .01; for language levep. =
0.059;n9).

The correlation between age and
gesture form was also investigated for each
pointing situation. The same relation was
observed for declarative expressive and
declarative informative gestures: as children
grew older, they produced more index-finger
pointing gestures (=.43;p < .05;r =.51;p<
.01) and fewer whole-hand gestures= -
A41;p < .05;r = - .51;p < .01). However,
there was no significant correlation between
age and the form of imperative gestures (
.24; ns for the proportion of index-finger
gesturesy = .25; ns for the proportion of
whole-hand gestures).
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Fig. 2. Proportions of whole-hand and index-finger poigtoestures produced as a function of

the children’s age.

Handedness

Table 2 and Figure 3 illustrate the
mean handedness indices (MHI) associated
with the different manual activities we
studied.

MHI for reaching actions tended to be
lower than MHI for pointing gestures, t(47)
= -1.77; p = .079. We then distinguished
between the three different pointing
situations. In order to compare MHIs,
participants who did not produce the two
types of pointing involved in the comparison
were excluded from the analysis (the number
of excluded participants varied for each
comparison). There was no difference either
between MHI for reaching actions and MHI
for imperative pointing, t(42) = -1.01; ns, or
between MHI for reaching actions and MHI
for declarative expressive pointing, t(30) = -
0.62; ns, but MHI for declarative informative
pointing tended to be higher than MHI for
reaching actions, t(33) = -1.96; p = .054.
None of the correlations between MHI for

reaching actions and MHI for pointing
gestures were significant, whatever situation
was considered.

There was no significant difference
between MHI for imperative and declarative
expressive gestures, t(28) = -0.46; ns,
between MHI for imperative and declarative
informative gestures, t(29) = -1.54; ns, or
between MHI for declarative expressive and
declarative informative gestures, t(22) = -
0.64; ns. Pearson correlation coefficients
confirmed these results, as the MHIs
associated with the different pointing gesture
situations significantly correlated with each
other (imperative and declarative expressive
gestures: r = .49; p < .01, imperative and
declarative informative gestures: r = .53; p <
.01, declarative expressive and declarative
informative gestures: r = .58; p < .01).

Lastly, MHIs, whether they were
associated with reaching actions or with
pointing gestures, were correlated neither
with the language test score nor with age.
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Table 2.

Mean handedness index (MHI) associated with diffeneanual activities.

MHI SE N
Reaching actions 0.32 0.10 48
Pointing gestures 0.55 0.08 47
Imperative pointing gestures 0.43 0.11 42
Declarative expressive gestures 0.46 0.13 30
Declarative informative pointing gestures 0.70 0.08 33
Whole-hand pointing gestures 0.37 0.12 41
Index-finger pointing gestures 0.62 0.09 40

0.9 -
0.8
0.7
0.6
0.5
04 -
0.3 -
0.2
0.1 -

Mean HI

{
RN

0 ‘ ‘
Reaching Pointing

Imp. DE DI

actions gestures pointing pointing pointing

Fig. 3. Mean Handedness Index @B associated with reaching actions and pointinguges
(imperative, declarative expressive and declaratifgemative).

Vocal behavior

On average, 44.2% of the pointing gestures
were accompanied by vocalizationSO( =
35.1) and 55.8% were noBD = 35.1). The
proportion of gestures accompanied by
vocalizations tended to be only weakly
correlated with language level € .30;p =
.053), indicating that children with a high
language test score did not really vocalize

more than children with a lower score. The
production of vocalizations seemed to
depend more on the type of pointing gesture.
In the imperative situation, only 21.1% of
the pointing gestures were produced
simultaneously with vocalizations, whereas
67.6% and 58.3% of declarative expressive
and declarative informative gestures were.
Imperative gestures were therefore more
frequently produced without vocalizations,
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t(41) = -8.11; p < .001. Declarative
expressive gestures were more frequently
accompanied by vocalizationg30) = 3.42;

p < .01, whereas declarative informative
gestures were produced with and without
vocalizations equally oftert(33) = 1.57;ns
The mean proportion of declarative gestures
accompanied by vocalizations was higher
than that of imperative gesture$28) = -
4.14; p < .001 for declarative expressive
pointing andt(28) = -3.35;p < .01 for
declarative informative pointing. There was
no  difference between declarative

Table 3.

informative and declarative
pointing,t(22) = 0.77ns

expressive

Visual behavior

Children alternated their gaze between the
referent and the experimenter in 20.4% of
cases $D = 22.2). They looked solely at the
experimenter in 7.4% of caseSK = 12.8)
and solely at the referent of the pointing
gesture in 72.2% of caseSH = 24.9). We
then compared the types of visual behavior
associated with the three different pointing
situations (see Table 3).

Mean proportions (D) of the different visual behaviors observed inhepginting situation.

Referent/Experimenter

Referent Experimenter .
alternation
Imperative pointing 86.0% + 27.4 1.6% +7.2 12.4% A2
Declarative expressive 78.7% * 27.5 6.1% + 20.8 2%56+ 22.8
Declarative 44.9% +37.86 15.8% + 25.4 39.3% + 36.4
informative

The proportion of gaze alternations
between referent and experimenter was
significantly ~ higher  for  declarative
informative pointing than for imperative
pointing, t(29) = 2.33; p < .05, and
declarative expressive pointing22) = 3.12;

p < .01. There was no difference between
imperative  pointing and  declarative
expressive pointing for the proportion of
gaze alternationsf(28) = 0.83; ns The
proportion of gazes directed solely at the
referent was significantly lower for
declarative informative pointing than for
imperative pointingf(29) = -3.91;p < .001,
and declarative expressive pointin2) =-
3.85; p < .001. There was no difference
between imperative pointing and declarative
expressive pointing(28) = 1.51)ns

Gesture duration

A majority of gestures lasted less than
1 s (52.8% £ 30.9). However, when we
distinguished between the different types of
pointing (see Table 4), results revealed that
the proportion of gestures lasting less than 1
s only rose above 50% for imperative
gestures. Student’s tests showed that, for
gestures lasting less than 1 s, imperative
pointing gestures were significantly more
frequent than declarative informative ones,
t(29) = 2.81;p < .01, and tended to be more
frequent than declarative expressive ones,
t(28) = 1.89;p = .064. Regarding gestures
lasting more than 2 s, declarative expressive
and declarative informative pointing gestures
were more frequent than imperative ones,
t(28) = -2.22;p < .05 and(29) = -2.80;p <
.01. There was no difference between
declarative informative and declarative
expressive pointing, for any gesture duration.
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Table 4.

Mean proportions (5D) of pointing gestures according to duration amtfion

<1ls 1-2s >2s
Imperative pointing 65.7% + 39.6 25.8% + 29.6 86%P.9
Declarative expressive 46.1% +41.6 28.3% +31.9 .6@5 37.6

Declarative informative

36.8% + 33.8

35.1% +31.2 8.126+279

As the experiments were conducted in
different testing conditions depending on the
daycare center -in isolation versus in a group
setting-, analyses of variance were
performed for each dependent variable to
investigate the potential influence of
different environments. These procedural
variations were found not to have influenced
any of the behaviors we studied. Finally, the
results did not reveal any effect of gender on
any of the different variables.

Discussion

The aim of the present study was to
investigate different types of pointing
gesture and to characterize their
development in terms of form, duration,
gaze, manual laterality and vocalizations.
When we focused on gesture duration, hand
shape and vocalizations, our results
suggested a distinction between imperative
and declarative (both expressive and
informative) pointing gestures. In terms of
handedness and visual behavior, however,
imperative and declarative expressive
gestures seemed to contrast with declarative
informative pointing.

On the whole, declarative pointing
gestures were more frequently accompanied
by vocalizations than imperative gestures
were. Declarative communicative gestures
were thus more tightly interconnected with
the vocal system than imperative gestures.

The facilitative role of gestures in language
development may therefore concern
declarative rather than imperative pointing,
as suggested in previous findings (e.g.,
Camaioni et aJ] 2004). It would be
interesting to distinguish between different
types of vocalizations in order to investigate
whether imperative and declarative gestures
are characterized by specific vocalizations.
For example, whining vocalizations might be
associated with imperative gestures, whereas
words or pseudowords might be produced
more frequently in declarative situations.

Our results revealed that, on average,
44.2% of pointing gestures  were
accompanied by vocalizations, whereas in
another study we conducted of toddlers of
about the same age as those in the present
sample, 90% of spontaneous pointing
gestures were accompanied by vocalizations
(Cochet & Vauclair, 2010). However, for the
purposes of that study, we deemed that a
gesture was accompanied by vocalizations if
these occurred within a two-second interval,
whereas in the present study, vocalizations
and gestures had to be produced at exactly
the same time, in order for them to be
regarded as simultaneous. Although these
different methodological choices probably
account for the difference in the proportion
of “vocal gestures” between the two studies,
the experimental context may also explain
this result, as the high percentage of
accompanying vocalizations was observed in
a natural setting, during free play. The more
natural the situation is, the more likely
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children are to vocalize, and this should be
taken into account in developmental studies
using experimental designs.

The measure of pointing duration led
to another distinction between declarative
and imperative gestures: declarative gestures
lasted longer than imperative ones, which
might reflect infants’ wish to maintain
interactions in the declarative situation.
However, this result is difficult to interpret,
as gesture duration depends on a variety of
factors, including the time taken by the adult
to respond to the child’'s pointing. For
example, if the adult reacted more quickly to
a child’s request than to a child’'s comment
about a referent, that child might curtail
his/her imperative pointing but prolong the
declarative gesture. In our study, the
experimenter reacted as soon as the children
pointed in each of the situations, so the
response latencies of the adult to the infants’
points were probably equivalent across
conditions. But this variable was not
recorded and needs to be controlled in future

studies before being able to properly
interpret our results.
The difference in hand shapes

appeared to provide the most persuasive
evidence for a distinction between
imperative and declarative pointing gestures.
Imperative gestures were more frequently
associated with whole-hand pointing than
with  index-finger  pointing, whereas

declarative gestures, both expressive and
informative, were more frequently associated
with index-finger pointing. Reciprocally,

index-finger  pointing  gestures  were

produced more frequently in declarative
situations than in the imperative one, while
whole-hand pointings were more frequently
used in the imperative situation. These
results are similar to those reported by
Franco and Butterworth (1996) in a study
comparing the use of pointing and reaching
gestures in 10-18-month-old toddlers, even

though they used different terms to describe
the gestures. What these authors defined as a
pointing gesture (traditional index-finger
pointing) was used with a declarative
function from the outset, whereas in
imperative situations, children produced
“reaching” gestures, described by the authors
as communicative, open-hand gestures.

Taken together, our results suggest
that imperative and declarative pointing
gestures emerge from different processes,
thus confirming our hypothesis. Imperative
pointing appears to originate from non-
communicative reaching actions, acquiring a
communicative function through a process of
ontogenetic ritualization (Tomasello & Call,
1997), as children learn that their gestures
produce specific effects on adults. By
contrast, imitation would appear to be the
learning process involved in the emergence
of declarative pointing, as the later was
characterized by index extensions in both
expressive and informative situations.

The relation between age and gesture
form also supports the hypothesis of separate
origins for imperative and declarative
gestures. As children grew older, they
produced an increasing number of index-
finger pointing gestures, at the expense of
whole-hand gestures, which were used less
and less. However, whereas this relation was
observed for both expressive and informative
types of declarative gestures, the form of
imperative gestures did not change as a
function of age. Although they were able to
use index-finger pointing, children continued
to use whole-hand pointing in the imperative
situation. This result emphasizes the close
relationship between children’s objectives
and the hand shapes they use: when they are
trying to obtain an object, they adopt the
hand shape that will allow them to take hold
of it. However, this does not mean that
imperative pointing is nothing more than the
initiation of the grasping action, as many
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clues, including gaze, posture and
vocalizations, attested to the intentional and
referential nature of the gesture.

Pointing gestures produced by adults
can also take various forms, depending on
the situation or the focus of the conversation
(Kendon & Versante, 2003; Wilkins, 2003).
Nonetheless, the use of pointing gestures by
children and adults is quite different: adults’
pointing is produced to reinforce the
discourse, generally by indicating the
referent of a deictic word, whereas infants’
pointing is the main component of their
communicative signal. Comparing children’s
and adults’ gestures is therefore a delicate
matter, and although it seems likely that
adults point with all fingers extended when
requesting an object, no study so far has
actually demonstrated this use of whole-hand
pointing gestures in imperative situations.

Moreover, even though the hand shape
associated with imperative pointing did not
change as the children grew older, there may
have been a gradual shift in the underlying
cognitive abilities. Social understanding is
not an all-or-nothing affair and might indeed
involve different levels of understanding
(Carpenter et al., 1998). The initial objective
of infants’ imperative pointing is to influence
the adult's behavior. Subsequently, more
complex skills develop (in relation to the
emergence of declarative pointing) and
children’s imperative gestures, though still
produced to obtain something for
themselves, are then probably intended to
influence the adult's goals and attention
(Liszkowski et al, 2006).

Finally, the distinction between whole-
hand and index-finger pointing deserves a
more thorough investigation. In the present
study, “index-finger gesture” characterized a
hand shape in which the index finger was
extended and the other fingers either tightly
or more lightly curled. It would be
interesting to distinguish between the latter

to find out whether they are produced in
different contexts. Image software would
enable measurements to be made of hand
shapes on still images extracted from video
sequences.

Our results revealed another contrast
besides the one between imperative and
declarative pointing. With regard to
handedness and visual behavior, imperative
and declarative expressive pointing seemed
to contrast with declarative informative
pointing. Gaze alternations between referent
and experimenter were significantly more
frequent in the declarative informative
situation than in the imperative and
declarative expressive ones. In the
informative situation, the experimenter
pretended that she had lost a specific object,
which was visible to the children. The latter
then pointed toward the object in order to
show the adult where it was, indicating that
they knew the experimenter lacked this
information. Gaze alternation was more
frequent in informative pointing because in
this situation, children had to establish the
relation between the object and the adult and
they particularly needed to check the latter’s
informational state (Liszkowski et.aRP006).

Informative gestures also differed from
the other two pointing gestures on hand
preference patterns. But before we come to
that, we first need to discuss overall results
for handedness. Our findings highlighted the
difference between manipulative actions and
communicative gestures, as none of the
correlations between handedness indices
(HI) for reaching actions and HI for pointing
gestures were significant, whereas HI for the
different kinds of pointing gestures all
correlated with each other. Moreover,
pointing gestures tended to be more right-
handed than reaching actions, confirming
results of a study by Bates et &986) of
13-28-month-old toddlers.
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Article 111.
These results suggest that hand
preference for communicative gestures

develops independently from handedness for
manipulative actions. It has been argued that
these different patterns may be related to
distinct neurobiological substrates in the left
cerebral hemisphere. In particular, Vauclair
and Imbault (2009) have postulated the
existence of a specific communication

system in the left cerebral hemisphere
controlling both gestural and vocal

communication.

When we distinguished between the
different pointing situations, our results
showed that hand preference for imperative
pointing and declarative expressive pointing
did not significantly differ from hand
preference for grasping (i.e., manipulative)
actions, whereas declarative informative
gestures tended to be more right-handed than
grasping actions. Moreover, MHI for
informative pointing was 0.70, whereas the
indices for imperative and expressive
gestures were 0.43 and 0.46, figures similar
to that reported in the study by Vauclair and
Imbault (2009), where MHI for pointing
gestures was 0.52. These differences did not
reach statistical significance, but this could
have been due to the small size of the
samples on which the statistical tests were
performed (due to some children not
producing any pointing gestures in one of the
situations).

Thus, overall, our results indicate that
the production of informative pointing
gestures is particularly lateralized to the left
cerebral hemisphere. Although behavioral
methods and measures of hand preference
only provide an indirect view of brain
processes, we can reasonably infer from our
results that some specific networks in the left
hemisphere are more highly activated in
informative situations, possibly reflecting a
higher degree of complexity. All pointing
gestures were produced in order to direct the

addressee’s attention toward a referent, but
they were used for different purposes in each
of the three situations, and may have
involved different social-cognitive abilities.
The interpretation of infants’ social behavior
is a tough question, nevertheless, results of
several studies (e.g., Camaioni, 1997;
Liszkowski et al., 2008; Tomasello et al.,
2007) suggest that imperative pointing
gestures were produced in order to obtain a
desired object, and relied on the child’'s
understanding of the other person as a causal
agent. In the declarative expressive situation,
children directed the adult’s attention to the
exciting event with the aim of engaging with
the adult and sharing interest in this event. In
the declarative informative situation,
children pointed because of the adult's
relation to the hidden object, implying that
they were aware of the adult’s informational
state. Moreover, informative pointing solely
benefited the other person (Liszkowski et al
2006). These cooperative abilities, which are
of a key importance for the emergence of
language, may be related to a stronger
involvement of the left cerebral hemisphere.
Furthermore, informative pointing has been
regarded as the first step toward the
development of human abilities to teach and
instruct other people (Liszkowski, 2005;
Warneken, Chen, & Tomasello, 2006).

To summarize, declarative expressive
pointing was found to be closer to imperative
pointing, regarding visual behavior and hand
preference, but closer to declarative
informative pointing regarding vocalizations,

hand shape and gesture duration. The
development of declarative expressive
pointing may therefore represent an

intermediate stage between imperative and
cooperative communication. It may be more
complex than simply requesting an object,
but less demanding than cooperating with
and helping an adult. Moreover, we cannot
totally exclude the possibility that

declarative  expressive gestures were
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produced with a goal other than sharing
interest about a surprising event. It has ever
been argued that declarative expressive
pointing involved less complex social
understanding than usually attributed to
infants (e.g., Moore & Corkum, 1994).
Southgate, Maanen, and Csibra (2007) have
notably argued that these gestures have an
interrogative function, that is, children point
in order to provoke comments and learn
about an event or object, rather than to share
enthusiasm about it. In the same way that
imperative pointing can be described as a
request for an object, declarative expressive
pointing may be tantamount to a request for
a comment. This hypothesis naturally needs
to be tested in experimental investigations,
but it could explain the intermediate position
of declarative expressive gestures in our
results.

Finally, pointing is a complex gesture
that is elicited in a variety of situations. The
present study highlights the need for
researchers to focus on a number of specific
features, such as function, hand shape,
vocalizations, gaze, and manual laterality, in
order to fully investigate and understand this
communicative behavior.
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Chapter 4

Conclusion

The two studies included in this chapter invesadathe production of pointing
gestures in naturalistic and experimental contegtsysing mainly on hand preference, the
form and the function of pointing gestures. Thdedé@nces observed between imperative and
declarative gestures, notably in terms of hand ehagpnd accompanying vocalizations,
suggest that different ontogenetic processes avied in the emergence of imperative and
declarative pointing. In both studies, the vastangj of declarative gestures (approximately
90%) were produced with the extended index, arglghoportion increased as children grew
older, indicating that the few whole-hand declamafjestures recorded were produced by the
youngest participants. Although hand shapes comstanly indirect indexes of the origins of
pointing, these results support the role of imiatiprocesses in the development of
declarative gestures, both expressive and infoumatt is still unclear, however, whether
imitation processes come into play for all childréncan be hypothesized that children who
produced whole-hand declarative gestures learnedist® declarative pointing through
different processes that still need to be deterchina this perspective, studying the
communicative gestures produced by children’s caeeg may help to determine to what
extent imitation is involved in the emergence ofldeative pointing.

As far as imperative pointing is concerned, resaftthe experimental study (article
lIl) have shown that almost three-quarter of impeeagestures were associated with whole-
hand pointing, whereas in the observational stualyic{e Il), imperative pointing was
characterized equally by index-finger and wholeehartensions. As mentioned in article II,
different forms of imperative gestures might beoassted with different degrees of social
understanding, the hypothesis being that the ptmmoof index-finger imperative pointing
increases as children develop social and cogrstilés. However, results of the experimental

study (article 1ll) did not reveal any significarglationship between age and the form of
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imperative gestures. Moreover, few children produaesimilar number of index-finger and
whole-hand imperative gestures, which suggests ttatfavored hand shape to produce
imperative gestures may vary across children, iaddently of age. It may be useful to carry
out studies on older children to find out whethlee use of index-finger or whole-hand
pointing in imperative situations indeed charazesione’s gestural repertoire, specific to
each individual, or whether the form of imperatgestures depends on contextual features, as
suggested by studies conducted on adults (e.g.¢ddfed Versante, 2003; Wilkins, 2003).
The influence of context, in particular spatial dbzation, may also explain the different
proportions of index-finger and whole-hand impematgestures recorded in the two studies
presented in this chapter. The experimental pantasks allowed us to control the distance
between the child and the referent pointed athabthe latter could be similar across children
and across conditions. By contrast, this distan@s wot taken into account in the
observational study. Even if we only recorded gestuwhen the target was positioned
centrally in front of the gesturer, children prodddoth distal and proximal pointing, which
may require different degrees of precision andugriice hand shapes. This issue therefore will
have to be further investigated (see also the gédescussion).

The studies described in the present chapter maimgd at identifying the features of
pointing gestures produced by children in differeatnmunicative contexts, but they also
focused on the relationship between language astligs. Results did not reveal any effect
of accompanying vocalizations on the degree of haneference for pointing, and language
test score was correlated neither to hand prefer@ac to the proportion of index-finger
pointing. Nevertheless, the lack of significantateEinship may be due to the use of cross-
sectional designs and/or to the relatively smaih@a size of the observational study, which
is why the relationship between speech acquisaioth hand preference for gestures needs to

be further examined.
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Chapter 5

5.1. Introduction and aims of article IV

Both structural and functional cerebral asymmetrieported in infants have
highlighted the existence of early signs of leftdmgphere specialization for speech
processing (e.g., Dehaene-Lambertz et al., 200BpBwet al., 2009; Friederici, Friedrich, &
Christophe, 2007; Holowka & Petitto, 2002). Thehtigided asymmetry for communicative
gestures produced by infants and children reflectsft-hemisphere specialization as well,
which may be somehow related to language latetadizaStudying the development of hand
preference may thus provide some insights into rithiire of the speech—gesture links.
Specifically, researchers have argued that thebcarepecialization for gestural and verbal
signals involves a single communication systemhm left hemisphere (e.g., Gentilucci, &
Dalla Volta, 2008; Xu et al., 2009).

The studies presented in this chapter intendeddibthis hypothesis by investigating
longitudinally the development of hand preferenmegointing gestures, in relation to speech
acquisition. These studies were conducted on d@rildretween 15 and 25 months of age
(article 1V) and between 13 and 21 months of agéc(a V). These age ranges allowed us to
study language level from the production of thetfiwords to the first combinations of words
into simple sentences. Manipulation tasks wereuthedl in order to compare hand preferences
for communicative and non-communicative activitiesing development and examine their
respective relationships with speech acquisitionthie first study, children were observed

every two months at their homes over a ten-montioge
5.2. Atrticle IV: Cochet, H. (2011)Development of hand preference for object-

directed actions and pointing gestures: A longitatstudy between 15 and 25 months of age.

Developmental Psychobiologw press).
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Development of hand preference for object-directedctions and pointing

gestures: A longitudinal study between 15 and 25 miths of age

Héléne Cochet

Center for Research in the Psychology of Cogniti@mguage & Emotion

Aix-Marseille University

Abstract

The development of hand preferences for objecetiteactions and pointing gestures
was investigated in toddlers sampled bimonthly leetw15 and 25 months of age. Language
level was also assessed, in an attempt to exarmeeetationship between handedness and
language development. Results did not reveal aapgés over the study period in the mean
handedness index of the whole sample, both for hiralamanipulative activities and pointing
gestures. However, the categorization of partidpas left-handers, right-handers, or non-
lateralized revealed that most of children presgemenlinear individual trajectories in the
development of hand preference. Moreover, the aignificant correlations observed
between hand preferences for manipulation and ipgintere negative correlations between
the strength of hand preferences at 19 and 21 maftlage, suggesting that manipulative
actions and communicative gestures are controljedifferent networks in the left cerebral
hemisphere. These findings are discussed in ralatcthe development of speech-gesture

links in infancy.

Keywords: handedness, bimanual manipulation, pointing gestisiaguage development
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INTRODUCTION Christophe, 2007; Mills, Coffey-Corina, &
Both speech and gestures are lNeV|IIe, 1993|) anq the role of gesture.s |_n

associated with left-hemispheric anguage eaming  (e.g., ~ Camaioni,

asymmetries in adults (e.g., Knecht et al.,
2000), but the relationship between the
emergence of language lateralization and

manual asymmetries in infants is still
unclear. In an attempt to answer this
guestion, the present study aimed at

exploring the relationship between hand
preference in different activities and
language development in toddlers, over a 10-
month period during the second year of life.

It is now widely acknowledged that
infants begin to use gestures to communicate
before they use words, and the role of
gestures in speech development has been
highlighted in several studies (see Colonnesi
, Stams, Koster, & Noom, 2010). In addition,
researchers have shown not only that infants’
pointing gestures were predominantly
produced with the right hand (e.g., Blake,
O’'Rourke, & Borzellino, 1994; Cochet &
Vauclair, 2010-a; Young, Lock, & Service,
1985), but also that this right-sided
asymmetry was stronger than the one
reported for noncommunicative manual
actions (Bates, O’'Connell, Vaid, Sledge, &
Oakes, 1986; Cochet & Vauclair, 2010-b;
Vauclair & Imbault, 2009). Moreover,
laterality for both unimanual and bimanual
manipulative actions appears not to be
significantly correlated (e.g., Cochet &
Vauclair, 2010-c; Esseily, Jacquet, &
Fagard, 2011), or to be only weakly
correlated with laterality for communicative
gestures (Vauclair & Imbault, 2009).

These findings suggest, first, that
manual asymmetries for gestures and for
manipulative  activities follow distinct
developmental trajectories in the course of
ontogeny. Second, considering both the early
signs of left hemisphere specialization for
language processing in infants (e.g., Dubois
et al., 2009; Friederici, Friedrich, &

Perucchini, Bellagamba, & Colonnesi, 2004;
Goldin-Meadow, 2006), it can be
hypothesized that the emergence of manual
asymmetries for gestures is linked to the left-
hemispheric specialization for language.
However, few studies have investigated the
development of hand preferences in relation
to language acquisition by distinguishing
communicative gestures from manipulative
actions. Recent research revealed that the
frequency of right-handed pointing gestures
in 14-month-old infants was correlated to the
number of words understood and to the
number of words produced, while no
significant relation was found between
handedness for grasping and language level
(Esseily et al., 2011). The relationship
between hand preference and language now

needs to be investigated throughout
development, as this relationship is likely to
change at critical periods of speech

acquisition (e.g., Bates et al., 1986).

Longitudinal studies also prove to be
necessary to compare the strength and
stability of hand preferences for
noncommunicative activities and
communicative gestures across development.
Signs of right-sided asymmetries are already
expressed in infancy, but the consistency in
the degree of hand preference for
manipulative activities appears quite limited
during the infant's first year of life,
especially in unimanual prehension tasks
(e.g., Corbetta & Thelen, 1999; McCormick
& Maurer, 1988; Ramsay, 1985). Bimanual
activities, in which each hand has a specific
and different role from the other hand, are
now regarded as more reliable measures of
handedness, as they require more lateralized
patterns of actions (Fagard & Marks, 2000;
Fagard & Lockman, 2005). The distinction
between active and passive roles for the two
hands has been widely exemplified with the
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tube task, in which the non-dominant hand
grasps a tube while the dominant hand picks
up the object or food inserted in it (e.g.,
Hopkins et al., 2005; Vauclair & Imbault,
2009). The proportion of right-handed
children in bimanual tasks has been reported
to increase between 10 and 40 months of age
(Vauclair & Imbault, 2009), however, other
researchers did not observe any changes in
the degree of handedness in both unimanual
and bimanual activities between 13 and 28
months (Bates et al., 1986) and between 18
and 36 months of age (Fagard & Marks,
2000). With regard to communicative
gestures, findings from several studies
focusing on pointing gestures have suggested
that the right-sided asymmetry is established
in early stages of development. Indeed, the
degree of right-hand preference was found to
increase between pre-pointing produced at 8
months of age and later pointing produced at
15 months (Young et al.,, 1985) and 12
months of age (Blake et al., 1994). By
contrast, studies with older children did not
report any increase in the right-sided bias for
pointing between approximately 1 and 3
years of age (Bates et..al1986; Cochet &
Vauclair, 2010-a; Vauclair & Imbault, 2009).

Overall, these results indicate that the
development of hand preference for both
bimanual manipulative activites and
communicative gestures deserves further
investigation. The aim of the present study
was to examine the dynamic relationship
between language acquisition and hand
preferences for bimanual manipulative
activities and pointing gestures. Children
were followed up every two months between
15 and 25 months of age, in their home.
First, we expected to observe different
patterns of hand preference between object-
directed actions and pointing gestures, in
favor of a stronger asymmetry for pointing.
Second, we expected the development of
hand preference for pointing to be more

closely related to language, compared to
handedness for manipulation.

METHOD
Participants

Eight French children (four girls and
four boys), recruited in daycare centers, were
studied every two months in their home with
their mother between 15 and 25 months of
age. Due to house moving or other family
events, two additional children only
participated in the first session and were
therefore not included in the study. The data
were missing for another child at 23 months
of age due to illness. Insofar as it concerned
only one of the six sessions, this child was
not excluded from the study. All children
were from middle- to upper-middle-class
monolingual French-speaking families.

Procedure

Each session began with a short
warming-up period, in the child’s bedroom
or in the living-room. The language test, two
bimanual manipulation tasks and two
pointing tasks were then administered in an
alternated order across participants. For both
manipulative activities and pointing gestures,
an attempt was made to administer the same
number of trials in each of the two tasks.
However, more trials could be administered
in one task if children were reluctant to
perform the other one. Children were seated
either at a child-size table or on the floor,
depending on what they were more
accustomed to. The experimenter was seated
in front of the participants and showed them
different objects and pictures. The mother
stayed in the room throughout each session,
but she was instructed not to initiate
interactions with the child and not to point
toward the different targets during testing.
For the assessment of hand preference, data
were only collected when children were
sitting in a symmetrical posture, with both
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hands initially free before starting a trial. All
sessions were videotaped.

Language Assessment. The
“language” subtest of the French Brunet-
Lézine scale (1965) revised by Josse (1997)
was used to measure language level. This
scale assesses psychomotor development
between 2 and 30 months of age. The
language subtest comprises a task in which
children have to identify familiar objects (N
= 10, including for example a spoon and a
pair of glasses) and pictures (N = 15,
including for example a banana and a bike).
Participants either directly name the different
items or point toward the objects and
pictures designated by the experimenter
when they are too young to produce the
corresponding words (in the latter case,
children had to point to a specific picture
among either 6 or 9 different pictures,
depending on their age). Other items are
based on parental reports (N = 9, for the age
range studied), but most of the time, the
experimenter could also observe the target
behaviour during the session (e.g., knowing
whether children use their first name when
talking about themselves). Both language
production and comprehension are thus
assessed, although the total raw score
obtained does not allow distinguishing
between these different language
components. The maximum possible raw
score is 73 A developmental age for
language is inferred from the raw score via
the available French norms. Dividing the
developmental age by the chronological age
yields a developmental quotient (DQ) for
language.

Manipulative Tasks. For both tasks,
the hand playing an active role was
considered as the dominant hand and the one
having a role of support or orientation as the
non-dominant hand. In thebottle task,
children had to hold a small transparent

plastic bottle (6 cm in diameter) with their
non-dominant hand and take out the stuffed
toy that was placed in it with their dominant
hand. Five different stuffed toys were used.
In the columntask, children had to remove a
plastic ring from a Fisher-Price column with
their dominant hand. The experimenter made
sure that the ring was pushed down just far
enough to require children to hold the base
of the column with their non-dominant hand.
In total, children undertook between five and
ten trials, depending on their willingness to
accomplish the tasks.

Pointing Tasks. In the first task,
children were asked to point to different
pictures (e.g., a ball, an elephant) in a
children’s book positioned in front of them,
either on the table or on the floor. In the
second task, children had to point to toys that
had been positioned in front of them by the
experimenter, at a distance of approximately
1.5 m away. Between five and 15 trials were
administered in total, depending on
children’s willingness to produce pointing
gestures. Our initial objective was to perform
a number of trials sufficient to record at least
eight pointing gestures for each child,
without exceeding 15 trials, however, so as
to keep the children’s attention and interest.
Nevertheless, as pointing gestures proved to
be relatively difficult to elicit in some
children over the study period, we reduced
the minimum threshold to five pointing
gestures. This number of trials, although
limited, is sufficient to reliably assess hand-
preference patterns, as indicated by other
studies conducted in toddlers (e.g., Cochet &
Vauclair, 2010-b; Vauclair & Imbault,
2009). MoreoverHandedness Index scores
(see below) for manipulative actions and
pointing gestures could still be calculated
with a comparable number of responses. The
mean numbers of manipulative activities and
pointing gestures recorded for each child are
displayed in Table 1.
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Table 1. Mean Numbers of Bimanual Manipulative ActivitiesdaPointing Gestures (and

Standard Deviations) Recorded for Each Child

Participants Nat. Cla. Val. Ele. Giu.  Ani. Jon. Ada
Bimanual 817 75 817 833 82 7.67 7.83 7.33
manipulation (.41) (1.22) (41) (.52) (.45 (.82) (41) (2.07)
Pointing 833 80 867 833 84 867 90 8.0
gestures (.82) (.0) (1.03) (.82) (.68) (.47) (1.10) (1.41)
Data Analyses RESULTS
An individual Handedness Index Language Development
score (HI) was calculated for each

participant using the formulaR(- L)/(R +

L), whereR andL stand for the total right-
and left-hand responses. The HI values lay
along a continuum from -1 to 1, with the
sign indicating hand-preference direction
and the absolute value reflecting hand-
preference strength. A-score was also
calculated using the formul® ¢ L)/ square
(R+L) (Fagard & Lemoine, 2006; Michel,
Sheu, & Brumley, 2002), in order to
classify participants as right-hande %
1.65), left-handers Z( < 1.65), or non-
lateralized (—1.65 € < 1.65).

Reliability

The experimenter coded all the
sessions from the video recordings. A
second coder who was blind to the
hypotheses of the study coded 21 % of the
total number of sessions (ten sessions were
randomly selected). Significant and strong
correlations were found between the
reliability coding and the main coding for
language score,r 97, p < .01,
handedness score for manipulation .99,

p < .01, and hand preference score for
pointing, r = .83,p < .01, thus indicating
high level of inter-rater reliability.

The mean language scores and the
mean developmental quotients were
calculated for each session (see Tab. 2).
Friedman ANOVA revealed a significant
increase in language raw scores between
15 and 25 months of age, (n = 7;df = 5)
= 34.9;p < .001 (Wilcoxon matched-pairs
signed rank tests indicated that all two-by-
two adjacent age differences were
significant). There was no significant
changes in the mean developmental
qguotient for language between 15 and 25
months of ageg2 (n=7;df=5) =4.31p=
51,

Development of Hand Preference

First, we examined the development
of hand preference through the analysis of
Mean Handedness Indexes (MHI) of the
whole sample (see Tab. 2). Friedman
ANOVA did not reveal any changes in
hand preference between 15 and 25 months
of age, either for manipulative activities,
(n=7;,df = 5) = 6.96;p = .22, or for
pointing gesturesg? (n = 7;df = 5) = 4.10;
p=.53.

102



Article IV.

Chbet, H. (2011)Developmental Psychobiology press).

Table 2.Mean Language Scores, Mean Developmental QuotientsMean Handedness Indexes
(MHI) for Bimanual Manipulative Activities and Pding Gestures at Each Age (in Months)
Figures in brackets refer to standard deviations.

15m 17 m 19m 21m 23 m 25m
Raw Score 24.4 311 38.8 45.8 58.1 63.8

(3.8) (4.5) (6.8) (10.6)  (9.8) (10.6)
Developmental 95.1 102.0 103.4 102.7 110.0 107.6
quotient (14.0) (8.2 (9.5)  (14.0) (12.6) (14.3)
MHI Bimanual .78 54 .59 21 .28 52
manipulation (.36) (.47) (.70) (.80) (.65) (.37)
MHI Pointing .63 .53 .50 .62 .33 .51
gestures (.23) (.60) (.42) (.55) (.68) (:47)

Therefore, in order to provide a
global evaluation of infants’ hand
preference, we calculated single
handedness scores for each participant
grouping all sessions together. MHI for
bimanual manipulation varied between
—.41 and 1.0M = .49;SD = .46) and MHI
for pointing gestures varied between -.19
and 0.86 M = .53; SD = .35). In the
manipulation task, six children were
classified as right-handers, one as left-
hander and one as non-lateralized. In the
pointing task, seven children were
classified as right-handers and one child as
non-lateralized.

Second, we investigated the
stability of hand preference for
manipulative  activities and pointing

gestures focusing on the categorization of

children as left-handers, right-handers or
non-lateralized over the 10-month period
of the study (see Tab. 3). Only one child
was strictly right-handed for manipulative
activities over the six sessions. With regard
to pointing gestures, two children were
strictly right-handed over the six sessions.
When the classification did not remain
stable over the study period, several
scenarios were observed, but no clear
developmental shifting patterns emerged.
Children shifted either once or several
times in hand preference, either being first
classified as right-handers or non-
lateralized. However, it can be noted that
no child was classified as left-hander
before 19 months of age in the
manipulation task, and before 21 months of
age in the pointing task.

Table 3. Distribution of Participants as Right-Handers, bdénders, or Non-Lateralized for
Manipulative Activities and Pointing Gestures dsuaction of Age (in Months)

1I5m 17m 19m 2Im 23m 25m
_ _ Right-handers 6 3 6 3 2 4
Manipulative | o4 handers 0 0 1 2 2 0
activities i
Non-lateralized 1 3
Pointi Right-handers 4 5 4 6 3 5
ointing Left-handers 0 0 0 1 1 1
gestures )
Non-lateralized 4 3 4 1 3 2
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Relation between Hand Preference for
Pointing and Manipulation

Considering  the  global  hand
preference scores (i.e., all sessions grouped
together), the categorization as right-handers
was consistent across the manipulation and
pointing tasks for six of the eight children.
One child was classified as non-lateralized in
both tasks and the last child was classified as
right-hander in the pointing task and as left-
hander in the manipulation task. There was
no significant difference in the MHI for
pointing gestures and manipulative activities,
Z =.28;p = .78,n = 8, and no significant
correlation between these different measures
of hand preference,= .31;p = .46.

Further analyses considering each
session separately also failed to reveal any
significant differences between MHI for
pointing gestures and manipulative activities.
Moreover, none of the correlations between
the two measures of hand preference was
significant, whatever age was considered.
However, correlational analyses performed
on the absolute values of HI revealed
significant negative correlations between the
strength of hand preferences for
manipulative actions and pointing gestures at
19 months i( = —.79;p = .019) and at 21
months ( = —.87;p = .005).

Furthermore, considering the six
sessions separately, the categorization of
children as left-handers, right-handers, or
non-lateralized was consistent across the two
tasks in 21 of the 47 overall observations,
including 13 observations where children
were right-handed both in the pointing task
and the manipulative task, six observations
where they were non-lateralized and two
observations where they were left-handed.

Relation Between Hand Preference and
Language Development

Spearman’s correlations were
performed to investigate the relation between

language level and handedness over
development. At 15, 17, 19, 23 and 25
months of age, neither raw language scores
nor developmental quotients were correlated
to HI for pointing gestures or for
manipulative activities. At 21 months of age,
results revealed a negative correlation
between raw language score and HI for
pointing gestures, = —.73;p = .042, whereas
language score was not correlated with HI
for manipulative activities, = .46;p = .25.

Finally, Mann-WhitneyU tests were
used to assess the potential influence of
gender on the different variables studied (HI
scores and language level), after applying
Bonferroni corrections to adjust the level of
significance. There was no difference
between boys and girls on any of the
variables, whatever age was considered.

DISCUSSION

The present study confirmed earlier
evidence for the existence of right-sided
asymmetries in young children (e.g., Bates et
al., 1986; Blake et al.,, 1994; Cochet &
Vauclair, 2010-a, 2010- b; Young et al.,
1985), thus demonstrating the preferential
involvement of the left cerebral hemisphere
both in the control of noncommunicative
actions and pointing gestures. Results did not
reveal any changes between 15 and 25
months of age in the MHI of the whole
sample for bimanual manipulative activities
or pointing gestures, in line with several
studies with children of comparable age
ranges (Bates et .gl 1986; Cochet &
Vauclair, 2010-a; Fagard & Marks, 2000;
Vauclair & Imbault, 2009). However, we
cannot exclude the possibility that bimonthly
sampling intervals did not allow us to
observe transient and subtle variations of
hand preference. For example, Ferre et al.
(2010) have shown that developmental
changes in the degree of hand preference for
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object prehension could only be identified
using monthly sampling intervals.

Moreover, the calculation of mean
indexes tends to mask interindividual
variability, whereas the latter needs to be
considered in order to identify potentially
distinct trajectories in the development of
hand preferences. Thus, at the individual
level, some children exhibited stable hand-
use preferences for bimanual activities and
pointing gestures over the ten months of the
study, while others presented nonlinear
trajectories in handedness development. The
classification of participants as left-handers,
right-handers or non-lateralized revealed that
most of children shifted several times in
preference over the study period, but no clear
developmental shifting patterns emerged
from our results. However, children mainly
shifted from right-hander to non-lateralized,
or from non-lateralized to right-hander,
reflecting fluctuations in the strength rather
than in the direction of hand preferences
throughout development, both for object
manipulation and pointing.

The comparison of hand preferences
for noncommunicative actions and pointing
gestures did not reveal any significant
difference in MHI between the two types of
activities, contrary to results of previous
studies reporting a stronger right-sided bias
for pointing (Bates et al., 1986; Esseily et al.,
2011; Vauclair & Imbault, 2009). However,
as previously mentioned, MHI does not take
into account individual variations during
development. Further analyses showed that
the two measures of hand preference were
not significantly correlated, whatever age
was considered, which supports previous
findings of studies that examined the
relationship between hand preferences for
pointing and unimanual reaching (Cochet &
Vauclair, 2010-b; Esseily et al.,, 2011).
Moreover, strong negative correlations were
observed between the strength of hand

preferences (i.e., the absolute values of HI)
for manipulative actions and pointing
gestures at 19 and 21 months of age,
indicating that strongly lateralized children
in the pointing task were weakly lateralized
in the manipulative task, and conversely. The
distinction between left-handed, right-
handed and non-lateralized children at each
session also showed that the classification
was different across both tasks in more than
55 % of observations.

These different developmental
trajectories are consistent with the
hypothesis according to which a bimodal
communication system, specialized for both
gestural and vocal communication, is distinct
from the system controlling
noncommunicative motor functions in the
left cerebral hemisphere (e.g., Gentilucci, &
Dalla Volta, 2008; Ozyiirek, Willems, Kita,
& Hagoort, 2007; Xu et al., 2009). The fact
that the strength of hand preferences varied
in opposite directions at 19 months and at 21
months of age might be related to specific
periods in speech development likely to
influence left hemispheric activity, in
particular the lexical spurt period. The
lexical spurt is a strong increase in lexical
production occurring between 18 and 22
months of age, once children’s vocabulary
size reaches about 50 words (e.g., Goldfield
& Reznick, 1990; Nazzi & Bertoncini,
2003). A recent study reported that the
lexical spurt was accompanied by an
increase in the degree of hand preference for
pointing gestures, but not for bimanual
manipulative activities (Cochet, Jover, &
Vauclair, 2011). Therefore, this sudden
change in the rate of word learning may be
associated with high mobilization of the
bimodal communication system in the left
cerebral hemisphere, while fewer resources
may be attributed to the purely motor system
during the same period. In line with this
hypothesis, the number of children
categorized as right-handers in the pointing
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task was found to increase between 19 and
21 months of age, while it decreased in the
bimanual manipulation task. Although the

language test used in the present study did
not allow us to determine precisely the onset
of the lexical spurt for each participant, these
results support the association between
increasing lateralization for pointing gestures

and increasing productive vocabulary

(Cochet et al., 2011; Esseily et al., 2011).

However, several limitations of the
present study need to be mentioned. First,
the language scale used did not distinguish
between language comprehension and
production, whereas hand preference might
relate in different ways to these different
functions. Second, the low number of
participants did not allow us to identify
common patterns of changes in manual
laterality across children, in relation to
language development, and restricts the
generalization of our findings regarding the
relationship between hand preferences for
manipulation and pointing at 19 and 21
months of age. Future studies with larger
samples and additional measures of language
level may shed light on some unexpected
results such as the negative correlation
between hand preference for pointing and
language level at 21 months of age, and
should enable to investigate further whether
the emergence of manual asymmetries for
gestures is linked to the left-hemispheric
specialization for speech.
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Chapter 5

5.3. Aims of article V

Although the study presented in article IV providesme information relevant to
understanding the emergence of hand preferencepdioting gestures and manipulative
activities, it showed a number of limitations thegeded to be addressed in a subsequent
study.

First, the language test used assessed sevenaislicgabilities, but did not allow us to
distinguish between language production and congmshbn, nor between lexical or syntactic
skills. In the following study, we focused on leadiroduction and assessed the number of
words produced by children via a parental questaoenn order to identify the onset of the
lexical spurt. The latter, defined as a major iaseein the rate of word learning occurring in
the second year of life (e.g., Goldfield & Reznid®90; Nelson, 1973), is a key period in
language development during which children leartwben 4 and 10 new words per day
(Bassano, 2000). Children’s productive vocabularg sndeed increases from approximately
60 words at 16 months of age to 300 words at 24thsofi-enson et al., 1993). The lexical
spurt may thus be associated with a heavy demani@fohemisphere resources that may
directly influence hand-preference patterns.

Second, this study examined both imperative andad®o/e pointing gestures, as
results of several studies have suggested theeagistof different speech—gesture links
depending on the function of the gestures (see E€ha&). Moreover, the study presented in
article V was conducted on a larger sample sizecaildren were observed every month over
a five-month period. These relatively short intésvanay offer further insight into the
relationship between speech acquisition and theeldpmnent of hand preferences for

communicative gestures and manipulative activities.
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5.4. Article V: Cochet, H., Jover, J., & Vauclair, J. (2011). Hameference for
pointing gestures and bimanual manipulation arcinedvocabulary spurt periodournal of

Experimental Child Psycholodin press). DOI. 10.1016/j.jecp.2011.04.009
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Hand preference for pointing gestures and bimanuamanipulation

around the vocabulary spurt period

Héléne Cochet, Marianne Jover, & Jacques Vauclair

Center for Research in the Psychology of Cogniti@mguage & Emotion

Aix-Marseille University

Abstract

This study investigated the development of handepeace for bimanual manipulative
activities and pointing gestures in toddlers obsérlongitudinally over a five-month period,
in relation to language acquisition. The lexicalrspvas found to be accompanied by an
increase in the right-sided bias for pointing, Imat for manipulation. Moreover, results
revealed a significant correlation between handepeace for imperative pointing gestures
and manipulative activities in children who did retperience the lexical spurt during the
observational period. By contrast, measures of éanelss for declarative pointing were never
correlated with those of handedness for manipuiatithis study illustrates the complex
relationship between handedness and language geveld and emphasizes the need to take
the different functions of pointing gestures intz@unt.

Keywords: language development, lexical spurt, handednessiarhial manipulation,

imperative pointing, declarative pointing
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A small body of research has described
the development of hand preference in
relation to language development, although
this topic represents a significant source of
information for assessing developmental
changes of these two main functional
asymmetries. Because the use of one hand
for a specific activity mostly reflects the
predominant involvement of the contralateral
hemisphere, this measure provides an
innovative means for investigating its
relations with the cerebral control of speech
during development. Moreover, different
measurements of handedness may allow us
to determine whether manipulative activities
and communicative gestures are linked to
speech at varying degrees. In the current
study, language level and hand preference
for both bimanual manipulation and pointing
gestures were measured longitudinally in
toddlers between 13 and 21 months of age in
an attempt to unravel the complex
relationships between language acquisition
and the development of handedness. We
focused on a key period of language
development, namely the lexical spurt,
whose onset was expected to be more closely
linked to hand preference for pointing than
to handedness for non-communicative
actions in the course of development.
Moreover, speech—gesture relationships were
expected to vary depending on the function
served by pointing gestures.

Development of handedness: manipulative
activities

Although  the first signs  of
asymmetries emerge very early in the
infant’s development (see Provins, 1992, for
a review) and are even already expressed in
the fetus (e.g., Hepper, Shahidullah, &
White, 1990; Michel, 1981), the degree of
hand preference is rather weak and
fluctuating during the few months following
the first intentional grasping movements,

produced at around 5 months of age (e.g.,
Corbetta & Thelen, 1999; Ramsay, 1985).
Bimanual skills, emerging at around 1 year
of age, are more likely to reveal stable
indicators of handedness than unimanual
activities such as reach-to-grasp movements,
and this is all the more true as the two hands
play much differentiated roles (Fagard &
Marks, 2000; Fagard & Lockman, 2005). For
these bimanual activities, researchers deem
the hand that plays an active role as the
dominant hand and the one that is used as a
passive support as the non-dominant hand.
This can be exemplified with the tube task,
in which the non-dominant hand grasps a
tube while the dominant hand picks up the
object or food inserted in it (e.g., Hopkins,
1995; Vauclair & Imbault, 2009; Vauclair,
Meguerditchian, & Hopkins, 2005).

The most important cerebral processes
related to the development of handedness are
generally thought to take place before 3
years of age, resulting in an increase in the
proportion of right-handed children for
bimanual manipulative activities (Vauclair &
Imbault, 2009). However, another study with
children observed at 13, 20 and 28 months of
age did not report any increase in the degree
of manual asymmetry over this period
(Bates, O’Connell, Vaid, Sledge, & Oakes,
1986). Moreover, in assessing hand
preference in a unimanual grasping task,
Fagard and Marks (2000) observed an
increase in the percentage of right-handers
between 18 and 36 months of age. By
contrast, the percentage of right-handers
based on measures obtained from a bimanual
coordination task in the same children was
not found to vary, suggesting again that
bimanual handedness is expressed earlier
than unimanual handedness. However, the
proportion of right-handed infants generally
does not reach the 90% reported for adults
(e.g., in infants: Esseily, Jacquet, & Fagard,
2010; Michel, Sheu, Tyler, & Ferre, 2006; in
adults: Raymond & Pontier, 2004).
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Therefore, although the direction of
handedness appears to be stabilized at
around 3 years of age, the strength of hand
preference is likely to increase in later
childhood, until approximately 7 years of
age (e.g., McManus et al., 1988).

In addition, methodological
differences across studies complicate the
issue of handedness development because
there is a large variability in the criteria used
to categorize individuals as right or left-
handers and in the calculation of handedness
indexes (see Hopkins, 1999). Thus, the
understanding of the development of hand
preference still needs to be improved, and
longitudinal  studies are  particularly
conducive to investigate this question.

Gestural communication: pointing gestures

Pointing is a referential and intentional
communicative gesture that aims at
indicating an object, event or location to
another person, in a joint attentional frame
(e.g., Camaioni, 1993). Pointing first
emerges in human infants toward the end of

their first year (e.g., Butterworth &
Morissette, 1996; Camaioni, Perucchini,
Bellagamba, & Colonnesi, 2004) and

encompasses various functions and various
forms (e.g., Cochet & Vauclair, 2010-a;
Tomasello, Carpenter, & Liszkowski, 2007).
Researchers have mainly distinguished
between imperative and declarative functions
(Bates, Camaioni, & Volterra, 1975), with
the former being described as a request for a
desired object or a specific action on that
object and the latter being described as an
attempt to direct the adult’'s attention to a
referent in order to indicate its existence and
share some interest in it (e.g., Camaioni,
1997). Thus, imperative pointing, at least in
its early manifestations, may be regarded as
an instrumental act that simply uses the adult
as a means to a desired object (e.g., Bates et

al., 1975). A few researchers have also
argued that declarative pointing is used by
infants as a means of gaining positive
emotional reactions from the adult rather
than to direct the attention of others to
external entities (e.g., Moore & Corkum,
1994). However, recent empirical findings,
demonstrating that 12-month-old infants
were able, first, to point cooperatively to
provide information for other persons (e.qg.,
Liszkowski, 2005) and second, to request
from adults absent but mutually known
objects  (e.g., Liszkowski, Schéfer,
Carpenter, & Tomasello, 2009), support the
hypothesis that both imperative and
declarative gestures reveal an early form of
psychological understanding of others’
mental states.

In addition to a lack of consensus
concerning cognitive processes involved in
the production of imperative and declarative
gestures, it is also unclear whether these two
kinds of  pointing have  distinct
developmental trajectories and/or different
relationships with speech development.
Camaioni et al. (2004) observed that children
were able to use imperative pointing earlier
than declarative pointing; however, the
opposite temporal shift has also been
reported (Carpenter, Nagell, & Tomasello,
1998). This discrepancy between studies
might be explained by methodological
differences because the production of
pointing under experimental conditions
(Camaioni et al., 2004) may differ from the
production of pointing in joint attention
episodes between mother and child observed
in play situations (Carpenter et al., 1998). An
observational study conducted in a day-care
center revealed an age-related increase in the
proportion of declarative pointing gestures
produced by children between 1 and 3 years
of age (Cochet & Vauclair, 2010-a),
suggesting that children become more likely
to declare about events and objects as they
grew up. Moreover, declarative
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communicative gestures have been reported
to be more tightly interconnected with the

vocal system than are imperative gestures
(e.g., Camaioni et al., 2004; Franco &

Butterworth, 1996). For example, declarative

gestures are more frequently accompanied
by vocalizations than are imperative gestures
(Cochet & Vauclair, 2010-b). These different

relations with speech between imperative
and declarative gestures may be reflected in
distinct hand preference patterns, as
explained in the following section.

Handedness for
development

pointing and language

Speech—gesture links have been
highlighted in many developmental studies,
mainly pertaining to the predictive and
facilitative effects of gestures on speech
development (e.g., Butterworth, 2003;
Iverson & Goldin-Meadow, 2005; Pizzuto &

Capobianco, 2005; Rowe & Goldin-
Meadow, 2009; Tomasello, 2008).
Moreover, from a  neurobiological
perspective, several researchers have
postulated the existence of a relation
between anatomical and  functional

hemispheric asymmetries associated with
language and hand preference behavior (e.qg.,
Hervé, Crivello, Perchey, Mazoyer, Tzourio-
Mazoyer, 2006). Although left hemisphere
specialization seems well established in
right-handers (e.g., Knecht et al.,, 2000),
relatively little is known concerning the
exact nature of this relation, and few data are
available in human infants and children.
Nonetheless, it has been argued that adult
patterns of cerebral asymmetries are set early
in infant development (e.g., Amunts,
Schmidt-Passos, Schleicher, Alles, 1997,
Serrien, Ivry, & Swinnen, 2006) and might
even develop from processes controlling
morphogenesis of the brain in the embryo
(Trevarthen, 1996). Moreover, infants have
been shown to exhibit left hemisphere

lateralization in both speech perception (e.qg.,
Dehaene-Lambertz, Dehaene & Hertz-
Pannier, 2002; Mills, Coffey-Corina, &
Neville, 1993) and production. For example,
a study using near-infrared spectroscopy in a
3-year-old child revealed clear left
hemisphere activation in Broca’s area during
speech production (Gallagher et al., 2007).

Considering these early structural and
functional hemispheric asymmetries in the
speech-processing cerebral network (see also
Dubois et al.,, 2009), it seems particularly
relevant to investigate speech—gesture links
through the development of hand preference
for communicative gestures. A right-sided
asymmetry especially for pointing gestures
has been reported in several studies (Bates et
al., 1986; Blake, O’'Rourke, & Borzellino,
1994; Young, Lock, & Service, 1985;
Vauclair & Imbault, 2009). Moreover,
Esseily et al. (2011) showed that right-
handed infants for pointing understood and
produced more words than non right-handed
infants, and Vauclair and Cochet (2010)
observed a U-shaped relationship in toddlers
between 12 and 30 months of age between
the degree of hand preference for pointing
and the developmental quotient for language.
Results from the study by Bates et al. (1986)
also support the existence of a dynamic
nonlinear relationship between speech and
right-hand use: these authors failed to reveal
significant correlations between language
score and handedness in pointing and
symbolic gestures, whereas a nonlinear
relationship was observed at 20 months of
age.

Thus, although the link between
language and hand preference for pointing
gesture seems quite obvious, little is
currenty known about the precise
development of this relationship during
ontogeny. Thus, a longitudinal study would
appear to be appropriate to go some way
toward answering this question, especially
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focusing on a key period of language
development occurring during the second
year of life, that is, the vocabulary spurt
period. The lexical (or vocabulary) spurt is
defined by an increase in lexical production
occurring toward 18 months of age once
children’s  vocabulary  size  reaches
approximately 50 words (e.g., Goldfield &
Reznick, 1990; Nazzi & Bertoncini, 2003).
Such a strong increase in the rate of word
learning has been suggested to trigger or
reinforce the activation of analytical
mechanisms (e.g., Locke, 1997) and/or to
reflect a fundamental change in the word
learning process (e.g., Behrend, 1990;
Mervis & Bertrand, 1994). These processes
may be associated with a heavy demand
placed on left hemisphere resources, which
is more likely to highlight the tight
interconnection in the brain between speech
and communicative gestures. Besides, given
the age ranges examined in the different
studies mentioned earlier, it appears that a
focus on the lexical spurt period may provide
some explanations for the nonlinear
relationships that were reported between
hand preference for pointing and speech
development.

In addition, because imperative and
declarative pointing gestures seem to relate
to speech to different degrees (see above),
we may expect declarative pointing to be
more right-handed than imperative pointing
and/or to be more closely linked with the
lexical spurt period. More precisely, hand
preference for declarative gestures, but not
imperative ones, may develop jointly with
the increase in the rate of lexical growth
characterizing the vocabulary spurt.

Comparison between communicative
gestures and non-communicative activities

Even though studies of hand
preference originally pertained to non-

communicative object-directed actions, the
distinction between communicative gestures
and manipulative actions proves to be
necessary because the comparison of these
two types of activities may reveal different
patterns of asymmetry, as well as different
relationships with speech development. The
right-sided bias has been shown to be
stronger for infants’ pointing gestures than
for manipulative activities regardless of
whether it concerns unimanual object
grasping or bimanual manipulation (Bates et
al., 1986; Cochet & Vauclair, 2010-b).
Regarding correlational analyses, Esseily et
al. (2011) did not observe any significant
relationship between hand preference for
pointing gesture and object grasping,
although the majority of children were right-
handed for both activities. Moreover,
Vauclair and Imbault (2009), besides
observing a higher number of right-handed
participants in pointing than in object
manipulation, reported a significant but
moderate correlation between handedness
scores for pointing gestures and object
manipulation. More precisely, the correlation
was significant between 18 and 20 months
and between 29 and 32 months of age, and it
became nonsignificant in the interim, which
was interpreted by the authors as reflecting
the influence of speech development on hand
preference patterns. However, it is difficult
to further explain these findings because
language level was not directly measured in
this study. Finally, few studies have
compared hand preference patterns in
communicative gestures and manipulative
actions, and so far results tend to emphasize
some independence between hand
preferences for pointing gestures and
manipulative activities.

Thus, using a longitudinal design over
a five-month period, this study aimed to
explore the developmental patterns of
handedness for both manipulative activities
and pointing gestures during the second year
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of life, in relation to the lexical spurt period.

Another purpose of this study was to
examine the difference between imperative
and declarative pointing, notably with

respect to their relationships with language
development.

Method
Participants

A total of 25 French children (13
girls and 12 boys), from Caucasian middle-
to upper middle-class families, were studied
once a month in day nurseries over a 5-
month period. They were between 13 and 17
months of age at the first session. Among
these participants, 11 (6 girls and 5 boys)
took part in the study in 2008 and 14 (7 girls
and 7 boys) took part in the study in 2009
(see Table 1). Children were considered to

Table 1

be 13 months old when their age ranged
between 12.5 and 13.5 months and so forth
for other ages in months. Parents provided
informed consent for their infant’s
participation.

Because there were slight variations in
the manipulation task and in the number of
trials per task depending on the year of the
experiment (2008 or 2009), we performed
Mann-WhitneyU tests to compare the two
groups of children for each variable of
interest at each session. There was no
significant difference in hand preference
scores for either the manipulation task, the
imperative pointing task, or the declarative
pointing task. Moreover, no significant
difference was observed in the language test
score. Thus, data from the two groups of
participants were combined for statistical
analyses.

Distribution of participants depending on age it fsession and year of experiment.

13 Months 14 Months 15 Months 16 Months 17 Months Total

Number of participants in 2008 0 3 2 5 1 11

Number of participants in 2009 3 3 4 4 0 14

Total 3 6 6 9 1 25
Procedure designed to induce imperative and

Children had met the experimenters
before the first day of the experiment to get
familiarized with them. Each child was
seated at a rectangular table, either in
isolation in a separate room or in the main
room but apart from the other children
depending on the day-care center. One of the
experimenters was sitting opposite the child,
and the other stood back, noting the recorded
behaviors. A bimanual manipulation task and
two pointing tasks were administered, with
the order of presentation alternated across
participants. The two pointing tasks were

declarative pointing, respectively, based on
earlier studies (Liszkowski et al., 2009; see
also Blake et al., 1994, for a description of
indicative and request situations). To avoid
postural biases, data were recorded only
when the child was in a symmetrical position
with both hands initially free. Moreover, all
the objects and stimuli used were positioned
centrally in front of the children. All sessions
were videotaped.

Bimanual manipulationThree variants
of a bimanual task were administered, with
the hand playing an active role being
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considered as the dominant hand and the
hand having a role of support or orientation
being considered as the non-dominant hand.
In the “bottle” variant, the child needed to
hold a small transparent plastic bottle (6 cm
in diameter) with one hand and to take out
the soft toy that was placed in it with the
dominant hand. In the “sphere” variant, the
participant needed to maintain a ball-shaped
box (16 cm in diameter) with one hand and
to put in a small ball (3.5 cm in diameter)
with the dominant hand, or, on the contrary,
to take that ball out. In the “column” variant,
the child needed to remove a plastic ring
from a Fisher-Price column with the
dominant hand by holding the base of the
column with the other hand. According to
the session (2008 or 2009), children
performed either three trials of the sphere
task and three trials of the column task or
four trials of the sphere task and four trials of
the bottle task. Thus, in total, children
performed between six and eight trials.

Imperative pointing gesture. The
experimenter handled attractive toys (e.g., a
wind-up ladybird) and showed interest about
them, for example by saying, “Look at this!
Isn’t it funny?” She then put the object on
the table, beyond the child’s reach (=50 cm
away from the child), to induce a pointing
gesture. When the child produced a pointing
gesture, he or she was given the toy. If the
child did not produce any gesture, the trial
was considered as ended after approximately
10 s. Children completed three or four trials
according to the session (2008 or 2009). A
new attractive toy was presented for each
trial.

Declarative pointing gesturefor the
declarative pointing task, we used piled up
cubes, placed at a distance of 50 cm from the
child, on which different drawings were
stuck (e.g., a dog picture). The experimenter
asked the child to show her the different

pictures, for example by saying, “Have you
seen the dog? Where is it?” When the child
produced a pointing gesture, the
experimenter commented about the picture.
If the child did not produce any gesture, the
trial was considered as ended after
approximately 10 s. This task aimed at
leading children to direct the adult’s

attention to a picture in order to share some
interest about it. Thus, children’s gestures
were taken into account even if the picture
pointed at was different from the one first

mentioned by the experimenter. Children
performed three or four trials according to
the session (2008 or 2009).

Measures

Language. To measure children’s
language level, parents were asked to fill out
the French adaptation (Kern, 2003, 2007) of
the MacArthur Communicative
Development Inventories (MCDI; Fenson et
al., 1993) at every session. For the sake of
comparison, we used a simplified version of
the “Words and Sentences” questionnaire
designed for children between 16 and 30
months of age. Only production was taken
into account, with the score obtained
corresponding to the total number of words
the children had in their vocabulary
according to their parents. We removed one
aberrant value for a 15-month-old participant
because this outlier differed strikingly from
the other data and likely resulted from a
measurement error.

Hand preferenceTo assess hand use
asymmetries, individual handedness index
scores were calculated for each task with the
formula R-L)/(R + L), whereR andL stand
for the total number of right- and left-hand
responses, respectively. Handedness index
values lay along a continuum from -1 to 1,
with the “+” sign indicating hand preference
direction and the absolute value reflecting
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the strength of hand preference. Handedness
indexes were calculated only when children
had performed at least two trials.

Missing data. Due to children
performing fewer than two trials in the

Table 2

pointing tasks or the manipulation task, or to
some parents not always filling out the
language questionnaire, some data were
missing. The number of observations
available depending on children’s age and
the task are presented in Table 2.

Number of observations depending on age and task.

13 14 15 16 17 18 19 20 21 Total
Months Months Months Months Months Months Months Months Months
Language 6 12 18 18 17 13 10 1 97
test
Bimanual 9 15 22 24 21 15 10 1 117
manipulation
Imperative 7 12 16 22 18 14 7 1 08
pointing
Declarative 9 13 17 23 21 14 8 1 107
pointing
Results the level of significance for these multiple

Preliminary Mann-Whitney tests did
not reveal any gender effect on either
handedness index scores or language test
scores.

Cross-sectional analysis

Data were first examined cross-
sectionally according to children’'s age.
Because only 3 participants were 13 months
old at the first session and only 1 participant
was 21 month-old at the last session, we
removed these 4 observations and focused on
the development between 14 and 20 months
of age. The number of observations varied
from 6 to 24 depending on the variable and
the age considered. Wilcoxon signed ranks
tests were used for age-related comparisons
of language and handedness scores.
Bonferroni corrections were applied to adjust

comparisons (p < .025).

Language development.Language
scores ranged from O to 298 words and, not
surprisingly, mean language scores increased
between 14 and 20 months of age, as did
interindividual variability (see Fig. 1). All
the two-by-two adjacent age differences
were significant except the one between 14
and 15 monthsZ = 1.6;p = .108;N = 4,
which was performed on a limited number of
children.

Handedness  development. Mean
handedness indexes (MHIs) associated with
bimanual manipulation, imperative pointing
gestures, and declarative pointing gestures
are displayed in Table 3.
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Fig. 1.Changes in mean language scores (+ SEs) as adnmuftage.

Table 3
Mean Handedness Indexes (and SEs) for the diffenanual activities at each age.

14 Months 15 Months 16 Months 17 Months 18 Months 19 Months 20 Months

MHI Bimanual 0.21 0.42 0.52 0.49 0.54 0.39 0.67
manipulation (0.23) (0.20) (0.12) (0.098) (0.14) (0.18) (0.14)
MHI Imperative 0.43 0.75 0.81 0.39 0.55 0.76 0.71
pointing (0.37) (0.18) (0.11) (0.17) (0.15) (0.15) (0.29)
MHI Declarative  0.37 0.41 0.77 0.64 0.90 0.73 0.56
pointing (0.16) (0.24) (0.14) (0.12) (0.048) (0.17) (0.29)

Note: Standard errors are in parentheses. MHIs usuatlyfvom —1 to +1; a positive sign reflects
right-hand preference, and the absolute valueatsfiae strength of hand preference.

Two-by-two adjacent age comparisons  was significant only at 18 months of age for
did not reveal any significant difference in  declarative pointingZ = 2.24;p < .025;N =
the mean handedness scores for either 21. However, this age-related difference in
manipulation or pointing gestures in the MHIs remained minor and marginal. Thus,
course of development. Moreover, the an analysis of handedness as a function of
comparison between bimanual manipulation language development appears to be
and pointing gestures globally highlighted a necessary for more significant patterns to
stronger degree of hand preference for emerge.
pointing gestures, although the difference
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Handedness and speech development.
Spearman rank correlations did not reveal
any significant relation between handedness
indexes and language scores regardless of
what activity and age were considered.

Longitudinal analysis

Subsequently, we investigated the
relationship between laterality and language
longitudinally, focusing on the lexical spurt
period. The following analyses now include
all the observations from 13 to 21 months of
age.

Handedness and the lexical spufio

get a descriptive overview of the relationship
between handedness and language
development, all individual handedness
indexes are depicted in scatter plots for the
different manual activities. Figs. 2-4

suggest, first, the existence of different
relationships between hand preference for
manipulation, imperative pointing, and

declarative pointing and the total number of
words produced, and second, a qualitative
change in these relations after the lexical
spurt, that is, from the time children attained
a 50-word productive vocabulary. Indeed,
nearly all data points for which handedness
indexes were negative were concentrated
before the lexical spurt.

HI manipulation

. e @

Number of words produced

Fig. 2 Scatter plot displaying the relation
manipulation. HI, handedness index.

between lamge score and handedness for
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Fig. 3. Scatter plot displaying the relation between lemge score and hand preference for
imperative pointingHI, handedness index.
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Fig. 4. Scatter plot displaying the relation between lsgge score and hand preference for
declarative pointingHl, handedness index.

Among the 25 participants in the observational period. The youngest children
current study, 3 already produced more than were 16 months old when their lexicon
50 words at the time of the first session, 12 exceeded 50 words and the oldest children
did not reach the 50-word threshold were 20 months old{ = 18.1 monthsSD =
associated with the onset of the lexical spurt, 1.5).
and 10 crossed this threshold during the
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First, Wilcoxon matched-pairs signed
ranks tests and Spearman rank correlations
were performed to examine the relation
between handedness scores before and after
the vocabulary spurt for each manual
activity. Mean handedness scores, including
only the children who reached the 50-word
threshold during the observational period,
are displayed in Fig. 5. The MHI for
imperative pointing gestures tended to be
higher after the lexical spurt than beforeit,
= 1.83;p = .068,N = 9, and the MHI for
declarative pointing was higher after the
lexical spurt Z=2.37;p < .05,N = 9. There
was no difference in MHIs between these
two periods for bimanual manipulatiod,=
0.085;ns N = 10.

Second, we investigated  the
relationship between handedness scores
recorded in the different tasks either before
or after the lexical spurt. For the
comparisons to be valid (i.e., performed on
the same sample of children), analyses
included only the participants who reached
the 50-word threshold during the
observational period\= 10).

Pointing gestures. There was no
difference in MHIs between imperative and
declarative pointing gestures either before
the lexical spurtZ = 0.17;ns or after the
lexical spurt, Z = 0.0; ns Moreover,
handedness indexes for imperative and

declarative  gestures tended to be
significantly correlated before the lexical
spurt, R = .60; p = .067, and were
significantly correlated after the lexical
spurt,R = .96;p < .001. These correlations
were compared using Fishers Z
transformation (see Raghunathan, Rosenthal,
& Rubin, 1996). The correlation between
handedness indexes for imperative and
declarative gestures proved to be stronger
after the lexical spur = 2.05;p < .05.

Manipulation versus Communication.
Before the lexical spurt, MHIs associated
with imperative and declarative pointing
gestures did not significantly differ from the
MHI associated with bimanual manipulation,
Z = 0.21;ns andZ = 0.53;ns respectively.
By contrast, after the lexical spurt, the MHI
for bimanual manipulation was found to be
lower than MHIs associated with imperative
and declarative pointing gestur@s: 1.99;p
< .05, andZ = 2.02;p < .05, respectively.
Moreover, handedness indexes associated
with imperative pointing gestures and
bimanual manipulation were not
significantly correlated either before the
lexical spurt,R = .46;ns or after the lexical
spurt, R = .44; ns Similarly, handedness
indexes for declarative pointing were not
correlated with handedness index for
bimanual manipulation either before the
lexical spurt,R = .37;ns or after the lexical
spurt,R=.41;ns
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Fig. 5. Mean handedness indexes (+SEs) for the differenualeactivities before and after the lexical
spurt. Mean handedness indexes vary on a contiftam -1 to +1; a positive sign indicates right-
hand preference, and the absolute value refledsstrength of hand preference. The level of
significance associated with Wilcoxon matched-psigsed ranks tests is indicated above the bars for

each manual activity.

Lastly, the following analyses focused
on results obtained in children who did not
reach the 50-words threshol € 12).

Pointing gestures. There was no
significant difference in MHIs between
imperative and declarative pointing gestures,
Z = 0.36;ns Moreover, handedness indexes
for imperative and declarative gestures were
not significantly correlated® = .46;ns

Manipulation versus Communication.
MHIs associated with imperative and
declarative pointing gestures did not
significantly differ from the MHI associated
with bimanual manipulatior? = 1.27;ns N
= 22 and Z = 0.36; ns respectively.
Moreover, a significant correlation was
found between hand preference for
imperative gestures and manipulative
activities, R = .62; p < .05. By contrast,

handedness indexes for declarative pointing
and bimanual manipulation were not
significantly correlatedR = .11;ns

To make sure that the previous results
were not due to a general difference in the
strength of hand preference between children
who experienced the lexical spurt during the
observational period and those who did not,
we compared MHIs recorded before the
lexical spurt between the two samples of
children. Mann-WhitneyU tests did not
reveal any difference between the two
groups for either for manipulative actiohs,
= 45,0;ns or pointing gesture$) = 52,5;ns
for imperative pointing antll = 59,5;ns for
declarative pointing.

To summarize, after the lexical spurt,

hand preference associated with imperative
and declarative pointing gestures was

122



Article V. Codaheél., Jover, M., & Vauclair, J. (2011)ECP(in press).
stronger than handedness for bimanual of age (Blake et al., 1994), likely reflecting
manipulation, whereas there was no an increasing involvement of the left cerebral

difference between these measures before
the lexical spurt. Moreover, in children who
experienced the lexical spurt during the
observational period of the current study,
only the correlation between handedness
indexes for imperative and declarative
pointing was found to be significant. In
children who did not experience the lexical
spurt, handedness indexes for imperative and
declarative gestures were not significantly
correlated, whereas a significant correlation
was observed between hand preference for
imperative pointing gestures and
manipulative activities.

Discussion

The main objective of the current
study was to investigate the development of
hand preference for communicative gestures
and manipulative activities in relation to
speech acquisition during the second year of
life. First, a right-hand preference was
observed for both bimanual manipulation
and pointing gestures, confirming the results
reported in several prior studies (e.g., Bates
et al., 1986; Cochet & Vauclair, 2010-a, b;
Fagard & Marks, 2000; Vauclair & Imbauilt,
2009; Young et al., 1985).

Our results did not reveal any overall
age-related increase in the right-sided bias
for pointing gestures. Previous findings have
not reported any strengthening of the right-
sided asymmetry for pointing gestures
between 13 and 28 months of age (Bates et
al.., 1986), between 10 and 40 months of age
(Vauclair & Imbault, 2009), and between 12
and 38 months of age (Cochet & Vauclair,
2010-a). By contrast, the degree of right-
hand preference was found to augment
between pre-pointing produced at 8 months
of age and later pointing produced at 15
months (Young et al., 1985) and 12 months

hemisphere in the production of
communicative gestures. Altogether, these
results suggest that the right-sided
asymmetry for communicative gestures is
already strongly established by
approximately one year of age.

Regarding bimanual manipulation, we
also did not observe any age-related increase
in the right-handed bias, in line with
previous results reported in toddlers between
13 and 28 months (Bates et al., 1986) and
between 18 and 36 months of age (Fagard &
Marks, 2000). Moreover, the overall increase
in the proportion of right-handers for
bimanual manipulative activities reported by
Vauclair and Imbault (2009) was in fact due
to a difference observed from 34 months
onward. Thus, the strength of handedness
may increase during early childhood (e.g.,
McManus et al., 1988), in a higher age range
than the one selected for the current study.

Our results become more telling if we
include language development in the picture.
Indeed, toddlers’ hand preference patterns
were found to vary depending on whether or
not the lexical spurt had taken place. This
specific period in speech acquisition is
characterized by a strong increase in the rate
of word learning — children learn one or two
new words a day — occurring at around 18
months of age. The age of onset of the
vocabulary spurt varies sharply across
children, but it has also been determined that
lexical spurt occurs when the child’s
productive vocabulary attains 50 words
(Benedict, 1979; Goldfield & Reznick, 1990;
Nazzi & Bertoncini, 2003; Nelson, 1973).
We used this 50-word milestone in the
current study to contrast handedness scores
as a function of the lexical spurt.

First, the comparison of hand
preferences within each manual activity
provided further information than the age-
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related analysis. There was no difference in
handedness scores for bimanual
manipulation between the two periods
(before and after the lexical spurt). By
contrast, the degree of hand preference for
pointing gestures was found to be higher
after the lexical spurt, although the
difference was significant only for
declarative pointing, whereas it tended to be
significant for imperative pointing. Thus,
even if a strong right-sided bias for pointing
gestures is observed quite precociously, as
stated above, this bias strengthens again as
the lexical spurt takes place. This result
suggests a tight interconnection in the left
cerebral hemisphere between speech and
communicative gestures, and this s
especially true for declarative pointing,
which is usually regarded as more closely
related to speech development (e.g., Blake,

Vitale, Osborne, & Olshansky, 2005;
Camaioni et al., 2004; Cochet & Vauclair,
2010-a). Moreover, the increase in the

degree of hand preference for pointing
reported toward the end of the first year
(Blake et al., 1994; Young et al., 1985)
might be associatedith another important
step in speech development that demands a
high mobilization of left hemisphere
resources, namely the production of the very
first words.

The comparison between handedness
scores for manipulation and communication
also appears more meaningful taking the
lexical spurt into account. Before that period,
hand preference associated with imperative
and declarative pointing gestures did not
significantly  differ from  handedness
associated with bimanual manipulation. By
contrast, after the lexical spurt, hand
preference was stronger for both imperative
and declarative pointing than for bimanual
manipulation. Moreover, handedness indexes
for pointing gestures were not correlated
with  handedness indexes for bimanual

manipulation. On the whole, these findings
support the hypothesis of an independence
between object manipulation and pointing
gestures, associated with the idea that
distinct neurobiological substrates in the left
cerebral hemisphere control these behaviors
(e.g., Vauclair & Imbault, 2009).
Considering the interaction between the
production of pointing gesture and the
lexical spurt, as well as the different
functions of pointing, may allow us to clarify
and develop this hypothesis.

Before the lexical spurt, the pace of
word learning is quite slow and steady. The
strong increase in the rate of word learning is
likely to be coupled with an increasing
involvement of the left cerebral hemisphere
in linguistic processes, as suggested by an
event-related potential study in 20-month-old
infants (Mills et al., 1993). Once this
cerebral network has reached a certain level
of specialization — with the onset of the
lexical spurt — the strength of hand
preference for pointing gestures increases up
to and exceeding the one for bimanual
manipulation. Thus, we can raise the
hypotheses that (a) the increasing cerebral
specialization involves an integrated and
bimodal communication system rather than
just speech network and (b) the control of
manipulative activities is independent from
this  communication  system.  These
hypotheses are supported by recent neural
evidence reporting simultaneous integration
of information from speech and
communicative gestures in the brain
(Ozyurek, Willems, Kita, & Hagoort, 2007;
Xu, Gannon, Emmorey, Smith, & Braun,
2009). This left-lateralized and modality-
independent system is likely to be located in
Broca’'s area (Gentilucci & Dalla Volta,
2007).

Interestingly, hand preference scores
for imperative pointing were significantly
correlated with measures of handedness for
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object manipulation in children who did not
experience the vocabulary spurt, that is, in
children who did not reach the 50-word
threshold during the observational period.
Moreover, among the same children,
handedness indexes for imperative and
declarative gestures were not significantly
correlated. These results, which support the
distinction  between imperative and
declarative gestures, may reflect the more
instrumental and object-related nature of
imperative pointing (Camaioni, 1997).
Children produce imperative pointing to
obtain something for themselves, and in their
early manifestations, imperative pointing
gestures may rely on a child’s understanding
of the other person as a causal agent. A shift
in the cognitive abilities associated with
imperative pointing has previously been
suggested as children grow older (Tomasello
et al., 2007), together with a change in the
children’s real intention. It was hypothesized
that at an early stage, infants aim to
influence the adult’'s behavior, whereas later

on, as the adult comes to be regarded as an

intentional agent who can decide to help the
children, the latter may seek to influence the
adult's goals and attention (Cochet &
Vauclair, 2010-a). The current study enables
us to highlight the period in speech
development that is associated with this
gradual shift, namely the lexical spurt. In
agreement with our interpretation, Nazzi and
Bertoncini (2003) proposed that this period
corresponds to the onset of the referential
use of language resulting from a
developmental coupling of linguistic and
cognitive abilities. The lexical spurt has also

been suggested to be associated with a shift

toward more analytical processes (e.g.,
Behrend, 1990; Locke, 1997; Mervis &
Bertrand, 1994). In contrast, McMurray
(2007) argued that the lexical spurt was not
related to any specialized learning processes,
but rather is a by-product of variation in
difficulty; that is, the number of words likely

to be to learned by children increased with
the level of difficulty. The existence of the
lexical spurt has also been questioned by
some researchers for whom the increase in
the rate of word learning is usually more
gradual than has been assumed (e.g., Ganger
& Brent, 2004). Nonetheless, although the
lexical spurt may not occur in all children, or
may happen later in some children than in
others, a recent study showed that the growth
rate of lexical production increased during
the second year in most children (e.g., Stolt,
Haataja, Lapinleimu, Lehtone, 2008).
Beyond the debate on the lexical spurt, the
fact remains that in the current study,
handedness patterns changed when children
reached a certain level of language
development (£ 50 words).

Contrary to the results concerning
imperative gestures, measures of hand
preference for declarative gestures were not
correlated with those of handedness for
manipulation in any of the children’s groups.
It has previously been argued that declarative
pointing, produced with the aim of engaging
with the adult and sharing interest in a
specific object or event, reflects some
infants’ understanding of others’
psychological states (e.g., Camaioni et al.,
2004; Liszkowski, Carpenter, Henning,
Striano, & Tomasello, 2004). This early
form of social understanding has been
demonstrated in 12-month-old infants, when
declarative pointing has just emerged
(Liszkowski, Carpenter, & Tomasello,
2007), consistent with our results showing
that hand preference for declarative pointing
is associated from the beginning with
hemispheric asymmetries in communicative
functions and not with asymmetries in purely
motor functions of manipulation.

Thus, our findings suggest that
imperative pointing and declarative pointing
involve  different levels of social
understanding during the first few months of
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the second year of life. However, these
gestures, as intentional and communicative
signals, remain closely related. There was
indeed no difference in the degree of hand
preference  between imperative and
declarative pointing gestures, and these
measures were significantly correlated, in
line with previously reported results (Cochet
& Vauclair, 2010-b). However, this

correlation was stronger after the lexical
spurt (Spearman’s correlation coefficient
increased from .60 to .96) and was not
significant in children who did not cross the
50-word threshold during the observational
period, supporting the hypothesis of a
gualitative change of imperative pointing
once the lexical spurt has occurred.

Finally, the results of the current study
may explain some discrepancies between
studies that have shown, on the one hand,
significant but moderate correlations
between handedness indexes for
manipulative actions and pointing gestures
(Vauclair & Imbault, 2009) and, on the
other, the absence of any significant
correlation between these two measures
(Cochet & Vauclair, 2010-b). The
investigation of hand preference in relation
to the occurrence of lexical spurt may have
revealed different and finer patterns.

It is also important to mention certain
limitations of the current study, most of
which are inherent in longitudinal designs. In
addition to a relatively small sample size, the
numerous missing data did not allow us to
use a more analytical approach when
analyzing the results (e.g., growth modeling,
generalized estimating equation [GEE]
analysis). Thus, larger samples should be
examined in further research studies,
possibly expanding the age range of the
children beyond 21 months given that some
participants of the current study were
probably still too young to experience the
lexical spurt.

In conclusion, the investigation of hand
preference patterns, even as indirect indexes
of hemispheric activity, has highlighted the
relation between speech acquisition and
declarative pointing gestures. Our results
support the existence of a bimodal
communication system in the left cerebral
hemisphere that is different from the one
involved in object manipulation. The present
study also emphasized that the production of
imperative pointing was associated with this
manipulation system during the first months
of the second year of life before being more
closely related to the communication system
with the onset of the lexical spurt. Thus, in
future research investigating the relationship
between language development and
handedness, it appears to be essential to
consider the period of the vocabulary spurt
and to distinguish between the imperative
and declarative functions of pointing.
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Chapter 5

Conclusion

Although a right-sided asymmetry for communicatigestures and manipulative
activities is already apparent by one year of apanges in the degree of hand preference
showed that this latter is not established in blstavay in the second year of life. The studies
presented in this chapter have revealed that thiel@@ment of right-sided asymmetry is in
fact influenced by factors other than age, inclgdthe language level. The relationship
between speech lateralization and handedness hgd&en investigated, but the distinction
between object manipulation and communicative gestus not consistently taken into
account. Yet, as confirmed by the two studies dlesdrin this chapter, hand preferences for
manipulative activities and for pointing gestur@srobt develop in close association, and the
link between the lateralization of speech and mhmmavements is most obvious for
communicative gestures.

A study using event-related potentials in 20-magithinfants, categorized as low or
high language producers, has revealed that incgakvel of language abilities was
associated with increasing cerebral specializébotanguage processing (Mills et al., 1993).
In the study presented in article V, increasingylaage level, which was exemplified through
the lexical spurt, was linked to an increase inrtgbt-sided bias for communicative gestures.
These results support the hypothesis that commitivecgestures and speech are mediated by
common neural systems in the left cerebral hemigp(eg., Xu et al., 2009). Moreover, the
onset of the lexical spurt was not accompaniednyychange in handedness for manipulative
activities, suggesting that the bimodal system igfized for both gestural and verbal
communication is distinct from the one controllimgrely motor activities.

The study of both imperative and declarative gestuyprovides a more complete
picture of the relationship between communicatiestgres and language. The emergence of

hand preference for declarative gestures seems &sdociated with language development as
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soon as children are able to produce declaratiugipg, that is, as early as 12 months of age
(e.q., Liszkowski et al., 2004), while hand prefexe for imperative pointing becomes related
to the communication system at a later stage, tmedexical spurt has occurred. Our results
have thus revealed complex relationships betweeard lmeference and language, which
depend on the nature of the manual activity studiedbes it involve any communicative

intention? — and on the function served by theugest— are they imperative or declarative

gestures?
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CHAPTER 6. Hand preferences and communicative gestes in
adults
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Chapter 6

6.1. Introduction and aims of article VI

Handedness in adults has been assessed througiety wh methods and tasks, the
most widely used being self-reported handednesstigneaires referring to daily object-
directed activities (e.g., Dragovic & Hammond, 20B@éane, 2008; Van der Elst et al., 2011)
and laboratory tasks measuring hand skills in peging or finger-tapping tasks (e.g., Holper
Biallas, & Wolf, 2009), or in more complex coordiimn tasks involving computerized
procedures (e.g., Johansson et al., 2006). Moreawedies investigating patterns of hand
preference for communicative gestures have maiabuged on co-speech gestures (e.g.,
Kimura, 1973; Kita, Condappa, & Mohr, 2007). To &mowledge, there are no data available
in adults regarding hand preferences (1) for usuaipulative activities directly performed
in natural situations and (2) for communicativetgess other than co-speech gestures.

In the following article, we therefore sought taexne manual asymmetries in a large
sample of adult participants for bimanual manipuéctivities requiring two qualitatively
differentiated manual contributions, and for commative gestures produced intentionally
and referentially, namely pointing gestures. Atfiobjective was to allow the comparison
with hand-preferences patterns reported in stuilias used similar tasks with children and
nonhuman primates. Second, we intended to determinether hand preferences for
communicative gestures and non-communicative éiettvare as clearly distinct in adults as
they are in children. Lastly, in order to investg#he relationship between hand preference
and language and test the bimodal communicatiotersydiypothesis, we examined the
influence of speech on the degree of hand preferdnc comparing silent and verbal

conditions.
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6.2. Article VI: Cochet, H., & Vauclair, J. (2011). Hand preferenicglsuman adults:
Non-communicative actions versus communicative ugest Cortex (in press). DOL.

10.1016/j.cortex.2011.03.016
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Hand preferences in human adults:

Non-communicative actions versus communicative gests

Héléne Cochet & Jacques Vauclair

Center for Research in the Psychology of Cogniti@mguage & Emotion

Aix-Marseille University

Abstract

Hand preferences for pointing gestures and bimamuahipulative activities were
investigated in 127 adult participants. Pointingstgees were produced in two different
conditions: aspeechcondition, in which the gestures were accompatgdpeech, and a
silent condition. Although the classification of partiaqts as left- or right-handers, or
ambidextrous, was consistent across the manipolaéind pointing tasks for 85% of
participants, results showed only moderate coiozlat between handedness scores for
bimanual manipulation and pointing gestures. Moeepresults did not reveal any difference
in the degree of hand preference between pointasguges produced along with speech and
gestures produced on their own. The implicationthes$e findings are discussed in relation to

the lateralization of non-communicative manual@wi communicative gestures and speech.

Keywords: handedness, bimanual manipulation, pointing gestepeech, lateralization
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1. Introduction

The concept of "handedness" has
traditionally referred to manipulative actions,
and only a few researchers have investigated
manual specialisation for communicative
behaviour. Furthermore, although some
studies have already undertaken comparisons
between manual preferences for
manipulation and communication in non-
human primates (in chimpanzees: Hopkins et
al., 2005; in baboonsvieguerditchian and
Vauclair, 2009), as well as in human infants
(Bates et al.,, 1986; Cochet and Vauclair,
2010a; Vauclair and Imbault, 2009), this
issue has never been directly addressed in
human adults. In an attempt to investigate
the relationship between hand preference and
lateralization of speech processing, the main
purpose of the present study was thus to
compare hand-preference patterns for non-
communicative actions and communicative
gestures in human adults.

1.1. Relationship between hand preference
and speech processing

Speech being one of the most
striking lateralized functions of the human
brain, its relationship with handedness has
long been of interest to researchers. In order
to investigate this relationship, the nature of
the asymmetric actions being performed
needs to be taken into account, leading to the
distinction between purely manipulative

activities and activities involving a
communicative intention, that is,
communicative gestures. Concerning
manipulative actions, the left cerebral

hemisphere was shown to be dominant for
language in 96% of right-handers and 70%
of left-handers (Knecht et al., 2000). This
means that the vast majority of left-handed
individuals do not have right-hemisphere
dominance for speech, demonstrating that
the relationship between handedness for

manipulative  activites and language

lateralization is very indirect. For this reason,

studying the asymmetries that pertain to
communicative behaviour may bring a new
perspective to the relationship between hand
preference and language processing.

First, behavioural studies have
reported a right-sided bias for gestures that
spontaneously accompany speech in adults
(e.g., Dalby et al., 1980; Kimura, 1973,
Saucier and Elias, 2001). Some of these
gestures are used intentionally, to refer
directly to the speech content (e.g., iconic
gestures), but most hand movements are
produced to lend continuity, emphasis and
rhythm to speech, or else are not clearly
connected with its discursive structure (e.g.,
self-touching movements). Moreover, it has
been argued that co-speech gestures are
independent of speech production processes
(Chu and Kita, 2009). Therefore, in order to
examine speech—gesture links and to
compare hand-preference patterns for non-
communicative actions and communicative
gestures, it seems more appropriate to focus
on gestures that have the clearest
communicative intention. In infants and
children, a right-sided asymmetry has been
observed for communicative gestures such as
pointing gestures and/or symbolic gestures
(e.g., Bates et al., 1986; Blake et al., 1994;
Cochet and Vauclair, 2010a, 2010b; Vauclair
and Imbault, 2009; Young et al., 1985). In
deaf adults, a right-sided bias has been
reported for signing (e.g., Grossi et al., 1996;
Vaid et al., 1989), which may be viewed in
relation to neuroimaging data showing that
Broca’s area is activated in the production of
sign language (e.g., Corina et al., 2003;
Emmorey et al., 2007). In hearing adults, one
study has reported a right-sided asymmetry
for pointing gestures (Bryden et al., 2000),
however, the pointing task used in that study
did not involve any communicative intention
(participants were asked to point to an object
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indicated by the experimenter, without any
specific communicative motive). So for now,
no data are available for intentional
communicative gestures produced by hearing
adults.

Second, studies using event-related
potentials and functional imaging have
shown that Broca’s area is involved in the
interaction between words and gestures (e.g.,
Ozylrek et al., 2007; Xu et al., 2009).
Moreover, changes in arm kinematics and
voice parameters have been reported when
symbolic gestures and the corresponding
words are simultaneously  produced,
compared with conditions under which
words or gestures are performed on their
own (Barbieri et al., 2009; Bernardis and
Gentilucci, 2006). Furthermore,
neuropsychological studies have revealed
that the link between aphasia and apraxia in
adults is mainly restricted to ideomotor
apraxia, that is, to the reproduction of
symbolic and meaningful gestures (see Bates

and Dick, 2002).

Altogether, these findings
emphasized a tight interconnection in the
brain between speech and gesture;

nevertheless, neurophysiological and
behavioural evidence have suggested that the
control of manual actions (which includes
both communicative gestures and non-
communicative activities) and language
processing involves complex cerebral
networks (e.g., Gentilucci and Dalla Volta,
2008; Iverson and Thelen, 1999). For
example, a functional magnetic resonance
imaging (fMRI) study recently reported that
the observation of a human right hand
grasping an object and the observation of
that hand pointing towards the same object
result in similar activation of the premotor
cortex, an area that plays an important role in
coding the observation of manual action
(Pierno et al., 2009). By contrast, results of
this latter study also suggested different

relationships between grasping versus
pointing and the cerebral control of speech.
Indeed, the comparison of the grasping and
control conditions (in the control condition,

participants observed a palm-down hand
resting next to the object) revealed bilateral
differential activity, whereas the differential

activation between the pointing and control
conditions was confined to the left cerebral
hemisphere. Moreover, Gonzales and
Goodale (2009) showed that the more
participants used their right hand for

precision grasping, the more language was
lateralized to the left hemisphere, but the
rather low correlation value indicated that
more complex processes may come into
play.

Overall, these results indicate that the
cerebral control of communicative
behaviours may not be entirely independent
of the system involved in purely
manipulative activities. The comparison of
hand preferences for communicative gestures
and object manipulation may therefore
improve our understanding of these
interactions.

1.2. Comparison between manipulative
activities and communicative gestures

In young children, the right-sided
asymmetry appears to be stronger for
pointing gestures than for manipulative
actions (Bates et al., 1986; Vauclair and
Imbault, 2009). Signed gestures produced by
children born to deaf parents have also been
reported to be more right-handed than other
manual activities (Bonvillian et al., 1997). A
stronger right-handed bias for
communicative gestures has been observed
in  non-human primates as well (in
chimpanzees: Hopkins et al., 2005; in
baboons: Meguerditchian and Vauclair,
2009). Moreover, correlational analyses in
non-human primates and human children
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have revealed that hand preference for
communicative gestures does not
significantly correlate with handedness
scores for manipulative actions (e.g., Cochet
and Vauclair, 2010a), although a weak
correlation between these two measures has
been reported in toddlers (Vauclair and
Imbault, 2009). These different patterns of
laterality highlight the absence of a strong
relationship between communicative
gestures and manipulative actions, which has
led researchers to hypothesise that a specific
communication system in the left cerebral
hemisphere, distinct from the system
involved in non-communicative motor
activities, may control both gestural and
vocal communication, at least in human
infants and non-human primates.

In human adults, Bryden et al. (2000)
examined hand preferences for different
unimanual actions, including grasping and
pointing towards small objects in different
regions of hemispace. The authors failed to
observe any difference in the frequency of
right hand use across the different tasks
did not investigate correlations between the
tasks. Therefore, the relationship between
handedness for manipulative actions and
communicative gestures needs to be
examined further in adults. From this
perspective, it is important to consider the
methodological issues related to the study of
handedness for manipulative activities,
which, as outlined hereafter, may complicate
comparisons across studies.

1.3. Handedness for manipulation

Even though researchers seem to agree
on a mean percentage of 90% of right-
handers in adults (Annett, 1985; Medland et
al., 2004; Raymond and Pontier, 2004), the
study of handedness for manipulation raises
several problems, not least those related to
the definition of handedness itself.

Handedness is generally defined as the
preferred use of one hand for a specific task,
regardless of performance, but it can also
refer to the hand that is faster and more
precise for that task (e.g., Healey et al.,,
1986). Even if most of the time, people
preferentially use their more dexterous hand
for a given task, these two definitions may
not always perfectly coincide. For example,
some people are equally skilled with both
hands, but still prefer using one hand rather
than the other (see Kraus, 2005). In addition,
handedness can be assessed either through
self-reported questionnaires, which can be
regarded as somewhat subjective, in that
they require participants to imagine or recall
which hand they use or would use for a
given activity, or through direct observation
of manual activity.

Moreover, some researchers focus on
unimanual manipulations, while others study
the coordination of the two hands in
bimanual activities, both hands having
differentiated roles. This distinction is
particularly important, as task complexity
has been shown to influence the degree of
handedness in both adults and children
(Fagard and Lockman, 2005; Fagard and
Marks, 2000; Flowers, 1975; Provirend
Glencross,1968), as well as in nonhuman
primates (Fagot and Vauclair, 1991). Thus,
bimanual manipulative actions seem to
induce more lateralized patterns than less
challenging tasks, such as simple object
grasping.

The final issue concerns the
relevance of classifying individuals as left-
or right-handers, given that hand preferences
are continuously distributed across a
spectrum from strongly left-handed to
strongly right-handed, and that this
categorization relies on different criteria
across studies (e.g., Beaton, 2003; Hopkins,
1999).
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1.4. Comparison of gesture laterality in
speech and silent conditions

Finally, another way of investigating
speech—gesture links is to compare the
degree of asymmetry between gestures
produced simultaneously with speech and
gestures produced on their own. Kimura
(1973) observed an increase in the frequency
of spontaneous right-handed movements
during speaking, compared with silent
conditions, whereas the occurrence of left-
handed movements was not affected. Thus,
hand preference was stronger when gestures
were accompanied by speech, once again
suggesting an association between the
control of speech and that of gestures in the
left cerebral hemisphere. However, the
gestures examined in this study were free
movements, defined as “any motion of the
limb which did not result in touching of the
body or coming to rest” (p. 46), such as
waves of the hand. This broad definition may
cast doubt upon the intentional and
communicative nature of these movements,
and we therefore have to ask whether the
activation of the speech system affects the
laterality of proven intentional gestures (e.qg.,
pointing gestures) in a similar way.

In a bid to answer this question,
Lausberg and Kita (2003) asked adult
participants to use hand gestures to describe
the content of animations showing different
movements of geometric objects, either with
or without speech. These authors did not
report any difference between the silent and
speech conditions in the degree of hand
preference for iconic gestures. They did,
however, observe different distributions of
unimanual and bimanual gestures, with
unimanual gestures being more frequently
produced in the speech condition and
bimanual gestures in the silent one. The
authors did not distinguish between the
activities of the two hands for bimanual
gestures, even though they may have had

different roles, to the extent that one hand

could have been regarded as dominant. The
comparison of hand-preference patterns for
these two conditions thus does not allow us
to draw any further conclusions. In toddlers,

Cochet and Vauclair (2010b) found that

pointing gestures  accompanied by

vocalizations were no more right-handed

than gestures produced on their own. By

contrast, in chimpanzees, Hopkins and

Cantero (2003) observed a greater degree of
right-handedness when food-begging

gestures were accompanied by vocalizations,
compared with the same gestures produced
on their own.

Accordingly, evidence still need to be
collected in human adults to determine
whether the left cerebral hemisphere is more
highly activated when speech and
communicative gestures — intentional and
referential — are produced simultaneously.

In the present study, we therefore
sought to examine the relationship between
hand preference and lateralization of speech
processing. We compared the degree of hand
preference (1) between pointing gestures and
bimanual manipulative activities and (2)
between pointing gestures produced on their
own and gestures produced along with
speech. First, we expected any correlations
we found between the degrees of hand
preference for pointing gestures and for
coordinated bimanual manipulations to be
only weak to moderate. Second, we
hypothesised that the right bias of pointing
gestures accompanied by speech would be
stronger than the bias of gestures produced
on their own.

2. Method
2.1. Participants

The participants were 127 French
university students between 18 and 48 years
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of age M = 21.9 years, standard deviation
(SD) = 5.8 years], including 56 men and 71
women.

2.2. Procedure and materials

Participants were tested individually in
a university experimental room. They were
seated at a rectangular table, with the
experimenter sitting opposite them. The
experiment included a pointing task and a
manipulation task, and lasted for a total of
approximately 30 min. In order to control
their posture, participants were asked to
place their hands on the table between each
trial, on two symmetrical stickers that had
been positioned 25 cm away from the edge
of the table. Participants were told that we
wanted to study the perception and
judgement of different photographs and thus
did not know that we were recording hand
preferences. They were all informed by e-
mail of the real purpose of the study once the
data collection was over (we did not inform
the participants immediately after the
experiment to prevent them from
communicating the information to their
fellow participants).

2.2.1. Communicative  gestures:
pointing task.In order to elicit pointing
gestures, the  experimenter  showed
participants several photographs and asked
them to point to the one they preferred. In
order to be sure that the photographs were
free of any emotional content that might
influence patterns of laterality (e.g., Bourne,
2008; Bryden et al., 1991; Everhart et al.,
1996), we selected images of neutral valence
from the International Affective Picture
System (IAPS; Lang et al.,, 1999). These
IAPS photographs were divided into 30 sets
of four photographs. Each set of four
photographs (each measuring approximately
8 x 5 cm) was printed on an A4 sheet in a
single column. The experimenter placed the

sheets one at a time on the table,
approximately .6 m away from the
participants, so that they had to extend their
arms when pointing and could not touch the
photographs.

In order to compare the degree of the
right-sided bias when both gestural and vocal
modalities were involved and when gestures
were produced on their own, the trials were
administered in two conditions, whose order
of presentation was alternated across
participants. In the silent condition,
participants were asked to indicate their
favourite photograph through gestures,
without saying a word. The experimenter
stressed this requirement and reiterated it
during the session, when necessary. In the
speechcondition, participants had to express
their choice simultaneously gesturally and
verbally, and briefly justify their choice as
they pointed. Participants were told that
these two conditions were set up in order to
study the influence of speech on perception.
There were 15 trials in each condition.

2.2.2. Manipulative action: bimanual
coordination task. Handedness for non-
communicative actions was assessed by
means of a bimanual coordination task. The
experimenter placed a cylinder-shaped
container filled with several pieces of paper
on the table, in front of the participants. This
container was approximately 25 cm tall,
meaning that participants had to tilt it with
one hand while the other hand grabbed one
of the pieces of paper. A number was written
on each of these pieces and participants were
told that they had to take one to determine
the order of image presentation for the
second task (pointing task). For example, if a
participant picked out a paper on which a
three was written, the experimenter showed
him or her the third set of photographs.
Another number then had to be picked out,
and so on, until 30 trials had been performed
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in each task. Trials for the pointing and
manipulation tasks were thus alternated. This
procedure allowed us to randomise the sets
of photographs and also provided us with a
plausible motive for the manipulation task.

2.2.3. Manipulative activitiesAt the
beginning of the experiment, participants
filled in a questionnaire about their name,
age and e-mail address, which allowed the
experimenter to record the hand used for
writing. Additional measures of hand
preference for manipulative activities were
collected through a hand-preference
guestionnaire, which was sent by e-mail to
the participants at the end of all the
experiments. Eighty-three participants (i.e.,
65.4% of the sample) answered the
guestionnaire. This questionnaire contained
13 items extracted from the Edinburgh
Handedness Inventory (Oldfield, 1971),
including one item about handwriting. The
latter confirmed the results obtained from
direct observation during the experiment, for
all the participants who answered the
guestionnaire.

2.3. Data analyses

An individual handedness index
score (HI) was calculated for each
participant and for the different tasks using
the formula (R-L)/(R+L), where R and L
stood for the total right- and left-hand
responses. The HI values lay along a
continuum from -1 to 1, with the sign
indicating the direction of hand preference
and the absolute value  (AbsHI)
characterising the strength of hand
preference. For the bimanual task, the hand
that played an active role, that is, that
grabbed the piece of paper, was considered
as the dominant hand and the one having a
supporting role, that is, tilting the container,
as the non-dominant hand. This distinction

between active and passive roles for the two
hands has been widely used in studies with
human infants or non-human primates, for
example with thetube task, in which the
non-dominant hand grasps a tube while the
dominant hand picks up the object or food
inserted in it (e.g., Hopkins et al., 2005;
Vauclair & Imbault, 2009).

Moreover, binomial tests performed
for each individual, indicating whether the
use of the left and right hands significantly
differed, enabled us to classify participants
as left-handed, right-handed or ambidextrous
in each task. Given that all participants
performed the same number of trials, we
calculated the number of left- and right-hand
responses allowing this classification, the
level of significance being set at .05. For the
manipulation  task, individuals were
considered left- or right-handed if they
performed at least 20 of the 30 trials with the
left or the right hand (respectively), and as
ambidextrous if the number of right-hand
responses varied between 11 and 19. For the
handedness questionnaire, participants were
considered left- or right-handed if they
answered that they used their left or right
hand (respectively) for at least 10 of the 13
items, and as ambidextrous if the number of
right-hand responses varied between 4 and 9.
Last, for the pointing tasks, participants were
classified as left- or right-handers if they
performed at least 11 of the 15 trials with the
left or the right hand (respectively), and as
ambidextrous if the number of right-hand
responses varied between 5 and 10.

3. Results
3.1. Hand preference: descriptive results

3.1.1. Bimanual manipulatiorzor the
coordinated bimanual task, 111 participants
were right-handed (87.4%), 12 were left-
handed (9.4%) and four were ambidextrous
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(3.2%). Mean HI was .76 (SD = .59) and
mean AbsHI was .94 (SD = .18).

3.1.2. Handedness questionnair®f
the 83 participants who answered the
qguestionnaire, 71 were right-handed
(85.54%), seven left-handed (8.44%) and
five ambidextrous (6.02%). Mean HIl was .73
(SD = .52) and mean AbsHI was .88 (SD =
.17). Handedness scores measured with this
guestionnaire were not correlated with the Hi
obtained from the coordinated bimanual task
(r = .11; n9. However, when we
distinguished between right-handed, left-
handed and ambidextrous participants (on
the basis of handedness scores on the
bimanual manipulation task), a significant
correlation was observed between these two
measures in right-handed individuals £
.39; p < .001). There was no significant
correlation in left-handed participants €
.33; ng, and there were too few

ambidextrous individuals for us to perform
the correlation.

3.1.3. Pointing gestures.For the

pointing task in thesilent condition, 103
participants were right-handed (81.1%), 16
were left-handed (12.6%) and eight were
ambidextrous (6.3%). Mean HI was .68 (SD
= .64) and mean AbsHI was .91 (SD = .22).
For the pointing task in thepeeckcondition,
98 participants were right-handed (77.2%),
13 were left-handed (10.2%) and 16 were
ambidextrous (12.6%). Mean HI was .65
(SD = .62) and mean AbsHI was .85 (SD =
.28).

These descriptive results, as well as
the mean number of right-hand responses for
each activity, are summarized in Table 1.

Table 1.Mean number of right-hand responses (+SD), meaft8ID) and mean AbsHI (£SD) for the

different activities.

Mean HI usually varies from —1 to 1. The positivgnshere reflects right-hand preference and the
absolute values indicate the strength of hand meée within the group of participants.

Bimanual Handedness P0|'nt|ng Pointing
. . . . (silent (speech
manipulation  questionnaire . "
(30 trials) (13 items) condition) condition)
(15 trials) (15 trials)
Mean number 26.39 10.73 12.59 12.10
of right-hand (+8.85) (+3.68) (+4.83) (+4.70)
responses
.76 73 .68 .65
Mean Hi (+.59) (.52) (+.64) (+.62)
Mean AbsHI .94 88 91 85
(+.18) (2.17) (2.22) (+.28)

3.2. Comparison of hand-preference patterns
for bimanual manipulation and pointing
gestures

There was no significant difference
between pointing gestures produced on their

own, that is, in thesilent condition, and
bimanual manipulative actions, either for
mean HI, t(127) = 1.57;ns or for mean
AbsHI,  characterising  hand-preference
strengtht(127) = 1.68ns Hls for these two
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measures were significantly correlated=<
.56;p < .001 for HI and = .36;p < .001 for
AbsHI). By contrast, pointing gestures
produced with speech were less right-handed
than bimanual manipulative actiongl27) =
2.55; p < .05. The strength of handedness
was also greater for manipulative actions,
t(127) = 4.46;p < .001. Hls for these two
measures were significantly correlated=<
.65;p < .001 for HI and = .55;p < .001 for
AbsHI). Comparison of these correlations
using Steiger's (198Q@)test revealed that Hi
for bimanual manipulation was more
strongly correlated with HI for pointing in
the speech condition than with HI for
pointing in thesilent condition,t = 2.65;p <
.01.

Categorical analyses were also
performed, based on the number of
individuals classified as right-handed, left-
handed and ambidextrous regarding
bimanual manipulative actions and pointing
gestures in thesilent conditiorf (see Table
2). Handedness patterns were consistent
across the two different tasks for 85% of the
participants, including 77.1% who were
right-handed for both the pointing task and
the coordinated bimanual task, 7.1% who
were left-handed and .8% who were
ambidextrous.

the distinction between
right- and left-handers regarding the
manipulation task actually revealed an
absence of any significant correlation
between hand preferences for pointing and
manipulation(in right-handersy = .059;ns
and in left-handersyr = .26; ng. The
distinction between right- and left-handers
regarding the pointing task led to similar
results (in right-handers, = .13; ns and in
left-handersy = .23;n9), indicating that the

However,

2 It seemed more relevant to focus on the condition
involving the gestural modality alone, rather tlanthe
bimodal condition, to differentiate between riglatalders,
left-handers and ambidextrous individuals.

significant correlation between pointing
gestures and bimanual manipulation
described earlier should be interpreted with
caution.

Moreover, as shown in Figs. 1 and 2,
mean HI for pointing was .80 (SB .49) in
right-handers for manipulation and —.47 (SD
= .79) in left-handers for manipulation.
Conversely, mean HI for bimanual
manipulation was .91 (SB& .34) in right-
handers for pointing and —.11 (SD100) in
left-handers for pointing. The number of
ambidextrous participants was too small for
us to perform these analyses.

RH manip.

LH manip. —

-1 0.5 0 0.5 1

MHI pointing

Fig. 1 — Mean HI (xSE) for pointing gestures
in right- (RH) and left-handers (LH) for
bimanual manipulation.

RH pointing

I
T

LH pointing

-1 -05 0 05
MHI manipulation

Fig. 2 — Mean HI (xSE) for bimanual
manipulation in right- (RH) and left-handers
(LH) for pointing gestures.
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Table 2 —Distribution of right-handed, left-handed and aneitlous participants for pointing
gestures (in thsilentcondition) and bimanual manipulation.

Manipulation
Right-handed  Left-handed Ambidextrous Total
Right-handed 98 2 3 103
Pointing  Left-handed 7 9 0 16
Ambidextrous 6 1 1 8
Total 111 12 4 127

3.3. Comparison of hand preferences for
pointing in the silent and speech conditions

Overall, pointing gestures
accompanied with speech were not more
right-handed than pointing gestures produced
on their ownt(127) = 1.23ns Hls for these
two variables were significantly correlated (
.88; p < .001). By contrast, when we
focused on the strength of hand preference
(i.e., AbsHI), the latter appeared to be
greater for gestures produced on their own
than for gestures produced along with
speech,t(127) = 2.64;p < .01. Pearson’s
correlation was also significant for AbsHI (
=.50;p <.001).

Moreover, the correlations between
Hls for gestures produced along with speech
and gestures produced on their own were
significant in right-handers (with respect to
hand-preference scores for pointing in the
silentcondition,r = .54;p < .001), but not in
left-handers { = —.07;n9) or ambidextrous
individuals ¢ = .23;n9).

Finally, the results did not reveal any
effect of gender on handedness scores,
regardless of whether they were associated
with bimanual manipulatiorf(1, 125) = .12;
ns or with pointing gestures in either the
silent condition,F(1, 125) = 3.70ns or the
speeclone,F(1, 125) = 1.49ns

4. Discussion

In the present study, handedness was
assessed in a large sample of adults, through
direct observation of hand use and also via a
guestionnaire. The main objective was to
compare the degrees of hand preference for
non-communicative  actions  (bimanual
manipulation) and communicative gestures

(pointing).

More than 87% of participants were
right-handed for manipulation, in line with
several studies reporting approximately 90%
of right-handers among human adults
(Annett, 1985; Raymond and Pontier, 2004).
A strong majority of participants were also
classified as right-handers for pointing
gestures (approximately 81% in ttsdent
condition and 77% in thepeechcondition).
There was no significant difference in the
mean HIs between pointing gestures
produced on their own and bimanual
manipulative actions, whereas pointing
gestures produced along with speech were
found to be less right-handed than bimanual
manipulative actions. Thus, contrary to our
initial hypothesis, lateralization of
communicative gestures was no more robust
than lateralization of non-communicative
motor actions, and was actually weaker
when gestures were accompanied by speech.
Moreover, overall  results revealed
significant, but moderate, correlations
between handedness scores for pointing and
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for manipulation (the percentage of variance
explained varied between 31% and 42%,
depending on the condition). However,
further analyses that distinguished between
right- and left-handers failed to reveal any
significant  correlations between hand
preferences for pointing and manipulation.

Until now, the relationship between
handedness patterns for gestures and non-
communicative actions had not been directly
investigated in human adults. As a
consequence, no parallels can be drawn with
other studies. Nevertheless, it may be useful
to compare these findings with results of
studies conducted in non-human primates
and in human infants, at least with those that
have used similar tasks and similar indexes
to assess handedness. Mean HIs observed in
the present study for manipulative activities
were much stronger than the mean His that
have been reported for non-human primates
(in chimpanzees: Hopkins et al., 2005; in
baboons: Meguerditchian and Vauclair,
2009) and for human children (e.g., Cochet
and Vauclair, 2010a). For instance, measures
of handedness in toddlers between 10 and 40
months of age have revealed a mean HI of
.32 (Vauclair and Imbault, 2009), while the
mean HI observed in the present study
reached .76. The degree of hand preference
for manipulative actions therefore continues
to increase strongly throughout the course of
development, and not solely in infants and
toddlers, as previously indicated by a study
in children between 3 and 9 years of age
(McManus et al., 1988).

Regarding communicative gestures,
the degree of hand preference observed in
the participants of the present study was also
stronger than in non-human primates
(Hopkins et al., 2005; Meguerditchian and
Vauclair, 2009), although this comparison
needs to be viewed with some caution, as the
continuity between communicative gestures
produced by non-human primates (e.g., food

beg and hand slap gestures) and humans is
still subject to debate (e.g., Gomez, 2005;
Pika, 2008).

Moreover, hand preference for
pointing gestures does not appear to differ
strongly between children and adults (e.g.,
Vauclair and Imbault, 2009). The mean Hls
reported for spontaneous pointing gestures
(.68; Cochet and Vauclair, 2010b) and
informative pointing in toddlers (.70, Cochet
and Vauclair, 2010a) are similar to the mean
Hls observed in the present study (.68 and
.65 in the silent and speech conditions,
respectively). Therefore, under certain
circumstances, adults and children aged

approximately 1-3 years present an
equivalent degree of left-hemisphere
dominance in  the production  of

communicative gestures, and overall, the
difference in the distribution of hand-
preference patterns between adults and
infants is greater for object manipulation
than for pointing gestures. These results
indicate that hand preference for pointing
gestures is established earlier in development
than handedness for manipulative actions,
thus suggesting that object manipulation is
an unlikely basis for the emergence of right-
handedness in humans. Moreover, the strong
right-sided asymmetry reported for
informative pointing in young children — an
asymmetry comparable to the one observed
in adults in the present study — suggests that
cooperative abilities may play an important
part in the development of a left-lateralized

system of communication (Cochet and
Vauclair, 2010a).
As previously stated, our results

revealed moderate correlations between
measures of handedness for pointing and
manipulation, but these correlations proved
not to be significant when right- and left-

handers were considered separately. At a
more general level, the categorization of
participants as right- or left-handers for
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bimanual manipulation was not entirely
independent of the categorization for

pointing gestures. Here again, the contrast
with non-human primates and human infants
may help us to interpret these results and
improve our understanding of issues related
to the origins of handedness and human
language. In non-human primates,
researchers have shown that hand
preferences for gestures are not significantly
correlated with hand use for manipulative
actions, whether these actions concern
unimanual reaching or bimanual
manipulation (in chimpanzees:
Meguerditchian, Vauclair, and Hopkins,
2010; in baboons: Meguerditchian and
Vauclair, 2009), whereas handedness scores
for different communicative gestures are
significantly correlated with each other
(hand slap and food beg gestures). In
children, studies have also failed to reveal
any significant correlation between hand
preferences for pointing gestures and
handedness scores for manipulative actions
(e.g., Cochet and Vauclair, 2010a; Cochet et
al., in press), although one study did report a
weak correlation between these two
measures, explaining 15% of the variance
(Vauclair and Imbault, 2009).

Hand preferences for communicative
gestures and for non-communicative
activities are thus quite independent in
human infants and in nonhuman primates,
whereas these two variables seem, to some
extent, to be related in adults (although hand
choices for these different activities do not
perfectly coincide). This interconnection is
supported by the results of an fMRI study,
showing that the observation and production
of communicative gestures and object-
directed movements activate the mirror
neuron system to a similar degree
(Montgomery et al., 2007).

To summarize, hand preference for
communicative gestures appears to be

established in early development, whereas
the increase in the degree of handedness for
object manipulation seems to occur later in
childhood. Language lateralization may thus
initially be associated with the asymmetry of
communicative gestures, with the gradual
development of interactions between the
cerebral control of speech, gestures and
manipulative activities resulting in complex
intertwined networks in human adults.

The second objective of the present
study was to find out whether pointing
gestures produced along with speech were
more right-handed than gestures produced on
their own. Results did not confirm our
hypothesis, failing to reveal any overall
difference in the degree of right-sided
asymmetry for pointing gestures between the
speech and silent conditions. We had
expected pointing gestures accompanied by
speech to be more right-handed than gestures
produced on their own, given that the control
of speech and gesture in the left cerebral
hemisphere is mediated by very close, and
possibly similar, neurobiological substrates
(e.g., Bernardis and Gentilucci, 2006;
Gentilucci and Dalla Volta, 2008; Xu et al.,
2009). At first glance, one might thus
interpret these findings as reflecting bilateral
control of speech in our participants, and
with hindsight, it would have been helpful to
directly measure cerebral lateralization for
speech, for example with a dichotic listening
task. However, this bilateral hypothesis
appears unlikely, as it is well acknowledged
that the majority of people, even left-
handers, have left-hemisphere dominance for
language processing (e.g., Knecht et al.,,
2000), and the relatively large sample of the
present study enables us to rule out the
possibility of any sampling bias.

The fact that the “strengthening” effect
of vocalizations on hand choice for
communicative gestures has been
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demonstrated in chimpanzees (Hopkins and
Cantero, 2003) offers several possible
explanations for the results of the present
study. First, the difference between ape
vocalizations and human speech suggests
that we should focus on the potential effect
of discourse content on handedness patterns.
It has been argued that the nature of the task,
and more specifically the involvement of
verbal versus spatial abilities, can influence
asymmetries in hand use (e.g., Hampson and
Kimura, 1984). However, a consistent degree
of right-hand preference has been reported
for co-speech gestures, whether speakers are
talking about verbal, spatial or neutral topics
(Lavergne and Kimura, 1987), thus ruling
out any effect of speech content on hand
preference for gestures. In addition, in the
present study, we can reasonably consider
that the tasks were not complex enough to
involve any problem-solving system that
might interfere with handedness patterns.
The manipulation task did not require any
specific spatial ability, while in the pointing
task, participants were simply asked to
designate their favourite photograph, either
simultaneously through speech and pointing
gesture or solely through gesture. Moreover,
the experimenter made sure that it was not
difficult for the participants to briefly justify
their choice in thespeech condition (the
latter were told that they did not have to
provide any explanation if they did not know
why they preferred a particular photograph).

Second, we cannot exclude the
possibility that the participants, while
inhibiting speech production in thsilent
condition, generated internal language when
they chose and pointed towards a specific
picture. Although the pattern of cerebral
activation associated with internal speech
would need to be investigated, this
hypothesis might explain the equivalent
degree of right-hand bias between pointing

gestures produced on their own and gestures
produced along with speech.

Finally, a simple explanation for the
absence of any difference in the degree of
asymmetry for pointing gestures between the
speechand silent conditions would be that
the right-sided asymmetry observed in
human adults is already too strongly marked
(much more so than in chimpanzees) for
subtle differences in the intensity of
activation of the relevant cerebral areas to
increase it any further.

However, when we focused on the
strength of hand preference (i.e., AbsHI), the
right-sided asymmetry was found to be
stronger for gestures produced in sikent
condition than for gestures produced in the
speechone. This result, while unexpected,
does not necessarily invalidate the
underlying hypothesis that a communication
system in the left cerebral hemisphere
controls both  gestural and vocal
communication, as hand-preference scores in
the two conditions were still significantly
correlated. However, this finding deserves
further  investigation. For  example,
participants may have produced co-speech
gestures with their dominant hand in the
speechcondition. This would leave only
their non-dominant hand free for pointing,
leading to a stronger right-sided asymmetry
in thesilentcondition. However, there are no
data available so far demonstrating a greater
bias for co-speech gestures than for pointing
gestures in adults. Another future direction
for research pertains to the different
functions of gestural communication. When
pointing gestures were produced on their
own, they “shouldered” the full burden of
communication, whereas they served more
as props when they were produced along
with speech, the latter playing the leading
role. This difference has already been
reported in adults: when participants are
asked to communicate solely with their
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hands, their gestures take on the
segmentation and combination properties
characteristic of speech (Goldin-Meadow,
2006). In infants, a study using event-related
potentials has highlighted developmental
changes in the processing of gestures in the
course of the second year (Sheehan et al.,
2007). This study has revealed that common
cerebral mechanisms initially underlie the
mapping process for words and gestures,
whereas subsequently, as children acquire
language and no longer use gestures
primarily as referential labels, words and
gestures elicit distinct patterns of brain
activity. Cerebral processes appear thus to be
influenced by the role served by gestures,
which, returning to the present study, further
supports the hypothesis that the greater
strength of hand preference for pointing in
the silent condition is explained by the
“language-like form” of gestures.

Moreover, results revealed
significant  correlations between hand-
preference indexes for pointing gestures in
the speechand silent conditions for right-
handers (based on hand-preference scores for
pointing in thesilent condition), but not for
left-handers or ambidextrous individuals.
Lateralization of both pointing gestures and
speech appears thus to be closely linked in
right-handers for pointing, whereas patterns
of functional asymmetries are less clearcut in
other individuals, who are more likely to
have either right-hemisphere language
dominance or little lateralized specialisation.

Finally, handedness scores obtained
from the questionnaire did not correlate with
those obtained with the coordinated
bimanual task. Further analyses revealed a
significant, but moderate, correlation in
right-handers only, reflecting less clearly
lateralized patterns in left-handed and
ambidextrous participants. Other studies
have also reported weak correlations
(explaining less than 25% of the variance)

between  self-reported measures  of
handedness and more direct task-oriented
measures (e.g., Bryden et al., 2000; Cauvill
and Bryden, 2003). It has been argued that
these two methods may assess different
aspects of hand preference, the hypothesis
being that the questionnaire data reflect a
more cognitive component (e.g., implying

memory processes) and direct observation of
hand use an immediate motor component
(Cavill and Bryden, 2003).

The absence of a strong correlation
between these two indexes emphasizes the
importance of methodological choices in
measuring hand-preference patterns.
Therefore, researchers need to be aware of
the differences between self-reported
measures and direct observation of hand
preference, as well as of the influence of the
activity they select. For example, most of the
items in the Edinburgh Inventory refer to
unimanual activities (e.g., using a toothbrush
or hitting a nail with a hammer), whereas the
task administered in the present study
required the coordination of both hands,
which may also explain the different degrees
of right-hand bias we recorded.
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Chapter 6

Conclusion

The study presented in this chapter provides in&bion relevant to the understanding
of the relationship between hand preferences fomnoonicative gestures and non-
communicative activities in adults. It is importaatnote that hand preferences were assessed
in natural situations through tasks eliciting a coomly used gesture and familiar object
manipulations, contrary to the complex experimert@sks generally used with adult
participants to measure hand performance (e.gansion et al., 2006). This study thus offers
a reliable assessment of manual asymmetries in pdpulation for different activities, based
on tasks that have been previously used in studiss young children (e.g., Esseily et al.,
2010; Fagard & Marks, 2000) and nonhuman primaas,(Hopkins et al., 2011; Vauclair et
al., 2005). Besides, the comparison of hand-pratergpatterns between children and adults
and between human and nonhuman primates may impooveunderstanding of the
ontogenetic and phylogenetic processes involvetthénemergence of speech-gestures links,
in relation to hemispheric lateralization.

However, several issues need to be addresseddonaystep further in interpreting the
results of this study. For example, additional meas of handedness for manipulative
activities may have been useful to determine pefciwhich factors influence the degree of
manual asymmetry, and in particular to identify whgndedness scores recorded in the
bimanual task and with the self-reported questioenaere not strongly correlated. Future
studies may thus consider including several maatmi tasks in which participants would
directly perform both unimanual (e.g., using a keyunlock a door) and differentiated
bimanual familiar activities (e.g., dealing cardS)milarly, it may be useful to asses hand
preference for communicative gestures other thaimtipng gestures, such as co-speech

gestures and symbolic gestures frequently usedaialsnteractions (e.g., waving goodbye).
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Moreover, the comparison of hand preferences fortipg in the speech and the silent
conditions, which yielded unexpected results, aleserves further investigation. Several
hypotheses have been raised to explain the abseha@ny difference between these
conditions, but for now, we cannot favor one hygsth over the other. However, special
emphasis should be put on the content of the velisaburse produced along with gestures.
A study has recently shown significant decreagieénright-hand preference for depictive co-
speech gestures representing actions when aduticipants were asked to explain
metaphorical meanings, compared to non-metaphdaitons (Kita et al., 2007). In the study
presented here, the participants indicated to ¥peranenter their favorite photograph and
briefly justified their choice. The nature of thesgplanations, likely to vary across
individuals, might have influenced the respectieatdbutions of the left and right cerebral
hemispheres, and therefore hand-preference patifinns, investigating speech—gesture links
in adults demands a close examination of the compse of spoken language to find out
whether the left-hemisphere dominance for commuivieagestures and language involves

one and the same communication system.
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By examining gestural communication and hand peefeg in human infants and
children, the present work has provided a fruidpproach to studying the development of
human communication and cerebral asymmetrifse first part of this discussion will
summarize the main results obtained and discusa therelation to their implications for
child development, the evolutionary origins of laage and neuroimaging literature. The
second part will deal with the methodological issassociated with the study of language
development and hand preference, and the lastwplhppresent some directions that would

particularly need to be considered for future resdea

7.1. Summary of the main results
7.1.1. Language acquisition and hand preferences

Investigating patterns of hand preference in chitdsind adults by making a distinction
between communicative gestures and manipulativeiies opens a unique window onto the
cerebral organization that underlies the closeticglahip between gestures and language.
First of all, the studies presented in this diggerh have confirmed the existence of a strong
right-sided bias in the production of communicamestures. Although these studies (articles
[I-V) did not reveal any age-related increase ia tlegree of manual asymmetry between
approximately 1 and 3 years of age, the developwienand preference for pointing gestures
was found to follow nonlinear trajectories, whiclene associated with high interindividual
variability (article IV). In addition, the compads between manipulative actions and
communicative gestures has provided evidence toeflistence of two distinct systems in the
left cerebral hemisphere, namely a bimodal comnaiimn system and a motor system
controlling non-communicative manual activitiesudes conducted on children revealed
indeed a stronger right-hand preference for pajntiestures than for object manipulation

(articles 11l and V), as well as an absence of ifiggmt positive correlations (articles Il and
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V) and even negative correlations (article IV) betw these different measures of hand
preference.

The hypothesis of different neural networks cofittglcommunicative behaviors and
manipulative actions was further supported by & lathe lexical spurt period. The onset of
this period, characterized by an increase in thee aword learning, was accompanied by an
increase in the right-sided asymmetry of pointiegtgres, whereas we did not observe any
changes in handedness for bimanual manipulatioes@ hesults may reflect the maturation of
control mechanisms in the left cerebral hemispherechanisms that appear to involve a
common substrate for language and communicativieligss

Moreover, in order to bring additional evidencetbé close relationship between
communicative gestures and language acquisitioave examined the influence of
vocalizations (article 1) and speech (article @) hand preference for pointing gestures. The
comparison of hand preference for gestures prodaloed and produced simultaneously with
vocal signals did not yield any significant resutter did the search for correlations between
language level and hand preference indexes (artitldV and V).

However, a thorough analysis of the different fiored of pointing gestures has
provided a more complete picture of the speechugedinks and of the processes of
hemispheric specialization. The study of severdlab®ral markers has highlighted some
differences between imperative and declarative ugest Declarative gestures were more
frequently accompanied by vocalizations and moeguently characterized by index-finger
gestures than imperative gestures (articles Il #hd Furthermore, measures of hand
preference for declarative pointing were never tbuo be correlated with those of
handedness for manipulation. By contrast, a sicgmfi correlation was observed between

hand preferences for imperative pointing and objeanipulation in children who did not
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experience the lexical spurt during the observaligeriod of the study, namely in children
who were less advanced in language developmenti¢avt).

Altogether, these results indicate that imperadind declarative gestures may develop
from different processes and may be associated difterent abilities. Declarative pointing
seems to be closely linked to language developrrent early stages. Imitative processes,
which have been suggested to play a role in languaguisition (e.g., Arbib, 2005a;
Tomasello, 2008) may therefore also be involvedha emergence of declarative pointing.
Moreover, the use of declarative gestures may becated with the development of social
and cognitive abilities related to the understagahothers’ knowledge and intentions. This
understanding has been reported to develop ovesdhend and third years of life (e.g.,
Bellagamba, Camaioni, & Colonnesi, 2006; Carper@at|, & Tomasello, 2002; Kawakami
et al.,, 2011; Southgate, Chevallier, & Csibra, 20%0 period of time during which the
spontaneous production of declarative gestures fwasd to increase (article II). It is
important to note though that the relationship leemvgestures and the construction of social-
cognitive skills may be bidirectional. Some ab#i#iemerging during the first year of life,
such as shared attention, gaze following, defemathtion and turn-taking influence the
production of communicative gestures (e.g., Camgreat al., 1998; Heimann et al., 2006),
which in turn promotes interactions and graduatigldes children to further understand the
mental states that precede and motivate othersivbats (e.g., Meltzoff, 1995).

This may be particularly true for declarative infative pointing (Tomasello et al.,
2007), which was more frequently associated withzegaalternation between the
communicative partner and the referent than imperand declarative expressive pointing
(article Ill). Gaze alternation being regarded ase oof the markers of intentional
communication (e.g., Franco & Butterworth, 1996jformative pointing must be closely

related to the development of communicative ski#specially to the development of
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cooperation abilities (e.g., Liszkowski et al., BDOMoreover, the difference in the degree of
hand preference between manipulative actions amatipg gestures was found to be the
strongest for informative pointing, which suggeats important role of such cooperative
gestures in the cerebral lateralization of commatnre behaviors.

In contrast to declarative pointing, imperative ntimig appears to be a more
instrumental gesture, primarily used to satisfygatgl needs. More frequently characterized
by whole-hand extensions, imperative gestures m@ginate from non-communicative
reaching actions and involve only the understandihgommunicative partners as actors
(e.g., Liszkowski & Tomasello, 2011). However, ogesults have highlighted a qualitative
change of imperative pointing in relation to langeaevelopment. Once the lexical spurt has
occurred, the production of imperative pointingnis longer related to object manipulation
and may therefore be associated with more sopaisticsocial-cognitive skills, similar to
those involved in the production of declarativerpimig. The importance of the lexical spurt in
this developmental change is supported by resuitanmther study showing negative
correlations between the strength of hand prefe®mhor manipulative actions and pointing
gestures at 19 and 21 months of age (article hoigh productive vocabulary size was not
assessed in this study, this period of time, wkelms to require a strong mobilization of the
bimodal communication system, might correspond e texical spurt. Moreover, as
imperative pointing was characterized both by infleger and whole-hand gestures (article
II), one may wonder whether the qualitative shaft imperative gestures described above is
accompanied by a change in hand shapes. Actuallyresults did not reveal any significant
correlation between age and the form of imperagestures (article Ill), suggesting that hand
shapes remain influenced by the communicative tsiimaas children grow older. Studies
examining communicative gestures produced by adiitengthen this hypothesis, as hand

shapes were reported to vary according to the camuative context and to the nature of the
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information being conveyed (e.g., Enfield, Kita, Be Ruiter, 2007; Kendon & Versante,
2003; Wilkins, 2003).

The distinction between imperative and declaragjgstures may contribute to a better
understanding of the complex relationships betwten control of speech, gestures and
actions. Indeed, the influence of manual actionsagalizations has been demonstrated both
when infants between 11 and 13 months of age mitguliobjects and when they produced
request gestures — corresponding in that studynfzeiative pointing — towards the same
objects (Bernardis et al., 2008). At first sighiesge findings seem to go against the hypothesis
that gestural and verbal communication and non-comcative object manipulation are
controlled by two distinct systems in the left desd hemisphere, but they may in fact reflect
the link between early use of imperative gestumed manipulative actions. The contrast
between communicative gestures and non-commungcatttivities may intensify during
development, especially with the onset of the lespurt (article V).

However, results of the study conducted on adwatehrevealed that hand preferences
for pointing gestures and bimanual manipulativéoastwere related to a stronger extent than
what was observed in children (article VI), suggesthe existence in adults of an entangled
left-lateralized network controlling both commuriga signals and non-communicative
actions. This hypothesis, which is also supportgdnburoimaging studies (see below),
implies that the left-hemisphere specialization foommmunicative behaviors, initially
involving speech and gestures, may gradually becassociated with asymmetries in
manipulative actions as children grow up. Thus,deamess for object manipulation may
develop more slowly and over a longer period of etithan hand preference for
communicative gestures. Although it is quite difficto pinpoint the exact chronological
sequence governing the emergence of hand preferlarcenanipulative actions and

communicative gestures — especially because asymesén the production of intentional
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gesturescannot be assessed until the end of the first ye#lne hypothesis of different
developmental rates in the emergence of hand prefes is supported by several results.
First, there is a greater right-sided bias in yoahddren for communicative gestures than for
manipulative actions (Bates et al., 1986; Bonwilligt al., 1997; Vauclair & Imbault, 2009;
and see articles Ill and V of the present worklcddel, patterns of hand preference recorded
in children and adults differ more strongly for et manipulation than for pointing gestures
(see article VI). Through the increased frequenoy eomplexity of manipulative activities
during childhood, handedness for non-communicatiegons eventually reaches a strong
degree of right-sided bias in adulthood.

In parallel, the role of communicative gesturestl® processes of hemispheric
specialization may undergo a shift in the coursel@felopment that might result in some
reorganizations of the relationship between speegstures and actions. Event-related
potential (ERP) measures in 18 and 26 month-olili@n have supported the existence of a
developmental change in the relationship betweesedp and gestures. Common neural
mechanisms were shown to initially underlie thecpssing of words and gestures, but as
children acquire speech and no longer use gestasegprimary signals, the semantic
processing of words and gestures seem to elicferdifit patterns of cerebral activation
(Sheehan et al., 2007). These findings can beecklad experiments made in adults that
revealed different features of gestures dependimgvbether they were used as the sole
communication modality or as a secondary modalitgpsrting speech (Goldin-Meadow,
2006).

To sum up, the lateralization processes associat#ti the production of
communicative gestures and language may precedse thesociated with manipulative
actions. In early stages, left-hemisphere speatiin may thus particularly involve the

processing of speech and gestures and graduadigrate from the third year of life the
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control of manipulative activities. Therefore, wegw@e that left-hemisphere dominance for
communicative behaviors and for non-communicatiamipulative actions, although they are
not independent phenomena, represents two distauets of brain lateralization. This
hypothetical scenario has been supported by stuskasnining the relationship between
language lateralization and handedness for objadipulation in adults, which have reported
weak to moderate correlations between these meagie/den, Singh, Steenhuis, &
Clarkson, 1994; Gonzalez & Goodale, 2009; Knechtalet 2000, and see article VI).
Moreover, the use of different methods to assesdduness has yielded discrepant findings.
Using a dichotic listening task to measure langukderalization, Bryden et al. (1994)
showed that the difference in the right-ear advgentaetween left-handers and right-handers
was only significant when the classification wasdsh on scores obtained on an unskilled
handedness factor, derived from a preference iovgnin addition, correlations were found
to be significant for activities such as flippingcain and striking a match, but not for other
activities such as writing and throwing a ball. $hturther investigations are still needed to
unravel the complex mechanisms involved in thetigriahip between handedness for object

manipulation and language lateralization.

7.1.2. Implications for developmental psychology
Gestures constitute a privileged means of commtingantentionally before the
emergence of speech and the numerous studies wedhnoughout this dissertation have
demonstrated that they contribute significantlyailoaguage acquisition. In particular, pointing
gesture has been regarded as “a stepping-storiahgoage development (e.g., Colonnesi et
al., 2010; Goldin-Meadow, 2007), notably becauseage of onset and its frequency of use
appear to be related to the number of words urmmasand produced by children (e.g.,

Jacquet et al., 2011).
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The production of gestures, which is carried ovep ithe linguistic period (e.g.,
Guidetti, 2005; Stefanini et al., 2009), may alsaypa more general role in shaping human
communication. Early gesture use has even beenestegito predict the development of
social-emotional concepts (Vallotton & Ayoub, 201Blpwever, it should be noted that the
nature of the mental processes associated withtsifaommunicative gestures is still subject
to debate (e.g., Leavens, 2009) and contrastingsvig early social cognition (see also Lewis
& Carpendale, 2002) may have implications for ttuglg of the relationship between gestures
and the development of social and cognitive abgitiwith this in mind, we postulate that
pointing gestures, and especially declarative gesfuare involved in the development of
complex communicative skills, allowing childrenunderstand others’ intentions and interact
with them in various and complex ways. Researcldgoted by Goldin-Meadow (2003) has
emphasized the role of gestures in learning preseshowing for example that children were
more likely to succeed in mathematical equivalepagblems when they used a problem-
solving strategy in gestures (Cook & Goldin-Meado®Q06). Interestingly, children
benefiting from the production of gestures weresthavho had previously observed the
experimenter using this strategy.

Thus, caregivers’ communicative gestures can fatlichildren’s learning through
imitation processes, raising the question of tlaeglof gestures in educational environments.
Not only are children’s gestures regarded by deuakntal psychologists as valuable
indicators of later language development (e.g.iSCatson, & Baranek, 2009), but they can
also be used to directly enhance children’s comoative skills. Although this question
needs to be cautiously dealt with to prevent ansus®e, parents and teachers might consider
using gestures and encouraging children to prodjgstures in order to promote speech
acquisition and the development of more generditiabi Researchers have been studying the

effects of pre-linguistic interventions, in parfigu in children with language delays or
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developmental disorders (e.g., McCathren, 2000; rgviar 2000). Overall, interventions

approaches have proved to be beneficial to thelol@went of children's later communicative
skills, but effectiveness has been defined by abmirof different dimensions and few studies
have been conducted with large samples and overpenods of time (see Warren, Fey, &
Yoder, 2007).

The present work has also provided informationgeirtg to the development of hand
preferences, which may be useful to understandptbeesses of brain lateralization. This
guestion is important as hemispheric specializatiay be crucial to the development of
complex abilities, for example to the mastery akfmotor skills. Moreover, the fundamental
role of hemispheric asymmetries has been highldjbtestudies reporting atypical patterns of
manual asymmetries in individuals suffering fromvide range of disorders, from dyslexia
and stuttering to more severe pathologies suchuesmaand schizophrenia (e.g., Eglinton &
Annett, 1994; Lewin, Kohen, & Mathew, 1993; Somes®mmer, Boks, & Kahn, 2009).
Thus, results of the present work, suggesting tafithemisphere specialization initially
involves communicative behaviors, may provide redess with a relevant direction to

consider in order to identify the origins of incatent hemispheric lateralization.

7.1.3. The question of language origins
Understanding the mechanisms by which the compiexctsire of language emerged
and developed is of key importance for understapdinman evolution and may therefore
contribute to change the way we consider the huspaties, which may explain scientists’
keen interest in the question of language origimgolving a number of disciplines such as
anthropology, linguistics, neuroscience, archaeglogevelopmental psychology, and

primatology, this question has indeed been cagjuha attention of researchers for years.
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The present work has highlighted the existenceonyg children of a left-lateralized
system controlling both gestural and vocal commativon. This system has been
hypothesized to have a deep phylogenetic origia.,(€orballis, 2010; Locke, 2007). Thus,
the primacy of gestures observed in human infantsthe emergence of intentional
communication and manual asymmetries may paraieétolutionary scenario that led to the
emergence of human language. Investigations of aomuative behaviors in our nearest
primate relatives provide some arguments in suppbttis hypothesis. Whereas nonhuman
primates’ vocal displays convey mostly emotiondlased information in response to specific
situations, gestural communication has been reppaateshare several properties with human
language (e.g., Meguerditchian et al., 2011). Gagats’ communicative gestures meet the
criteria of intentional communication (e.g., Leaseaat al., 2005, and see Chapter 1) and they
are used in a much more flexible way than vocabnst (e.g., Pollick & de Waal, 2007).
Moreover, contrary to the claim that nonhuman ptesanly use gestures in dyadic contexts,
namely to attract the attention of recipients t® $kelf (Camaioni, 1997), several studies have
shown that wild and captive individuals are alstedab produce referential gestures to direct
the attention of recipients towards external olsjeelvents or locations (e.g., Leavens &
Hopkins, 1998; Pika & Mitani, 2006; Vea & Sabateér998).

The use of pointing gestures by chimpanzees has pasicularly investigated (e.g.,
Leavens & Hopkins, 1999). Although they mainly prod imperative gestures, a growing
body of evidence suggests that chimpanzees, efipdaisguage-trained individuals, can use
declarative pointing as well (e.g., Leavens, 200%us, when they are reared in complex
social and linguistic environments, nonhuman presadre capable of understanding (Lyn,
Russell, & Hopkins, 2010) and producing declaragestures to comment about objects and
other individuals and make reference to both pagtfature events (Lyn, Greenfield, Savage-

Rumbaugh, Gillespie-Lynch, & Hopkins, 2011). Howew@mparative studies have revelead
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some quantitative and qualitative differences betwapes’ and children’s communicative
skills (e.g., Greenfield & Savage-Rumbaugh, 199%aP 2008). The production of
spontaneous declarative gestures remains moreefnédn children, and some declarative
types, such as comments on another’s possesswondthing, are rarely used by apes (Lyn
et al.,, 2011). More generally, although the infleenof environmental factors on the
emergence of declarative communication needs fuithestigation (see Leavens & Bard,
2011), the complexity and versatility of childrempesinting gestures have been argued to have
no equivalent in nonhuman species (e.g., Kita, 20@8nasello et al., 2007). The social and
cognitive abilities associated with communicativestgres, which seem to be manifest in
early stages of infant’'s development, have alsm lvegarded as fndamentally human trait
(e.g.Carpenter et al., 1998; Grosse, Behne, Carpent&gr8asello, 2010 The emergence of
theability to attribute mental states to others iraaiety of contexts would therefore represent
a milestone in the evolution of human behavior engnition (e.g., Liszkowski et al., 2009).
In particular, the production of informative gestsithas been suggested to play an important
role in the emergence of cooperation abilitiesstbantributing significantly to the evolution
of language (e.g., Bullinger, Zimmermann, Kamingkifomasello, 2011).

Shedding some light on the processes involved miggheric specialization at the
phylogenetic level, the study of hand-preferencepas in nonhuman primates has further
supported the role of gestures in the shaping ofdrucommunication. Apes’ communicative
gestures are associated with a stronger degreeigbt-sided asymmetry than non-
communicative manual actions, and individual hamdfgrences for these two different
activities are not correlated with each other (eldeguerditchian & Vauclair, 2009;
Meguerditchian et al., 2010). In line with the hyipeses raised regarding human infant
development, these results indicate first, thatelwexd lateralization for communicative

gestures and manipulative activities emerged throdigtinct processes in the course of
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evolution, and second that the left-hemisphereiapeation in the last common ancestor of
humans and great apes may have involved primahiéy grocessing of communicative

gestures. Moreover, the degree of population-legét-hand preference appears to be much
stronger in humans than in nonhuman primates (s#geaVl), suggesting a relationship

between the emergence of uniquely human social cagghitive abilities (see above) and

increasing level of hemispheric specialization. Tiarticularly strong degree of hand

preference recorded in toddlers for informativetgess is congruent with this interpretation

(see article Ill). Using event-related potentials20-month-old infants, Mills et al. (1993)

have also demonstrated that increasing levels mjuage abilities were associated with
increasing cerebral specialization of parietal tamdporal regions in the left hemisphere.

In brief, studies conducted on human children amthaoman primates have confirmed
the primacy of gestures in language acquisitiorwai as the existence of a modality-
independent communication system in the left caldiemisphere. However, we still have to
trace the evolutionary scenario that led to thergeree of speech after humans' divergence
from great apes some 6 million years ago. Gentilaod Corballis (2006) have argued in
favor of a progressive incorporation of the vocaldality into linguistic functions, but it is
still unclear whether the left-hemisphere specaion for communicative behaviors initially
involved gestures on their own, or else a comhomatf gestural and vocal signals. Recent
evidence in nonhuman primates has supported a hkimogbothesis of language origins
(Hopkins, Taglialatela, & Leavens, 2011). Captivieingpanzees have been reported to
produce intentionally atypical sounds — the “exwhdrunt” and the “raspberry”- to attract
the experimenter’s attention in order to obtain sdood (Hopkins, Taglialatela, & Leavens,
2007). Therefore, under some circumstances, greas aeem to be able to develop a
voluntary control of their vocalizations. In addit, Hopkins and Cantero (2003) observed an

increase in chimpanzees’ right-hand preference clmmmunicative gestures when these
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gestures were produced simultaneously with vocgilads, compared to “silent gestures”, thus
reflecting a greater activation of the bimodal commication system in the left cerebral
hemisphere.

The bimodal hypothesis of language origins is agpported by an experiment in
human adults demonstrating bidirectional interaxgtibetween speech and gesture production
systems. When the meaning of words and gesturadtameously produced were congruent,
participants’ pointing gestures were performedeiastnd some frequencies of their voice
spectra were found to be higher compared to thengruent condition (Chieffi, Secchi, &
Gentilucci, 2009). In infants, the early signsatekalization for speech processing reported in
neuroimaging studies (e.g., Dehaene-Lambertz, Haatmier, Dubois, & Dehaene, 2008) are
consistent with a significant role of vocal signals the development of cerebral
specialization. Furthermore, the onset of babbéihground 7 months of age may contribute
to the emergence of a speech—gesture system, vattwb modalities mutually driving each
other forward (lverson, Hall, Nicke, & Wozniak, 200 A study revealed an increase in
repetitive right-handed activity in infants who heetently begun to babble, which might
reflect the maturation of cerebral control mechasisn the left-lateralized communication
system (Locke, Bekken, McMinn-Larson, & Wein, 199Biterestingly, infants born to deaf
parents using sign language have been reporteclblé silently with the hands (Petitto,
Holowka, Sergio, & Ostry, 2003). Their rhythmic laactivity, different from the activity of
speech-exposed infants, corresponded to the rhgtipaitern produced by adult signers,
which highlights the importance of early languaggezience on the development of
communicative behaviors, regardless of the modalihere is also evidence in deaf children
that early and intensive exposure to sign langulagels to a stronger left-hemisphere
specialization for language processing than a laber less intensive exposure (Leybaert &

D’Hondt, 2003).
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To sum up, although the emergence of intentiondlraferential communication seems
to involve the gestural modality at both the ontogijee and phylogenetic levels, recent
investigations have suggested that the evolutiopaggursors of human language involve a
combination of gestures and vocalizations (e.g.sadtka, 2008). This hypothesis obviously
does not exclude the possibility of a gradual etotuof vocal signals in the course of
evolution, along with anatomical specializationttheakes speech possible (e.g., Lieberman,
2007). In this regard, Arbib (2005b) has propod®at protosignnamely a communication
system based on manual and facial gestures, pawdaffolding for the emergence of
protospeech, then leading to a gradual co-evolutibrprotosign and protospeech in an
“expanding spiral”’. Moreover, the coupling betwegastures and spoken language has been
argued to involve a system of pantomimes (e.g. tiGeni & Corballis, 2006), allowing the
representation of both transitive and intransitetions (i.e., actions associated or not with
the use of objects, respectively). This hypothesisonsistent with results of a study
conducted on epileptic individuals who were askegantomime the use of pictured tools
(e.qg., a key or a screwdriver) as they underwennactivation procedure of the left or right
cerebral hemisphere (Meador et al., 1999). Langusmgainance was found to be more
closely associated with hand preference for pantwsi— or in the authors’ words “ideomotor
praxis” — than with handedness assessed via aregmifted questionnaire. This study,
illustrating further the existence of a bimodal eoumication system, supports Kendon’s
claim (2009) that pantomimes are equivalent to “eumicative actions”. Thus, the
representation of actions through manual and fagesitures seems to be closely tied to
communicative purposes. It has been suggestedthbatombination of pantomimes and
vocalizations gradually evolved towards more syntb@drms of communication with the
evolution of Hominin lineage, resulting eventually the predominance of speech (e.g.,

Corballis, 2010).
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7.1.4. Relation between language and gestures: neumaging literature

Neurobiological data in both human and nonhumamaes offer insight into the
mechanisms that underlie the relationship betwarguage and gestures, which allows us to
confirm and complement findings from behavioraldsts. The existence of a single system in
charge of gestural and verbal communication has lse@ported by several brain imaging
studies in human adults (e.g., Dick et al., 2008yiidek et al., 2007; Willems et al., 2007; Xu
et al.,, 2009). This left-lateralized system appearsnvolve cerebral networks in inferior
frontal regions including Broca'’s area (Gentilu&cbDalla Volta, 2007). Focusing on pointing
gestures, Loevenbruck, Vilain and Dohen (2008) hswggested that a common cerebral
network controls both gestural and vocal pointihg, latter referring to a deictic presentation
form using syntactic or prosodic means. In addjtible production of syntactic pointing was
shown to elicit cerebral activation in the leftaenbr frontal gyrus (Loevenbruck, Baciu,
Segebarth, & Abry, 2005). Few studies are availabimrding the neurological correlates of
gesture production in children, but an event-relggetential study showed that the perception
of pointing gestures by 8-month-old infants eligtsterns of cerebral activation in posterior
temporal regions similar to those recorded in adi@redeback, Melinder, & Daum, 2010).

The present work has emphasized a clear distintigtween manipulative activities
and communicative gestures, but this question hegern been investigated from a
neurobiological perspective in children. Resultenfr studies conducted on adults have
revealed that complex processes underlied theige$dtip between action, gesture and
language in the brain, with the idea that langumsgstrongly rooted in mechanisms that
evolved for interactions with the environment, ngmi@ bodily action (e.g., Willems &
Hagoort, 2007). A recent study using functional netg resonance imaging (fMRI) may

shed some light on this issue. Right-handed ppeids were asked to plan familiar gestures
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in response to words referring to transitive oransitive actions (e.g., cutting and scolding,
respectively). Transitive and intransitive actiomsre found to be represented in a common
left-lateralized network (Kréliczak & Frey, 2009)he authors interpreted these findings as
refuting the hypothesis that object-directed adtioamnd intransitive gestures involve
independent mechanisms within the left cerebralibghere. However, this interpretation is
guestionable because the participants were notlaskdirectly manipulate any objects. The
production of both transitive and intransitive panimes relies on the representation of
meaningful actions, which may be closely associatgth communicative intentions. A
similar design used with left-handed individualss hdemonstrated, first, left-hemisphere
dominance for language in the majority of the pgvtints, confirming results of the study by
Knecht et al. (2000). Second, individuals with tatal or right-hemisphere dominance for
language were found to exhibit similar atypicaltgats of cerebral activation in inferior
parietal regions (i.e., Brodmann area 40) whenesgiting transitive or intransitive actions
with either hand (Krdliczak et al., 2011). Furthene, the comparison of cerebral activations
associated with actual execution of tool-use astiand pantomiming the same actions
revealed a pantomime-specific left-lateralized \atton in the superior/middle temporal
gyrus (Lausberg et al., 2010). Therefore, thesalteesupport the hypothesis that gestural and
verbal signals share a common cerebral speciaizaséind highlight again the role of
pantomimes in the evolution of representation gmab®lic skills (see section 7.1.3.).
Moreover, the relationship between actions and comaoative behaviors may be
underlied by the mirror neuron system (MNS), whatlows individuals to understand the
actions performed by others through the activadbtheir own motor representations (e.g.,
Kilner, Friston, & Frith, 2007; Lamm, Fischer, & Baty, 2007). This understanding creates a
link between individuals, who thus become potent@hmunicative partners, and opens the

door to the development of communicative skillszolved in both the perception and the
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execution of hand and mouth actions, gestures amdlacial communication, the MNS may
therefore constitute an ideal substrate for thergeree of language (e.g., Rizzolati & Arbib,
1998). Recent evidence, although still limited, Isagjgested the presence of a MNS in
infancy matching the perception and the executfactons (see Lepage & Théoret, 2007 for
a review). The MNS, along with the acquisition obtor skills allowing infants to interact
with their environment in more and more various aodplex ways (lverson, 2010), may
provide the necessary basis for the developmecdmimunication and language.

Thus, it can be hypothesized that actions, by @idtithe representational properties
of the MNS, convey a communicative potential whishexpressed during ontogenetic
development through learning and experience, aanisf and children act on their
environment. Consistent with this hypothesis, elgmee has been shown to modulate the
MNS responses in adults (e.g., Calvo-Merino, Glasgezes, Passingham, & Haggard,
2005). Because mirror neurons are present in akeafRhe monkey’s brain, which is
regarded as the homologous of Broca’s area (edles®e, Fadiga, Fogassi, & Rizzolatti,
1996), it has been suggested that similar mechangene involved in the course of human
evolution (e.g., Corballis, 2010).

It should also be noted that this interpretatiorihaf relationship between the control
of action, gesture and language in the brain ismmmmpatible with the hypotheses raised in
the present dissertation. Gestural and verbal camuative behaviors, initially grounded in
mechanisms of perception, execution and representat actions, may subsequently develop
together with the specialization of a bimodal commation system in the left cerebral
hemisphere, distinct from the one controlling pymabtor functions of manipulation.

The investigation of the relationship between handss for tool use and
neuroanatomical asymmetries in nonhuman primatssphavided further support to this

hypothesis. In chimpanzees, researchers failedntb dny significant association between
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handedness for reaching actions and structural ragymes of two brain regions considered
homologues to Broca’'s and Wernicke’s areas (ite2,ftonto-orbital sulcus and the planum
temporale). Significant correlations were found lestawvasymmetry quotients and handedness
for more complex manipulative actions such as terfishing, but the percentage of variance
explained hardly reached 15 % (Hopkins, RusselCaatalupo, 2007). By contrast, the right-
sided bias recorded in chimpanzess for communiEa@stures was reported to be associated
with leftward structural asymmetries in the inferfoontal gyrus (Taglialatela et al., 2006).
Hemispheric lateralization for communication preessis therefore more closely related to
hand preference for gestures than for manual acts@nving non-communicative purposes,
which supports the prominent role of communicatestures in the evolution of language

and its hemispheric specialization.

7.2. Methodological issues

The present work has emphasized the relevanceco$iftg on manual asymmetries in
both communicative and non-communicative behavorsvestigate speech—gestures links,
but it has also raised some methodological chadlengotably pertaining to the study of

language development and hand preference, whidhtodse addressed in future studies.

7.2.1. General issues
First, as brain activity is driven by multiple amdmplex mechanisms, seeking to
unravel the cerebral processes involved in the Idpugent of communication by using
behavioral measures may appear quite challengimgekample, even though neuroimaging
studies have shown that the vast majority (aroud®)9of adults present left-hemisphere

dominance for language, it was not possible ingiresent work to determine with certainty
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which cerebral hemisphere controlled language fanstfor each participant. This question is
even more problematic in children since the develamt of hemispheric specialization does
not seem to be a linear process, as revealed hgtivas in the degree of hand preference
during infancy (see article 1V). If measures ofustural and functional asymmetries via
imaging techniques provide direct evidence of hphesic lateralization, a more practical
approach that could have been helpful for the paepaf this dissertation consists in using
dichotic listening and divided visual field tasi&uch methods can even be used in neonates
(e.g., Bertoncini et al., 1989) and although basedbehavioral measures, they will enable us
in future studies to assess hemispheric asymmedndsdifferentiate participants with left-
hemisphere dominance from participants showingt4igimisphere dominance or bilateral
control for language.

Second, the difference between experimentally iaduand spontaneous pointing
gestures deserves further investigation. Pointiesfuges produced in a naturalistic context
(article 1) were associated with a stronger riglled bias and were more frequently
accompanied by vocalizations than gestures eligrtexkperimental contexts (articles 111-V).
These differences may be a consequence of thavedyasmall sample size and of the
absence of left-handed children for pointing gestun the naturalistic study (article II), but
they may also reflect the influence of some featwlearacterizing each setting. Although
both spontaneous and induced pointing involved mngonicative intention, experimental
contexts may to some extent restrain toddlers’mhtommunicative behaviors, notably their
vocalizations, which might also affect manual asytmas. However, this possibility is
reduced given that the methods, materials andngeftiome and day-care centers) of the
experimental studies were chosen on the strengtieafecological validity.

Moreover, examining the spontaneous productioresfiges is a fruitful approach for

studying the development of communicative behayitmgt several variables cannot be
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directly controlled. In the observational studygmeted in this dissertation, special attention
was paid to the position of the gesturer and tgothstion of the referent in the child’s visual

field, but the distance between the child and tbimtpd object or event was not taken into
account. However, this distance may influence sdeatures of children’s gestures and
vocalizations. Distal pointing gestures were foamdbe associated with longer durations and
higher voice frequencies (F1) of accompanying vieatibns than proximal pointing gestures

(Gonseth, Vilain, & Vilain, 2010).

7.2.2. Language

In the present work, language level was assessexligh direct observation of
children’s abilities in different tasks and throughrental reports. Although they provided a
reliable measure of children’s linguistic skillbese language tests focused only on lexical
production (articles Il and V) or yielded a rawose that did not allow us to distinguish
between production and comprehension of languamebetween lexical and syntactic skills
(article 1V). A thorough investigation of these fdilent language components is needed to
examine further speech—gesture links because tlagyb® associated with distinct processes
and relate to gestural communication to variousemtst For example, 18-month-old
children’s gestural vocabulary (defined as the neimbf different meanings expressed
through gestures) was shown to be correlated toweheal vocabulary size at 42 months of
age, whereas speech—gesture combinations produd&timonths of age (in which gesture
and speech convey two different ideas) were a gtrpredictor of later two-word
combinations (Rowe & Goldin-Meadow, 2009).

Moreover, significant results regarding the relasiop between hand preference and
language level referred to the lexical spurt perigdose onset was assumed to be associated

with the 50-word stage (article V). However, som@dees, although involving few
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participants, have shown that a number of childregin to experience a lexical spurt at a
productive vocabulary size of more than 50 wordg. (éMervis & Bertrand, 1995). It has also
been argued that some children never evidencei@alespurt (e.g., Bloom, 2001; Ganger &
Brent, 2004; Goldfield & Reznick, 1990). Thereformyen if the lexicon size has been
regarded as a more reliable indicator of the voleapuspurt than age (e.g., Nazzi &
Bertoncini, 2003), the 50-word threshold does a&etinto account interindividual variability
(see also Parladé & Iverson, 2011). Additional mess may thus be needed to determine
precisely the onset and the duration of the lexspairt for each child. In addition, the use of
parental reports to assess children’s languagd, lsueh as the MacArthur Communicative
Development Inventories has been criticized fok latvalidity and accuracy (e.g., Feldman
et al., 2000). Although several studies have regbosignificant correlations between parental
reports and direct measures of language abiligas,(Dyer Ring & Fenson, 2000; Fenson et
al., 2000; Heilmann, Weismer, Evans, & Hollar, 2)dbmay be more cautious to combine
both sources of information.

The study of the vocalizations produced along witldren’s gestures also deserves a
more precise analysis to distinguish between tloglymtion of sentences, words and other
vocal sounds. Moreover, spectrographic analysis ldvoanable us to characterize
vocalizations in terms of amplitude, frequency ahgthm, which may provide additional
information as to the difference between imperatwel declarative communication. The
kinematics of pointing gestures in relation to geand vocalizations needs to be further
investigated as well. We considered that vocaliretiand pointing gestures were coincident
in time when they were produced at the precise nmbmiethe pointing gesture (article 111) or
within a two-second interval (article Il). This digpancy may account for the different
proportions of “vocal gestures” recorded in thetadies (see also section 7.2.1.). More

generally, it would be useful to examine precidehematic and temporal features of pointing
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gestures, as the latter are likely to vary acraosdividuals and as a function of the
communicative context. This may also help deternthwedifferent intentions associated with
pointing, as children usually prolong their gessuretil they reach their communicative
goals. In the study with adults (article VI), examiyg pointing kinematics may also have
offered further information related to the influenaf speech on hand preference for gestures.
Pointing and speech were produced simultaneouslitythe duration of pointing gestures

probably differed between participants, which sddu¢ measured in future studies.

7.2.3.Hand preference

Contrary to studies involving human adults or captmonhuman primates, children’s
hand preference are assessed from a limited nuofiligals, varying approximately between
2 and 10 responses across studies (e.g., Fagardr&sM2000; Vauclair & Imbault, 2009, and
see articles II-V of the present dissertation).réasing the number of trials is not always
possible as it can be difficult to elicit commuriica gestures and maintain children’s
attention over long periods of time. However, thises not mean that hand-preference
patterns are not reliably assessed, although it Ib@aymportant for comparison purposes to
measure hand preference in different manual aesvife.g., pointing gestures and grasping
actions) using a similar number of responses. Agroftrecaution consists in calculating
handedness indexes, which indicate both the stiesngli the direction of hand preferences,
thus providing a more complete measure of manuahaeetries than the categorization as
left-hander or right-hander. Moreover, researchesg different criteriato categorize
participants whereahandedness scores enable an easier comparisorebettueies.

Another issue related to the study of manual asytm@seconcerns the variety of
assessments methods, in relation with the resaatdhefinition of handedness. Beyond the

distinction between manipulative activities and oommicative gestures whose necessity has
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been demonstrated in the present work, it is ingpdrto differentiate hand-performance
measures from hand-preference measures (e.g., Bevvah, 2004), as well as unimanual
tasks from bimanual manipulative tasks (e.g., FadgarLockman, 2005). Ideally, several
measures of handedness should be used to get detemijcture of functional asymmetries.
Even when this is not possible, the multiple dimmems of handedness should be kept in mind
and the choice to focus on one specific dimenskmulsl be justified on theoretical grounds

(e.g., Healey et al., 1986, and see Chapter 3).

7.2.4. Hand shapes

Another point deserving further investigation ie 8tudy of hand shapes, especially as
it was used as an indicator of different origingyestures. In the present work, gestures were
coded as index-finger pointing when the index fmgas extended and the other fingers
tightly or more lightly curled and as whole-handrgimg when all the fingers were extended.
A more accurate categorization, based on quangtatieasures, is needed to identify more
precisely the relationship between hand shapeghantlinctions of the gestures. Studies are
currently in process to quantitatively analyze hahdpes associated with pointing gestures,
by means of a software developed in our laborafdigeo Analyser This software provides
measures of distances and angles as a functionadkems that we place on the images
extracted from videos. For example, measures chigde between the extremity of the index
finger, the base of the index and middle fingensl the extremity of the middle finger allow
us to differentiate precisely index-finger gestufiesn whole-hand gestures and to describe
intermediate hand shapes that could reflect a Bhifte nature of children’s communicative
skills (see section 7.1.1.).

Furthermore, some factors other than communicdtinetions may influence hand

shapes, such as the degree of precision requirethéorecipient to identify the referent
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pointed at. In adults, index-finger pointing is duently used to disambiguate referential
situations whereas whole-hand pointing and thumbting are mostly produced in situations
requiring little precision (e.g., Kendon & Versang903). Although children’s and adults’
gestural communication differs in many ways, it da hypothesized, for example, that
children are more likely to use index-finger pangtito request an object that is surrounded by
several other objects than to request an isolabgecb Such an influence of environmental
conditions on hand shapes has been reported irsigming chimpanzees (Krause & Fouts,
1997). Moreover, the distance between the gesamérthe referent may be associated with
the level of precision required to indicate a sfie@bject, event or location to a recipient,
distal pointing being in essence less accurate pnaximal pointing. Therefore, the influence

of this distance on hand shapes also needs tkée tiato account in future studies.

7.3. Future directions of research

The studies presented in this dissertation haveiged valuable insights into the
relationship between language development and conwative gestures, but some questions
still need to be answered. In this section, | dbscthe main directions that would be worth
considering in future studies in order to deepenumderstanding of speech gesture—links, in

relation to the processes of hemispheric spectaiiza

7.3.1.Hand preference in late childhood
Researchers have studied hand preference for simgasitures and pointing in infants
(e.g., Bates et al.,, 1986; Young et al., 1985) #&rdco-speech gestures in adults (e.qg.,
Kimura, 1973), but there are no data available amdhpreference for communicative gestures
in childhood. The development of hand prefereneeetiore needs to be investigated from the

production of the first intentional communicativestures — at around 1 year of age — to
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approximately 10 years of age to determine whethenve have hypothesized (see section
7.1.1.), the right-sided asymmetry for gesturealisady strongly established in early stages
and only slightly increases after the third yealifef It would also be interesting to examine
the relationship between the development of harelepgnce and changes in the use of
communicative gestures as children grow up. Therede@f right-sided asymmetry may
stabilize when gestures are no longer used as #me communicative modality, but rather as
props for speech.

Regarding handedness for manipulative activitiesre is some evidence showing that
the right-sided bias becomes stable at approximatglears of age (McManus et al., 1988).
This result needs to be replicated though, usinmgreé assessment methods — the study by
McManus et al. (1988) focused only on unimanuaivdigs. It would also be valuable to
study the relationship between the increase irdéggee of handedness and the frequency and
complexity of object manipulations performed byldien.

Moreover, hand preference for communicative gestussd handedness for
manipulative actions were found to be more closslyociated in adults than in toddlers (see
article VI). Investigating manual asymmetries itelahildhood would allow us to determine
whether the interrelations between communicativé @an-communicative activities emerge
gradually in the course of development or elsethges, as children acquire specific motor

and/or linguistic skills.

7.3.2.Different communicative gestures?
The present work has focused on pointing gestures,nfants and children use a
variety of other communicative gestures, which maesent different developmental
trajectories and different relationships with laage acquisition. The characteristics of these

gestures should therefore be investigated throughdeavelopment, starting with
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representational gestures. Because they directhveyo a specific meaning through the
representation of an object or an action, iconid symbolic gestures may indeed play a role
in language development (e.g., Goodwyn et al., paflthough pointing has been regarded as
“the royal road to language” (Butterworth, 2003pndplex dynamic relationships have been
reported between pointing and symbolic gestureduymed by young children between 6 and
18 months of age (Vallotton, 2010). Infants’ egplyinting behavior was shown to predict
development of a greater variety of symbolic gestuwhile the use of symbolic gestures at
later stages reduced the frequency of pointing.edeer, the use of both symbolic gestures
and pointing were found to decrease as speech apsyelbut pointing remained a
communication tool integrated into multimodal laagea. Thus, symbolic gestures have been
argued to take on the role of words for preverdaldeen, which may also support the
importance of pantomimes in the evolution of largpide.g., Gentilucci, Dalla Volta, &
Gianelli, 2006; Kendon, 2009). This hypothesis assistent with recent evidence reporting
the production of meaningful communicative gesturesonhuman primates, which might
reflect the precursors of representational abdlitbaracterizing human species (e.g., Laidre,
2011).

In addition, the comparison of hand preferencesdiictic and symbolic gestures
would shed some light on the development of leftisphere specialization for
communicative behaviors. In the study by Batesl.e{1886), both pointing and symbolic
gestures were found to be more right-handed thamcommunicative manual actions, but
pointing gestures were associated with a stronggt-sided asymmetry than symbolic
gestures. However, in that study, the productiomestures in the symbolic play task was
based on imitation of the experimenter, and evehea$e symbolic gestures were used during
interactions with adults, they may not involve dhén’s genuine communicative intention.

Therefore, there is still much to explore regardthg relationship between pointing and
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symbolic gestures and their respective roles inguage acquisition and hemispheric
specialization.

Moreover, research on gestural communication haslynBbbocused on empty-handed
gestures, but the production of object-directed rooimicative gestures also deserves an
examination. Investigations of gestures such ase*giand “show” might improve our
understanding of the relationship between the obntf communicative gestures and
manipulative activities.

Lastly, the production of speech-accompanying gestuwhich has been widely
studied in adults, needs to be examined in theseoof development. Although we are
generally not aware of producing or perceiving themspeech gestures produced by adults
are omnipresent and play a crucial role in facé&at® communication for both speaker and
listener (e.g., Kendon, 2004; McNeill, 1992). Moreng the asymmetry of some co-speech
gestures appears to be influenced by the natuspeasch content (Kita et al., 2007). For these
reasons, co-speech gestures provide helpful irssigtd the functioning of the left-lateralized
bimodal communication system. As children grow oldad use verbal language in more
complex ways, co-speech gestures have been repddeddevelop from mainly
representational gestures to more complex formgyedticulation (Coletta, Pellenq, &
Guidetti, 2010). It would be relevant to investgéirther the relationship between co-speech
gestures and the development of linguistic skilld &0 examine whether the change in the

production of these gestures is associated witteage in hand-preference patterns.

7.3.3. Role of cooperation abilities in language quaisition
The study of hand preference in different pointwogtexts has revealed a particularly
strong right-sided bias for declarative informatigestures (article IIl), which poses a

challenge of great theoretical significance for ensttnding human communication
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development. Informative pointing is used to previ@gcipients with information they need
about a referent and may therefore be associatbdia development of cooperation abilities
(Liszkowski et al., 2008). Studies have demonstréit@t peer cooperation develops over the
second and third years of life, in association vatlvances in social understanding (e.g.,
Brownell, Ramani, & Zerwas, 2006). This is consisteith our results: although informative
gestures were scarcely produced spontaneously ddiets (article II), the ability to use
informative pointing in experimental conditions wiamsind to increase between 15 and 30
months of age (article IIl). Moreover, our resulisve shown that gaze alternation between
the adult and the object being pointed to accongzamformative gestures more frequently
than gestures serving other communicative functidifsus, children are more likely to
monitor their partner’'s activity in informative dexts, which supports the relationship
between the production of cooperative gestures tmed development of early social
understanding — namely the ability to representntieatal states that motivate others’ actions
(see also Liszkowski et al., 2006).

Because they are closely related to the developofestcial skills and associated with
a strong degree of right-hand preference, childreinformative gestures may play a
privileged role in language acquisition and in -le#misphere specialization. However,
additional studies are necessary to confirm thetemce of specific hand-preference patterns
for gestures produced in a cooperative context. eldher, there are different kinds of
cooperative behaviors, involving different level§ complexity (Svetlova, Nichols, &
Brownell, 2010. For exampleinstrumental cooperation is based on the undedstg of
another person’s goal, whereas emphatic cooperatignires the understanding of another
person’s mental state. In the first case, childnéend to facilitate an interrupted goal-directed
action, while in the second case, which correspaodle informative situation of our study

(article 11I), children seek to modify a communieat partner's state. Thus, future studies
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need to be conducted to investigate to what exteete different cooperative behaviors
contribute to language acquisition, in relatiorthe development of manual asymmetries. It
would also be useful to explore the spontaneous afsénformative gestures during

development to determine precisely when such gestbecome part of children’s natural
repertoire.

Lastly, cooperative behaviors have been arguedldg an important role in the
evolution of language (e.g., Bullinger et al., 20Ilomasello, 1999). Examining the
production of informative gestures in nonhuman ptigs, including the patterns of hand
preference associated with these gestures, magftiherimprove our understanding of the

relationship between cooperative gestures and &geacquisition at the phylogenetic level.

To conclude, although some methodological issuestdr to be improved, the present
work has provided significant data regarding théatrenship between communicative
gestures and language development by examiningreift functions of pointing gestures. In
addition, the study of hand preference has offemede insights into the complex mechanisms
of cerebral specialization for communicative bebeui Integrated into a phylogenetic
approach, our results may also contribute to im@raurrent understanding of the
evolutionary roots of human language. Lastly, thhggested directions for future research will
probably yield some answers to the remaining gomestiaround the fascinating and

remarkably rich subject of gestural communication.
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Appendices

» Appendix 1. Language level assessment: Parental questionoased on the French

adaptation (Kern, 2003) of the MacArthur Communi@tDevelopment Inventories
(Fenson et al., 1993).

= Appendix 2. Items of thdanguagesub-test of the French Brunet-Lézine scale (1965),
revised by Josse (1997).
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Inventaire Francais
du Developpement Communicatif
chez le nourrisson : mots et phrases
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Vous avez accepté de participer a ce projet. Nous en remercions.
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SUJET AGE

Nom de la personne "contact" (pédiatre, chercheur)

INFORMATIONS SUR L'ENFANT

Prénom

Sexe

Date de naissance

Age (en nombre de mois)

L'enfant fréquente-t-il ou a-t-il fréquenté lache ?

L'enfant fréquente-t-il I'école ?

INFORMATIONS SUR LA FAMILLE

Nombre de freres et sceurs Ages

Lieu de résidence

Age : mere pére
Dernier dipldme obtenu: mére pére
Profession : mere pére

Langues parlées a la maison ?

DESCRIPTION DE SON APPROCHE AU LANGAGE

oui non
A Bavard = O
B Répétitions d'une méme syllabe (dada) = —
C Répétitions de syllabes différentes (bodiy= —
D Imitations de l'intonation adulte S
E Aime la musique = =
F Demande les noms des objets =
DESCRIPTION DE SON DEVELOPPEMENT PSYCHOMOTEUR
Marche ?
seul Si oui, depuis quePage
avec aide Si oui, depuis quePage
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VVOCABULAIRE

Regardez SVP la liste suivante et cochez les mms/gtre enfant utilise en ce moment

Cris d’animaux et sons

© 00 ~NO U b WN P

e e
W N P O

Noms d'animaux (vrais ou jouets)

46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

béé béé
tchou tchou
cocorico
grrrr

miaou
meuh

allo

aie
coin-coin
oh oh
vroum
ouaf-ouaf
miam-miam

animal
ours
abeille
oiseau
petite béte
lapin
papillon
chat
poule
vache
biche
chien

ane
canard
éléphant
poisson
grenouille
girafe
chevre
oie
cheval
bébé chat
agneau
lion

singe
souris
hibou
pingouin
cochon
poney
bébé chien
mouton
écureuil
nounours
tigre
dindon
tortue

jooooooooonoao

joooooo0ooooooOOoOOODOOOOOO0OO00DOO0OO

Véhiculegvrais ou jouets)

14
15
16
17
18
19
20
21
22
23
24
25
26
27

83
84
85
86
87
88

avion

vélo

bus

voiture
camion de pompier
moto
poussette
train
camion
bateau
hélicoptéere
traineau
tracteur
tricycle

joooooooooonoao

crocodile
fourmi
zébre
renne
coq

loup

IRIRIRIRINN

Jouets

28 balle

29 ballon
30 cube
31 livre

32  bulles
33 poupée
34 crayon
35 feutre
36 stylo

37 jouet
38 raquette
39 craie

40 jeu

41 colle

Nourriture et boisson

89

90

91

92

93

94

95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125

lait
céréales
cornflakes
orange
fromage
petits pots
poulet
pizza

café

raisin
petits gateaux
spaghetti
gateaux apéro
tartine
pomme
oceuf
banane
poisson
pain
nourriture
beurre
glace
gateau
jus de fruit
sucre
viande
carotte
boisson
eau
clémentine
purée
petits pois
baguette
soupe
pates
thon

Kiwi
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42
43
44
45

126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161

pate a modeler
cadeau
puzzle
histoire

compote
haricot
chocolat
coca

mais
beignet
frites
haricots verts
chewing-gum
hamburger
glacon
vitamines
bonbons
confiture
yaourt
sucette
melon
madeleine
noisettes
crépe
nutella
mayonnaise
pop-corn
esquimau
pomme de terre
chips
bretzel

flan

courge
raisins secs
sel
sandwich
sauce
limonade
fraise
vanille
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Vétements

162 perles 0
163 collier .
164 bavoir/bavette m—
165 pyjama -
166 bottes /e
167 pantalon -
168 boutons /e
169 chemise -
170 manteau ]
171 chaussure ]
172 couche ]
173 body -
174 grenouillere -
175 short —
176 robe —
177 chaussettes —
178 chapeau —
179 sweet —
180 veste —
181 ee-shirt —
182 eans ]
183 alopette —
184 dausson/pantoufler=
185 il —
186 ®inture —
187 gats —
188 moufles —
189 écharpe —
190 basket —
191 combinaison de skir—
192 collants —c
193 culotte/slip —

Jeux et routines

255 bain —
256 petit déjeuner —
257 au revoir —
258 diner —
259 ne fais pas -
260 bonjour —
261 salut -
262 déjeuner -
263 sieste -
264 bonne nuit -
265 non —
266 ainsi font font —
267 coucou —
268 s'il te plait —
269 chut —
270 merci —
271 oui —
272 bravo —
273 faire les courses
274 godter —
275 coup de fil —
276 top la -
277 je vais t'attraper
278 va sur le pot —
279 tourne-toi —
280 ce petit cochon —

Parties du corps

194 bras

195 nombril
196 joue

197 oreille

198 yeux

199 figure/visage
200 pied

201 doigt

202 cheveux
203 main

204 téte

205 genou

206 jambe

207 bouche
208 nez

209 aie bobo
210 dent

211 doigt de pied
212 langue
213 ventre

214 cheville
215 fesses
216 menton
217 lévre

218 pénis/zizi...
219 coeur

220 vagin/zezette...

221 pouce

Endroits ou aller

281 plage

282 camping
283 église

284 cirque

285 campagne
286 centre-ville
287 ferme

288 station service
289 maison
290 cinéma
291 dehors
292 parc

293 féte

294 pique-nique
295 terrain de jeux
296 école

297 magasin
298 forét

299 travail

300 cour

301 zoo

302 garderie
303 creche

jooooooooooOOooOOoOoOOoOOOOOOnd
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Meubles et piéces

222 salle de bain
223 baignoire
224 it

225 chambre
226 chaise
227 canapé
228 berceau
229 porte
230 tiroir

231 garage
232 chaise haute
233 cuisine
234 salon
235 four

236 parc

237 pot

238 frigo

239 fauteuil
240 lavabo
241 escalier
242 cuisiniére
243 table
244 télé

245 fenétre
246 étendage
247 entrée
248 douche
249 piece
250 cave
251 banc
252 WC

253 machine a laver
254 évier

Prépositions elbcalisations

304 au sujetde
305 au dessus de
306 autour de
307 a

308 loin

309 derriére

310 acoté de
311 chez

312 en bas

313 pour

314 ici

315 a l'intérieur de
316 dans

317 presde

318 de

319 au loin

320 sur

321 au sommet de
322 dehors

323 par dessus
324 la-bas

325 vers

326 Sous

327 en haut

328 avec

329 la
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Interrogatifs

330
331
332
333
334
335
336

comment

quoi

quand

ou

qui

pourquoi
le/la/les/quel(les)

Objets d'extérieurs

392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422

rocher
nuage
drapeau
fleur
jardin
herbe
lune
tuyau
échelle

tondeuse a gazon

piscine
pluie
caillou

toit

pelle

bac a sable
toboggan
neige
étoile
trottoir
soleil
balancoire
arbre

eau

ciel

goooooa
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o
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=
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3
3
o
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@
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arrosoir
béaton
pierre
rue/route
vent

joood

Quantificateurs et articles

337
338
339
340
341
342
343
344
345
346
347
348
349
350
351

tous/tout

un autre
encore
aucun/ne
pas

le/la méme
un peu
aucun/e
un/une
plein/beaucoup
du/de la/des
chaque
autre
le/la/les
aussi

Personnes

tante
bébé
nounou

423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450

garcon
frere
enfant
papa
fille

dame
maman

gens
personne
sceur
maitre/sse
oncle
monsieur
clown
docteur
pompier
copain/ine
facteur
infirmiére
police

grand-mére
grand-pére

joooooooooooooa

nom de l'enfant

Pronoms

352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374

nom de la nounou

nom de I'animal domestiqu

a elle/sa

a lui/son
je

ca

moi

a moi
ma/mon/mes
vous/tu
votre/ta/ton
il

ses

lui
moi-méme
notre

elle

leur

eux

ces
ils/elles
ceux
nous

on
toi-méme

ioopooooOoODOODODOODOOOODOODDOOO

Mots sur le temps

375
376
377
378
379
380
381
382
383
384
385

jour
apres
matin
nuit

demain
ce soir
avant
heure
hier

Connecteurs
386 et

387
388 mais
389 Si
390 donc
391 alors

joooooooooooooooooooOona

Auxiliaires

451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468

suis

sont

étre

est

peux
pourrait

a fait

faire

fait

ne pas
aller

devoir faire
avoir a faire
laisse-moi
avoir besoin de
essayer de
vouloir

était

maintenant
aujourd'hui

parce que
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Petits objets ménagers

469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524

couverture
bouteille

bol

boite

balai

brosse
horloge
peigne

tasse

plat
fourchette
verre
lunettes
marteau
clefs

lampe
lumiéere
médicaments
argent
papier
sous/piéces
photo

oreiller
plante
assiette
porte-monnaie
radio
ciseaux
savon
cuillere
téléphone
brosse a dent
serviette
poubelle
aspirateur
montre
feuille
musique
sirop

biberon
télécommande
sucette
panier

seau
appareil photo
ordures

pot

couteau
serpilliere
clou

serviette de table
cassette
mouchoir
plateau
trotteur
coussins
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525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584

Mots descriptifs
parti
endormi
pas bon
grand
bleu
cassé
attention
propre
froid
mignon/ne
sombre
sale
sec/che
vide
vite
bien
doux/ce
bon/ne
content/te
dur
chaud/e
avoir faim
blessé
petit/e
vilain/e
gentil/le
vieux/vieille
joli
rouge
avoir peur
malade
avoir sommeil
tendre
avoir soif
fatigué
mouillé
dégodtant/e
beau/belle
méchant/e
étre réveillé
mieux
noir
marron
premier/ére
plein/ne
vert/e
lourd/e
haut/e
dernier/e
long/ue
fort/e
fou/folle
neuf/ve
bruyant/e
orange
tranquille
triste
lent/e
coincé
collant/e
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585
586
587
588
589

minuscule
blanc/he
venteux
jaune
coquin/e

Mots d'action

590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641

mordre
souffler
casser
apporter
se cogner
nettoyer
fermer
pleurer
danser
dessiner
boire
conduire
manger
tomber
nourrir
finir
recevoir
donner
aller
aider
taper

IRINIRIRINY
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prendre dans ses bras

se dépécher
sauter
donner un coup
faire un bisou
regarder
laver

aimer

ouvrir

jouer

tirer

pousser
mettre

lire

faire du vélo/moto
courir

dire

voir

montrer
chanter
dormir
sourire
éclabousser
arréter

nager
balancer
prendre

jeter
chatouiller
toucher
marcher

MERCI POUR VOTRE PARTICIPATION
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642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691

essuyer
écrire
construire
acheter
porter
attraper
courir apres
faire bravo
sécher
déposer
trouver

aller bien avec

réparer
détester
avoir
entendre
cacher
tenir
couper

frapper a la porte

Iécher
aimer bien
écouter
faire
ramasser

jooooooooooooOooOOooOoOOa

faire de la peinturec—=

renverser
verser

faire semblant

goutter
déchirer
secouer
partager
s'asseoir
faire du patin
glisser
travailler
souhaiter
étre debout
rester
balayer
parler
godter
arracher
penser
attendre
se réveiller
couvrir
grimper
cuisiner
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Items of thelanguage sub-test of the French Brunet-Lézine scale (1965kvised by Josse (1997)

Nom : Prénom :
Date de naissance : Age:
Date de passation : Session :
Mois Points Succés/Echec | Items
10 16 Dit un mot de 2 syllabes (Q)
12 18 Secoue la téte pour dire non (Q)
20 Jargonne de maniére expressive (longues suites sonores modulées comme une phrase) (Q)
14 22 Utilise des onomatopées qui font office de mots ( vroum vroum, wouah wouah...) (Q)
24 Identifie 1 objet (sur les 5 présentés)
17 27 Dit 5 mots (Q)
30 Identifie 3 objets
20 33 Nomme 2 ou montre 4 images (planche 1)
36 Identifie 4 objets (nommés ou donnés)
39 Fait des phrases de 2 mots (Q)
24 43 Nomme 6 images (planches 1 & 2)
a7 Identifie 8 objets ou en nomme 4
51 Fait des phrases de 3 mots (Q)
55 Utilise son prénom quand il parle de lui-méme ou d'un objet qui lui appartient (Q)
30 61 Nomme 10 images (planches 1 & 2)
67 Nomme 8 objets ou plus
73 Utilise 1 des pronoms "je, tu, il, elle" (Q)

Total de points :

Age de développement :

Quotient de développement :

Q : Questions posées aux parents si I'observatigufii pas.
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