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Abstract: Two observational learning approaches have been shown to be successful in improving
children’s motor performances: one is “technique-focused”, another is “goal-focused”. In this study,
we sought to compare the effectiveness of these two strategies, thus testing for the more efficient
method of observational learning to enhance motor skills in primary school children. To this end,
two experiments were designed. Experiment 1 involved a precision ball throwing task. Experiment
2 involved a standing long jump task. A total of 792 subjects (aged 6-11) participated in this study
and were divided into technique-focus (Experiment 1 n = 200; Experiment 2 n = 66), goal-focus
(Experiment 1 n = 195; Experiment 2 n = 68), and control groups (Experiment 1 n = 199; Experiment 2
n = 64). The experiments were divided into pretest, practice, and retention phases. During the practice
phase, the technique-focus and goal-focus groups were given different visual instructions on how
to perform the task. The results showed that children aged 10-11 belonging to the technique-focus
group performed significantly better in the practice phase than both the goal-focus and the control
group (p < 0.001), but only for the precision ball throwing task. These findings could be useful for
training adaptation in the context of motor learning and skills acquisition.

Keywords: motor development; motor control; motor skills; physical education

1. Introduction

The use of visual cues and instructions has been shown to be beneficial for enhancing
motor performances [1-6]. In particular, visual instructions serve an important role in
motor learning, encouraging the acquisition of motor skills without the time-consuming
process of trial-and-error learning [1,7]. Furthermore, visual instructions allow the learner
to construct a mental representation of the desired performance, break the whole task into
subcomponents, select essential information, and configurate appropriate strategies to
reconstruct the task, ultimately leading to a more efficient performance [1,2,7-9]. In this
regard, the process of learning a task by watching someone else performing this task is
defined as observational learning [2]. Observing a model serves an important function
in human motor development, as the learner benefits from the activation of a matching
motor program by direct perceptual-motor mapping [1,7]. Visual instructions in the form
of observational learning are generally found to be more effective than doing nothing [10]
or than verbal instructions alone [11,12] in leading to optimal motor performance. How-
ever, during the process of motor learning, the amount of information provided to the
learner should be carefully balanced. Indeed, too much information could negatively
influence motor performances [13-16], especially in children, since they are considered
to be novice performers on account of their lack of experience, unfamiliarity with skills,
and low motor repertoire [17]. Consequently, in order to maximize each learning session,
a fragmented approach of observational learning could prove to be useful, allowing the
learner to focus specifically on a single aspect of the performance. In fact, it was shown that
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motor performances tend to improve when a few simple, easy-to-follow instructions are
provided [3,5,6,10,18]. The question with a fragmented and reduced approach for motor
skill acquisition is: In order to achieve better performances faster, which information is
more relevant and thus more efficient?

To this end, there seems to be two principal lines of thought pertaining the optimization
of the “learning by observing” process. The first is focusing the visual instructions on the
final effector of the movement (i.e., a “goal-focused” visual instruction), whereas the second
is focusing the visual instructions on the proper movement technique (i.e., a “technique-
focused” visual instruction). For instance, several authors [7,19,20] stated that what the
learner extracts from observing a model’s movement is the sole desired goal of the action,
not the motor command or the kinematic primitives. Conversely, other research has shown
that instructions that were related to the movement technique enhanced body cognition,
motor performance, and motor learning compared to instructions that were not technique-
related [6,21-23]. Instead, Krajenbrink et al. [24] and van der Loo et al. [2] argued that,
ultimately, motor learning is allowed by the experience the subject undergoes during the
process of repeated practice, regardless of the nature of the instructions. Though these
approaches have their own merits, a direct comparison between the “technique-focus” and
the “goal-focus” fragmented strategies of observational learning is still lacking. Moreover,
despite the fact that typically developing children represent an important population for
motor learning research, recent studies examining the effects of observational learning on
motor performance have been predominantly conducted in children with autism spectrum
disorder [25-30], using a wide variety of tasks including computer gaming [25], building a
house with a set of bricks [26], peer-yoked contingency gaming [27], labeling pictures [28],
and opening a box with a plastic stick [30].

Bearing in mind the significant role ascribed to adequate motor competence as a
determinant of public health [31-33], social skills [34,35], cognitive skills [36,37], and aca-
demic achievement [38,39], a crucial goal for scholars, educators, and teachers should be to
understand and promote the strategies that facilitate motor skills learning and performance
during childhood [40,41]. Considering this past research, in the present study, we sought
to determine the best of two observational learning methods to improve children’s motor
performances. Specifically, we tested the more efficient approach between the technique-
focused (i.e., how to prepare the task) and the goal-focused (i.e., how to execute the task)
visual instructions in enhancing motor skills across late childhood during the execution of
two complex motor tasks, such as the Precision Ball Throwing (PBT) and the Standing Long
Jump (SL)). In particular, the PBT has been defined as an object manipulation task [42],
which requires mainly upper limbs and eye-hand coordination, whereas the SL] has been
defined as a locomotor task [42], which requires mainly lower limb coordination as well as
strength/power elements. Since these two tasks represent different facets of motor perfor-
mance, comparing the effectiveness of two observational learning strategies for different
motor tasks allows a global overview in regard to efficient motor skills learning. Finally,
previous studies have shown that from age 10 onwards, there is a major step-up in motor
competence when assessing either fine motor skills, object manipulation skills, or locomotor
skills [41,43-46]. This would be attributed to the fact that children of these ages experience
a period of stabilization in physical growth and consolidation of both cognitive as well
as neuromotor abilities [41,47,48]. Therefore, it would be plausible to expect a significant
increase in motor performances for both the PBT and SL]J tasks from age 10 onwards.

2. Materials and Methods
2.1. Participants

The study was composed of two experiments, which are described in the specific
sections below. Additionally, the minimum number of participants required for the experi-
ments was determined by an a priori power analysis using G*Power, estimating a sample
size of 165 subjects (f = 0.5, alpha at 0.05, with 95% power for ANOVA repeated measures
within factors). Nevertheless, additional subjects were recruited in order to ensure a normal
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distribution of the data. Following Experiment 1, it was apparent that there was no addi-
tional benefit of a superfluous number of subjects. Therefore, we modulated the number of
participants recruited for Experiment 2 accordingly.

A total of 792 subjects took part in the study. Specifically, 594 children participated in
Experiment 1 (involving the PBT), while a total of 198 children participated in Experiment
2 (involving the SLJ) (Table 1). All of the participants were 6 to 11 years old and reported
no known physical or intellectual deficits. None of the participants were involved in
extracurricular sports practice in the last six months. The study protocol was approved
by the Institutional Ethics Committee of Comitato Etico Area Vasta Centro AOUCareggi,
Prot. N.0018234E, Rif. 63/12. Furthermore, all children provided assent and the par-
ents/guardians provided informed consent. All of the participants were unfamiliar with
the experimental tasks, and were all tested individually by the principal investigator and
one research assistant, who was familiar with the purpose of the study.

Table 1. Number of participants per age and experiment.

Age (Years) n (PBT1) n (SLJ 2) n(PBT1+SLJ?)
6 99 31 130
7 102 36 138
8 102 33 135
9 97 33 130
10 9% 35 131
11 98 30 128
Total 594 198 792
M3 +sD* 854 1.87

1 PBT = Precision Ball Throwing; ? SLJ = Standing Long Jump; > M = mean; 4 SD = standard deviation.

2.2. Procedures

With regard to the PBT task (used in Experiment 1), several studies have assessed
movement effectiveness by using outcome measures, such as accuracy in hitting a target
throwing balls/darts (for a review, see Wulf [10]). Concerning the SLJ task (used in
Experiment 2), this has been suggested as one of the most valid field-based methods to
assess various facets of motor development, such as muscular strength and gross motor
coordination [49-51]. Being part of a large number of international batteries, the SLJ has
been suggested as a practical, time efficient, and cheap method of assessing muscular
fitness in children [32,49,52]. Since the optimal execution of these two tasks requires
different neuromotor abilities [14,31,53], this experimental design permits observation of
the effect of visual instructions on motor learning from a multifaceted standpoint, rather
than investigating a single aspect of motor learning (i.e., investigating only a precision task
or a gross motor task).

The experiments were performed in a large, quiet room [22,54], where only the prin-
cipal investigator and a research assistant were available [2]. There was no time limit
for any of the conditions, as participants performed at their preferred speed [55]. For
both experiments, each participant was randomly assigned to one of three groups, i.e.,
technique-focus, goal-focus, or control group (Table 2).

The technique-focus group was given visual instructions regarding how to efficiently
prepare the execution of the task, whereas the goal-focus group was given visual instruc-
tions showing the final execution of the task. The control group did not receive any visual
or verbal instruction throughout the experiment. Moreover, for each participant, the exper-
iment spanned across two consecutive days, and consisted of three different phases, i.e.,
pretest, practice, and retention phases (Table 3).
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Table 2. Number of subjects per age and experimental conditions.
PBT! SLJ 2
Age (Years) T3 G* c> T3 G* cs
6 32 33 34 9 12 10
7 36 34 32 12 11 13
8 35 33 34 10 13 10
9 34 30 33 14 10 9
10 30 31 35 10 13 12
11 33 34 31 11 9 10
Total 200 195 199 66 68 64

1 PBT = Precision Ball Throwing; 2 SLJ = Standing Long Jump; ® T = technique-focus group; * G = goal-focus
group; ° C = control group.

Table 3. Timeline of the experiment.

Experimental Phase Pretest Practice Retention
. . Visual instruction Re-perform the task
. Baseline evaluation . . ) .
Activity stimulation before with no further visual
of the task . . .
performing the task instructions
Day # Day 1 Day 1 Day 2
Number of trials PBT!=5 PBT!=7x33 PBT!=7x33
SIj%2=2 SLj2=2 SLj2=2

1 PBT = Precision Ball Throwing; 2 SLJ = Standing Long Jump; 3 7 x 3 = seven blocks of three ball-throws.

Prior to the pretest phase, the principal investigator briefly explained the task to the
subject. During the pretests, no specific verbal/ visual instructions nor feedback were given.
Shortly after the pretest phase, the practice phase was conducted. During the practice
phase, two different pre-recorded video demonstrations of the motor skill were presented
on an electronic tablet: one for the goal-focus group, and another for the technique-focus
group. The model who appeared in the videos was skilled at performing the task [8].
We opted for a pre-recorded video demonstration in order to ensure consistency during
administration [40]; previous research supports this method for visually demonstrating
skills [40,56], as it was shown that children’s performance does not change when given
a video demonstration in lieu of a live demonstration [40]. Since it has been suggested
that children may be overwhelmed with different types of information [8], the videos
contained no audio instructions. The control group did not watch any video demonstration,
as participants were asked to perform the task with no other instructions provided. One
day after the pretest and practice phases, the retention phase was conducted. During the
retention phase, the participants were asked to perform the task again, as many times as in
the practice phase. Moreover, in the retention phase, no further instructions or reminders
were given for any of the groups.

2.3. Experiment 1: Precision Ball Throwing

The task was to throw polyethylene low density balls (1 cm in diameter) at a polypropy-
lene circular target, which was 38 cm in diameter. The target had three concentric rings,
each 3 cm in width, and a 3-cm-diameter bullseye in the center. The target’s surface was
covered with felt, while each ball had Velcro (i.e., hook and loop strips) attached to its
surface. Thanks to this setup, with each throw, the ball stuck to the target, allowing the
subjects to observe the result of their shot. The bullseye’s height and distance were adjusted
according to age [17,54]. Specifically, the target height for all groups was 1.22 m; the target
distance for younger children (age 6-8) was 1.50 m, whereas the distance for older children
(age 9-11) was 2.00 m [17,54]. To indicate the distances, two white tapes were placed at
1.50 m and 2.00 m from the target. The PBT task required participants to throw the balls
aiming at the bullseye. The participants always threw with their dominant hand [17],
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which was determined by asking the participants to write their name on paper [57]. The
participants’ PBT performances were scored in the following way: balls that hit the bullseye
were given 3 points; balls that hit the innermost ring (i.e., the ring right outside of the
bullseye) were given 2 points; and balls that hit the outermost ring were given 1 point.
Balls that missed the target were given 0 points. Seeing that Emanuel et al. [54] reported
that, in their study, the children were distracted by the balls they had already thrown and
often asked to remove them from the target, in this study, the research assistant removed
the ball after every single trial performed. The assistant made sure not to interfere with the
visual field of the participants during the trials.

For the pretest phase, the participants performed five ball throws [21], for a possible
maximum total score of 15. After the pretest, in the practice phase, the visual instruction
stimulations were presented. For the technique-focus group, the video showed the optimal
movement technique for performing the PBT task (i.e., feet and hand placement, stance,
and ball grip), whereas for the goal-focus group, the video showed only the final movement
execution of the PBT task (i.e., ball throw and arm follow-through). Each video lasted
approximately 30 s [2]. The optimal technique regarding the PBT task was adapted from
the research work of Kitsantas et al. [9] and van der Loo et al. [2], and is reported in Table 4.
One day after the pretest and practice phases, the retention phase was conducted. On
the retention tests, the target was placed at the same distance that was used during the
practice [8]. For both the practice and retention phases, the participants completed seven
blocks of three ball throws [58], for a possible maximum total score of 63.

Table 4. Based on the group (technique-focus or goal-focus), different subcomponents of the PBT
performance were shown in the video demonstrations.

Technique-Focus Group Goal-Focus Group

Grip: Holding the ball between the firstand =~ Throw: Only the forearm and wrist are used to
second finger and the thumb throw the ball

Stance: The right foot is slightly ahead of the Follow-through: After releasing the ball, allow
left foot the arm to continue its natural motion

2.4. Experiment 2: Standing Long Jump

The SLJ task required the participants to jump horizontally from a standing still
position, moving their body as far as possible in a forward direction [32]. The performance
in the SL] was evaluated by the total jump distance, which is the horizontal distance from
the take-off line to the mark made by the heel on landing, and was measured in centimeters
with a tape measure [49]. The take-off line was evidenced by a tape on the floor. No steps
backward or preparatory hops/runs were allowed.

After the pretest phase (consisting of two attempts), for the practice phase, the visual
instruction stimulations were presented to both the technique-focus and goal-focus groups.
For the technique-focus group, the video showed the optimal movement technique for
performing the SL] task (i.e., stance and take-off angle reaching), whereas for the goal-
focus group, the video showed only the final movement execution of the SL]J task (i.e., the
horizontal jump and landing). The control group participants did not watch any video
demonstration. Each video lasted approximately 30 s [2]. The optimal technique regarding
the SLJ performance was taken from Hraski et al. [50] and is reported in Table 5. One day
after the pretest and practice phases, the retention phase was conducted. The participants
performed two attempts of the SLJ for each phase of the experiment [49,52].

2.5. Data Collection

The data consisted of the scores that subjects were given for the experimental task
(i.e., the PBT or the SLJ task). Specifically, each subject was given three scores, one for
each experimental phase (i.e., pretest, practice, and retention). Regarding the PBT task,
the performance score was obtained by summing all of the scores for the single trials,
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while regarding the SLJ task, the performances were scored by registering the longest
jump distance.

Table 5. Based on the group (technique-focus or goal-focus), different subcomponents of the SL]
performance were shown in the video demonstrations.

Technique-Focus Group Goal-Focus Group

Horizontal jump: Jump as far as possible while

Stance: The feet are shoulder-width apart extending the arms, hips, and legs

Take-off angle reaching: Squat while forward ~ Landing: the arms sweep forward and down to

shifting the bodyweight, bending the knees at  the hips. The feet are extended out until hitting
90 degrees. While squatting, the arms the ground. The knees and hips absorb the

go forward impact as the body continues to move forward

2.6. Statistics

The data were analysed using IBM SPSS Statistics 26 software. Parametric analyses
were conducted, as the Shapiro-Wilk test revealed a normal distribution of data (p = 0.000).
First, in order to test whether the sample of subjects was homogeneous regarding mo-
tor performances, a two-way ANOVA was implemented to evaluate the differences in
performance scores, both between ages (i.e., factor 1: 6, 7, 8, 9, 10, and 11 years of age)
and between groups (i.e., factor 2: technique-focus, goal-focus, and control). Moreover, a
mixed ANOVA was implemented to evaluate the differences in performance scores among
two between-subjects factors (i.e., ages and groups) and one within-subjects factor (i.e.,
time, referring to the practice and retention phases). Both the two-way ANOVA and the
mixed ANOVA were followed by the Bonferroni post hoc test for multiple comparisons.

3. Results
3.1. Experiment 1: Precision Ball Throwing

The results for the PBT scores are reported in Table 6.

Table 6. PBT performance scores 1 per age, group, and experimental phase.

T? G? ct
Age Pre 5 Pract. ¢ Ret. 7 Pre 5 Pract. © Ret. 7 Pre® Pract. © Ret. 7
6 9.5(1) 30(2) 29 (2.25) 9(2.25) 29 (1) 29 (2.75) 8(2) 30 (1.25) 28 (2)
7 10 (1.25) 31 (2.50) 30 (2) 9(3) 31 (1.75) 30 (2.75) 9(2) 31(2) 29 (3)
8 10 (3) 32(2) 32(3.25) 9.5(3) 32(1) 32(2) 10 (3) 32 (3) 32(2)
9 10.5 (2) 34 (2.75) 33 (3) 10 (3.25) 33 (3) 34 (3) 9.5(3) 33 (2) 34 (3)
10 10 (2) 52 (3) 42 (1) 10 (2) 42.5(2.75)  42(2.25) 10 (2.75) 42 (3) 43 (3)
11 12 (3) 55 (4) 43 (3) 11 (3) 44 (2) 44 (3) 11 (3) 44 (3.5) 43 (3)

! Median (interquartile range); > T = technique-focus group; 3 G = goal-focus group; * C = control group;
5 Pre = pretest phase; ® Pract. = practice phase; 7 Ret. = retention phase.

For the pretest phase, the two-way ANOVA of the PBT performances for the factors
group and age showed that there was no significant effect of experimental conditions on the
PBT scores (F(10, 591) = 1.92, p = 0.14), meaning that the sample of subjects had the same
starting level of motor skills. However, there was a significant effect of age on the PBT scores
for all experimental conditions (F(5, 591) = 14.65, p < 0.001). Thus, as expected, the subjects
motor performances tended to improve with age. In particular, the Bonferroni post hoc test
for multiple comparisons showed a significant difference (p < 0.001) in PBT performances
among all ages (6 vs. 7, 6 vs. 8, 6 vs. 9, and so forth). Furthermore, the mixed ANOVA
showed that there was a significant interaction effect of age, experimental condition, and
time on the PBT performances (F(10, 591) = 72.01, p = < 0.001). Specifically for the practice

7
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phase, we found that the mean score of the PBT for the technique group (mean = 39.16,
standard deviation = 10.70) was significantly different (p < 0.001) than both the goal-focus
(mean = 35.43, standard deviation = 4.38) and control groups (mean = 34.39, standard
deviation = 5.83). This would denote that right after the visual instruction stimulation,
the technique-focus group performed significantly better compared to the goal-focus and
control groups. Interestingly, the Bonferroni post hoc test for multiple comparisons revealed
that this significant difference in PBT scores among groups (p < 0.001) was present only for
ages 10 and 11, whereas there were no group differences in PBT performances among the
subjects aged 6-9 years (Figure 1).

—o— Technique-focus group
Goal-focus group
—e— Control group

9yrs

60

6yrs

Figure 1. Polar diagram showing the mean scores obtained by all subjects for the PBT task during the
practice phase. It is worth noting that while from age 6 to 9, the PBT scores were almost the same for
all groups, subjects aged 10 and 11 of the technique-focus group (red line) performed the PBT task
significantly better (p < 0.001) than both the goal-focus (cyan line) and control groups (green line).

However, for the retention phase, this effect was seemingly lost, as during this phase,
the mean PBT performances for the technique-focus group (mean = 35.14, standard de-
viation = 6.08) did not significantly differ (p = 1.00) from the goal-focus (mean = 36.23,
standard deviation = 5.10) and control groups (mean = 35.20, standard deviation = 5.98).

Moreover, the mean PBT score for the technique-group at the practice phase (mean = 39.16,
standard deviation = 10.70) was significantly different (p < 0.001) from the mean PBT score of
the same group at the retention phase (mean = 35.14, standard deviation = 6.08). This was not
the case for the goal-focus and control groups, whose mean PBT scores did not significantly
differ from the practice phase to the retention phase.

3.2. Experiment 2: Standing Long Jump

The descriptive statistics for the SLJ scores are reported in Table 7.
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Table 7. SL] performance scores ! per age, group, and experimental phase.

T2 G3 ct
Age Pre > Pract. ¢ Ret.” Pre 5 Pract. ¢ Ret.” Pre 5 Pract. © Ret.”
6 1032(3) 1031255 1029(360) 1032(3.75) 1038(250) 1029 (290) 1029 (2.25) 1028 (3.18) 1032 (3.75)
7 1085 421)  107.3(4) 1093 (5.60) 107.2(408) 1079 (381)  1108(261)  109.6(320) 1084 (422) 1085 (4.20)
8 1158 (550) 1187 (375)  119(7.20) 119 (545) 1149 (4.15) 116 (3.40) 1175 (3.60) 1145 (7.70)  117.2 (7.80)
9 1216 (7) 1215 (4.1) 1238) 1234 (5.32) (}522'3) 122.47 (6.46) 1223 (3) 122 (8.5) 1225 (7)
10 130 (470) 1293 (5.62)  124(634)  130.1(7.97) 127 (550) 126.5 (8.81) 125(747)  130.1(834) 129.8 (4.56)
1 138 (381) 1362355 1348(276) 134(217)  136(492)  13645(5.15)  136.5(4.06) 1356 (3.37) 136.2(3.95)

! Median (interquartile range); 2 T = technique-focus group; 3> G = goal-focus group; * C = control group;
5 Pre = pretest phase; 6 Pract. = practice phase; 7 Ret. = retention phase.

For the pretest phase, the two-way ANOVA of the SL] performances for the factors
group and age showed no significant effect of the experimental conditions on the SL] scores
(F(2,195) =1.82, p = 0.16), though there was an expected significant effect of age on the SL]
scores (F(5, 195) = 58.56, p < 0.001) among all experimental conditions. In particular, the
Bonferroni post hoc test for multiple comparisons showed a significant difference (p < 0.001)
in PBT performances among all ages (6 vs. 7, 6 vs. 8, 6 vs. 9, and so forth).

Surprisingly, the mixed ANOVA returned no significant interaction effect of age,
experimental condition, or time on the SLJ performances (F(10, 195) = 0.78, p = 0.65).
Nonetheless, the test of the between-subjects effect showed that there was a significant
effect of age on the SL] performances (F(5, 195) = 891.86, p < 0.001), but this was not the
case for the between-subjects factor or the within-subjects factor (F(2, 195) = 1.46, p = 0.24
and F(1, 195) = 0.17, p = 0.68, respectively). Hence, conversely to what we found for an
object manipulation task like the PBT, for a locomotor task like the SLJ, there seems to be
no performance enhancing effect of the two visual stimulations used in this experiment
(Figure 2).

10 yrs

—a— Technique-focus group
Goal-focus group
—e— Control group

11 yrs
150

6yrs

8yrs

7yrs

Figure 2. Polar diagram showing the mean scores obtained by all subjects for the SL]J task during
the practice phase. Unlike the results from Experiment 1 using the PBT task, for Experiment 2, there
was no significant difference in the SLJ performances (p = 0.24) among the technique-focus (red line),
goal-focus (cyan line) and control (green line) groups.
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4. Discussion

The purpose of the present study, composed of two experiments, was to compare
the effectiveness of two different strategies based on observational learning for improving
motor performance in primary school children. One strategy was technique-focused,
i.e., the subjects observed how to optimally prepare a motor task, with no further visual
information regarding the ‘next steps’ of said movement. Conversely, the other strategy
was goal-focused, i.e., the subjects observed the actual execution of the same motor task,
with no previous visual information regarding the task ‘preparation’.

The results showed significant improvements of motor performance with age. Regard-
ing Experiment 1, our findings showed that during the practice phase, the children of the
technique-focus group aged 10-11 performed the PBT task significantly better than both
the goal-focus and the control groups, whereas there were no significant differences among
the experimental conditions for subjects aged 6 to 9 years old. Nevertheless, there was no
retention of this apparent training effect brought by the technique-focused visual instruc-
tion. Concerning Experiment 2, we found no significant effect of experimental conditions
on the SLJ performances, neither for the practice nor for the retention phases. Therefore,
the results from this study are partially in line with previous investigations conducted
on children with autism, which supported the use of observational learning strategies for
enhancing motor performances [25,26,28,30]. Furthermore, our findings partly confirm that
children aged 10-11 can efficiently use their short-term memory of action observation and
can refine their performances without prior motor experience of certain complex motor
tasks [1,11,26].

For both experiments, the motor performances significantly improved with age. This
trend was expected, as competency in fundamental movement skills has been shown to
follow an increasing developmental trajectory, with overall motor skills improving with
chronological age [41,43—46,59,60].

Regarding the comparison of effectiveness between the two observational learning
approaches, the results from Experiment 1 show that when it comes to efficiently enhancing
children’s motor performance with visual instructions, a fragmented, technique-focused
approach could be the most efficient. These outcomes are in line with previous research
that has shown that instructions related to the movement technique enhanced motor perfor-
mance in both children [22] and adults [21]. Seeing that these studies were conducted using
verbal instructions, our study further elaborates on the topic of how to enhance children’s
motor skills with the use of visual instructions. Interestingly, within the technique-focus
group, only children aged 10-11 experienced a step-up in motor competence regarding the
PBT performances. A reason for having found a significant training effect of the technique-
focus condition on PBT performances may be due to more valuable information being
extracted by the subjects from observing an efficient movement technique compared to the
goal-focused approach, which focused solely on the movement execution. Seeing that a
focus on movement technique effectively stimulates changes in posture for biomechanical
efficiency, also allowing for the optimal use of physical capabilities including accuracy
in a throwing task (for a review, see [61]), the movement pattern recreated by observing
technique-focused visual instructions seems to be of significant use for improving the motor
performances in children aged 10-11. In this regard, it is likely that subjects aged 10-11 may
respond better to observational learning stimulations than their younger peers, based on
the notion that children from age 10 onwards experience a period of stabilization in physical
growth as well as maturation of both their cognitive and neuromotor capacities [41,47,48],
thus being more capable of choosing primary information and configurating apt plans of
action to reconstruct the task, eventually leading to better motor performances. However,
another consequent takeaway of this finding is that other strategies should be pursued
for improving motor skills in younger children, rather than a fragmented visual approach.
Concerning this aspect, children aged 6-9 years old are considered to be quite far from
having matured and efficient cognitive and neuromotor systems [17]; hence, they may
need more information or different strategies for motor-enhancing purposes, e.g., involving
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verbal instructions, complete visual instructions, or a combination of the two, as well as
providing visual/verbal feedback during motor performances.

Despite a partial training effect being found for the technique-focused condition on
PBT performances for children aged 10-11 years old, the same effect was not maintained
during the retention phase, as we observed two key findings. First, for the retention
phase, there were no significant differences in PBT performance among the experimental
conditions (i.e., technique-focus, goal-focus, control). Second, the retention performances of
the technique-focus group were significantly less proficient compared to the performance
scores obtained during the practice phase. Given that children are regarded as novice
performers concerning motor skills acquisition [17], they may need an extended amount of
practice in order to elicit any beneficial effects on their motor performance. Furthermore,
retention was only tested in the short term, i.e., one day following the practice phase.
Therefore, further studies are needed to learn more about the effect of observational
learning strategies on long-term practice and the long-term retention of motor skills.

Moreover, while in Experiment 1 we found that a training effect was produced
only by technique-focused visual instructions (though transient and only for subjects
10-11 years old), in Experiment 2, neither the technique-focused nor the goal-focused vi-
sual instructions produced a training effect on the subjects” motor performances. First, it
is worth mentioning that we took advantage of the “two-experiment” design to compare
the improvements in motor performances between the two different facets of motor skills,
i.e., object manipulation and locomotor skills. This was done in order to evaluate this
experimental design from an overall standpoint in regard to motor skills. We certainly
did not expect a complete ineffectiveness of the two observational learning strategies we
shaped for improving the SL] performances. Nonetheless, these contrasting results may be
due to various reasons, such as the different neuromotor demands that the two tasks pos-
sess [14,31,53], as well as some prominent physical constraints due to the participants’ age.
Specifically, while performing an object manipulation task (i.e., the PBT) mainly requires
motor coordination of the dominant upper limb, performing a locomotor task (i.e., the
SLJ) requires a completely different set of motor abilities, i.e., generating as much power
as possible from mainly the lower limbs, along with coordinating the upper limbs and
stabilizing the trunk. Hence, these neuromotor demands of strength and power may be too
much of a physical constraint for primary school children, and consequently, there may be
less room for technique-related approaches in non-developed individuals. Moreover, as
Krajenbrink and colleagues already pointed out, one day of practice may be too short for
training a complex gross motor task [24]. Therefore, as we already indicated for children
6-9 years old practicing the PBT task, more training time may be needed to induce and ob-
serve significant improvements for a locomotor task like the SL]J in primary school children.
Finally, a viable option for future studies could be to measure hypothetical improvements
in other aspects of locomotor skills performances rather than just the score of the task, e.g.,
biomechanical /kinematic parameters, perception of the motor performance, as well as
including technique-related scores.

5. Conclusions

In response to the aim of this study, the more efficient approach of observational
learning between the technique-focused and the goal-focused strategies seems to be the
technique-focused one. However, in light of our results, this would be a partial and short-
sighted response. In fact, other aspects are worth mentioning for future research to be
carefully designed. Specifically, with this experimental design, a technique-focused strat-
egy of observational learning can enhance children’s motor performances under specific
conditions: if the children are at least 10-11 years old (not younger); right after the visual
stimulation is provided (there seems to be no retention effect); and for a task that does
not involve elements of strength/power, i.e., a precision task. Overall, the present study
provides new insights into the best strategies for improving motor skills in primary school
children. Moreover, our results have implications for all practical settings that involve
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motor performance and learning during childhood. Further studies are needed to shed
more light on the influence that different approaches based on observational learning may
have for improving motor proficiency during different stages of primary school education.
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