Motor Behavior Volume 14, No 47, 2022, Page 171-192

Research Paper
Comparing Intra-Limb Coordination of Dart Throwing in
Skilled and Novice Throwers: A Kinematic Study

R. Makkit, M. Abdoshahi?, S. Ghorbani?®

1. MSc, Department of Motor Behavior, Faculty of Sport Sciences, Alzahra
University, Tehran, Iran

2. Assistant Professor, Department of Motor Behavior, Faculty of Sport Sciences,
Alzahra University, Tehran, Iran

3. Assistant Professor, Department of Physical Education, Islamshahr Branch,

Islamic Azad University, Islamshahr, Iran (Corresponding Author)

Received: 2021/07/26 Accepted: 2021/12/29

Abstract

There is a lack of studies on the coordination of the various limbs involved in
performing dart-throwing skill in novices and skilled performers. The aim of the
present study was to describe and compare the intra-limb coordination of the
shoulder-elbow joints in different phases of dart throwing skill in skilled and
novice throwers. Participants included 12 novice throwers (mean age of
21.91+2.31 years old) and one skilled thrower (32 years old). Intra-limb
coordination consisted of coordination between the shoulder and elbow joints and
was demonstrated using angle-angle plots. The start and end points of the throws
were standardized using the linear interpolation method and normalized to 100
points. Moreover, the movement pattern error was calculated using the NoORMD
formula. The results showed that there was a clear difference between skilled and
novice throwers in the intra-limb coordination of the shoulder-elbow joints in both
phases of dart throwing. There was also a significant difference between the
movement pattern of novice throwers and skilled thrower (NORMD = 50). The
findings were discussed according to the spatio-temporal characteristics of dart
throwing skills in skilled and novice throwers and its practical considerations in
improving skills and preventing movement errors.
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Extended Abstract

Background and Purpose

Dart throwing requires accurate movement timing and proper mechanics and
coordination of different joints of the thrower’s hand (including shoulder, elbow,
and wrist) to accurately throw darts towards the target (dart board). A proper
understanding of the biomechanics of dart throwing can help to optimize the
movement. Changes due to improper movement mechanics can affect the
thrower’s performance and lead to an increase in his throw error. Until now,
researchers have analyzed the kinematics and kinetics of this skill as well as the
important variables affecting the performance of dart throwers. Most studies have
focused on the analysis of different joints of the body individually (1-2). However,
in a movement chain, the movement of one joint affects the movement of the
adjacent joint, and therefore studying the joints separately does not fully show the
complexity of the coordinated movement of body parts. Therefore, one of the
important issues that has not been addressed in the biomechanical researches of
dart throwing is the examination of the coordination of different organs involved
in the execution of this skill in novice and skilled throwers (3-4). On the other
hand, the skill of throwing darts has different movement phases, which have not
been investigated in terms of movement coordination. In the science of motor
control and biomechanics, coordination refers to the relationship between the
movements of different parts of the body, which can be referred to as intra-limb
coordination (i.e., the relationship between the movements of the joints of a body
part, for example, the right shoulder joint relative to the elbow joint of the right
hand) or inter-limb coordination (the relationship between the movements of two
different organs relative to each other, for example, the elbow joint of the right
hand relative to the elbow joint of the left hand) (5). Therefore, the aim of the
present study was to describe and compare intra-limb coordination of shoulder-
elbow joints of the throwing hand in different phases of dart throwing in skilled
and novice throwers.

Materials and Methods

The research method was descriptive-comparative (i.e., a comparison between
skilled and novice throwers). Beginner participants included 12 female students
aged 18 to 24 years (mean age 21.91+2.31 years) who voluntarily participated in
this study. All participants were right-handed and had no formal or informal
playing experience in darts. To compare the performance of beginner participants
with a correct model, a 32-year-old skilled female thrower with eight years of
playing experience at the national level was selected. The present study used
Coalesis motion analysis system. In this study, intra-organ coordination as well as
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movement pattern error was used to analyze the participants’ throws. To show
intra-organ coordination, angle-angle diagrams were used, which are related to
time-space changes of joint movement. The start and end points of the launches
were equalized using the linear interpolation method and normalized to 100 time
points. Furthermore, “NORM-D” index was used to determine the movement
pattern error of the participants. Descriptive statistics including mean were used
to describe intra-member coordination variables. In intra-organ coordination
variable, the angular points of the beginning and end of the shoulder and elbow
joints were considered as reference points. Then, using a one-sample t-test, these
points were compared in beginner throwers with skilled throwers (as a reference
score). SPSS (version 22) software was used for statistical analysis.

Findings

At the beginning of the first phase of the movement, the skilled thrower had an
angle of 21.68 degrees in the shoulder joint and 175.65 degrees in the elbow joint,
while the beginner throwers had an angle of 29.73 degrees in the shoulder joint
and 147.84 degrees in the elbow joint. In the continuation of the movement, the
skilled throwers increased their shoulder joint angle to 77.60 degrees at the end of
this phase and the beginner throwers to about 58.05 degrees. At the end of the first
phase, the skilled thrower increased his elbow joint angle to about 42.51 degrees,
while the beginner throwers had an angle of about 80.03 degrees. The results of
the one-sample t-test showed that there is a significant difference between novice
throwers and skilled throwers in all the stages and on measured variables. At the
beginning of the second phase of movement, the skilled thrower had an angle of
77.60 degrees in the shoulder joint and 42.51 degrees in the elbow joint, while the
beginner throwers had an angle of 58.05 degrees in the shoulder joint and 80.03
degrees in the elbow joint. In the continuation of the movement, the skilled
throwers increased their shoulder joint angle to 102.01 degrees at the end of this
phase and the beginner throwers to about 69.01 degrees. The skilled thrower
reached the angle of his elbow joint at the end of the first phase to about 177.03
degrees, while the beginner throwers had an angle of about 110.28 degrees. The
results of the one-sample t-test showed that there was a significant difference
between the beginner throwers and the skilled throwers in all the measured steps
and variables. The error score obtained from the beginner throwers showed a huge
difference between the dart throwing movement pattern of the beginner throwers
and the skilled throwers. In fact, the results of the NoRM-D formula showed that
the error number of the movement pattern of beginner throwers is equal to 57.15.
It should be mentioned that an error number lower than 20 indicates a relatively
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similar performance to that of a skilled performer. Therefore, it can be said that
there is a huge difference between the performance of beginner throwers and the
skilled thrower.

Conclusion

The results of the present study show major differences between skilled and
beginner throwers in the performance of dart throwing skills. The study’s findings
also have practical considerations. By knowing the differences between novice
and skilled throwers, darts coaches can provide technical solutions to improve the
performance of novice throwers. In addition, according to the correct spatio-
temporal pattern provided for this skill by a skilled thrower, beginner throwers
can avoid possible errors during the execution of the dart throwing skill by using
this pattern.

Keywords: Dart Throwing, Intra-Limb Coordination, Movement Pattern Error,
Movement Phase
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Figure 2- Angle-angle plots for intra-limb coordination of shoulder-elbow joints in
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Figure 3- Angle-angle plots for intra-limb coordination of shoulder-elbow joints in
novice throwers
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