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RESUME

La préférence manuelle et la coordination visuoume#le émergent progressivement au cours
de la premiére année de vie du bébé avec le déaiognt des gestes de préhension. Le but
de cette recherche est de déterminer si I'explomatisuelle au cours des gestes manuels varie
en fonction de la main utilisée, et si oui, d'erril® précisément ses caractéristiqgues a I'aide
d’un systeme d’eye-tracking. Douze bébés agésrdei ont été observés dans une situation
de préhension (6 essais, 3 avec chaque main).stigbdtion du regard, la main utilisée, son
mouvement, son ouverture et sa position ont étésadl’aide du logiciel The observer ®.
Les résultats montrent que les bébés explorentdspace de préhension différemment en
fonction de la main utilisée : ils regardent plabjet lorsqu’ils utilisent la main droite et plus
autour de I'objet lorsqu'ils utilisent leur maingzhe témoignant d’'une coordination visuo-

manuelle asymétrique précoce.

Mots-Clefs : Latéralité manuelle, coordination visuo-manuedgploration visuelle, enfant,

systeme d’eye-tracking.
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ABSTRACT

Infant’'s manual laterality and eye-hand coordinatonerge during the second part of the first
year of life with the development of reaching. Nefeless, little is known about the potential
asymmetric characteristics of this coordinatione Him of this study was to describe visuo-
spatial exploration in 6-month-old infants durirgaching, according to the hand used. More
specifically, we examined if the use of the lefttloe right hand was linked to a specific type
of visual exploration. Gaze direction during goakdted reaching towards an object placed
on the table was measured with a remote ASL 504rag&er (Bedford MA). Twelve babies
aged 6 months were observed during six reachirngj@ses alterning three sessions with an
object on the left side of the subject and thretl &h object on the right side. Gaze direction
and some hand variables (hand activity, hand ogesuirdl hand position from the body) were
coded with The Observer software. Results showatabies visually explore their reaching
space differently according to the hand used: tbely more at the object when they use their
right hand and more around the object when theythisie left hand; they also look more
often at their left hand than at their right onbe3e results suggest that an asymmetric visuo-
manual coordination exists as early as 6 montlsiorvseems to support (1) left hand during
reaching for evaluate distances from object to babgneans of visual feedbacks and (2) right
hand for identify what sort of object is. Results discussed in light of manual specialization

and specific hemispheric skills at this age.

Key-words: Manual laterality, visuo-manual coordination, uas exploration, infant, eye-

tracking
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1. INTRODUCTION

Object visuomotor exploration plays a central rivleearly cognitive development: infants
learn about their physical environment, acquirevdedge to plan future actions and develop
sensorimotor coordination from these visuomotoregigmces. The aim of this paper was to
describe how vision participates in reaching, adoénmonths, when this hand activity is
well-established but not yet automated. More paldidy, we analyzed visuo-spatial
exploration according to the hand used, in ordenvimuate if specific visual strategies could
be assigned to manual laterality. In order to dgebow visuo-motor coordination is
organized, we also observed visuo-spatial explomadiccording to the movement of the hand,

its opening and its position to the object.

The development of eye-hand coordination like iacheng is a good neuroscientist tool,
widely used to infer relationships between brainl &ehavior (Luna, Velanova, & Geier,

2008). According to the traditional view of infareaching development, infants use vision, at
first, to guide the hand towards the target whesy thegin to reach, around the age of 4
months (Piaget, 1952; White, Castle, & Held, 196#)d then they use the visual error
between hand and target to correct their ongoirghes (Bushnell, 1985), when the first
successful reaches (grips) appear around 5 mombsveen 5 and 7 months, major
developments occur in the timing of infant manugiapation (such as opening of the hand
during the movement), indicating that grasp congifts from being manually guided to

being visually guided (Witherington, 2005). Howeveome results challenge this traditional
point of view: one of the most notable is that sighthe hand is not necessary to make
successful grasps; Clifton, Muir, Ashmead, and Kdan (1993) have found that infants from
1.5 to 5 months (6 to 25-weeks-of-age) touchedatbjas in the light as in the dark without
kinematic differences in reaching (Clifton, Roch&opbin & Berthier, 1994). Moreover,

infants are capable of completing even relativelynplex reaches, such as catching a moving
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object, without visual feedback of the hand (BethClifton, Gullapalli, McCall, & Robin,
1996; McCartyet al., 2001). Kinematic changes in reaching in the darkehbeen reported
only in infants aged 15 months (Carriebal.,2008). However, the fact that infants can reach
in the dark does not mean that they don’t use nigiben it is available (in the light). We can
suppose that improvement in reaching is probaldyrésult of general improvements in the
use and the integration of different perceptuabnmfation in order to make finer a more
reliable movements: infants probably use first,ppiaceptive information and then visual
information, which will become more and more in@spable to modulate reaching during
their early development (Thelest al., 1993; von Hofsten, 1993). We need to have a better
understanding of the role played by vision, esplgcguring the onset of prehension, around
6 months, by differentiating the hand used, whielrettably was not mentioned by the

previous authors.

In adults, specific visuo-manual asymmetries apored: when the subject reaches towards
an object with his/her left hand, his/her eye moeata end up earlier on the object and peak
velocity (of eye movements) is reached earlier tlvhen (s)he reaches with his/her right hand
(Lavrysen et al., 2008) and saccades reached thgettaarlier when accompanying left-
compared to right-hand movements (Helstnal., 1998a, 1998b; Carnahaat al., 1993).
Goal-directed one hand movements are predominaatiyrolled by the contralateral cerebral
hemisphere. Traditionally, functional hemispheripedalization is described as right
hemisphere advantage for movement planning anttemteonal aspects and left hemisphere
advantage for processing information during ongomgvement (Hodge®t al., 1997,
Carson, 1989). Asymmetries of eye-hand coordinatmuld be explained by the fact that the
right hand/left hemisphere system may have higffaiency in utilizing response-produced
feedback (Elliott & Chua, 1996). This hemispheneaalization also impacts lateral hand

use: The right hand is involved in the temporalamigation of perceptual and/or motor
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information, during ongoing movements (Flowers, 3;9Bradshaw, Bradshaw, & Nettleton,
1990; Haaland, Elsinger, Mayer, Durgerian, & Ra@04), and in the planning of sequential
acts that require response selection, preparatioiiorn retrieval (Verstynen, Diedrichsen,
Albert, Aparicio, & Ivry, 2005). The left hand iavolved in the spatial planning of a task and
in the allocation of attention in space (Carsor8Hodges, Lyons, Cokell, Reed, & Elliott,
1997; Sainburg, 2002). In this perspective, a mharspgecialization can be defined
independently of handedness: the preferred handtialways the most relevant according to
task specificies : right-handers perform more ragid accurate reaches with their left hand in
a pointing task whereas left-handers are moreieffiavith their right hand in a fine building

task (Gonzalez & Goodale, 2009 ; Lavrystral, 2003).

If the development of handedness is widely studiefénts’ early manual specialization is
less documented and eye-hand coordination asynasdtave as far as we know never been
studied. Some infant studies (von Hofsten, 197911Morange-Majoux, Pezé, & Bloch,
2000; Hopkins & Ronngyvist, 2002; Ronngvist & Donogll2006) have shown differences in
the kinematics of right- and left-hand movemenightrhand trajectories are smoother, with
fewer corrections and fewer movement units -idadikinematically as multiple segments of
acceleration and deceleration- than left-hand dtajees. Differences also appear in the
quality of movements: pre-reaching movements areenoften performed by the left hand,
whereas reaching and grip movements are more pédgormed by the right hand (Morange-
Majoux, Pezé, & bloch, 2000; Morange-Majoux & D#dlas, 2010). Finally, infants with a
congenital muscular torticollis develops a handgrence on the opposite side to head-tilt.
Authors concluded that an increased visual comtrohe hand during early childhood seems
to modulate handedness (Ocklenburg et al., 201@h 8bservations are compatible with the

position that the right hemisphere controls clas®l movements dependent on sensory
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feedback, and the left hemisphere open-loop movesmieased on well-established motor

programs (Haaland & Harrington, 1989).

The Dual Visuomotor Channel theory proposes thsually guided reaching consists of two
temporally integrated movements, the Reach andGhesp, each mediated by separate
visuomotor pathways, from occipital to parietofr@nheocortex (Arbib, 1981; Jeannerod,
1981, 1999; Rizzolattet al., 1998; Tanné-Gariépyetal., 2002; Culham & Valye2006;
Cavina-Prateset al.,2010; Filimon, 2010; Karl & Whishaw, 2013). Thdise initial phase of
a reach, mediated by a dorsomedial pathway, sdovésansport the hand to the general
vicinity of a target and is in relation with thedat’s extrinsic properties, i.e. localization and
orientation \herepathway). The later phase (grasp), mediated bgrsothteral pathway, is
devoted to close the hand, in relation with the@ed#s intrinsic properties, with controlled
visual guidance of the hand on the target objeet,size and shape&litat pathway) (Arbib,
Iberall, & Lyons, 1985; Jeannerod, 1981). We hawgpothesized that pre-reaching
movements could play a localization role, i.e. e information concerning the distance of
the object from the body, and that the grip movenwmuld be implied in accuracy. The
behavioral differences between the two hands, @bdein babies, could confirm an
asymmetry in information processing between leff aght hands: the left hand would be

more involved in thewhere” pathway and the right one in thelfat” pathway.

As stated above, eye-hand coordination shows émgispheric asymmetries (Lavryseh
al., 2008) even though at these ages, the use ofghieart the left-hand is task-dependent and
could be in relation with hemispheric specializatifArbib, 1981; Morange-Majoux &
Dellatolas, 2010). If seeing his/her hand seemsetmot necessary for an infant to grasp an
object at 6 months (Cliftoet al., 1993, Berthier & Carrico, 2010) this does not méaat
vision does not take a part when it is availabfetHis perspective, vision could not only

participate in reaching but also select differgrtiaseful information according to the hand



139 used. We hypothesized that vision could provide emepecifically (1) spatial object
140 information when the infant uses his left hand &)dintrinsic object information when the
141 infant uses his right hand. If vision participatesthe onset of manual specialization, looks
142  will be more centered on the object when the rigirid is used and looks will be more widely
143  distributed around the object when the left handsisd. In order to test these hypotheses, we
144  described spatial distribution of looks (on or arduthe object) during all the reaching
145  (including movement and no movement moments) aawgrdo the hand used, hand

146  anticipation and hand localization.

147

148 2. METHOD

149 2.1.Participants Twelve healthy 6-month-old (mean age 6 monthsga@s, ranging from 5

150 months, 20 days to 6 months, 23 days) full-terrantd participated in this study (6 males,
151 6 females). Ten additional infants were tested their data were not included in the final

152 sample, six infants due to technical eye-trackingairments, two infants because they did
153 not try to reach the object, and two infants duéussiness. They were all recruited from

154 birth lists in the 13th and 14th districts of PaAdl mothers signed an informed consent
155 form, guaranteeing general anonymous treatmentfofmation. Parents’ handedness was
156 controlled (Edinburgh handedness inventory) : 22eweght-handers and 2 were left-

157 handers

158 2.2.Eye-tracking systemin eye-tracker was used to study very accuratedyaliexploration

159 of the baby when he/she had to reach an objecttriagking techniques, in the context of
160 action, allow to measure how infants explore tipkiysical word, and in particular where
161 and what they look at, how they observe the scpagadly (object, around the object) and
162 how many time they look at these parts of the scenerder to define what strategies they

163 develop when they want to reach an object. Eyeingccan provide key insights into
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real-time dynamics of perception and action, fdams interact with the environment by
the second or the minute. Such rich and detailéatrimation can directly inform about
coordination between cognitive, motor and percdpfracesses, and more generally
enrich theories on the development of asymmet@eshetta, Guan, & Williams, 2012).

For this study, we used a remote eye tracker dpedldy ASL (model R6) that provided
eye position coordinates. Head position was recbrgith a magnetic tracker, Flock of
Birds (Ascension, Burlington, VT) that provides teposition coordinates. The ASL
system can track eymovements directed at scenes defined in 3-dimeabkigpace and
spatially fixed (3D objects located within reachidigtance as described in Corbedtaal.,
2012). Furthermore, the system was configureddorcegaze position on a horizontal plan
(scene plan), i.e. the table in the present studyng both head position data and gaze
vector position data, the system determines wher¢he surface the subject is looking
(Eye-Trac 6 Control Unit and User Interface SofvReference Manual, pp 68). The only

constraint was baby’s head had to remain stable.

2.3.ApparatusThe experimental apparatus was composed of aftr@gidng system, a scene

camera above the baby, a minibird eye-trackerpat fvebcam, two computers and three
control screens. All components of the experimeafgbaratus were synchronized and
linked (Figure 1).

- Insert Figure 1 about here -

Eye-tracking system included a remote optics eymeca that allowed the infant
approximately one square foot of head movement elimdinated the need for head
restraint. This eye-tracker was placed in fronthef infant, on the table, at a distance of 50
cm. The infant’s line of gaze was measured by camg@uhe pupil-corneal reflection at a

sampling rate of 50 Hz (Figure 1C). The accurasgllevas about 0.5° of visual angle,
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and the resolution was about 0.25° of visual an@lerformance of both eyes was

measured.

A scene camera (ceiling camera), placed aboveable,tcaptured the table during the
experiment and gave us a still shot of the scenee kecording of the table was

synchronized on line with the remote optics eye@any computer which calculated the
superimposition of specific gaze position (symbedizy two crossing lines) and a still

shot of the table (Figure 1A). ASL system was corexkto create a plane projection of
gaze direction vectors and to compute the corogidtietween calibration points and gaze
direction vectors simultaneously measured. Spataldinates were then translated into
eye-tracking coordinates during the calibrationgghand calibration points were linked to

the still shot of the scene (see Calibration pisastion below).

The scene camera also captured the infant’s hactdstya The recording was used for
coding hands activity (Figure 1A and 2) with ThesBtver © software (see Coding
section). Moreover, the superimposition of thd stibt with the gazes gave an indication

of when infants looked at their hands.

- Insert figure 2 about here —

Head position was recorded with a magnetic traclkdock of Birds (Ascension,
Burlington, VT). This device has a Mini Bird heagdker that provides head position
coordinates, so that the ASL panl/tilt camera canmneect to the eye, in case of rapid head

movements (se€redebaclet al.,2002 and Aslin & Murray, 2004). (see figure .1B)

Lastly, a front webcam was added and synchroniaeiti¢ two other cameras to record
infants’ behavior, facial expressions and headntatgon (Figure 1B). This additional
camera provided information about the baby’s bedravand allowed to appreciate the

consistency with information of remote eye-trackdejection.
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The three videos were all captured with the sanepeer to obtain a synchronized video

recording throughout the experiment (Figure 1).

2.4.Material the object to reach was a 2.5 x 2 cm? little g@IKinder®© chick graspable by 6-

months-old infants. This toy was placed in frontlaé infant, on the table, at a distance of
25 cm, just at a reachable distance, inside trekitrg window of the ASL system. The

ASL system detects accurately gaze positions omldre (2D) but the use of a 3D object
generates a decrease in accuracy, due to the 'siijeaght (3D). Indeed, the space behind
the object could not be seen from the infant’s pecsve, and was called the occlusion
area (see figure 1). Thus any gazes at that spgeteetdd by the ASL system was in fact a
gaze at the object. This occlusion area was deldu¢ib5 cm behind) on the basis of
object’s height and the level of the infant’s eyisorder to determine the impact of this
occlusion area on our data, an analysis of theiloigion of gazes around the object
revealed that a majority was in front of the obj@8%) or on its left- or right-side (11%).

Gazes behind the object were thus very rare (<dfd)kept out of the study.

2.5Procedure: The experiment took place in a quiet room of thgcRslogy Department at

ParisDescartes University. Infants were seated on thaient’'s lap, facing a table with
their hands free to move and the body maintainedinag the adult to limit head
movements of the baby.

The parents remained quieuring the entire experiment (approximatively 15n)ni
Experiment procedure always contained a calibradimha test phases.

Calibration phaseNine calibration target points were used to calid the scene plan (see
Figure 3). These nine points were identifiable bypdmarks drawn on the table. A
transparent flashing ball (2 cm diameter) was whethg calibration phase. This ball was
successively positioned on the nine markers orighke in order to create a bijection of

any point of the scene plan onto the window defibgdhese nine gaze direction vectors.
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For each calibration point, the experimenter Ar{diag behind the remote optic eye
camera) placed the ball on the marker; when a gazhe ball was detected by the eye-
tracker, experimenter B approved manually on thenmder the calibration point

measured. This procedure was repeated for eadiratédin points. At the end, each of the
calibration point coordinates were translated witmal vectors coordinates and linked to
a scene plan image (scene camera recorded corgigutie same scene). In practice, a
cross appeared on the scene plan video recordoigtaae an infant looked on the table

(Figure 1)

- Insert Figure 3 about here —

Test phaseThe little yellow chick was placed on the talde, the right or on the left side
of the baby, inside the scene plan, out of sighthef baby by using a cardboard. An
experimenter stood behind the remote optic eye mimeorder to present the test object
to the infants. Six trials were performed, alteivedy on the left and the right sides of the
infant in order to induce ipsilateral movementsgdia, Spelke, & Von Hofsten, 2009;
Morange & Bloch, 1996; Morange-Majowet al, 2012). First side of presentation was
counterbalanced across infants. At the beginningagh trial an experimenter positioned
a large piece of cardboard (40x60 cm) in frontled baby and a second experimenter
placed the object behind the cardboard, on theetadbl the left or right position (the
cardboard was large enough to hide both possibddigas of the object). At this stage,
the object and its position were hidden by the loaadd. Then the first experimenter
removed the cardboard, thus uncovering the objdw. trial began with the first look at
the object (as identified by the eye tracker), anded at thdirst contact between the

hand tested and the object (not after reaching rigr lgecause it would have been
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impossible to determine if the subject looked atabject or his hand). Both eye and hand

activities were recorded during the trial.

2.6.Coding Both hand and eye activity data collected by ASitem were coded with the

Observer XT10© software on the video given in FggiA, which combined scene video
recording and eye tracking point’s projection. Wrege to recode eye activity initially
coded by ASL system with the Observer XT10© softwiarorder to (i) check data and (ii)
avoid erroneous data. (i) for example, when thgestilooked at the experimenter, ASL
system lost looks. Nevertheless, with the vide@giin figure 1A, we reconsidered these
lost data and coded them as looks at the experanerith Observer XT10© software. (ii)
for example, when ASL system identified looks abys hand, we systematically checked
with the video given in figure 1A if the hand wasspd on the table or aloft. Because of
the position of the scene camera above the hantisedbaby, when the hand was aloft,
ASL system identified a look on the hand whereas lttok was under the hand on the
table. In this case (very few situations), the labkhe hand was reconsidered and coded as
a look at the table with Observer XT10© softwarand-position data were sampled at 25
Hz (25 images per second). Looks and both hande weded independently, by two
independent observers, blind to the condition aymbtheses. The inter-rater reliability of
the two coders, based on all trials, was 99% fer@ding and 96% for movement coding.
Contentious trials were re-examined by both expeniters and re-coded together until a
100% inter-rater agreement was eventually reached.
» Look durations were coded during all the trial adarg to five areas: (1) on the
object (with a radius of 0.5 cm around the obje), around the object (radius
ranging from 0.5 cm to 5 cm), (3) on the table. (ebsewhere outside the 5 cm

radius), (4) on the right hand and (5) on the efitd. A look was detected when a
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cross (intersection between a horizontal line ancerdical line) appeared on the
video: this intersection being a staring (lookipg)nt (see Figure 1A).

» Right- and left-hand durations were coded durirgtted trial according to three
hand characteristics: (1) hand activity (during thal baby could move or not
his/her arm towards the object); (2) hand openiniglély opened or not) and (3)
localization of the hand with respect to the baligsly (the hand of the baby could
be near him or near the object; we defined two Hiteks allocentered and
egocentered: the boundary between the two modaliteess defined by the median
distance between the body and the object). The Woadd” used in the results
section always refers to the ipsilateral hand atiogrto the object’s position.

Analyzes performed on the contralateral hand westematically specified.

All these codings allowed to analyze visuo-spatistribution according to specific hand

parameters in order to qualify and potentially ppe®ye-hand coordination.

2.7.StatisticsGiven that trials (72; 36 performed with the leéinld, 36 performed with the
right hand) did not have the same durations, theye analyzed according to the total
duration of the trial in terms of percentages (prtipns of time), by mean of a two way
repeated measures ANOVA with hands (right / left)l @bject position (right / left) as
within subject factors, and with partial eta sqdavelues §%,) as an index of effect size.
For each measure we computed a Shapiro-Wilk tedetermine whether the hypothesis
of normality could be rejected. Chi square test wsesd to analyze cross-tabulated data,

with Cramer’s V as an index of effect size. All isas were done with Stata 14.

3. RESULTS

3.1.Hand characteristics
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All right side objects were reached by the righhdvdand reciprocally the left side objects

were reached by the left hand.

3.1.1. Hand activityOn average, infants did not move their hands duirng of the trial's
time (ranged from 3,8% to 96,2%). Shapiro-Wilk sesbomputed for each of the four
measures were all non-significant (all p-valuesvab®8). The two-way repeated measures
ANOVA conducted on theroportion of time during which the hand remaingdtisnary
revealed no significant effect of object positidifl11)<1;p=.94; 12,<.001), but a significant
effect of the hand: the left hand remained morerofitationary than the right one (47% vs
30%; F(1,11)=6.60;p=.028; r3,=.40; Figure 4) during a trial. A specific analysis cadiout
on the contralateral hand revealed that, an ohpsxted on the right side significantly
increased right hand activity and strongly redulegdhand activity (difference of 25 points
between both hands, 50% vs 25%), whereas a présenta left side activated both hands in
the same wayH(1,11)=5.16;p=.047; /3,=.34). Furthermore, only 9% of trials with left
reachings were performed without stationary handerds, whereas 33% of trials with right
movements did not include any stationary hand masnén other words, babies kept his/her

hand stationary more often during their left- thiaeir right —hand reachings.

- Insert Figure 4 about here —

Last, we examined how many trials started with ravement of the hand —left or right- (all
trials began with a look on the table). Analysi®wbld that 74% of left movements were
initiated first by a look during which the hand didt move, against 47% for the right hand
(difference of 26.3%; 1C95% = (3.4; 45.6)). Babie=nded to move their right hand
immediately towards the object, as soon as thekeldoat it, in half of the right hand

movements.
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3.1.2. Hand openingOn average, infants’ hands were widely opened 8%%he time.
Shapiro-Wilk test was significant for one measuight hand / object rightp=.0241). The
two-way repeated measures ANOVA, conducted onptioportion of time where the hand
was wide openrevealed no significant effect, neither of the dvgR(1,11)=1.33;p=.27,
?p=.11), nor of the object’'s positionF(1,11)=1.11; p=.32; 72,=.09), suggesting that

movements have the same profile, whichever handesd.

3.1.3. Hand position from the bod¥n average, 47% of infants’ manual activity was
distributed near the object (allocentered). Shaiitk tests computed for each of the four
measures were all not significant (all p-valuesvab®0). The two-way repeated measures
ANOVA conducted on theproportion of time the hand was allocentereglvealed no

significant effect, neither for the hanBl(,11)<1;p=.54; 73,=.04), nor for the object position

(F(1,11)<1,;p=.66; 13=.02).

3.2. Visuo-spatial exploration during a trial

Automatic detection of staring points by ASL systesas performed, on average, 47% of the
total duration of trials (ranging from 29% to 86%p@nding on the infant). No difference was
found across trials. As described in Method sectia have recoded all eye-tracking data
with Observer XT10© in order to check ASL detectifive areas into the scene plan where
babies could look at were defined: on the objectuad the object, on the table, on their left
hand and on their right hand. In order to examipecHically missing data, we have

completed our analysis by adding babies’ lookshatexperimenter from the front webcam
video (Figure 1B) with Observer XT100© software. Ré&s showed that babies looked at the

experimenter on average 15% of the total duratfdnals, reducing missing data to 38%.



356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

Figure 5 illustrates the distribution of gazestet different areas of the scene plan according
to the hand used. When infants used their left h#mely tended to look more around the
object and at their left hand, whereas when they dkeir right hand, their looks were more
equally distributed toward the object and aroun®therwise, infants tended to look at their
ipsilateral hand in presence of a lateral reachabject. The two distributions were found to

be significantly differentChi square= 17.64,p=.014,Cramer’s V= 0.30).

- Insert Figure 5 about here -

In order to appreciate more accurately vision adran the different phases of the reaching,

we have examined hand activity during the trial:

3.2.1. When the hand was remained stationkigure 6 presents the distribution of gazes on
the different areas of the scene plan when the hgsildteral to the object did not move. The
most remarkable result is that infants looked ahiyiaround the object when the object was
placed on the left side, and never at their rigirich On the contrary, their looks were more
localized on the object when the object was inridjiet side. The two distributions were found

to be significantly different@hi square= 22.59 p<.02,Cramer’s V= 0.34).

- Insert Figure 6 about here —

3.2.2. During hand movemerfigure 7 presents the distribution of gazes duriggt- and
left movement. Results showed that whatever thed hased, babies’ looks were equally
distributed between object and around it. The mostble result is that babies looked at more
their left hand when they performed a reaching i left hand than their right one when
they performed a reaching with this one. Both tistions were significantly differenChi

square= 32.64, p<.01Cramer’s V= 0.40).

- Insert Figure 7 about here —
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The last analysis was dedicated to examine moneraisty gazes on the hands and to answer
to this question: when an infant looks at his hamdsat do the hands do ? We compared
proportion of time during which the infant lookeaicl hand considering position, activity and
anticipation of hands. For this analysis, two inganwere excluded, because they never looked
at their hands. Shapiro-Wilk tests ran on the éridigtions revealed that the hypothesis of
normality could be rejected for two measures (feihd allocentered and left hand open;
respectivelyp=.022 and=.029). When an infant looked at his hand, it wawimg half of the
time, with no significant differences between hafr@spectively 54% for the left hand and
45% for the right hand(9)<1; p=.68) and allocentered, on average, 70% of the, tmith no
significant differences between left and right har{despectively 71% and 68%(9)<1;
p=.62). Finally, the hand was open 82% of the timigh a left hand more often open (96%)

than the right hand (68%), a 28 points differenoceédver not significantt(9)=1.74,p=.12).

4. DISCUSSION

The present study aimed to describe how babiesNysexplore their reaching space in the
presence of a target-object and to determine sf ¥isual exploration varies according to the
hand used and some hand characteristics (manuaipatibn, hand activity, hand / object
position). This original eye-tracking design allaves to investigate new levels of analyses,
by examining precisely the distribution of infardzgs when an object was presented to be
caught. In this context, this study provides thstfdescription, with a remote eye-tracker, of
visuospatial exploration of the infant’s reachiqmaee during a movement, according to the

hand used. Several results can be discussed aredcsnrolusions may be drawn.

First, result stationary hand s showed a greatévigcof the right hand, whatever the

location -right or left- of the object. This wasnéiomed by the high proportion (1/3) of trials
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with right hand reaching, always in movement staryg hand. In a previous study, we had
shown that the right hand was always more in mati@m the left one (Morange-Majowet

al., 2000). Thus, a context of reaching stimulatestrigind movements. This is attested by
others studies (Ronnqvist & Domell6f, 2006; Micketlal., 2006), showing an increase in
right hand use from the age of 6 months, interpreke the onset of right handedness. In our
study, the greater activity of the right hand ptaigaconfirms the beginning of this manual

asymmetry.

Second, results about visuospatial exploration igdeva great contribution to our
understanding of visuo-manual coordination. Visaaploration of the reaching space is
mainly dominated by two sources of exploration: #pace all around the object and the
object itself. The significant result is that ariaim does not explore in the same way his
reaching space, according to the hand used anis taciivity. During moments where the
hand remained stationary, infants visually explihve space around the object placed on the
left side and look at specifically the object pldaan the right side. When they perform a
reaching, their looks are more equally distributeiard the object and around it. We can
assume that looking at the object allows the infantarn more about the object’s physical
characteristics before contacting an object with tight hand. This is compatible with the
better ability of the right hand to catch and matafe objects observed in previous studies
(Michel & Harkins, 1986; Corbettat al.,2006; Michelet al.,2006). We can also hypothesize
that looking around the object brings informatidioat its location and its distance from the
body, before reaching it with the left hand. Thdg&rences between the two hands, on the
visuospatial exploration of reaching space, reveat only asymmetric visuo-manual
coordination as early as 6 months, but also spestfiategiesaccording to the steps of
reaching. The well-known studies about hemisphepecialization can enlighten these

results: indeed, the right hemisphere holds an radge in movement planning and/or
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attentional aspects (Hodgesal., 1997; Carson, 1989), whereas the left hemisplsefastier

at processing information during the ongoing mowvetnéhis information could be either
visual or non-visual (Buekers & Helsen, 2000; Htlet al., 1999; Royet al.,1994; Lavrysen

et al., 2003). In this context, when the baby has to perfa left hand movement (right
hemisphere), his/her gazes are distributed all ratothe object, especially before the
movement, during moments where the hand remairstbisary, to evaluate the object’s
location. When the baby performs a right hand mam@mmost gazes are focused on the

object, from the beginning to the end of the trial.

In previous studies (Moranget al, 1996; Morange-Majowet al., 2000; 2010; Morange-

Majoux, 2011), we have shown a lateralization @fcteng development : babies use more
often their left hand to perform approach movementsereas they use more often their right
hand to perform grip movements. These results baea interpreted as evidence for manual
specialization as early as 4-month-olds, The prtestumdy brings evidence that vision

participates to manual specialization, in a harmosj coordinated way: vision is used to
explore all the reaching space when the left haodtributes to evaluate distance and
location; while vision is used to examine an ohj&dten the right hand is used to determine
the object’s intrinsic properties. In other wordsere is an early asymmetric visuomotor
coordination, probably supported and mediated lfier@int sensorimotor channels (Karl &

Whishaw, 2013; 2014).

These results can be compared to researches irts,aduich have demonstrated a
specialization in the use of both hands (Carso@9;1Bradshaw & Nettleton, 1990; Hodgets
al., 1997; Sainburg, 2002; Bradshaal., 1990; Haalanet al., 2004) and in visuo-manual
coordination (Lavryseet al.,2008). They are in agreement with the dual visuomchannel
theory, which proposes that visually guided reagluansists of two movements, a first one,

which transports and guides the hand in relatiothto extrinsic features (location) of the



453  target, while another one opens, shapes and dlsdsand on the target, in relation with its
454  intrinsic features (size, shape). In this perspectour study shows that each movement is
455 allocated to a specific hand. One prediction of the&al visuomotor channel theory of
456  reaching, is that development should feature indégece in the maturation of the two
457  movements. Researches have shown that movemedotsate object occur before movements
458  to grip objects (Von Hofsten, 1984; Savelsberghat der Kamp, 1994; Morange & Bloch,
459  1996; Morange-Majowet al., 2000; 2010). During development, reaching and pinas
460 become integrated in a seamless visually guided A&t argue that these behavioral
461 differences between the two hands, observed inebalmould confirm an asymmetry in
462  information processing between the left and thétrigands: the left hand would be more

463  involved in the Where” pathway and the right one in thelat” pathway.

464  Third, another notable result concerns gazes otethband (31%), especially during moving
465 moments. It will be interesting in a future studydetermine at what time during the trial
466  these looks on the left hama progressappear. Numerous researchers have investigated the
467 role of vision in prehension (Bushnell, 1985; Ceoriet al., 2008; Berthieet al., 2010;
468 Hofsten, 1991): some of them propose that infarss sight of the hand to guide early
469  reaching (Piaget, 1952; Bushnell, 1985), othersicam that sight of the hand is not necessary
470  to make successful grasps (Clifton et al., 1994riGaet al., 2007). As we have suggested,
471  babies use visual information when it is availabdlen if babies can reach objects without the
472 sight of their hand. Our results show that whenidmban see their hands, they significantly
473 look at their left hand more than their right hahating reaching. This increase of gazes at the
474  left hand could be interpreted as a great left hexqkrtise for visuospatial processes: infants
475 look at the most visuo-spatially adapted hand oteorto evaluate distances (i.e. from their
476  hand to the object) and localize an object. Furtiee, analyzes regarding the number of

477  wig-wag between an object and the left hand is @wiigher than with the right hand
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confirming its role to evaluate distances. Thessultse allow us to draw a complex
asymmetric visuo-manual coordination, which appearsarly as 6 months: when babies use
their left hand they tend to look at around theeobpefore to initiate their reaching in order
to evaluate and determine the distance, then thgfpnn their movement while looking their
left hand and doing wig-wag between object andl¢ftehand. When babies use their right
hand, they tend to look at around and on the oblfbre and during the movement. Vision
supports left hand during reaching for evaluatéadises by means of visual feedbacks. This
visuo-manual coordination appears still integratedi favors knowledge about physical
environment. This visuo-manual coordination propakbihds its origin in hemispheric
specialization, as Lavrysen and collaborators (20@8e suggested. The left hand system
may be more effective at using visual feedbackrati@-control via right hemisphere and the
right hand system may be more effective at usieglfierward and predictive control via left
hemisphere (Roy and Kalbfleisch, 1994). Previouslg, have showed that left-hand made
numerous changes in direction suggesting a spi@dning, such adjustments requiring more
time (Morange-Majoux et al., 2000). Results achiewethe dark or without visual feedback
of the hand (Berthiegt al.,1996; McCartyet al.,2001) are not contradictory with our results:
at this age, vision is not used to guide movememtpibobably more to inform the baby on
object extrinsic properties (where it is ?) andinsic properties (what is it ?). It would be
interesting to examine manual laterality in thekdamnd in particular, to determine if the use of
the left hand is disturbed or not (without pos#ipibf visual feedbacks) and to compare
kinematics of left- and right reaching in light addrk in order to examine not only the onset
of visuo-manual coordination but also its asymmeiporeover, it will be interesting to

describe longitudinally the development of the mi&ision according to the hand used.

In addition, results showed that when an objegrésented in front of a baby, his/her hands

are, most of the time, widely open, indicating ttiet baby is ready to reach out to the object,
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which confirms what had been observed in otherdissu((Fagard, 2000; Fagard & Pezé,
1997; Hofsten & Fazel-Zandy, 1984). Sacrey and WAws(2010) have shown that collection
(hand shape in which digits are lightly flexed aridsed) becomes increasingly prominent
from 1 to 6 months. It replaces a clenched fist thas typically held proximal to the upper
torso. This collation development is probably thecpirsor of other hand shaping movements,

like skilled movements of grasping and reaching.

In conclusion, we argue that eye-tracking may leslus the context of action. It raises novel
guestions about the development of visuo-manuaidoation. It allows to explore with good
accuracy where infant direct their gaze on a s¢€oebettaet al., 2012), what they look at
and how many times they do so. We are aware tkdb#s of eye-tracking data (38%) during
head turns or others behaviors preventing eye oapgsua serious limitation of our study.
Head-mounted eye-trackers do show advantages dy stéant perception in more natural

and less-constrained environments (Corbettta.,2012).
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List of Figures

Figure 1: Experimental design. Eye-tracking system was configured to record looks on a horizontal
plan. 1A: Scene plane recorded by the scene camera. Live recording of the table was synchronized on
line with the remote optics eye camera by computer which calculated the superimposition of specific
looks (symbolized by two crossing lines) and the fixated plan of the table. 1B: view of front webcam
synchronized to the two other cameras to record infants’ behavior, facial expressions and head
orientation (infant with a Mini Bird Head tracker). 1C: infant’s line of gaze was measured by computing
the pupil-corneal reflection at a sampling rate of 50 Hz.

Figure 2: Examples of images recorded by scene cameraiatioi@ record infant’s hands activity
useful for the coding of hands activity. The supgsition of the fixed plane with the looks
(intersection of horizontal and vertical black Eypen video recording scene plane gave indicatfon o

when infants looked at the hands.

Figure. 3: Calibration phase: 9 calibrations points were usdds most frequently used method
provides robust and accurate data under most cgtanoes (a). A Flashing Ball was used to visually
attract the subject: for each nine points, thehftag ball was put on a calibration point (exampteb

and c). For each calibration point, when the infaoked at the ball and we had simultaneously a
cross given by the eye-tracker indicating a gametteer experimenter approved the calibration point
and manually confirmed it on the computer. Thedtapject was placed on the table, on the right or

on the left of the baby, inside the scene plane.
Figure4. Proportion of time the left- and the right-haieinained stationary

Figure5: Distribution of gazes (in %) according to the haested.

Figure 6: Distribution of gazes (in %) when the hand testrdained stationary according to the hand

tested.

Figure 7: Distribution of gazes (in %) when the hand testeghoving according to the hand tested.
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