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In the present study we investigate age-related changes in hand preference for grasping
and the influence of task demands on such preference. Children (2-11), young-adults
(17-28) and olderadults (57-90) were examined in a grasp-to-eat and a grasp-to-construct
task. The end-goal of these tasks was different (eat vs. construct) as was the nature of
the task (unimanual vs. bimanual). In both tasks, ipsilateral and contralateral grasps were
analyzed. Results showed a right-hand preference that did not change with age. Across the
three age groups, a more robust right-hand preference was observed for the unimanual,
grasp-to-eat task. To disentangle if the nature (unimanual) or the end-goal (grasp-to-eat)
was the driver of the robust right-hand preference, a follow up experiment was conducted.
Young-adult participants completed a unimanual grasp-to-place task. This was contrasted
with the unimanual grasp-to-eat task and the bimanual grasp-to-construct task. Rates
of hand preference for the grasp-to-eat task remained the highest when compared to
the other two grasping tasks. Together, the results demonstrate that hand preference
remains stable from childhood to older adulthood, and they suggest that a left hemisphere
specialization exists for grasping, particularly when bringing food to the mouth.
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INTRODUCTION

Research on human handedness has revealed a preference to use
the right hand. These investigations have used a variety of meth-
ods, such as the Annett Peg Moving Task (Annett et al., 1979),
the Block Building Task (Gonzalez and Goodale, 2009; Stone
et al., 2013; Stone and Gonzalez, 2014), the Task Complexity
Gradient (Gooderham and Bryden, 2014), and the Tapley—Bryden
Dot Marking Task (Tapley and Bryden, 1985), as well as numer-
ous paper-based questionnaires (Oldfield, 1971; Steenhuis and
Bryden, 1989; Brown et al., 2006). This right-hand preference for
grasping is sensitive to multiple factors, including the nature of
the task (i.e., unimanual or bimanual), the end-goal of the task
(e.g., grasp to throw, place, or use the object), and the space in
which the target object is located [i.e., ipsilateral (on the same
side) or contralateral (on the opposite side)] with respect to the
grasping hand.

Right-hand use has been shown to be more pronounced for
unimanual tasks in which participants are required to pick up one
object at a time (Bishop et al., 1996; Corballis, 1997; Calvert and
Bishop, 1998; Gabbard et al., 2003; Bryden and Roy, 2006; Carlier
et al., 2006; Sacrey et al., 2012) than during tasks in which both
hands could potentially be engaged (Gonzalez and Goodale, 2009;
Stone et al., 2013; Stone and Gonzalez, 2014). Furthermore, the
intent behind an action (i.e., the end-goal of a grasping action;
what the individual plans to do with the object after it has been
grasped) can also affect hand preference (Geerts et al., 2003;
Mamolo et al., 2004, 2006; Bryden and Roy, 2006; Rat-Fischer
etal., 2013; Sacrey et al., 2013). For example, Mamolo et al. (2006)
found that when right-handed individuals reached for a tool with

the intent to use it (compared to just picking it up), right-hand
preference increased significantly. In contrast, when individuals
were asked to grasp various toys with either the intent to throw
it outwards or place it in a nearby box, hand use did not differ
between the conditions Bryden and Roy (2006). Similar results
have been reported in children. In a recent study, for example,
children 1-5 years old were asked to reach for, grasp, and eat cereal
(Cheerios® and Froot Loops®), or reach for and grasp blocks in
order to manipulate them and build a structure. A right-hand
preference was observed in one-year-old children, but only for the
grasp-to-eat task. This preference did not surface for the grasp-to-
construct task until 4 years of age, at which time it was suggested
that it resembled adult behavior (Sacrey et al., 2013).

In addition to the nature and end-goal of a grasp, an object’s
location in space has also been shown to play an important role
in hand selection. For biomechanical reasons, it would make
more sense for one to grasp an object with the hand ipsilateral
to the object (i.e., right hand for objects in the right space and
the left hand for objects in left space). Contrary to this specula-
tion, many researchers have shown that right-hand contralateral
grasps in left space are quite common (Leconte and Fagard, 2004;
Bryden and Roy, 2006; Mamolo et al., 2006; Gonzalez et al., 2007;
Bryden and Huszczynski, 2011; Stone et al., 2013) which refutes
the biomechanical speculation. Considering all these factors (task
nature, end-goal, and space use), mixed conclusions have been
drawn regarding hand preference, and handedness has been thus
referred to as a “multifaceted biosocial developmental process”
(Michel et al., 2013). Perhaps a way to understand the com-
plexity of hand use/preference is to document its developmental
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trajectory and examine how the nature and end-goal of the task
as well as object location may influence this preference over
time.

Given that the vast majority of studies investigating hand dom-
inance have been on developing children or young adults (Annett,
1970; Briggs and Nebes, 1975; Michel, 1981; Fagard and Marks,
2000; Cavill and Bryden, 2003; Bryden and Roy, 2006; Hill and
Khanem, 2009; Jacquet et al., 2012; Sacrey et al., 2013; Stone et al.,
2013; Scharoun and Bryden, 2014; Stone and Gonzalez, 2014),
less is known about changes in hand preference into older adult-
hood (554 years) particularly when using objective measures.
Most studies, to our knowledge, have used subjective measures
(i.e., questionnaires or interviews) to document changes in hand
preference in older adults. These studies have reported that with
age there is an increase in (the perception of) dominant hand use
in right-handers and a decrease in left-handers (Porac et al., 1980;
Beukelaar and Kroonenberg, 1986; Hugdahl et al., 1993, 1996;
Porac, 1993; Coren, 1995; Porac and Friesen, 2000; Porac and
Searleman, 2002, 2006; Hatta et al., 2005; Kumar et al., 2010). The
few studies that have objectively tested hand preference in older
adults have presented seemingly conflicting results. One reported
that the tendency to prefer one hand over the other increases with
age (Weller and Latimer-Sayer, 1985), while another concluded
that hand-preference lateralization actually decreases as one ages
(Kalisch et al., 2006). Furthermore, a recent investigation showed
no change in hand preference with age (Gooderham and Bryden,
2014). These studies however, only measured hand preference for
unimanual tasks. So, not only are there conflicting results from
the few studies that have objectively investigated hand preference
across different ages, but we have yet to form a clear picture on
whether and how this preference may change as a function of task
demands (e.g., nature, end-goal, and space). The main goal of the
current investigation was to address this gap in knowledge.

To determine how task nature, end-goal, and object location
influence hand preference for grasping across the lifespan, partic-
ipants aged 2-90 were tested on a unimanual and a bimanual task
while hand preference was recorded. For the unimanual task we
chose a grasp-to-eat action and for the bimanual task a grasp-
to-construct action. Grasp-to-eat was chosen because previous
research has shown an earlier emergence of right-hand prefer-
ence for this action when compared to grasp-to-construct (Sacrey
et al., 2013). In the current investigation we used methodology
similar to that used in previous reports (Gonzalez et al., 2007;
Gonzalez and Goodale, 2009; Sacrey et al., 2013; Stone et al., 2013;
Stone and Gonzalez, 2014). For the grasp-to-eat task, participants
picked up Froot Loops® unimanually from a tabletop in order
to eat them. For the grasp-to-construct task participants were
required to pick up building blocks (LEGO®) from a tabletop
in order to construct a simple 3D block model. In our previous
investigations (see Stone et al., 2013; Stone and Gonzalez, 2014)
we have characterized the grasp-to-construct task as bimanual
asymmetric because the interaction of the two hands is neces-
sary in order to complete it efficiently. Typically one hand is used
for grasping the blocks while the other stabilizes the model under
construction. Using these two tasks allowed us not only to address
the question of whether hand preference changes with age, but
also to assess how hand preference is influenced by (1) end-goal

(eat vs. construct); (2) task nature (unimanual vs. bimanual); and
(3) space use (ipsilateral and contralateral space).

EXPERIMENT ONE

METHODS AND PROCEDURES

Participants

A total of 142 right-handed (by self or parent report) individu-
als were included in the study and placed into one of three age
groups: Children: (n = 80) ranging from 2 to 11 (50 female),
Young-Adults: (n = 37) ranging from 17 to 28 (25 female), Older-
Adults: (n = 25) ranging from 57 to 90 (16 female) years of age.
Children and older adults were recruited from the community of
Lethbridge and young-adults from the University of Lethbridge.
The study was approved by the University of Lethbridge Human
Subjects Research Committee (protocols #2013-040, #2011-022,
and #2012-006) and all participants or caregivers gave written
informed consent in accordance with the Declaration of Helsinki.
Participants were naive to the purposes of the study.

Apparatus and Stimuli

Handedness questionnaire. A modified version (Stone et al,
2013) of the Edinburgh (Oldfield, 1971) and Waterloo (Brown
et al., 2006) handedness questionnaires was given to all partic-
ipants or caregivers at the end of the experiment. Items in the
questionnaire were rated on a scale [+2 (right always) +1 (right
usually), 0 (equal), —1 (left usually) and —2 (left always)] depend-
ing on how much a hand was preferred for a particular task. Each
response was scored as 2, 1, —1, or —2 and a total score was
obtained by adding all values. This version included questions on
hand preference for up to 22 (ranging from 11 to 22) different
tasks. Young and older adults received the questionnaire with 22
items. Children received a questionnaire containing 11 (2—4 years
old) or 17 questions (5-11 years old) as not all questions in the
questionnarie were appropriate for young children. All scores are
expressed as percentage of the highest possible score from the total
number of questions answered.

Grasp-to-eat. A total of 20 Froot Loops® were used for the exper-
iment (except for the 2-year-olds who consumed 10 loops). Five
of six different colors of loops were placed on the table: purple,
pink, orange, yellow, blue, or green. The loops were distributed
evenly onto the left and right sides of the table (10 loops per side,
2 of each color; see Figure 1A and Supplementary Videos 1, 2).
The table was disinfected prior to the task for each participant.
The experimenter wore a pair of gloves when placing the loops on
the tabletop.

Grasp-to-construct. A total of three models were used for the
experiment. Each model contained 5-10 blocks of various colors
and shapes. Children aged 2-3 were presented with Mega Bloks®
(3.1-6.3 L x 3.1 W x 2.0cm H) whereas 4 years of age and up
were presented with Lego® blocks (ranging in size from < 1.5 L
X 0.7W x 1.0cm Hto 3.1 L x 1.5 W x 1.0cm H). A previ-
ous study in 3- to 5-year-old children showed no difference in
hand use between the two different types of blocks (Sacrey et al.,
2013). All blocks that made up the models were scattered on a
table with a working space of 70 cm deep x 122 cm wide for
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FIGURE 1 | Experimental set up for the (A) Grasp-to-eat and (B)
Grasp-to-construct tasks.

the adults, and 60 cm deep x 80 cm wide for the children. The
blocks were distributed evenly onto the left and right sides of the
table (see Figure 1B). No blocks were re-organized between mod-
els or replaced after their use (see Supplementary Videos 3-8 for
examples of this task).

Procedures

Grasp-to-eat. Participants were seated in front of the table facing
the middle of the display. They were then instructed to pick up
and eat one loop of a specific color (e.g., a pink loop). Given this
instruction participants used only one hand at a time. It was at the
participant’s discretion to chose with which hand to grasp. This
instruction was repeated until no loops remained on the table-
top (see Supplementary Videos 1, 2). No other instruction was
given. Therefore, the participant grasped for and consumed 20
loops (i.e., four loops of each color or two loops of each color for
the 2-year-olds). The order of colored loops to be grasped was
randomized between participants.

Grasp-to-construct. Participants were seated in front of the table
facing the middle of the display. A model was placed centrally,
approximately arm’s length away from the participant. Next, par-
ticipants were instructed to replicate the model as quickly and
accurately as possible from the blocks given on the table. No
other instruction was given. Once the model was replicated, both
the original and the constructed models were removed from the
table and a new model was presented. 2- and 3-year olds who
were unable to accurately make a replica of the given model
built a model of their choice until all the blocks were used. Used
blocks were not replaced after each model was completed. Each
participant built three models in total. Model presentation was
counterbalanced among participants.

Data Analysis. Both tasks (grasp-to-eat and grasp-to-construct)
were recorded on a JVC HD Everio video recorder approxi-
mately 160cm away from the individual with a clear view of
the tabletop, target objects (blocks or loops), and participants’
hands. All recorded videos were analyzed offline. Each grasp was
recorded as a left- or right-hand grasp in the participants’ ipsi-
lateral or contralateral space. The total number of grasps was
counted to determine a percent for right-hand use (number of
right grasps/total number of grasps x 100). Data were analyzed
using SPSS Statistics 19.0 for Windows (SPSS Inc., Chicago, IL,
USA). Mean and standard errors are reported in percentage for

all analyses. Bonferroni correction was applied to comparisons
where applicable.

RESULTS
No effect of sex was found in any of the analyses, therefore female
and male data were combined.

Handedness Questionnaires

A One-Way analysis of variance (ANOVA) with Group (Children,
Young-Adults, and Older-Adults) as the independent variable
and scores from the handedness questionnaire as the depen-
dent variable was conducted. Results show a main effect of
Group [F(2, 141) = 7.54; p = 0.001]. Post-hoc analyses revealed
that Older-Adults scored higher in the questionnaire (91.6 +
1.6) than Younger-Adults (71.3 &+ 2.3; p = 0.008) and Children
(77.18 £ 2.8; p = 0.001). Scores in the handedness questionnaire
did not differ between Children and Younger-Adults (p = 0.45).

Grasp-to-eat

Overall right-hand use. Children showed no difficulties in dis-
criminating the loops by color. A One-Way ANOVA with Group
(Children, Young-Adults, and Older-Adults) as the independent
variable and right-hand use as the dependent variable revealed
no significant effect of group [F(3, 141) = 0.3; p = 0.72]. In other
words, Children, Young-Adults, and Older-Adults displayed sim-
ilar rates of right-hand use when picking up the loops to eat
(81.3 & 2.4; 84.1 & 3.3; 84.3 £ 4.3, respectively).

Contralateral grasps. To assess if hand use changes as a function
of space (ipsilateral/contralateral) a repeated measures ANOVA
with Group (Children, Young-Adults, and Older-Adults) as the
between factor and Hand (Right and Left) used to grasp in
contralateral space as the within factor was performed. Results
revealed a significant main effect of Hand [F(;, 139) = 250.7; p <
0.0001], no main effect of group [F(,, 139) = 0.1; p = 0.8] and no
significant interaction [F(, 139) = 0.2; p = 0.8]. The right hand
was used much more to cross the midline and grasp the loops
placed on the left side of the table than the left hand was to grasp
the loops on the right side of the table (34.9 + 1.6 vs. 2.3 £+
0.6). Overall contralateral grasp percentage was similar across all
three age groups (Children: 18.3 £ 0.8; Young-Adults: 18.3 £ 1.3;
Older-Adults: 19.3 & 1.6).

Grasp-to-construct

Overall right-hand use. A One-Way ANOVA with Group
(Children, Young-Adults, and Older-Adults) as the independent
variable and right-hand use as the dependent variable, revealed
no significant effect of group [F(3, 141) = 2.1; p = 0.11]. In other
words, Children, Young-Adults, and Older-Adults displayed sim-
ilar rates of right-hand use when picking up the blocks (67.2
1.7; 64.7 &£ 1.6; 72.7 & 3.6, respectively).

Contralateral grasps. A repeated measures ANOVA with Group
(Children, Young-Adults, and Older-Adults) as the between fac-
tor and Hand (Right and Left) used to grasp in contralateral
space as the within factor was performed. Results (see Figure 2)
revealed a significant main effect of Hand [F(;, 139) = 152.2; p <
0.0001], a main effect of group [F(2, 139) = 5.9; p = 0.003] but
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FIGURE 2 | Mean and standard error (in %) for left and right
contralateral grasps observed in the grasp-to-construct task by
children, young-adults, and older-adults. Note that the young-adults
made significantly fewer contralateral grasps when compared to the other
two groups. *p < 0.01.
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FIGURE 3 | Mean and standard error (in %) for right-hand use in the
grasp-to-construct and the grasp-to-eat tasks by children,
young-adults, and older-adults. Note the increase in right-hand use for
the grasp-to-eat task across the three groups.

no significant interaction [F(2, 139) = 1.6; p = 0.2]. The right
hand was used much more to cross the midline and grasp the
blocks placed on the left side of the table than the left hand was
to grasp the blocks on the right side of the table (19.8 £+ 1.2
vs. 2.4 £ 0.3). Pairwise comparisons revealed that the Young-
Adult group (8.2 £ 1.0) crossed the midline less often than the
Children (11.4 & 0.7; p = 0.04) and the Older-Adult (13.7 &+ 1.2;
p = 0.003) groups. Children and Older-Adults did not differ from
each other (p = 0.33).

Grasp-to-eat vs. Grasp-to-construct Comparisons

Overall right-hand use. A repeated measures ANOVA with
end-goal (grasp-to-eat and grasp-to-construct) as the within
factor and Group (Children, Young-Adults, and Older-Adults)
as the between factor, revealed a significant main effect of
end-goal [F(1, 139) = 47.62; p < 0.0001], no main effect of
group [F(2, 139) = 0.88; p = 0.41] and no significant interaction
[F(2, 139) = 1.0; p = 0.36]. Right-hand use was greater for the

Table 1 | Correlation matrix of all variables.

Age Lego Eat Handedness
questionnaire
Age 1 0.161®  0.076 0.291**
Grasp-to-construct 1 0.235** 0.048
Grasp-to-eat 1 0.052
Handedness questionnaire 1

* Approaching significance at value of 0.056.
**Correlation is significant at the 0.01 level (2-tailed).

grasp-to-eat task (83.2 £ 2.0) when compared to the grasp-to-
construct task (68.2 £ 1.4; see Figure 3).

Contralateral grasps. A repeated measures ANOVA with end-
goal (grasp-to-eat and grasp-to-construct) and hand (Right,
Left) used to grasp in contralateral space as the within factors
and group (Children, Young-Adults, and Older-Adults) as the
between factor was conducted. Similar to the overall right-hand
use, there was a main effect of end-goal [F(1, 139) = 77.4; p <
0.0001], no main effect of group [F(2, 139) = 2.5; p = 0.08], and
a significant effect of hand [F(;, 139) = 321.2; p < 0.0001]. The
only significant interaction was the end-goal by hand [F(;, 139) =
49.9; p < 0.0001] wherein the right hand was used more often
to cross the midline in the grasp-to-eat task (18.6 = 0.7) when
compared to the grasp-to-construct task (11.1 & 0.5).

Correlations

To investigate the possible relationship among age (chronolog-
ical age 2-90), hand use for the two grasping tasks, and scores
on the handedness questionnaire, a correlation (Pearson’s r) was
conducted on these variables. Table 1 shows a positive correlation
between chronological age and questionnaire scores (r = 0.29;
p < 0.0001). The older the individual, the more they reported
to use their right hand on the items in the questionnaire. The
correlation between chronological age and right-hand use in the
grasp-to-construct task approached significance (r = 0.16; p =
0.056). The older the age, the more the right hand was used for
picking up the blocks. Not surprisingly, the correlation between
the two grasping tasks was significant (r = 0.23; p = 0.005): the
more the right hand was used to pick up blocks, the more it was
used to grasp loops.

Because hand preference has been shown to change during
childhood (Coren et al., 1981; McManus et al., 1988; Gooderham
and Bryden, 2014) correlation analyses between age and right-
hand use in the grasp-to-construct and grasp-to eat tasks were
performed on each age group (children, young-adults, and older-
adults). The results showed that correlations between age and
right-hand use in the grasp-to-eat and grasp-to-construct tasks
approached significance only in the children group (r = 0.211;
p =0.06; r = 0.219; p = 0.051). There were no significant corre-
lations between age and right-hand use in either grasping task in
the young- and older-adult groups (all p > 0.15). We followed-
up the near significant correlation in children by sub-dividing
this group again by age: 2—4, 5-8, and 9-11 years of age. A
One-Way ANOVA showed no significant difference between the
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groups in hand preference for either grasping task [grasp-to-
eat: F(o, 79y = 0.7; p = 0.4; grasp-to-construct: F(5 79y = 0.8;p =
0.4]. So although the correlations approached significance, the
group analysis was far from significant. We speculate that this is
due to the high variability (with standard deviations ranging from
14 to 24%; see Table 2) within each sub-group. Importantly and
highlighting the main finding of the current study, the between-
task differences (grasp-to-eat vs. grasp-to-construct) were signif-
icant in all sub-groups of children (p < 0.01).

DISCUSSION

The results demonstrated clear differences in right-hand
use between the grasp-to-eat and grasp-to-construct actions.
Participants in the three age groups displayed greater right-hand
preference when picking up the object with intent to eat (loops)
vs. picking up the object with intent to construct. This result
aligns with a previous report in children that showed increased
rates of right-hand use for grasping food vs. blocks (Sacrey et al.,
2013). The result from the present study also reinforces the idea
that grasp-to-eat actions might be at the origin of population level
right-handedness (Flindall and Gonzalez, 2013; Flindall et al,,
2014). These investigations of hand kinematics have shown evi-
dence that the grasp-to-eat action executed with the right—but
not the left-hand elicits smaller grip apertures during the hand
pre-shaping phase of the grasp when compared to other grasping
movements. Because smaller grip apertures are typically asso-
ciated with greater precision, this finding was interpreted as a
right-hand advantage for the grasp-to-eat movement. Given this
interpretation, it is feasible to speculate that in the current study
the greater use of the right hand for the grasp-to-eat task could
be related to this kinematic advantage. With respect to our orig-
inal question however, the results do not resolve if this increase
in right-hand use is exclusively due to the end-goal of bringing
the object to the mouth. One could argue that the grasp-to-eat
task only requires one hand to complete whereas the grasp-
to-construct task requires the interaction of both hands. It is
therefore possible that the increase in right-hand use is simply due
to the unimanual nature of the grasp-to-eat task. To address this
possibility, young adult participants were asked to complete the
grasp-to-construct task (identical to that in Experiment One) and
we contrasted their hand preference to a unimanual version of
the same task. For the latter task, the same models were presented
to participants, but instead of constructing, they were asked to

Table 2 | Percent of total grasps completed with the right hand in
each task by children aged 2-11.

Sub-group N Grasp-to-construct (%) Grasp-to-eat (%)

(age in years)

2-4 21 64.2 £3.2 78.0 £ 4.5
5-8 31 66.5+2.9 80.0+43
9-1 28 70.2+29 81.3+24

Values reported are means + standard errors of each age group. Note that there
were no significant differences between sub-groups, but there were significant
differences between the two grasping tasks within each sub-group.

pick up each block (one at a time) that composed the model
and place the block into a container near their body (Figure 4).
If the unimanual nature of the grasp-to-eat task is what drives
the robust right-hand preference, then one would expect similar
rates of right-hand use when participants are bringing the block
to the container. But, if instead, right-hand use in this uniman-
ual action is lower when compared to the grasp-to-eat task then
it would suggest that bringing food to the mouth is lateralized to
the right hand.

EXPERIMENT TWO

METHODS AND PROCEDURES

Participants

Because Experiment One showed no difference in hand prefer-
ence for grasping among the three age groups (Children, Young-
Adults, Older-Adults), only Young-Adults were tested in the sec-
ond experiment. A total of 37 self-reported right-handed individ-
uals from the University of Lethbridge were included in this study.
Participants ranged in age from 17 to 34 (mean age: 20.9 £ 0.5
years). The study was approved by the University of Lethbridge
Human Subjects Research Committee (protocol #2011-022) and
all participants gave written informed consent in accordance
with the Declaration of Helsinki. Participants were naive to the
purposes of the study.

A
B
Unimanual Bimanual
100 - %
< 80 A
Py . x
3 60 A
he]
&
T 40 A
<
2
20
0 A
Exp. 1 Exp. 2 Exp. 1 Exp. 2
(Eat)  (Place) (Construct)
FIGURE 4 | (A) Experimental set up for the Grasp-to-place task (Experiment
Two). (B) Mean and standard error (in %) for right-hand use in the
grasp-to-construct and the grasp-to-eat tasks (Experiment One) and the
grasp-to-place task (Experiment Two). *p = 0.02.
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Apparatus and Stimuli
Handedness questionnaire. The questionnaire was the same as in
Experiment One.

Grasp-to-construct. This task was the same as in Experiment One.

Grasp-to-place. This task was set up the same as the grasp-to-
construct task, with one modification: a short, clear cup was
placed in the front and center of the participant.

Procedures
Grasp-to-construct. Procedures for this task were identical to
those in Experiment One.

Grasp-to-place. Participants were seated in front of the table
facing the middle of the display. A model was presented cen-
trally, approximately arm’s length away from the participant (as
in Experiment One). Next, participants were instructed to pick
up each block (one at a time) that made up the presented
model and place it into the container as quickly as possible.
Once all the blocks that made up the model were inside the
container, the model was removed and a new model was pre-
sented (see Supplementary Video 9). No blocks were replaced
after each model was completed. Each participant picked up 30
blocks (10 blocks per model). Model presentation was counter-
balanced among participants. As in Experiment One, both tasks
were recorded on a JVC HD Everio video recorder approximately
160 cm away from the individual with a clear view of the tabletop,
target objects, and participants’ hands.

RESULTS
No effect of sex was found in any of the analyses, therefore female
and male data were combined.

Handedness questionnaires

The mean score in the questionnaire was 73.3 & 2.2. To investigate
if this group was different from the Young-Adults in Experiment
One, a One-Way ANOVA with Experiment (One, Two) as the
independent variable and scores from the handedness question-
naire as the dependent variable was conducted. Results show no
difference between the two groups [F(;, 73 = 0.3; p = 0.5].

Grasp-to-construct (bimanual) vs. Grasp-to-place (unimanual)
comparisons

A paired samples t-test revealed no significant difference between
the two tasks [t36) = —1.6; p = 0.1; 67.6 £ 2.5 and 73.0 £ 3.5,
respectively]. In other words participants used their right hands
to the same extent in both tasks even though one task was strictly
unimanual.

Comparison between Experiment One and Experiment Two

To investigate if the finding of greater right-hand use in the grasp-
to-eat task (Experiment One) was due to the end-goal of the
task (bringing it to the mouth) OR to the intrinsic unimanual
nature of the task, we conducted a repeated measures ANOVA.
Experiment One and Experiment Two served as the between fac-
tors and Task Nature (unimanual, bimanual) as the within factors.
This analysis allowed us to investigate if the end-goal of the action

influences hand use given that in Experiment One the end-goal
was to bring the item to the mouth and in Experiment Two the
end-goal was to bring the object to a container. Crucially, in both
cases the task was unimanual in nature. A main effect of Task
Nature was found [F(;, 72y = 26.7; p < 0.0001], indicating that
participants used the right hand more often during the uniman-
ual task regardless of the Experiment (unimanual: 78.6 + 2.4;
bimanual: 66.1 + 1.5). There was no main effect of Experiment
[F(1, 72) = 1.4; p = 0.2], but a significant interaction [F(;, 72) =
8.4; p = 0.005; Figure 4]. To investigate this interaction, a series
of post-hoc analyses (paired-samples- and independent-z-tests)
were conducted. First, an independent ¢-test showed no difference
in right-hand use between the bimanual (grasp-to-construct)
tasks of Experiment One and Two [tz = —0.9; p=0.3].
Importantly, the analysis for the unimanual tasks (grasp-to-eat vs.
grasp-to-place) between Experiment One and Two was significant
[t(72) = 2.2; p = 0.02]. This result suggests that the end-goal and
NOT the unimanual nature of these tasks determined the rate at
which the right hand was used, namely greater for the grasp-to-
eat action. Moreover, and in contrast to Experiment One, paired-
samples ¢-tests revealed that there was no difference between
the unimanual (grasp-to-place) and the bimanual task (grasp-
to-construct) in Experiment Two [f36) = — 1.6; p = 0.1]. This
result further supports the idea that the grasp-to-eat action might
be at the origin of population-level right-handedness.

GENERAL DISCUSSION

To investigate how hand preference for grasping changes as a
function of task throughout the lifespan, right-handed partici-
pants in three age groups (children, aged 2-11; young adults, aged
18-21; and older adults, aged 57-90) were recorded while per-
forming unimanual self-feeding and bimanual construction tasks.
In the unimanual self-feeding task, participants were required
to grasp-to-eat Froot Loops®, one at a time, from a pseudo-
symmetrical array before them. In the bimanual construction
task, participants were required to grasp building blocks from
a pseudo-symmetrical array to replicate simple models. Hand
preference for these tasks was recorded and analyzed offline to
determine the influence of age, task nature (unimanual vs. biman-
ual), end-goal (build vs. eat), and object location (ipsilateral or
contralateral to the grasping hand) on the regulation of hand use.
The results showed two interesting findings: first, no difference
in hand preference among groups, demonstrating a stable right-
hand preference in children, young- and older-adults. Second,
right-hand preference was greater for the unimanual grasp-to-
eat task when compared to the bimanual grasp-to-construct
task. To investigate whether this increased preference was due
to the unimanual nature of the task or the end-goal of the
action, a secondary experiment was conducted wherein partic-
ipants performed a unimanual grasp-to-place task to compare
to the unimanual grasp-to-eat action. Right-hand preference in
the unimanual grasp-to-place task was similar to that of the
bimanual grasp-to-build task, both lower than the right-hand
preference for the grasp-to-eat task. Finally, analysis of contralat-
eral grasps revealed that participants performed contralateral
grasps with their right hands more often than they did with their
left hands, although young adults performed significantly fewer
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contralateral grasps than both children and older adults. Taken
together, the results show that hand preference, is significantly
affected by the end-goal and spatial demands of the task, but does
not change over the course of one’s lifespan. Furthermore, they
suggest that compared to other seemingly similar movements, the
grasp-to-eat action is more lateralized to the right hand.

Few studies have examined changes in hand use across the
lifespan. In an early study on age-related changes to manual dex-
terity, Weller and Latimer-Sayer (1985) found that right-hand
motor skills were better preserved than left-hand motor skills
in participants of advanced age. When combined with an over-
all decrease in manual dexterity, this study suggests that the gap
between right- and left-hand performance increases as one ages.
In contrast, a more recent study by Kalisch et al. (2006) found
that dominant-hand speed and precision advantages observed
in young adults are lost later in life, and that this change is
accompanied by a shift in hand-preference for commonplace
tasks. In other words, that study found that as right-hand advan-
tage declines, so does right-hand preference in favor of a more
ambidextrous approach to everyday activities. A third study, by
Gooderham and Bryden (2014) used a multifaceted approach
to measuring hand dominance in a large cross-sectional study
and found that, once firmly established in adulthood, the level
and degree of hand-dominance does not change with increas-
ing age. The results of the current study support that finding,
as hand-preference for the grasp-to-eat, grasp-to-construct, and
grasp-to-place tasks showed no age-related changes between any
of our groups. In contrast with Gooderham and Bryden (2014),
however, we observed no difference in laterality between chil-
dren and other age groups in the behavioral task. This may
be due in part to the differences in ages between children in
both studies; Gooderham and Bryden tested children aged 24,
whereas the age of our sample of children ranged from 2 to 11
years old. The 11-year-old children would have been considered
young adolescents by Gooderham and Bryden. More likely, the
difference in results may stem from methodological differences
between the studies. Gooderham and Bryden inferred hand-
dominance through motor-skill performance and a complexity-
related switch point, whereas we asked participants to perform
simple everyday activities and inferred lateralization of domi-
nance from direct observation of hand preference. With regards to
the handedness questionnaire, the significant correlation between
age and handedness scores suggest that the older the individ-
ual the more right-handed they perceive themselves to be. This
is in agreement with a previous report which concluded that
elderly subjects rate themselves as strongly right-handed regard-
less of their objective hand use (Kalisch et al., 2006). The primary
finding of our study is consistent with these results, in that lat-
eralization of hand dominance neither increases nor decreases
as one ages beyond adulthood, regardless of one’s subjective
perception.

The second finding of the current study was that the end-
goal of an action plays a significant role in determining whether
or not one will use their right hand to perform that action.
In the unimanual self-feeding task, participants of all ages used
their right hands significantly more often than they did during
the bimanual construction or unimanual placement tasks. This

increased right-hand preference also extended to contralateral
grasps, which were significantly more common when the objec-
tive of the grasp was to eat, rather than place or manipulate
the target. As the mechanical requirements of the different types
of grasp are ostensibly identical, the decision to more often use
the right-hand for grasp-to-eat tasks suggests a fundamental
difference between the neurological origins of the grasps. This
presumption is supported by findings from Sacrey et al. (2013),
who found that children develop a right-hand preference for
grasp-to-eat tasks several years earlier than they do for grasp-
to-build tasks. Furthermore, Flindall and Gonzalez (Flindall and
Gonzalez, 2013, 2014, submitted; Flindall et al., 2014) have
found a left-hemisphere/right-hand advantage in the kinemat-
ics of grasp-to-eat/hand-to-mouth actions that is absent from
grasp-to-place actions. Specifically, when grasping a small food
item with intent to eat, participants produce tighter maximum
grip apertures during the outgoing movement than when grasp-
ing the same item to place it in a receptacle near the mouth. This
task difference in hand pre-shaping is predominantly lateralized
to the right hand, regardless of a person’s overall hand preference
(Flindall and Gonzalez, 2013; Flindall et al., 2014). Taken together,
these findings all support a theory of human motor cortex orga-
nized around a catalog of movements based on end-goal, rather
than mechanical requirements (Graziano et al., 2002, 2004, 2005;
Fogassi et al., 2005; Graziano, 2006, 2009; Bonini et al., 2011,
2012; Flindall and Gonzalez, 2013, 2014). The results from the
present study demonstrating greater right-hand use for the grasp-
to-eat task further support the proposal that this type of action
might be at the forefront of population level right-handedness in
humans.

In conclusion, the current study investigated lateralization of
motor dominance as it relates to task nature, end-goal, and space
constraints by observing hand preference in simple grasp-to-eat,
grasp-to-construct, and grasp-to-place tasks. To assess whether
and how hand preference changes throughout the lifespan, these
tasks were performed by children, young adults, and seniors. A
right-hand preference for all tasks was observed, however, this
preference was greater during the grasp-to-eat task. This effect
was consistent throughout all age groups. These results fur-
ther our knowledge of the developmental trajectory of manual
asymmetries across the lifespan.
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