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Abstract

The goal of this study was to investigate some of the visuo-motor factors underlying an infant’s

developing ability to grasp a laterally-moving object. In particular, hand preference, midline

crossing, and visual-field asymmetry were investigated by comparing performance as a function of

the object’s direction of motion. We presented 6-, 8-, and 10-month-old infants with a graspable

object, moving in a circular trajectory in the horizontal plane. Six-month-old infants reached for

the object with the ipsilateral hand and grasped it with the contralateral hand. Eight-month-old

infants showed a strong right-hand bias for both reaching and grasping. Ten-month-old infants

showed a greater diversity of strategy use including bimanual and successful ipsilateral grasping

following ipsilateral reaching in both directions of motion. Thus, motor constraints due to spatial

compatibility, hand preference and bimanual coordination (but not midline crossing) must be

taken into account to understand age differences in grasping a moving object.
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1. Introduction

Several studies have shown that, as early as 18 weeks, infants are able to perform predictive

actions in the direction of a moving object in order to grasp it (von Hofsten & Lindhagen,

1979; von Hofsten, 1980; von Hofsten, 1983; von Hofsten, Vishton, Spelke, Feng, &

Rosander, 1998). Indeed, infants reach for a moving object by initiating arm and hand

movement before the object is within reach. The reaching is predictive in that it is geared

towards a future position of the moving object rather than towards the object’s initial
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position at the beginning of the reaching movement. Although infants make reaching

attempts as early as 15 weeks of age, these reaches lead to touching rather than to grasping

of an object (von Hofsten & Lindhagen, 1979). Grasping a moving object becomes

increasingly successful over the following weeks. When the object is moving laterally (right

to left or left to right) several factors related to handedness and bimanual coordination may

influence the rate of successful grasping. The goal of the present study was to explore age-

related differences in hand preference, crossing the midline, switching of hands, planning for

contralateral hand grasping, and the use of both hands together, to assess relative

contributions to progress in grasping a laterally-moving object. Thus, the effect of the

object’s direction of motion (right-to-left vs left-to-right) on infants’ performance was

analysed.

Since handedness changes during the second half of the first year of life, this in particular

might influence the strategies used to grasp a laterally-moving object. Infants show some

degree of hand preference as soon as voluntary grasping emerges, as indicated by both

cross-sectional (Gesell & Ames, 1947; Hawn & Harris, 1983; Peters, 1983; Michel, Ovrut,

& Harkins, 1985; Cornwell, Harris, & Fitzgerald, 1991; Morange & Bloch, 1996; Fagard,

1998), and longitudinal studies (Coryell & Michel, 1978; Ramsay, Campos, & Fenson,

1979; Carlson & Harris, 1985; Ramsay, 1985; Michel & Harkins, 1986; McCormick &

Maurer, 1988; see Michel, 1984 and Provins, 1992, for reviews). However, during the

course of the first year, hand preference, when tested on simple grasping, is not very strong,

fluctuating between right-handedness, left-handedness, and no hand preference, even though

right-handedness is more frequent than left-handedness from the outset (Gesell & Ames,

1947; Flament, 1975; Carlson & Harris, 1985; McCormick & Maurer, 1988; Corbetta &

Thelen, 1996; Thelen, Corbetta, & Spencer, 1996; Fagard, 1998). Handedness is more easily

observed in particularly challenging tasks, such as bimanual manipulation (Fagard & Marks,

2000), or grasping a small object inserted into another (Fagard & Lockman, 2005). We

hypothesized that grasping a moving object would be challenging enough to call hand

preference into play, and that we would observe globally more right-hand than left-hand use,

leading to differential performance depending on the direction of motion (from right to left

versus left to right). We expected hand preference to increase with age in line with the

findings of Fagard (1998), but only up until a certain point, following which hand preference

becomes less marked as the task becomes less challenging (for the older infants).

However, the intrinsic preference for one hand or another is not the only variable to

influence hand choice in reaching: infants, to a greater extent than older children and adults,

tend to use their ipsilateral hand to reach for a laterally-presented object (Fagard, 1998;

Morange & Bloch, 1996; Sacco, Moutard, & Fagard, 2006). Hand differences in reaching

kinematics and spatio-temporal organization (Corbetta & Thelen, 1999; Morange Majoux,

Peze, & Bloch, 2000) may modulate the level of difficulty associated with reaching for

moving objects depending on whether the ipsilateral hand is the preferred hand or not. If the

reaching movement performed by the ipsilateral hand is not fast enough to capture an object

in the ipsilateral hemifield, then the infant may need either to cross the midline or to switch

to the contralateral hand.
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Crossing the body midline can be observed from the age infants begin to reach for objects

(Provine & Westerman, 1979). It has sometimes been considered a milestone in infant

development (Bruner, 1970). Later research has been more inclined to approach the concept

of midline crossing from a functional point of view. Van Hof et al. (2002) presented young

infants with different-sized objects and found that spontaneous midline crossing was

primarily expressed within the context of bimanual grasping of large objects where two

hands were needed. Crossing the midline is also more frequent with the preferred than with

the non-preferred hand (Fagard, 1998). We thus hypothesized that infants would be more

likely to cross the midline with the right hand in the right-left direction than with the left

hand in the left-right direction. More generally, we wanted to investigate whether crossing

the midline to pursue on object after having failed to grasp it with the ipsilateral hand would

change over the age period studied.

After failing to grasp an object with the ipsilateral reaching hand, infants can also switch to

the contralateral hand. Contralateral grasping appears to be a common strategy which

increases with the speed of the object (von Hofsten, 1980, 1983; von Hofsten & Lindhagen,

1979; van Hof, van der Kamp, Caljou, & Savelsbergh, 2005). In addition to switching hands

after an ipsilateral reaching, using the contralateral hand to grasp a moving object can be the

result of a contralateral reaching from the start. One point investigated here was whether

improvement in grasping a moving object would be associated with an increase in

contralateral grasping frequency, and, if this is the case, whether it would be associated with

an increased capacity to switch hands or planning the use of the contralateral hand from the

onset of object motion. Hand switching during object manipulation belongs to an infant’s

early motor repertoire (Fagard & Lockman, 2005). But this strategy requires some kind of

intermanual coordination, which, like complementary bimanual coordination, might not

necessarily be fully developed until some time during the last half of the first year of life

(Fagard, 1994). Reaching with the contralateral hand from the onset of object motion

enables the infant to meet the object instead of chase it and provides extra time for planning

the grasp, allowing him/her to simply wait for the object to move forward before grasping it.

We expected this tendency to be larger if the preferred hand, rather than the non-preferred

hand, was on the contralateral side relative to the departure point of the motion.

Our experimental set-up therefore involved 6-, 8-, and 10-month-old infants being presented

with an object that moved laterally within reaching distance either from left to right or vice

versa. Grasping performance was compared between the two directions of motion, and its

relation to right-hand versus left-hand use, ipsilateral versus contralateral hand use, midline-

crossing and hand-switching frequencies was analysed.

2. Methods

2.1. Participants

Eight 6-month-olds (mean age: 6 months 2d), six 8-month-olds (mean age: 8 months 1d),

and seven 10-month-olds (mean age: 10 months 5d) took part in the experiment: 11 girls and

10 boys, evenly distributed across age groups. All infants were full-term, with no known or

suspected abnormalities, and were from middle-class families, recruited from a list of local

families who expressed interest in being part of infant development studies. Infants were
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tested at the laboratory and prior parental consent was granted before observation. The

experiment was conducted in accordance with the ethical standards specified in the 1964

Declaration of Helsinki.

2.2. Design and Material

To present the infant with a moving object, we used a motion-producing apparatus similar to

the one described in von Hofsten & Lindhagen, 1979 (see Figure 1). An object was attached

to the end of a 55-cm-long horizontal glass-fibre rod, fastened via a felt coupling to the

perpendicular shaft of an electric motor with variable speed and direction. Speed was set to

30 cm/sec. The objects moved along a horizontal circular path approximately 115 cm in

diameter at the infant’s nose height: this was ensured by moving the rod up or down as a

function of the infant’s height. Objects were small plastic or furry and brightly-coloured

figures (1 to 3 cm).

2.3. Procedure

The infants sat in a baby chair, in front of the apparatus, with the parent(s) standing behind

them. Testing began once the infant was accustomed to the surroundings. The experimenter

presented the object to the infant without letting him or her grasp it, then fastened it to the

rod before starting the motion. Motion direction alternated between right to left (R-L) and

left to right (L–R). The direction of the first trial was counterbalanced within age groups.

When the infants succeeded in grasping the object, they were allowed to play with it for a

few seconds. Subsequently, the same or another object was presented in the reversed

direction. When an infant failed to grasp the object, the same object was put in motion in the

reversed direction. The infants received between 10 and 15 trials in each condition. Two 25

Hz digital video cameras recorded the whole session, one above and one in front of the

infant. Using the videotape recordings, two observers first coded independently when the

reaching movement started, whether the infants touched or grasped the object, and with

which hand, until at least a 98% inter-rater agreement was reached. Onset of reaching was

defined as the first frame in which the hand is seen moving towards the object.

2.4. Variables

We analyzed the frequency of successful touching (i.e. reaching) and of full success (i.e.

grasping). “Hand used” for reaching was scored as bimanual only if the two hands started

synchronously or with a delay of less than 80 ms. Grasping was considered unimanual as

long as the second hand did not touch the object before it was detached from the rod. Reach-

grasp strategies leading to success were categorized according to which hand was used for

reaching and grasping in the same trial: [RH (right hand) initiation-RH grasp / RH initiation-

LH (left-hand) grasp / RH initiation-Bim (bimanual) grasp; LH initiation-RH grasp / LH

initiation-LH grasp / LH initiation-Bim grasp; Bim initiation-RH grasp / Bim initiation-LH

grasp / Bim initiation-Bim grasp)]. Trials in which the infants did not try to touch or grasp

the object were discarded.
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2.5. Statistical analyses

ANOVAs with age and direction of motion (repeated measures) as independent variables

were calculated for the following dependent variables: percentage of success in touching and

grasping the object, percentage of unimanual strategies used (left, right, and right-left

difference), percentage of bimanual strategies used, percentage of reach-grasp strategies

leading to success used (such as described in the previous paragraph), and position of the

object at the onset of reaching. T-tests for matched samples were added for within age-group

comparisons between the two directions of motion when the effect for direction was close to

significant (p between .05 and .10). In such cases, we also calculated the effect size

(Corroyer & Rouanet, 1994), using Cohen’s “d” statistic (Cohen, 1977).

Results

3.1. Touching and grasping an object moving from right to left versus left to right

The majority of infants managed at least to touch the moving object (61.7%, SD:28.6 and

74.4%, SD:20.2, for RL and LR, respectively). An ANOVA for age and direction of motion

(repeated measures) calculated with the percentage of trials in which the object was touched

(with or without grasping) showed no significant main effect for age and direction, and no

significant age x direction interaction. However, the effect for direction, although non

significant, was large (F(1,18)=3.5, p<.05; d=.88). This effect is mostly due to the 8-month-

olds who touched the object more often when it was moving from left to right than when it

was moving from right to left (see Figure 2). A t-test for matched samples showed that this

difference was significant at 8 months (t(5)=−.275; p<.04).

Touching the object was followed by successful grasping in many trials but not all. An

ANOVA for age and direction of motion (repeated measures) calculated with the percentage

of full success (object grasped) showed significant effects for age (F(2,18)=6.28, p<.01), and

for direction (F(1,18)=5.5, p<.05), but no significant age x direction interaction. Grasping

improved with age. An LSD post-hoc test indicated that the age effect was due to the

difference between the two younger groups and the 10-month-olds. The direction effect was

due to the two youngest age groups who grasped the object more often when it was moving

from left to right than when it was moving from right to left, especially the 8-month-olds

(see Figure 3). A t-test for matched samples showed that this difference was significant at 8

months (t(5)= −4.22; p<.01).

We also calculated the percentage of successful grasping relative to successful touching and

found that it increased with age (see table 1). An ANOVA for age and direction of motion

(repeated measures) calculated with this percentage showed a significant effect for age (F

(2,17) = 4.87, p<.05), but no significant effect for direction and no significant age x

direction interaction. A LSD post-hoc analysis indicated that there was no significant

difference between 6- and 8-month-olds and between 8- and 10-month-olds. In contrast, the

difference was significant between the 6- and 10-month-olds (p<.01).
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3.3. Strategies for reaching and grasping

Unimanual versus bimanual reaching—Most reaching movements were unimanual.

An ANOVA for age and direction (repeated measures) calculated using the percentage of

bimanual reaching showed no significant main effect but an age x direction interaction

(F(2,18)= 4.31, p<.05). An LSD post-hoc test indicated that the effect was due to the

difference in the right-to-left direction between the two younger groups and the 10-month-

olds, the latter executing about a quarter of their reaches bimanually for an object moving in

this direction (see Table 2).

Hand used for unimanual reaching—All conditions and age groups considered, there

was slightly more right-hand (49.13%) than left-hand reaching (42%). An ANOVA for age

and direction of motion (repeated measures) was calculated using the difference in

frequency between right- and left-hand reaching: a significant effect for age was found

(F(2,18)=3.4, p<.05), a significant direction effect (F(1,18)=16.9, p<.001), but no significant

age x direction interaction. The age effect was due to the difference between the 8-month-

olds and the two other groups. When all age groups were considered, most reaches were

right-handed when the object started its motion from the right (RH: 65.6%; LH: 21.8%), and

left-handed when it started from the left (RH: 32.6%; LH: 62.2%). However, as opposed to

the 6- and 10-month-olds who tended to reach with the ipsilateral hand, the 8-month-olds

reached more often with their right hand in both conditions of direction (see Figure 4).

Unimanual versus bimanual grasping—Although grasping was slightly more often

bimanual than was reaching, it was mostly unimanual in both directions of motion (see

Table 2). An ANOVA for age and direction (repeated measures) calculated using the

percentage of bimanual grasping showed no significant main effect and no age x direction

interaction.

Hand used for unimanual grasping—All conditions and age groups considered, there

was more right-hand (22.04%) than left-hand grasping (16.9%). An ANOVA for age and

direction of motion (repeated measures) was calculated using the difference in frequency

between right- and left-hand grasping, and it was found that there was no effect for age, a

significant direction effect (F(1,18)=34.05, p<.0001), and no significant age x direction

interaction. When all age groups were considered, most grasps were left-handed when the

object started from the right (RH: 6.8%; LH: 23.04%), and right-handed when the object

started from the left (RH: 37.31%; LH: 10.87%). The 6-month-olds tended to grasp with the

hand contralateral to the side of object departure, whereas the 8-month-olds grasped globally

more often with their right than with their left hand, and more so when the right hand was

contralateral to the side of object departure (see Figure 5).

Crossing the midline—Crossing the midline may be unimanual (one hand alone crosses

the midline) or bimanual (one hand joins the other hand across the midline). Unimanual

crossing of the midline occurred when infants started unimanually with the ipsilateral hand,

could not grasp the object in time before it moved to the other hemifield, and then pursued it

to grasp or try to grasp it (there was almost no instance of the contralateral hand crossing the

midline to grasp the object unimanually). The frequency of unimanual crossing of the
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midline decreases with age (see Table 3). An ANOVA for age and direction of motion

(repeated measures) calculated using the frequency of unimanual crossing showed a

significant effect for age (F(2,18)=6.9, p<.02), no effect for direction of motion and no

significant interaction. A post-hoc LSD test indicated that the age effect was due to the

difference between the 6- and the 10-month-olds. Unimanual midline crossing was almost

never followed by successful grasping. Note that 8-month-olds tended to cross the midline

with the right hand in the right-left direction more than with the left hand in the left-right

direction. However, the difference was not significant.

Bimanual crossing occurred when infants crossed the midline with one hand joining the

other hand for a bimanual grasp (or tentative grasp) of the object. This could have been the

hand contralateral to the side of the object’s departure joining the ipsilateral hand before the

object crossed the midline, or the ipsilateral hand crossing the midline being then helped by

the contralateral hand to grasp the object. An ANOVA for age and direction of motion

(repeated measures) calculated using the frequency of bimanual crossing showed no

significant effect for age and direction, and no age x direction interaction. Note that

bimanual grasping occurred often at the midline, especially in 10-month-old infants, yet

these occurrences were not considered as bimanual crossing of the midline.

Manual strategies leading to successful grasping: analysis of whole reach-to-
grasp strategies used—To check to what extent progress in grasping a moving object

was associated with change in unimanual skill or in cooperation between hands, whether by

switching hands or by using both hands together, we coded the different strategies leading to

successful grasping, and we compared the relative frequencies of each strategy:

- RH (right hand) initiation-RH grasp (1) / RH initiation-LH (left-hand) grasp (2) /

RH initiation-Bim (bimanual) grasp (3);

- LH initiation-RH grasp (4) / LH initiation-LH grasp (5) / LH initiation-Bim

grasp (6);

- Bim initiation- RH grasp (7) / Bim initiation-LH grasp(8) / Bim initiation-Bim

grasp (9)

Table 4 shows the frequency of each strategy as a function of age in the R-L (4a) and L–R

(4b) directions of motion. At six months, when infants tended to start reaching with their

ipsilateral hand and to grasp with their contralateral hand, most successful instances of

grasping occurred after hand switching. However, as can be seen in Table 4a and 4b, the 6-

month-olds were more likely to activate their right hand after having started with their left

hand when the object was moving from left to right, than to activate their left hand after

having started with their right hand when the object was moving from right to left. This is

valid if one considers sequential activation (one hand, then the other), or the second hand

joining the first one (one hand, then bimanual). Some successful grasping also occurred in

infants of this age when the contralateral hand reached for and unimanually grasped the

object. The 8-month-olds’ main strategy consisted in using their right hand, for both

reaching and grasping, alone in the left-right direction, or in coordination with the left hand

(sequentially or in conjunction) in the right-left direction. There were several different

strategies used which lead to successful grasping at 10 months of age. In the right-left
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direction of motion, grasping was found to be, in order of frequency from highest to lowest,

bimanual following a right-hand or a bimanual initiation, left-handed following a bimanual

or a unimanual (right- or left-hand) initiation, or right-handed following a right-hand

initiation. In the left-right direction of motion, the strategies tended to be less variable across

infants, as ipsilateral (left-handed) reaching often lead to successful grasping with the same

hand. However, there were other successful strategies employed such as right-handed

reaching followed by right-handed grasping, or left-handed reaching followed by right-

handed or bimanual grasping.

We then grouped grasping strategies into three categories: unimanual without hand

switching (1, 5, 7, and 8), unimanual with hand switching (2 and 4), and bimanual (3, 6, and

9). Figure 6 shows that the increase in successful grasping corresponds mainly to an increase

in unimanual strategy without switching hands. An ANOVA for age and direction of motion

(repeated measures) calculated using the percentage of trials involving successful unimanual

grasping without switching hand (out of all trials) revealed a significant effect for age

(F(2,18)=4.4, p<.05), a significant effect for direction (F(1,18)=14.6, p<.01), and a

significant age x direction interaction (F(2,18)=5.4, p<.02). A post-hoc LSD test indicated

that the age effect was due to the difference between 6-month-olds and the two older groups

of infants.

3.4. Spatial field-related differences in the onset of reaching

Finally, we examined the position of the object in the visual field when infants started

reaching (with the ipsilateral or the contralateral hand) to check whether we would find a

visual field asymmetry, as in Lange Küttner and Crichton’s study (1999). Lange-Küttner and

Crichton found perceptual asymmetries in infants that were different for visual tracking and

reaching: a right spatial field bias for tracking in 16–18-week-old infants, but a left spatial

bias for reaching in 18–20-week-old infants. In order to compare with Lange-Küttner and

Crichton’s results, the present study involved pooling positions in such a way as to

distinguish distal locations (20° to 40° and –20° to –40° for R-L and L–R respectively) and

proximal locations of the object (1° to 19° and –1° to –19° for R-L and L–R respectively).

As can be seen in Figure 7, starting onsets were mostly symmetrical. The only difference lay

in the greater number of movement initiations when the object was in a distal location in the

R-L as compared with the L–R direction of movement found at 8 months of age. A student

t-test revealed the difference to be significant (t(55)=2.8, p<.05). This difference was due to

a high percentage of right-handed reaching movements at 8 months. When the infants

started with their right hand, they started earlier when the object came from the right than

when it came from the left side of space. When the infants started mostly with the ipsilateral

hand (at 6 and 10 months), there was no asymmetry found.

6. Discussion

Grasping a moving object can be a challenging task for 6- to 10-month-old infants, and even

more so for younger than for older infants. Furthermore, handedness, which emerges over

this age period (see e.g. Fagard, 1998), is more likely to show up on difficult tasks (Fagard

& Marks, 2000). Applying these principles to the present study, it was expected that
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differences in hand use in reaching, grasping, crossing the midline and switching would

influence success in grasping a laterally-moving object and would influence it differentially

when the object moved from right to left or left to right. We also expected the manifestation

of handedness to increase from 6 to 8 months of age in this task, and then decrease as the

task became less challenging. The results confirmed these basic expectations. Grasping

performance improved with age and differed between the two directions of motion, being

more efficient when the right hand was the contralateral hand in the two younger groups, but

not any better for the 10-month-olds. In addition, it was found that while neither the 6-

month-olds nor the 10-month-olds expressed a clear hand preference, the 8-month-olds

showed a significant right hand preference.

In general, reaching actions towards a moving object consist of two parts, an initial approach

and a final grasp. The strategies used for reaching and grasping were found to differ

significantly between the three age groups. At 6 months, the initial approach was most often

performed by the ipsilateral hand and the final grasp most often by the contralateral hand.

This tendency to begin reaching for the object with the ipsilateral hand is in line with other

findings (Fagard, 1998; Morange & Bloch, 1996; Sacco, Moutard, & Fagard, 2006). For the

6-month-olds, where reaches ended up in successful grasping of the object, the left hand was

involved most often when the object came from the right, and the right hand was involved

most often when the object came from the left. This tendency to grasp the object with the

contralateral hand also replicates earlier findings (von Hofsten, 1980, 1983). Grasping the

object with the contralateral hand enables the child to meet the object instead of chase it and

concurrently provides more time for planning the capture of the object.

At 8 months, laterality interacts with the tendency to make an initial approach with the

ipsilateral hand and to grasp with the contralateral hand. Eight-month-olds initially

approached the object with the right hand more often than with the left hand in both

directions of motion, although to a greater extent when the right hand was the ipislateral

hand than when it was the contralateral hand. Thus, at 8 months, handedness was a more

powerful factor than ipsilaterality. Similarly, 8-month-olds tended to grasp the object with

their right hand, almost exclusively when the right hand was the hand contralateral to the

origin of the motion and to a lesser extent when it was ipsilateral to it.

The 10-month-olds showed a greater diversity of strategies used for executing the whole

movement, including frequent bimanual strategies and successful ipsilateral grasping

following ipsilateral reaching. The fact that manual strategies when grasping a moving

object change in a non-linear way during the first year of life is in line with other findings

(van Hof et al., 2005).

Crossing the midline with the ipsilateral hand when trying to grasp an object is a less useful

grasping strategy than using the hand contralateral to the object. If the reach is properly

planned with the contralateral hand, the object should arrive straight in front of the hand

they want to capture it with at the completion of the reach. If the child has a tendency to plan

reaches with their preferred hand there will be a greater chance that the child uses the right

hand even when it would be more rational to use the left. Thus, we expected more frequent

midline crossings with the right hand in the right-left direction than with the left hand in the
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left-right direction. This expectation was not confirmed, except as a tendency at 8 months.

The maturational hypothesis stating that midline crossing will increase with age (see e.g.

Bruner, 1970) was clearly not validated in this study. On the contrary, it was found that the

frequency of midline crossings decreased with age. There are several possible explanations

for this age-related decrease in crossing the midline in a unimanual context: first of all, the

6-month-olds, who started reaching most often with the ipsilateral hand, were less skilful

that the older infants in grasping the moving object, and thus were more likely to have the

opportunity to follow the object in the contralateral hemifield. Eight-month-old infants, on

the other hand, began more often their reach with their contralateral hand than the 6-month-

olds, especially in the left-right direction, allowing them to intercept the object with the

contralateral hand. And the 10-month-olds, who, like the 6-month-olds, often started with

the ipsilateral hand, were more skilful in grasping the object before it crossed the midline,

with one or two hands, including with the left hand. These results might reflect an increased

involvement of advanced cognitive strategies with age in reaching for moving objects

(Fagard, 1998; Shaffer, Greenwood, & Parry, 1970; Shaffer & Parry, 1972). One indication

of such cognitive strategies is suggested by the 8-month-olds’ tendency to wait, before

starting the reaching movement with the right hand, for a rightward moving object to enter

the proximal field. The results presented here do not fit with the visual-field asymmetries

found for reaching in younger infants (Lange-Küttner & Crichton, 1999). Finally, whereas

no hand difference was found for crossing the midline, the 6-month-olds, who frequently

began reaching with their ipsilateral hand without being able to grasp the object before it

reached the midline, switched more often to their right hand after a left-hand start than the

reverse.

In terms of handedness, these results clearly show that laterality is not something that

emerges independently of the task. Some expression of right-hand preference was already

present at 6 months, although other tendencies such as ipsilateral activation were more

powerful. Consistent choice of using the right hand was most apparent for the 8-month-olds,

but even then, hand preference was very much modified by the task. Finally, the 10-month-

olds were successful at grasping an object even when using their left hand. The decline in

right-hand use in favor of left-hand and bimanual actions for the 10-month-olds might

indicate that the task had become less of a challenge at this age, leading to weaker

manifestation of handedness, or that increasing bimanual coordination (Fagard, 1994)

allowed a diversity of the strategies. It is also possible that laterality fluctuates as a function

of age. This has been noted by other investigators (Goldfield & Michel, 1986; Corbetta &

Thelen, 1996; Fagard, 1997). Since there was no independent assessment of handedness for

these infants in a simple grasping task, which was decided upon in order to have the

maximum number of trials with the moving object at an age when infants easily become

tired, the possibility that individual differences in terms of handedness make up some of the

age differences cannot be eliminated.

In conclusion, these results show that reaching for moving objects becomes more efficient

with age, first in the rightward direction (at 8 months), reflecting an increased frequency of

reaching movement with the contralateral right hand, and then in the leftward direction (at

10 months), reflecting an increased ability to grasp an object with the hand ipsilateral to the

side of its departure before it crosses the midline, even when it was the left hand, either by
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itself or with the help of the contralateral hand. This progress may reflect improved

cognitive strategies with age, for example for determining when and how the moving object

should be approached. But in addition to the need for predicting the path of a moving object,

motor constraints due to spatial compatibility, hand preference and bimanual coordination

must be taken into account in order to understand age differences in grasping a moving

object.
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Figure 1.
Apparatus and experimental set-up
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Figure 2.
Touching the object as a function of direction at 6, 8, and 10 months (with or without

grasping)
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Figure 3.
Grasping the object as a function of direction at 6, 8, and 10 months
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Figure 4.
Frequency of right-hand and left hand unimanual reaching at 6, 8, and 10 months in the

right-to-left (4a) and left-to-right (4b) direction of motion
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Figure 5.
Frequency of right-hand and left hand unimanual grasping at 6, 8, and 10 months in the

right-to-left (5a) and left-to-right (5b) direction of motion

Fagard et al. Page 17

Infant Behav Dev. Author manuscript; available in PMC 2014 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 6.
Frequency of the three main strategies (unimanual with or without hand switching,

bimanual) as a function of age and direction of motion
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Figure 7.
Frequency of reaching onset when the object was at proximal versus distal location as a

function of age and direction of motion
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Table 1

Percentage of successful grasping relative to successful touching as a function of age and direction of motion

(SD)

Age group Right to left Left to right

6 59.6 (23.3) 74.8 (23.5)

8 68 (36.7) 86.2 (19.5)

10 97.9 (5.4) 95.3 (9.4)
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Table 2

Frequency (% of all trials) of bimanual reaching and grasping as a function of age and direction of motion

(SD)

Reaching Grasping

Right to left Left to right Right to left Left to right

6 4.5 (12.8) 4.4 (9) 10.4 (17.5) 15.7 (21.5)

8 4.4 (7.2) 6.1 (7.1) 9.2 (12.1) 8.5 (9.8)

10 28.7 (34) 5.1 (7.5) 26.7 (28.6) 11.7 (15.3)
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Table 3

Percentage of unimanual and bimanual crossing of the midline as a function of age and direction of motion

(SD)

Unimanual crossing Bimanual crossing

Right to left Left to right Right to left Left to right

6 16.5 (16) 23.2 (24) 10 (17) 9.4 (14.)

8 16.2 (12) 9.4 (20) 10.2 (14) 5.8 (6.6)

10 1.3 (3.4) 6.6 (6.2) 14.8 (18) 8.6 (9.4)
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