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Abstract

The aim of this study is to identify the relationship between some kinematical variables and the shot put distance of the
male and female competitors under the age of 18 years, who participated in the republic championship season 2013, As
well as to identify the contribution of the most important kinematic variables on the achieved shot put distance. The
research sample consisted of 31 male and 21 female. The researcher has used the descriptive methodology with survey
method through video, and motion analysis. Through the procedures of this research and the obtained results, it has been
found that there are statistically significant correlations between the achieved shot put distance and some kinematic
variables - (acceleration distance, height of release point and velocity of release) - for the male competitors. As well as,
the results have shown that there are statistically significant correlations between the achieved shot put distance and
some kinematic variables of - (acceleration, height of release point, angle of release, angle of launching and velocity of
release) - for the female competitors. The velocity of release is the most important and contribution variable with the
achieved shot put distance for male and female competitors. In light of results, the researcher has been reached two

equations to predict the achieved shot put distance, this equations Depends on the velocity of release variable.

Introduction:

ver the last few years, Track and Field

competitions have acquired a great position in the

world, they have been using the scientific
techniques as means to break the records, and the
evaluation process as a method to identify the strong and
weakness points of the athletes and training programs.
Evaluation is considered one of the important processes in
the physical education in order to appraise the player’s
ability and try to improve his performance.

Scientific progress requires us to get rid of the non-
objective estimations of the motor examination in the
sports activities, and to appraise the motor performance by
using a sound scientific methods in order for preparing the
training programs, as well as solving the problems that
may intercept the sports accomplishments. (4)

Since all the movements are connected to the mechanical
laws, Biomechanics is considered one of the principal
sciences that appraise the sports movements, and solve the
problems that related to the motor performance. The motor
analysis is an evaluator method that help the teachers and
coaches to discover the problems and correct them in light
of specific considerations for the performance
specifications. (11)

In addition, the motor analysis is considered one of the
most important sciences that contribute to the athletics
field through identifying the technical information. This
information helps the coaches to understand the player’s

performance in light of a group of information that
contribute to identifying the required motor procedures to
accomplish this performance with high efficiency. (6)

Despite the studies that have been performed to develop
the different training aspects for various sports, there are
many problems that need to study and analyze. Problems
of body mechanics depends on the accurate measurement
and mathematical formulas to classify the information that
is obtained by the motor analysis for the player’s
performance. The information that related to the different
skills and motor performance have a great effect on the
development of any sports activity in general, and
technical performance in particular. This information is
used to understand in what way the performance is
executed, and discover the overlapping relations between
the body movements and this performance. As well as, it
is used to identify the required motor procedures to
accomplish this performance with high efficiency. The
scientific method is the process that is used to establish the
principles of sports renaissance, and help the players to
reach the highest levels. The scientific research has the
ability to achieve the best results which could be applied
in the practical field in order to increase and develop the
effectiveness of player’s performance. (7) (1)

Mastering and improvement of the skilled performance are
related to the validity of minutiae of partial movement and
how they are united. Thus, the different body movements
are united and joined together in an entire system in order
to form a complete motor behaviors. In general, the motor
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performance could not be executed with an excellent way
unless it is researched an analyzed from various sides in
light of laws and principles of mechanics, in order to
achieve the excellence of motor performance and best
results. It is necessary for coaches and teachers to
understand and analyze the causes of movements. The
biomechanical analysis is considered one of the principal
aspects in scientific diagnosis in order to employ the
technical performance of motor skills through applying the
mechanical bases and laws that control the human body.

(8) (12) (2) (13)

Shot put is one of the activities that are related to the
mechanical considerations which have a great effect on the
achieved horizontal distance. The technical performance
of shot put competition is complicated and depends on
biomechanical characteristics such as the initial velocity of
shot put, angle of shot put and height of release point. The
technical performance also depends on the motor
characteristics like the good motor transmission for the
power and momentum. (5) (10)

Many studies refer to that it is necessary for the shot put
competitors to combine the different biomechanical
variables such as speed of release, angle of release and
height of release point in order to achieve the best
horizontal distance.

(28) (23)

In addition There are many Arabian and foreign studies
[Maheras, A.V. (1995), Alexander, M.J etc. (1996), K
Bartonietz (1996), Hubbard, M., etc. all (2001), Linthorne,
N.P. (2001), Young, M., & Li, L (2005) and Young, M
(2004)] that have discussed the biomechanical
characteristics of shot put, as well as the most effective
factors in the competition. (24) (14) (15) (20) (22) (29)
(1)

However, the previous studies were not applied on the
Egyptian emerging players because of the Egyptian
training reality, and the technical aspect of the Egyptian
female and male players. So, this research is a trial for
introducing enough information for the coaches and
teachers about the most effective biomechanical variables
on the shot put distance. As well as, the researcher tries to
reach a predictive formula that helps the coaches to
appraise the player’s performance, and follow the
effectiveness of training programs that are directed
towards the most effective biomechanical variables. On
the local and national level, Shot put competition suffers
from many problems that affect the achievement level.
The coaches’ carelessness leads to a decrease in the
players’ performance and the level of competition. In
addition, the most important problem that shot put faces

that the coaches often depend on subjective evaluation
through observation rather than the sound scientific
evaluation.

Therefore, the researcher has tried to provide an objective
evaluation process for the kinematic variables in order to
develop the technical performance of shot put, as well as
identify the most effective variables on the achieved shot
put distance. Through the process of analysis and
evaluation, it is possible to obtain a significant information
about the level and performance of emerging players, in
order for preparing them in light of the scientific bases.
The researcher seeks to introduce an objective scientific
means for evaluation, which could be used in the training
programs and comparison processes of the players’ levels.
Eventually, this leads to modify the training methodology
in order to fit with the required level, and achieve the
desired progress from the training process.

Research Objectives

1. Identifying the relation between the values of
kinematic variables and the achieved shot put
distance of male and female competitors under
the age of 18, who participated in the republic
championship season 2013.

2. ldentifying percentage of effect of the most
important kinematic variables on the achieved
shot put distance of male and female
competitors under the age of 18, who
participated in the republic championship season
2013.

Research Hypotheses

1. There is statistically significant correlation
between the kinematic variables under research
and the achieved shot put distance of male and
female competitors under the age of 18, who
participated in the republic championship season
2013.

2. Kinematic variables under research contribute,
in different percentages, to the achieved shot put
distance of male and female competitors under
the age of 18, who participated in the republic
championship season 2013.

Research Procedures

Research Methodology

The researcher has used the descriptive survey method, by
using video imaging and biomechanical analysis, because
it is appropriate for the objective and nature of research.

Research Domains
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Human Domain

The research’s sample was selected with random method
from the male and female shot put competitors, who
participated in the republic championship and the tests of
national team at season 2013. The sample consisted of 52
competitors who were divided into 31 male and 21 female
under the age of 18. This sample was selected for the
following reasons:

1. The kinematic aspect of this research deals with
the best trials of competitors.

2. Those players were considered to be the best in
this age stage.

3. Those players kept training continuously, and
participated in regional and international
championships.

Time Domain

The measurements were implemented in the sports season
2013, during the Cup Championship and tests of national
team, in the period from 16/3/2013 to 28/4/2013.

Spatial Domain
Athletics Court, Olympic Center Maadi, Cairo.

Exploratory Study

This exploratory study was implemented in order to:

1. Choose the best site for the camera in order to
show all the stages of performance from
beginning to end.

2. Choose the necessary instruments to perform the
measurements of research.

3. Check the validity and accuracy of instruments.

4. Set a general plan that takes logical order into
consideration to perform the measurements of
research.

5. Determine the number of assistants, and train
them on how to perform the measurements.

6. Identifying the errors that probably appear
during the implementation.

7. Check the appropriateness of measurements
form.

Measurements and Tests

Firstly: primary measurements

e  Age to the nearest (month).

e  Weight to the nearest (Kilogram).

e Length to the nearest (Centimeter).
Secondly: Kinematic Variables

In light of the reference survey and previous studies, the
researcher has determined a group of kinematic variables
in order to identify their effect on the shot put distance.

e  Acceleration distance

e  Acceleration time

e  Acceleration

e  Height of release point

e Angle of release

e Angle of launching

e  Velocity of release
Tools and Instruments

Two Videos Cameras with frequency 30 fps.
Two tripods.
Four butteries for the cameras.
Tape measure.
Phosphoric marks to determine the anatomical
areas.
Measurement girder to determine scale drawing.
Circle for shot put throwing.
Shot puts.
Restameter to measure length to the nearest
(Centimeter).

10. Medical scale to measure weight to the nearest

(Kilogram).

Preparing the place for imaging

a s wneE

© © N o

1. Fixing the cameras above the tripods with water
balance.

2. Making sure there is no deflection on the level
of imaging.

3. Determining the dimensions of imaging place in
light of the results of exploratory study.

4. Check the degree of lighting in the place.
The distance between the side camera and the
middle section is 5.70 meter, and the height of
side camera from the ground is 1.15 meter. The
distance between the center of shot put circle
and the forward camera is 25 meter, and the
height of forward camera from the ground is
1.15 meter.

Assistants

1. Two referees to measure the legal distance of
long jump for each player.

2. One assistant to operate the camera.

3. One assistant to write down the player’s name,
his legal distance, and the number of his trial.

4. One assistant to call for the player and his
number of trial.

Imaging Procedures

All the trials of male and female competitors, in the
republic championship and national team qualification,
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were recorded. It was accounted only the best trial for both  Statistical processing
male and female competitors.

The researcher has used the statistical processing to
Analysis Procedures achieve the research’s objectives, by using the statistical
program (SPss):

The researcher has performed the following procedures:

. . . . . 1. Arithmetic Mean 6.

1. Entering the digital video images into the Skewness

computer, especially the best trial that the player 2 Standard Deviation 7

recorded. | Kurtosis .
2. P@sentmg the video tape that shows_ the player’s 3. Median 8

trials to analyze them according to the Coefficient of Variance

registration form. 4 Mode 9. Test
3. Analyzing the best players’ trials by using the ' of simple correlation '

motor analysis program (Video Point) in order 5. Range 10.

to calculate the values of chosen kinematic
variables.
Presentation & Discussion of Results

Regression coefficient (Stepwise)

First: Presentation of Results

Table (1)
Statistical description of male shot put competitors under the age of 18, in the measurements of age, length, weight, and
kinematic indicators under research, as well as shot put distance (N=31)

Statistical
Significance,

Differenti
-ation
Mean

Standard

Deviation

Median
Mode
Range

Skewness

Standard

error of

Skewness

Kurtosis
Standard
error of
Kurtosis

Measurements

Age Year 15.53 1.60 16.00  17.00  5.00 -0.16 -1.18
Primary
Measure- Length l Meter ‘ 1.75 ‘ 0.10 ‘ 1.77 ‘ 1.60 ‘ 0.32 ‘ 0.01 | -1.19
ments
Weight Kg 79.60 15.22 7600  73.00  51.00 0.58 -0.64
Acceleration
‘ Distance l cm ‘ 1.32 ‘ 0.19 ‘ 1.27 ‘ 1.62 ‘ 0.74 ‘ 0.56 | -0.52
Pt il S 0.24 0.06 0.23 020 024 0.56 -0.02
Time
o o ‘ Acceleration ‘ m/s ‘ 5.82 ‘ 1.32 ‘ 5.70 ‘ 7.06 ‘ 5.13 ‘ 0.11 | -0.45
g e 0.42 0.82
= eight o Meter 1.95 0.10 1.94 187 043 0.49 0.12
2.2 release point
v <
¥ = ‘ Angle of ‘ Degree ‘ 35.65 ‘ 8.04 ‘ 35.00 ‘39.00‘ 38.00 ‘ 0.22 | 0.68
release
(g Degree 31.06 6.21 3100 3200  30.00 0.54 1.02
launching
l Velocity of l mis ‘ 9.07 ‘ 1.67 ‘ 9.22 ‘ 5.46 ‘ 6.36 ‘ -0.40 | -0.26
release
Shot put distance Meter 12.53 3.42 12.12 12.90 14.42 0.62 0.86

From table (1), it is clarified that all the values of values, which are considered one of the conditions for
Skewness and Kurtosis are less than the square of standard  performing correlation and regression.
error. These results indicate to the normality of variables’
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Table (2)
Statistical description of female shot put competitors under the age of 18, in the measurements of age, length, weight, and
kinematic indicators under research, as well as shot put distance (N=21)

Statistical
Significances = ©c c @ T @ @ Tw 0
55 5 5% 5 3 & g s2f¢ 3 503
g5 s 5% 2 s g 8 S28 S §825
£ 58 = = 3 853 ¢ Fs<
Measurements
Age Year 14.95 1.66 1400  17.00  4.00 0.23 -1.70
Primary
Measure- ‘ Length l Meter ‘ 1.65 ‘ 0.06 | 1.66 | 1.65 | 0.21 ‘ -0.16 |
ments
Weight Kg 7152 12.82 7400 7400  53.00 0.71
‘ Acceleration ‘ cm ‘ 134 ‘ 0.8 ‘ 139 ‘ 1.39 ‘ 0.66 ‘ -0.36 |
Distance
AEEBFITER S 0.29 0.07 0.26 033 026 0.84
Time
o o ‘ Acceleration ‘ m/s ‘ 4.69 ‘ 0.78 ‘ 4.65 ‘ 3.41 ‘ 2.72 ‘ 0.17 |
S
T 8 i
EF Height of Meter 1.83 0.07 182 189 026 013
2.2 release point
T C
<= ‘ Angle of l Degree ‘ 35.19 ‘ 5.19 ‘ 36.00 ‘ 37.00 ‘ 20.00 ‘ -0.32 |
release
gl Degree 30.14 5.87 3000 3400 2500 0.37
launching
Velocity of
‘ olonse ‘ m/s ‘ 8.67 ‘ 1.22 ‘ 8.63 ‘ 10.18 ‘ 4.16 ‘ -0.29 |
Shot put distance Meter 10.63 2.77 9.50 6.55 9.70 0.41

From table (2), it is clarified that all the values of  values, which are considered one of the conditions for
Skewness and Kurtosis are less than the square of standard  performing correlation and regression.
error. These results indicate to the normality of variables’
Table (3)
Matrix of correlation coefficients between the values of kinematic indicators under research and shot put distance for
male shot put competitors under the age of 18 (N=31)

g 8 Be Accelerati Sg . S g 52 28 58
Correlation Matrix $58 S e ceeleration 553 = 8 =5 83 58
8§72 8 g28 | Bs gt S8 5 g
< O < ° T < <3 > =]
Acceleration R 1 *0.395 0.121 0.266 -0.117 -0.49 **0.562 **0.456
Distance Sig. 0.028 0.517 0.148 0.531 0.792 0.001 0.010
Acceleration R 1 **.0,831 -0.191 -0.202 -0.059 0.148 0.068
Time Sig. 0.000 0.304 0.275 0.751 0.428 0.717
Acceleration R 1 0.342 0.233 0.056 0.089 0.124
Sig. 0.060 0.207 0.763 0.634 0.508
Height of R 1 0.340 0.278 *%0.539 *%0.580
release point Sig. 0.061 0.130 0.002 0.001
Angle of R 1 **0.470 -0.015 0.023
release Sig. 0.008 0.937 0.0902
Angle of R 1 0.330 0.211
launching Sig. 0.070 0.254
Velocity of R 1 **0.874
release Sig. 0.000
R 1
Highest Trial -
Sig.
* Significant r at 0.05 level = 0.0355 **Significant r at 0.01 level = 0.456
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From table (3), it is clarified that there are correlations  values of correlation coefficient are **0.456, **0.580 and
between shot put distance and the variables of acceleration ~ **0.874, respectively.
distance, height of release and velocity of release. The
Table (4)
Matrix of correlation coefficients between the values of kinematic indicators under research and shot put distance for
female shot put competitors under the age of 18 (N=21)

S o s S « E - - o s =
o g8 S 5 Z8 | 53| 3£ EY: 28
Correlation Matrix Ko o E o) > g ] S 2 g B8
82 g g 2§ 2E 23 S o
g g g E < >
Acceleration R 1 *0.615 0.044 0.223 0.237 0.044 0.224 0.113
Distance Sig. 0.003 0.851 0.332 0.300 0. 851 0.328 0.627
Acceleration R 1 **.(.743 -0.117 0.003 -0.175 -0.353 -0.331
Time Sig. 0.000 0.613 0.991 0.447 0.116 0.143
Acceleration R 1 0.374 0.115 0.200 **0,687 *0,543
Sig. 0.095 0.621 0.384 0.001 0.011
Height of R 1 -0.099 0.278 *0.466 *0.450
release point Sig. 0.670 0.223 0.033 0.041
Angle of R 1 *0,516 0.285 *0.437
release Sig. 0.017 0.210 0.048
Angle of R 1 *0.545 *0.535
launching Sig. 0.011 0.013
Velocity of R 1 **0.823
release Sig. 0.000
) i R 1
Highest Trial -
Sig.
* Significant r at 0.05 level = 0.0355 **Significant r at 0.01 level = 0.456

From table (4), it is clarified that there are correlations  launching and velocity of release. The values of
between shot put distance and the wvariables of correlation coefficients are **0.832, *0.535, *0.437,
acceleration, height of release, angle of release, angle of  *0.450, **0.580, respectively.

Table (5)

This table lists multiple correlation, squared multiple correlation (percentage of total effect) and corrected correlation
coefficient. As well as, it includes percentage of effect, partial regression coefficient, (T) value and (F) value, which is fit
for the regression formula that related to the effect of kinematic indicators under research on the shot put distance for
male shot put competitors under the age of 18. (N=31)

Significances of Correlation Total Corrected
prediction coefficient Effect corre!a’glon Partial
coefficient Percentage of reqression T F
effect cogfficient Value Value
®) R (Adjusted R

Variables square)
Velocity of release 0.874 0.764 0.755 76.4% 1.788 **9.676 **93.632
Value of Secant -3.704
**Significant T wvalue at 0.01 level = 275 *Significant T wvalue at 0.05 level = 2.04

**Significant F value at 0.01 level =7.60  *Significant F value at 0.05 level = 4.18

From table (5), it is clarified that velocity of release is the ~ From the listed results in the previous table, predictive
most effective variable on the shot put distance. This  formula of shot put distance could be formulated as the
variable contributes 76.4 percent in shot put distance, and  following:

it is considered to be a great percentage.

Predictive formula:
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Shot put distance = [-3.704 + (1.788 * velocity of release)]

Table (6)

This table lists multiple correlation, squared multiple correlation (percentage of total effect) and corrected correlation
coefficient. As well as, it includes percentage of effect, partial regression coefficient, (T) value and (F) value, which is fit
for the regression formula that related to the effect of kinematic indicators under research on the shot put distance for
female shot put competitors under the age of 18. (N=21)

Corrected
Significances of Correlation Total correlation Partial
prediction coefficient Effect coefficient Percentage of reqression T F
effect co?efficient Value Value
Variables (R) (R?) (Adjusted R
square)
Velocity of release 0.823 0.678 0.661 67.8% 1.869 **6.323 **39.976
Value of Secant -5.577
**Significant T wvalue at 0.01 level = 285 *Significant T wvalue at 0.05 level = 2.09

**Significant F value at 0.01 level = 8.81

From table (6), it is clarified that velocity of release is the
most effective variable on the shot put distance. This
variable contributes 67.8 percent in shot put distance, and
it is considered to be a great percentage.

From the listed results in the previous table, predictive
formula of shot put distance could be formulated as the
following:

Predictive formula:

Shot put distance =
release)]

[-5.577 + (1.869 * velocity of

Secondly: Discussion of Results

From table (1) and (2), it is clarified that all the values of
Skewness and Kurtosis are less than the square of standard
error. These results indicate to the normality of variable
values of Skewness and Kurtosis, which are considered
one of the conditions for performing correlation and
regression. (9)

As well as, from table (3), it is clarified that there are
correlations between shot put distance and the variables of
acceleration distance, height of release and velocity of
release. The values of correlation coefficient are **0.456,
**0.580 and **0.874, respectively.

Additionally, many of studies have referred to the
importance of the previous variables and their relation
with shot put distance. Acceleration distance helps the
player to acquire an amount of power, which is exploited
during the release process, as well as the height of release
help the player effectively to achieve a great travel
distance in case of executing with an appropriate angle of
release. (27) (30) (18) (25)

*Significant F value at 0.05 level = 4.38

The scientific studies refers to that the mass of shot put
player needs a certain distance in order to move and
acquire the required velocity. This distance must be
suitable for the player to be able to achieve the required
acceleration and velocity in order to accomplish the
optimal performance. This principle clarifies the relation
between the acceleration distance and achievement
distance. (3)

The velocity of release has the greatest effect on the shot
put distance. The higher velocity of release, the higher
achieved horizontal distance is. The results of world
champions refers to that their velocities of release range
between 12.5 and 14.5 m/s with a resultant distance ranges
between 19 and 23 meter. (26) (21) (16)

From table (4), it is clarified that there are correlations
between shot put distance and the variables of
acceleration, height of release, angle of release, angle of
launching and velocity of release. The values of
correlation coefficients are **0.832, *0.535, *0.437,
*0.450, **0.580, respectively.

In order to achieve the mechanical goal and reach for a
horizontal distance as far as possible, it is necessary for
the player to put the shot with maximum velocity,
appropriate angle of launching, and balanced components
of force. Velocity of release is an effective part in the
mechanical characteristics to determine the horizontal shot
put distance. Acceleration is considered one of the most
important indicators that related to the power and ability,
which help the player to achieve higher velocity of release
and thus higher horizontal distance.

(3) (17) (19)

From table (5) and (6), it is clarified that velocity of
release is the most effective variable for the shot put
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distance of the male and female competitors. This variable
contributes 76.4 and 67.8 percent for male and female
competitors respectively in shot put distance, and it is
considered to be a great percentage.

Conclusions

In light of the research’s results, the researcher has
concluded that:

There is statistically significant correlation between the
achieved shot put distance and the variables of
acceleration distance, height of release point and velocity
of release for the male competitors under the age of 18.

There is statistically significant correlation between the
achieved shot put distance and the variables of
acceleration, height of release, angle of release, angle of
launching and velocity of release for the female
competitors under the age of 18.

Velocity of release is the most effective variable on the
shot put distance.

Recommendation

In light of the research’s results, the researcher

recommends that:

Using the results of this research in the processes of
training and education for the male and female shot put
competitors.

The necessity of biomechanical aspects in the training
processes, which have a great effect on the performance.

Performing more scientific studies on different ages of the
male and female shot put players.
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