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Abstract

New learning methods have facilitated and accelerated the learning education process. The
purpose of this study is to investigate the kinematic range of motion of the joints in the execution
of the basketball free shot in a linear and non-linear way. The research method of the present
study is practical and semi-experimental and the data were collected in the field. The samples
were divided into 3 groups of linear training, differential training and training with the
manipulation of task constraints, and they practiced basketball free throw in 8 sessions. The data
were collected kinematically through the pre-test and post-test by the Noraxon motion
measurement device (IMU sensors) from the upper body organs and the accuracy scores were
recorded. In order to analyze the data, the analysis of variance test with repeated measurements
(2*3) and the dependent t-test were used to compare the RMSe scores. The results showed that
the range of motion of the wrist and elbow joints decreased in all groups and no significant
difference was found between the groups (P< .01); but, the accuracy scores in the non-linear
group improved significantly. Therefore, due to the relative superiority of non-linear methods,
these methods are recommended to active trainers in this field for teaching movement skills.
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Extend abstract

Introduction

studies indicate that new learning methods (such as differential training methods and constraint-
led approach) facilitate and accelerate the learning process by involving the learner more. These
training methods are designed based on Newell's constraints and encourage the learner to explore
different movement solutions by manipulating task constraints and individual constraints.
Variety in the execution of exercises and the so-called "repetition without repetition" by
variability in training and creating fluctuations in training also leads to a reduction’s injury. The
main idea in constraint-led approach is the manipulation of task constraints and in the differential
training method, the manipulation of individual constraints. These methods facilitate the
coordination problem without direct training, only with the help of greater variability and
functionality, and also through pairing between movement phases in different training situations.
Therefore, new methods of physical education, known as nonlinear methods, help the learner to
provide more motor experiences by providing diverse training methods in the training process
and expand the motor repertoire by increasing the possible methods of execution for the learner;
as a result, the created conditions can provide better execution from the learner. The main
question, however, is which of these types of methods is more functional and has the best results
for children. For this purpose, this study investigated the kinematics of the range of motion of
the joints in the execution of the basketball free throw through linear and nonlinear methods.

Methodology

The research method of the present study was applied and semi-experimental and the data were
collected in the field. The sample studied was 45 boys aged 9-10 years old who were randomly
selected from the available. The samples were divided into three groups: linear training,
differential training, and training with task constraints manipulation, and practiced basketball
free throws in 8 sessions. The data were kinematically measured by the Noraxon motion
measurement device (IMU sensors) from the upper body, including the head, neck, shoulder,
elbow, wrist, and waist, through pretest and post-test, and accuracy scores were recorded. In
order to analyze the data, the analysis of variance with repeated measures (3*2) and the
dependent t-test were used to compare the RMSe scores. Then, in order to determine the position
and reduce the error, calibration was performed and 10 basketball free throws were performed
in succession and the results were recorded. In the pre-test, no specific instructions were given
to the children, only a demonstration of movement and throwing was performed, and the students
were asked to throw the ball towards the basket as shown in the pattern. Also, the basketball free
throw accuracy test used a modified version of the Eifert (1976) throwing test. Scoring in this
test was as follows: if the thrown ball hits the backboard and ring but does not score, 1 point, if
a goal is scored, 2 points, and otherwise, zero points are recorded. § intervention sessions were
conducted in 4 weeks as 40-minute sessions in three training groups. After the sessions were
completed, the post-test was conducted again with the Noraxon motion measurement device
(IMU sensors) in the form of 10 basketball free throw attempts, and the throws were scored
quantitatively and with a 5-value Likert score. Finally, data analysis was performed in the
MATLAB and SPSS programs.

Findings

The results of the repeated measures analysis of variance test show that none of the main effects
of test sessions, the main effect of group, and the interaction effect of test sessions and group are
significant (P<0.01). Therefore, it is clear that none of the task constraint manipulation training
methods, differential training, and linear training have a significant effect on the wrist joint range
of motion in basketball free throw performance in boys aged 9-11 years. These results showed that
despite the significant difference between the pre-test and post-test scores, no significant difference
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was observed between the research groups. The use of the task constraint manipulation training
methods, differential training, and linear training did not cause any change in the wrist joint range
of motion in basketball free throw performance in boys aged 9-11 years. Also, the results of the
dependent t-test showed that there was a significant difference between the scores obtained in the
two test stages in the two groups of task constraint manipulation and differential training, and the
basketball free throw accuracy scores in the post-test stage increased compared to the pre-test,
meaning that the throwing accuracy in these groups improved significantly. However, in the linear
training group, no significant difference was found between the basketball free throw accuracy
scores in the pre-test and post-test stages, and the use of the linear training method had no effect
on the basketball free throw accuracy.

Discussion and Conclusion

This study showed that nonlinear methods were more effective than linear methods in achieving
better results in accuracy scores in a short period of time for children; however, none of the
methods used in this study had a significant effect on the range of motion of the joints involved
in throwing. Apparently, in 8 weeks of training, the children were in the freezing stage as a result
of the training and had not yet reached the release stage of the degrees of freedom; In fact, they
tried to make the performances similar by freezing. These results indicate that the short period
of 8 weeks was too short for the children, who were all beginners and had no previous experience,
and they did not reach the stage of joint release and benefited from freezing the joints to achieve
greater success. These results emphasize the dynamic systems theory and ecological approach
in improving accuracy scores. It is suggested that instructors should make greater use of
nonlinear methods and manipulation of task and individual constraints in their training, and these
new training exercises can be useful for beginners as well as skilled individuals in achieving
better results. Given the relative superiority of nonlinear methods, these methods are
recommended for instructors active in this field for teaching motor skills.
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