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Abstract

The purpose of the present study was to investigate the action representation in real
performance and observing the basketball free throw in skilled and beginners. In this
study, the kinematic parameters of movement during real performance and the eye
movements pattern in both real and observation modes were studied in skilled and
beginners. Twenty participants with an average age of 25+2.11 years, including 10
skilled basketball players and 10 beginners, participated in the study. The research
design was conducted in two sessions. In the first session, the subjects performed 10 free
throws and their movements were recorded by the motion analysis system. Their eye
movements were recorded by the pupil-based binocular eye trackers device, and the total
movement was recorded for the next display by the camera placed on the head and the
external camera. In the second session, after installing the eye tracker system, the
individuals watched their performance from a first-person and third-person perspective,
and eye movements were recorded. After recording the data, the values of throw
accuracy, intra-limb coordination variability, wrist speed at the moment of throw, wrist
jerk, quite eye duration, fixation time and number of fixations were analyzed using
independent t-test and two-way ANOVA with repeated measures (2 x 3) and Bonferroni
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post hoc test. The results showed that the skilled group had less variability of shoulder-
elbow coordination and jerk than the novice group, but the wrist speed at the time of
throwing was not significantly different in the skilled and novice groups. Also, there was
a significant difference between the research groups during the period of fixations and
the number of fixations in all three conditions of actual execution, front view and side
view. These findings showed that the coordination variability was less in skilled
basketball player and the eye movement pattern is not only different in skilled and
beginners but also in terms of actual performance and observation. These results
indicated that there is a difference in the representation of action in skilled and beginner
individuals and also showed that in the real performance mode, visual and motor
representations are formed, but in the observation mode, the representations are only
visual-spatial.

Key Words: Coordination Variability; Quiet Eye Duration; Skill Level; Basketball
Free Throw

Extended Abstract

Background and Purpose

Previous study showed that the underlying mechanisms of physical exercise and
observation are similar, and both emphasize on a similar action representation
(1). The structured representation of an action in the minds of individuals can be
the underlying reason for skilled performance (2). Some researchers believe that
the main reason for the difference between skilled and novice individuals is the
more structured representation. In contrast to the theoretical and research
evidence that supports the similarity of the underlying mechanisms of task
execution and observation (3-5), there is evidence to oppose this similarity into
representation (6-11). It’s clear that researchers in this field have not reached the
same results, and the important question remains that "whether various types of
training lead to similar representations in the minds of individuals or not?".
Therefore, this study aimed to investigate the action representation in real
performance and observing the basketball free throw in skilled and beginners. In
the present study, the kinematic parameters of movement during real
performance and the eye movements pattern in both real and observation
conditions were studied in skilled and beginners.

The present study is causal-comparative research and applied in terms of
purpose. In the present study, the throw accuracy, coordination variability,
release moment speed, movement jerk, and gaze behavior (quiet eye duration,
fixation time, number of fixations) were compared between skilled and beginner
individuals in actual performance and observation of basketball free throw.
Twenty participants with an average age of 25+2.11 years, including 10 skilled
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basketball players and 10 beginners, participated in the study. The research
design was conducted in two sessions. In the first session, the subjects
performed 10 free throws and their movements were recorded by the motion
analysis system, their eye movements were recorded by the pupil-based
binocular eye trackers device, and the total movement was recorded for the next
display by the camera placed on the head and the external camera. In the second
session, after installing the eye tracker system, the individuals watched their
performance from a first-person and third-person perspective, and eye
movements were recorded. To determine movement coordination variability, we
followed the general approach developed by Mullineaux and Uhl (2010) (12).
Eight Osprey infrared cameras (Motion Analysis Corp, USA) were used to
collect kinematic data for every free throw taken. In order to record the
participants' gaze behavior, the pupil-based binocular eye trackers device (pupil
company, Germany) was used. The eye tracker with a frequency of 60 Hz (Hz)
was recorded to save in a laptop (Apple, USA). The eight-point scoring method
was used to calculate the free throw accuracy. In this method, accuracy scores
were calculated based on how the ball hit the basket and the basketball board, as
well as whether or not it entered the basket. After collected the data, the values
of throw accuracy, intra-limb coordination variability, wrist speed at the moment
of throw, wrist jerk, quiet eye duration, fixation time and number of fixations
were compared by independent t-test and two-way ANOVA with repeated
measures (2 x 3) followed by Bonferroni post-hoc comparisons, when
appropriate.

As for free throw accuracy, Student’s t-test showed a significant difference
between skilled and beginner groups (t = 6.65, df = 18, p < 0.05). The results
showed that the more throw accuracy wasc displayed by skilled group in
comparison to the beginner group. As for coordination variability, student’s t-
test showed a significant difference between skilled and beginner groups (t =
4.02, df = 18, p < 0.05) and the results showed that the lower elbow-wrist
coordination variability was displayed by skilled group in comparison to the
beginner group. Also, student’s t-test in wrist jerk showed a significant
difference between skilled and beginner groups (t = 7.57, df = 18, p < 0.05) and
the results showed that the lower movement jerk was displayed by skilled group
in comparison to the beginner group. In this study, the maximum wrist speed at
the moment of throw was examined and the student’s t-test results showed that
no significant difference between skilled and beginner groups (t = 0.86, df = 18,
p > 0.05). As for the quiet eye duration of skilled and beginner individuals in
real performance and observation conditions, a mixed ANOVA with repeated
measures (2x3) showed that the quiet eye duration by the skilled players was
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significantly longer than the beginner individuals. These data indicate that all
groups had the longer quiet eye duration in observation condition of front. Also,
these data indicate that participants in the observation condition of side had a
longer quiet eye duration than in the actual performance condition. As for the
fixation time of skilled and beginner individuals in real performance and
observation conditions, a mixed ANOVA with repeated measures (2x3) showed
that a significant difference between skilled and beginner groups in all
conditions (actual performance, observation of front and observation of side). As
for the number of fixations of skilled and beginner individuals in real
performance and observation conditions, a mixed ANOVA with repeated
measures (2x3) showed that the number of fixations by the skilled players was
significantly lower than the beginner individuals.

These results indicated that there is a difference in the representation of action in
skilled and beginner individuals and also showed that in the real performance
mode, visual and motor representations are formed, but in the observation mode,
the representations are only visual-spatial.

Key Words
Coordination Variability; Quiet Eye Duration; Skill Level; Basketball Free
Throw
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Table 1- How to calculate the throwing accuracy score
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Figure 1- Shoulder-elbow coordination variability in skilled and beginners
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Figure 3- The quiet eye duration for different groups in different stages of the test
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Figure 5 - Number of fixations for different groups in different test stages
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