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Introduction

Teach a child a principle, a skill or a notion
becomes much more effective and useful for its
growth if the mechanisms that promote learning are
taken into account. Children are able to process a
lot of information without problems only if the
offered stimuli are age-appropriate.

The effectiveness of the amount of practice,
intended as the number of repetitions, is commonly
recognized as an important factor for learning and
perfecting gestures. Tal Savion-Lemieux and
Virginia Penhune(1) believe that even a small num-

ber of repeats, if well distributed, make learning
and consolidation of new gestures more efficient. In
other words, both learning and consolidation
depend not so much on the amount of practice but
mainly on its proper distribution over time(2).

Katherine Sullivan and coworkers(3), in a study
carried out to determine the effect of different rela-
tive frequencies of feedback on skill acquisition in
children compared with young adults, concluded
that, to optimize motor learning, children may
require longer periods of practice, with feedback
reduced more gradually, compared with young
adults(4-6). table
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ABSTRACT

Aims: The purpose of the present study was to analyze, on a sample of children between 9 and 10 years, the learning of a sim-
ple but not usual motor task, the launch of a tennis ball to hit a target, by varying the distribution of the practice and the arm (domi-
nant or not dominant) used to execute  the gesture. 

Materials and methods: The aim was to verify whether, after only 3 days of training, there is an improvement of gesture’s effi-
ciency (increased number of hit targets) related to specific change in the kinematics of the used arm. For this purpose we used a
Wearable Inertial Sensors Device (WISD), capable of measuring movement-related data without any space limitation and with a no
bulky set-up. 

Results: It has been observed that a training session of only 3 days was sufficient to achieve significant improvements in the
success probability of a simple but not usual gesture, as the launch of a tennis ball to hit a target. The improvement was observed
only when children used their dominant arm. Furthermore, the observed improvement is not associated to significant changes of
some kinematic parameters of the gesture, as duration of performance, time to peak and peak acceleration.

Conclusion: The probability of success of a gesture does not depend only on the kinematic characteristics of its final phase,
the gesture itself, but also includes evidently a change of its 3D approach. Therefore, the  effective change is not obtained by acting
on the distal muscles of the upper limb, but mainly on the proximal ones, i.e. paravertebral  and shoulder muscles, by involving the
anticipatory postural adjustments, capable to compensate predictable perturbations before they occur.
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Today is prevailing the idea to prefer the use
of a distributed rather than a massed practice for the
optimization of learning(7-8), although there are con-
trary results(9).

The purpose of this research work was to ana-
lyze, on a sample of children between 9 and 10
years, the learning of a simple but not usual motor
task, the launch of a tennis ball to hit a target, by
varying the distribution of the practice and the arm
(dominant or not dominant) used to execute the
gesture(10-11). The aim was to verify whether, after
only 3 days of training, there is an improvement of
gesture’s efficiency (increased number of hit tar-
gets) related to specific change in the kinematics of
the used arm. For this purpose we used a Wearable
Inertial Sensors Device (WISD), capable of mea-
suring movement-related data without any space
limitation and with a no bulky set-up.
Materials and methods

Participants
Twenty children who were healthy and devel-

oping typically (10 male, 10 female; mean age: 9.5
years, standard deviation (SD): ± 0.33 years, range:
9-10 years) voluntarily participated in the study.
Table 1 summarizes gender and age of the 20 chil-
dren.

Prior to participating in the experiment,
parental consent and child assent were obtained for
the children who participated. Inclusion criteria
were children who were developing typically and

performing at grade level in school. Exclusion cri-
teria were any orthopedic or neurological problems
that would interfere with the ability to perform a
coordinated arm movement. All participants used
their dominant as well as non-dominant arm to
practice the movement task. 

Measurement Settings
During the test, subjects wore an elastic belt

with a WISD (FreeSense, Sensorize s.r.l., Rome;
sampling frequency = 200 Hz) placed with a band
on the wrist of the arm they would use to throw the
ball (Figure 1). This device is lightweight (93 g)
and contains a triaxial accelerometer to measure
accelerations along the three body axes (antero-pos-
terior, AP; latero-lateral, LL; and cranio-caudal,
CC) and gyroscopes to measure angular velocities
around the above axes (± 6 g and ± 500° s-1 of full
range, respectively). Data capture was managed
using a Bluetooth protocol and directly loaded into
a database. Matlab (The MathWorks Inc., Natick,
MA) scripts have been implemented to calculate
and analyze the WISD measures.

Task
The task for the children was to throw a tennis

ball to hit a target (a 1.5 liter green bottle full of
water) placed in front of him/her at a distance of 3
m. Ten child had to perform in each session 20
throws with the dominant arm and another group of
10 children with the non-dominant one for 3 con-
secutive days (Monday to Wednesday). Figure 1
displays the recording of 7 consecutive hits record-
ed from one child. In a single hit it is possible to
identify the onset of movement (O), its end (E) and
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Subject Dominant Non Dominant

gender Age (yr) gender Age (yr)

1 girl 9 boy 9

2 boy 9,2 girl 9,2

3 girl 9,5 boy 9,3

4 girl 9,6 girl 9,3

5 boy 9,8 girl 9,5

6 boy 9,2 boy 9,5

7 boy 9,8 boy 9,6

8 girl 9,9 girl 9,8

9 boy 9,9 girl 9,8

10 girl 10 boy 10

Mean 9,59 9,5

S.D. 0,35 0,31

Table 1: Gender and age of the children which participa-
ted to the study.

Figure 1: Kinematic characteristics of seven consecutive
launches performed by one of the children who partici-
pated in the study. The graph shows the change in acce-
leration of the wrist on the horizontal plane as a function
of time. Abbreviations: O, onset of the movement; P,
acceleration’s peak of the movement; E, end of the
movement.



the perk of acceleration. Evaluated parameters were
the number of successes (goals), the duration of
gesture (time from O to E), the duration of acceler-
ation from 0 to the maximum value (time to peak,
Time from O to P) and the maximum value of
acceleration (peak acceleration).

Data analysis
All behavioural measures were averaged

across blocks of trials and days of practice. The
data were assessed using repeated-measures analy-
sis of variance (ANOVA), with Group as the
between-subjects factor and Block or Day as with-
in-subjects factors. 

Results

Figure 2 summarizes the results obtained in
the present study. As can be seen, children using the
dominant arm (D group) had a number of successes
(goals) significantly higher (p>0.05) than that of the
children using the non dominant arm (ND group).
During the 3 days of training there is an increase of
goals only in D groups of children. No significant
differences were observed for the other evaluated
parameters, i.e. duration of performance, time to
peak and peak acceleration.

Discussion 

The present results, although obtained using a
small sample of children with an age  between 9 and

10 years (10 male and 10 female, with a mean age
of 9.5 years), allow us to draw some conclusions.

Firstly, a training session of only 3 days was
sufficient to achieve significant improvements in the
success probability of a simple but not usual gesture,
as the launch of a tennis ball to hit a target.
However, the improvement was observed only when
children used their dominant arm(12-15).

The observed improvement is not associated to
significant changes of some kinematic parameters of
the gesture, as duration of performance, time to peak
and peak acceleration(16-17). This observation appears
to be very interesting as it raises the question of
what could lead to the improvement in the success
probability without significantly changing the kine-
matics of the gesture. The effectiveness of a gesture,
that is, a higher probability of success, does not
depend only on the kinematic characteristics of its
final phase, the gesture itself, but also includes evi-
dently a change of its 3D approach. In fact, the same
gesture performed with a different orientation, for
example in the horizontal plane, leads to different
results. In this case, the  effective change is not
obtained by acting on the distal muscles of the upper
limb, but on the proximal ones, ie paravertebral  and
shoulder muscles(18). This implies the involvement of
the anticipatory postural adjustments, capable to
compensate predictable perturbations before they
occur, by changing the body center of pressure
before the arm’s movement(19).

Finally, the present study underlies the efficien-
cy and reliability of a WISD (FreeSense, Sensorize
s.r.l., Rome) for the analysis of the kinematics of an
arm movement, which resulted a device easy, eco-
nomical and feasible in the field. This device, posi-
tioned around the participants’ waist, has been suc-
cessfully used for estimating traversed distance in
level walking(20) and for assessing locomotor skills
development in childhood(21). To our knowledge, this
is the first time it is used for measuring kinematics
of arm’s movement. 
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