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A Predictive Statistical Model in the Light of some Biomechanical
Indicators for Shot Put Players

‘Dr/ Ahmed Mohamed Reda Abdel Samad Darraj
Abstract of the research:

The research aims to arrive at a predictive statistical model in the light of some
biomechanical indicators of the shot put players. This is achieved through: identifying
the correlation between some of the biomechanical indicators of the shot put players,
identifying the proportions of the contribution of the biomechanical indicators in the
digital level of the shot put players, arriving at predictive equations based on some
biomechanical indicators in the shot put, the researcher used the descriptive approach
and the sample of the research was better (4) players in the shot put in terms of the
digital level. Filming was done at the Faculty of Physical Education, Kafr EI-Sheikh
University, on 10/28/2019, with (12) attempts, and the performance of the players was
photographed and analyzed to extract the biomechanical variables and measure the
digital level, and through transactions. The following statistical results were obtained:
The presence of indicators for the moment of the beginning of the thrust phase: the
resultant force, acceleration, velocity of the center of gravity of the body, the result of
the wheel, the momentum of the center of gravity of the right leg thigh, the resultant
velocity of the center of gravity of the humerus of the thrusting arm, the amount of
movement of the center of gravity of the forearm of the thrust arm Momentum of
movement for the humeral center of gravity of the thrusting arm, indicators that
contributed to the mid-phase moment of the thrust: Momentum of movement of the
center of gravity of the trunk, the resultant force, the amount of movement of the
center of gravity of the right leg thigh, the result of the acceleration of the center of
gravity of the humerus The thrust arm, the resultant force of the center of gravity of
the body, the resultant velocity of the center of gravity of the forearm of the thrust
arm, indicators that contributed to the moment of disposal in the thrust of the shot: the
amount of movement, the net acceleration of the center of gravity of the trunk, the net
acceleration of the center of gravity of the thrust arm humerus, the result of the wheel
for the center of gravity of the right leg leg, The resultant velocity, the net force of the
center of gravity of the body, the net force of the center of gravity of the right thigh.
Keywords: statistical model, biomechanical indicators

The introduction:

The study and analysis of sports
skills and the identification of the ideal
technique for the player helps him to
achieve the optimal use of sports
movements during the performance

technique, and thus the competition
today is not only between athletes but
also between scientists and researchers
in every country in the world, where
there will be no list of sports without
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the use of scientific methods Modern.
(14:10,11)

The knowledge of those in
charge of the process of training and
teaching sports skills with the rules of
kinetic analysis that depend on the
basic  principles of  kinesiology,
anatomy, biomechanics and other
sciences related to movement, and
technical information about any skill,
which means understanding how to
perform in the light of a set of
information that helps determine the
required  Kkinetic  procedures. To
achieve this performance with the
highest possible efficiency and with
the least effort. (11: 197)

Oleg Kolodai (1986) and
Suleiman Hassan and others (1984)
indicate that the shot put competition is
one of the important field
competitions. , physical and kinetic, it
is affected by the shape of the
competition, and the general shape of
the athlete to increase the effectiveness
of performance(6:189) «(1:24) .

"Klodecka-Raxalska™ (1989)
states that it is necessary to use the
desired behavior of the shot put contest
performance art, and to improve the
digital level to reduce the performance
deviation through the necessary muscle
work in the right timing in the
appropriate sequence to the extent
necessary for performance to achieve
the maximum possible effort and
improve the digital level . (17:336)

And Hana Hassan (1990 AD)
adds that it is known that the level of
performance of the shot put
competition globally has reached an
amazing quantitative and qualitative
level, and a high degree of proficiency
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and effectiveness in achieving motor
duties, which is due to the use of
scientific methods in education and
training. (15:102)

The shot put competition is one
of the important competitions that have
been affected by the development of
sports movement science technology,
and the analysis of the performance of
champions to identify the ideal
technical performance methods to
advance the education and training
program.  Since the level of
performance of the shot put globally
has reached an amazing quantitative
and qualitative level, and a high degree
of proficiency in achieving motor
duties, which may be due to the use of
advanced scientific  methods in
education and training, but we are still
doing our best to reach the highest
levels, By preserving the achievements
of high-level players and spawning
new elements by adopting modern
techniques in selection, education and
training, such as the biomechanical
analysis of champions to benefit from
it in developing a predictive
biomechanical-statistical model based
on the biomechanical indicators of the
shot put players and the correlation
between these indicators and the digital
level.

Through some studies carried
out in this direction, such as the study
of Menzel (1995) (18), and its topic
"The ideal mechanical model of javelin
throwing movements during the
transmission and disposal stages”, the
study of "Vodickova" (2003 AD) (19)
and its topic "Study of the center of
gravity of the body For the shot put

players, the study of "Gideon Ariel"
(2004 AD) (16) and its topic
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"Biomechanical analysis of the shot
put competition at the Olympic Games
in Athens 2004 AD", the study of
Tarig Jamal Alaa Al-Din (2005 AD)
(8) and its topic is "a biomechanical
statistical model of the shot put in
Athletic performance”, the study of
Ayman Mahrous Sayed, Mohamed
Dakrouri (2008 AD) (2), and its topic
is “The Kinematic Characteristics of
the Disposal Stage in Some Throwing
Comepetitions (Pell, Disc, Spear) as a
determinant for improving the digital
level”.

Through the reference survey,
none of the previous studies or
scientific references dealt with the
study of predictive equations in light of
some biomechanical variables in the
shot put, which called the researcher to
conduct: “a predictive statistical model
in the light of some biomechanical
indicators of the shot put players”.
Research goal:

Reaching a predictive statistical
model in the light of some
biomechanical indicators for shot put
players. This is achieved through:

1-  To identify the correlation
between some biomechanical
indicators of shot put players.

2-  ldentifying the proportions of
the contribution of biomechanical
indicators in the digital level of the
shot put players.

3-  Reaching predictive equations
based on some  Dbiomechanical
indicators in the shot put.

Research hypotheses:

1-  There is a correlation between
some biomechanical variables and the
digital level of the shot put players.

2-  There are contribution ratios of
biomechanical indicators in the digital
level of shot put players.

3-  Predictive equations can be
reached based on some biomechanical
indicators of the shot put players.
Search procedures

Research Methodology:

The researcher used the
descriptive method due to its relevance
to the nature of the research.

The research sample:

-The research sample was chosen by
the intentional method, and they
numbered (7) players, (3) players for
the pilot experiment, (4) players for the
basic experiment, and they are the best
players in the shot put in terms of the
digital level. Filming was done at the
Faculty of Physical Education, Kafr El-
Sheikh University, on 28 /10/2019 AD,
and the best number of (3) attempts
was selected for each contestant, and
thus the research sample became (12)
attempts.

Table (1)
Statistical significance of the research sample in chronological age, height, weight
and training age. n=4

S varaiables measure SMA | mediator star_lda}rd flatness | skewness
unit deviation

1| age year/month | 18.9800 | 19.0000 | 0.2140 | 1.8840 | 0.6420

2| height cm 175.6400 | 176.0000 | 6.4220 | -1.0870 | 0.0280

3| weight Newtn 73.7200 | 73.0000 6.0520 | -1.2710 | 0.3370

4| training age | year/month | 7.3200 7.0000 1.9730 | -0.6130 | 0.1150

Standard error of skew modulus = 0.637
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The limit of the skew coefficient
at the level of significance is 0.05 =
1.249

Table (1) shows the arithmetic
mean, median, standard deviation, and
skew coefficient of the research sample
members in the variables of growth
indices rates. It is clear that the skew

coefficient values ranged between (+3)
and it is less than the skew coefficient
limit, which indicates the moderation
of the data and the similarity of the
data under the moderation curve this
gives a direct indication that the data
are free from defects in non-
equilibrium distributions.

Table (2)
Statistical significance of the research sample individuals in the numerical level
variable to show the moderation of the data n=12

S varaiables measure SMA | mediator star_lda}rd flatness | skewness
unit deviation

1 | digit! level -0.0599

Standard error of skew modulus = 0.637

The limit of the skew coefficient at the level of significance is 0.05 = 1.249

Table (2) shows the arithmetic
mean, median, standard deviation, and
skew coefficient of the research sample
in the numerical level variable. It is
clear that the skew coefficient values
ranged between (£3) and it is also less
than the skew coefficient limit, which
indicates the moderation of the data
and the similarity of the data under the
moderation curve, which It gives a
direct indication that the data are free
from defects in non-equilibrium
distributions.

Data collection tools and devices:

Tools and equipment for
imaging and kinematic analysis, tools
and equipment for shot put and some
anthropometric measurements were
used.

Survey study:

The exploratory study was
conducted on three players from
outside the research sample and was
photographed at the Faculty of
Physical Education, Kafr EI-Sheikh
University, on October 27, 2019 AD,
with the aim of adjusting and
determining the variables of the
shooting process, the dimensions of the
imaging camera from performance,
and locating the calibration model.
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Basic study:

The players were photographed
for the purpose of kinetic analysis at
the Faculty of Physical Education, Kafr
El-Sheikh University, on October 28,
2019 AD. The part to be analyzed was
determined on the Kkinetic analysis
device using the (Dmas 7) program.
Then choose three moments (the
moment of the beginning of payment,
the moment of mid-payment, the
moment of disposal), then conduct the
analysis and study process, and then
extract the results for conducting
statistical operations.

Videography procedures for the
purpose of kinetic analysis:

-According to the results of the
survey, one (1) high-speed camera was
installed on a tripod, on the right side
of the players (the direction of the push
arm), and away from the middle of the
shot put circle (the field of study) by a
distance of (6.30) meters, and the
middle of the camera lens is higher
than the middle of the camera lens The
ground (1.25 meters) was placed
perpendicular to the middle of the
thrust circle.

Connecting the camera with the
kinematic analysis device (Dmas 7) to
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record the video (live) directly on the
kinematic analysis device, where the
camera frequency speed was set to 120
frames/sec.

-The calibrator was photographed in
the middle of the thrust circle, and then
removed.

-Photographing and recording the
attempts of all the players in the shot
put, in accordance with the
International Law of Athletics.

-Choosing the best number of (3)
attempts for each contestant in terms of
numerical level, to be subjected to
biomechanical analysis procedures
using the (Dmas 7) program, then
conducting the analysis process and
extracting the results.

Presentation and discussion of the
results:

Table (3)
The matrix of the interrelationship between the biomechanical variables and the
digital level at the moment of the beginning of the push in the shot put n=12

The tabular value of t at the level of significance 0.05 = 0.579 D at 0.05*
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statistical correlation at the level of
significance of 0.05 in the number of
(8) wvariables that ranged between
(0.981 to 0.701), while there is no
significant correlation Statistical in
(20) variables.

Table (3) shows the correlation
coefficients between the digital level
and some biomechanical variables at
the moment of the beginning of the
push in the shot put among the
members of the research sample. It is
clear that there is a significant

Table (4)
Regression analysis of biomechanical variables at the digital level from the
moment of the beginning of the push in the shot put

Contribution

percentages fixed standard

R2 regression coefficients amount error q value Contributing Indicators
Adjusted
84.034 0.0013 49.0779 2.6195 557.9016 The net force of the body’s center of gravity
The resultant force of the center of gravity of the body + the
92.215 0.0097 0.0012 246.5402 61.4825 402.3909 resultant of the acceleration of the center of gravity of the
right thigh
The net force of the center of gravity of the body + the resultant of the
95.039 0.0651 0.0129 0.0039 277.8795 52.5529 384.2368 acceleration of the center of gravity of the right thigh + the resultant
velocity of the center of gravity of the body
The resultant force of the center of gravity of the body + the resultant
97.422 0.0063 0.0613 0.0124 0.0037 251.9838 48.3464 359.5285 of the acceleration of the center of gravity of the right leg thigh + the
resultant velocity of the center of gravity of the body + the resultant
velocity of the center of gravity of the humerus of the thrust arm
The resultant force of the center of gravity of the body + the resultant of
98.523 0.1059 0.0094 0.0716 0.0163 0.0040 312.6211 41,6650 467.3050 the acceleration of the center of gravity of the right leg thigh + the
resultant velocity of the center of gravity of the body + the resultant
velocity of the center of gravity of the thrust arm humerus + momentum of
the center of gravity of the forearm of the thrust arm
——
The resultant force of the center of gravity of the body + the resultant of
the acceleration of the center of gravity of the right leg thigh + the
99.304 0.0333 0.1507 0.0114 0.0982 0.0174 0.0050 311.4124 37.6064 478.9595 resultant velocity of the center of gravity of the body + the resultant

velocity of the center of gravity of the thrust arm humerus + momentum of
the center of gravity of the thrust arm humerus + momentum of the center
of gravity of the thrust arm humerus

The resultant force of the center of gravity of the body + the resultant of
the acceleration of the center of gravity of the right leg thigh + the
resultant velocity of the center of gravity of the body + the resultant
velocity of the center of gravity of the thrust arm humer + momentum of
the center of gravity of the forearm of the thrust arm + the momentum of
the center of gravity of the center of gravity of the thrust arm + the
resultant of the acceleration of the center of gravity of the body

99.690 0.0009 0.0469 0.1334 0.0111 0.1023 0.0155 0.0051 281.2876 35.0750 536.6936

The resultant force of the center of gravity of the body + the resultant
of the acceleration of the center of gravity of the right leg thigh + the

resultant velocity of the center of gravity of the body + the resultant

99.856 0.0020 0.0303 0.0347 0.0096 0.1212 0.0069 0.0060 121.8753 38.8354 1177.3698

velocity of the center of gravity of the thrust arm humer + momentum
of the center of gravity of the thrust arm humerus + momentum of the
center of gravity of the center of gravity of the thrust arm + the
resultant of the acceleration of the center of gravity of the body +
guantity Movement of the center of gravity of the right thigh

After the availability of the
theoretical conditions for conducting
the regression coefficient in terms of
the logic of the signs and the value of
the regression coefficients, where the
constant part achieved a positive value
greater than zero, in addition to the fact
that the regression coefficient has a
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positive value and ranges between
(zero and the right one.)

Table (4) shows the results of
the analysis of the multiple regression
variance of the eight models, and it is
clear that there is a significant
statistical effect of the independent
variables. The table also shows the
coefficients of the multiple regression
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equation, which are represented in the
value of the B coefficient and the value
of (g) and its significance, as well as
the value of the fixed amount. The
multiple regression equations can be
formulated as Predicting the degree of
the dependent variable given the
degrees of the independent variables as
follows:
y = dependent variable A = constant
B = regression coefficient X =
independent variable
Y=a+B1lx1+ B 2x2+ B 3x3+ B 4x4+ B
5x5+ B 6x6+ B 7x7+ B 8x8
Numerical level = 121.8753 + (0.0060
X net force of center of gravity of the
body) + ( 0.0069 x net of acceleration
of center of gravity of the right leg
thigh) + (0.1212 x net force of center
of gravity of body) + (0.0096 x net of
velocity of center of gravity of thrust
arm humerus) +) 0.0347 x momentum
of the center of gravity of the thrust
arm humerus) + (0.0303 x momentum
of the center of gravity of the thrust
arm humerus) + (0.0020 x the sum of
the acceleration of the center of gravity
of the body) + (0.1622 x the
momentum of the center of gravity of
the right leg thigh)
Table (4) shows a summary of the
multiple regression models in a
stepwise manner. The table shows the
square of the multiple correlation
coefficient or the determination
coefficient Adjusted R2 in eight cases
of biomechanical variables on the
digital level at the moment of the
beginning of the push in the shot put.

It also appears from Table
(4) a summary of the multiple
regression models in a stepwise
manner. The table displays the square
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of the multiple correlation coefficient
or coefficient of determination in six
cases. It is clear that the first case has
determined the resultant force variable
for the center of gravity of the body at
a rate of (84.034%), while the second
step has achieved the outcome
variables. The force of the center of
gravity of the body and the resultant
acceleration of the center of gravity of
the right leg thigh combined, an
explanation ratio of (92.215%) of the
total variance, thus achieving the
resultant acceleration of the center of
gravity of the right leg thigh a
contribution rate of (8.181%), as the
case or the third step of the variables of
the resultant force of the center of
gravity of the body shows. The
resultant acceleration of the center of
gravity of the right leg thigh and the
resultant velocity of the center of the
body and combined an interpretation
ratio of (95.039%) of the total
variance, and thus the total velocity of
the center of gravity of the body
achieved a contribution of (2.824) as
illustrates the case or the fourth step of
the variables of the net force of the
center of gravity and the result of the
wheel For the center of gravity of the
right leg thigh and the resultant
velocity of the center of gravity of the
body and the resultant velocity of the
center of gravity of the humerus of the
thrust arm combined an interpretation
ratio of (97.422%) of the total
variance, thus achieving the net
velocity of the center of gravity of the
humerus of the tambourine arm A
contribution of (2.383%), as illustrates
the case or the fifth step of the
variables of the net force of the center
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of gravity of the body and the resultant
acceleration of the center of gravity of
the thigh of the right leg and the
resultant velocity of the center of
gravity of the body and the resultant
velocity of the center of gravity of the
humeral thrust arm and the amount of
movement of the center of gravity of
the forearm of the thrust arm combined
an interpretation ratio of (98.523%) of
the total variance, and thus the amount
of movement of the center of gravity of
the forearm of the thrust arm achieved
a contribution of (1.101%), as the case
or the sixth step shows for the
variables of the net force of the center
of the body and the resultant
acceleration of the center of gravity of
the right leg thigh and the resultant
velocity of the center of gravity of the
body and the resultant velocity of the
center of the body The thrust arm
humeral weight and the momentum of
the thrust arm humeral center of
gravity and the motion of the thrust
arm humeral center of gravity
combined have an interpretation ratio
of (99.304%), from the total variance,
thus achieving the motion of the thrust
arm humeral center of gravity a
contribution of (0.781%), as illustrated
by the case or The seventh step of the
variables of the net force of the center
of gravity of the body and the resultant
acceleration of the center of gravity of
the right leg thigh and the resultant
velocity of the center of gravity of the
body and the resultant velocity center
of gravity of the humeral thrust arm
and the amount of motion of the center
of gravity of the forearm of the
thrusting arm and the amount of
movement of the center of gravity of
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the humerus The thrust arm and the
resultant acceleration of the center of
the body combined combined an
interpretation ratio of (99.690%) of the
total variance, thus achieving the
resultant acceleration of the center of
gravity of the body a contribution of
(0.386%), as the case or the eighth step
of the variables shows the net force of
the center of gravity of the body and
the resultant wheel of the center of
gravity of the right leg thigh The sum
of the velocity of the center of gravity
of the body and the sum of the velocity
of the center of gravity of the humerus
of the thrusting arm and the amount of
motion of the center of gravity of the
forearm of the thrusting arm and the
amount of movement of the center of
gravity of the humerus of the thrusting
arm and the sum of the acceleration of
the center of gravity of the body and
the amount of movement of the center
of gravity of the thigh of the right leg
combined an interpretation ratio of
(99.856%) of the total variance and
thus The amount of movement of the
center of gravity of the right leg thigh
achieved a contribution of (0.166%),
and this may be due to the fact that the
center of gravity of the player’s body
at the beginning of the push stage (the
moment of the beginning of the push in
the push) is located above the right leg,
which bears the greatest burden in
pushing the ground quickly, which
leads to Increasing the acceleration,
which in turn leads to an increase in
the force, as the acceleration is the rate
of change of velocity with respect to
time (), and the force is the product of
the mass multiplied by the acceleration
() (7: 228, 156), (9: 27, 26), (13: 93,
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157, 189), and the effect of momentum
y The push sponsor, this may be
because the player in order to achieve
the goal of movement requires the use
of motor transfer from the limbs to the
body and from the leg to the pelvis and
then the trunk to the push arm, as the
amount of movement is the product of
mass multiplied by speed (), and motor
transfer means the participation of non-
essential muscle groups Basic muscle
groups during performance, and both
Sawsan Abdel Moneim and others

(1991), Bastawissi Ahmed (1997),
Muhammad Bariqa’ and Khayriyah Al-
Sukari  (2002) pointed out the
importance of motor transport from all
body connections from the trunk to the
limbs and from the limb to the body,
where the use of different parts of the
body by moving Rapid synchronous
locomotion from the legs to the
buttocks to the torso and to the
thrusting arm during this phase
(7:228,156), (3:493), (13:189)

Table (5)
Interrelationship matrix between biomechanical variables and the digital level

for the mid-Eush moment in the shot Eut n=12

The tabular value of tat the level of S|gn|f|cance 0 05=0. 579

Table (5) shows the correlation
coefficients between the digital level
and some biomechanical variables at
the moment of the mid-push in the shot
put among the research sample
members. It is clear that there is a
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statistically significant correlation at
the level of significance of 0.05 in the
number of (6) variables that ranged
between (0.976 to 0.718) while there is
no correlation Statistical function in
(22) variables.
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Table (6)

Regression analysis of biomechanical variables at the numerical level for the
mid-push moment in the shot put.

Contribution

q value

446.9731

Contributing
Indicators

Momentum of the trunk
center of gravity

264.9538

Momentum of
movement of the
center of gravity of
the torso + the net
force of the center of
gravity of the right
thigh

217.3991

Momentum of the
torso center of
gravity + net
force of the
center of gravity
of the right leg +
net acceleration
of the center of
gravity of the
humerus of the
thrust arm

329.0987

Momentum  of
movement for the
center of gravity
of the torso + net
force of the
center of gravity
of the right leg
thigh +  the
resultant of the
acceleration  of
the center of
gravity of the
humerus of the
thrusting arm +
momentum of the
center of gravity
of the right thigh

445.1390

Momentum of
movement for
the center of
gravity of the
torso  + net
force of the
center of
gravity of the
right leg thigh
+ net force of
the center of
gravity of the
humerus of the
thrusting arm +
momentum  of
the center of
gravity of the
right thigh +
net force of the
center of
gravity of the
body

percentages . - fixed | standard
R2 regression coefficients amount error
Adiusted
88.096 0.0629 | 4.8912 | 0.37471
93.825 0.0007 | 0.0588 | 3.5152 | 0.71445
96.578 0.0004 | 0.0009 | 0.0581 | 7.9894 | 1.99457
0.2235 | 5003 | 0:0008 | 0.0406 | 15.9051 | 2.24161
0.2132 | 0.0002 | 0.0003 | 0.0380 | 16.7319 | 1.99866
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Follow Table (6)
Regression analysis of biomechanical variables at the numerical level for the
mid-push moment in the shot put.

Contribution

percentages rearession coefficients fixed standard value Contributing
R2 9 amount error q Indicators

Ad'! usted

Momentum of
movement  of
the center of
gravity of the
torso  + net
force of the
center of
gravity of the
thigh of the
right leg + the
result of the
acceleration of
the center of
gravity of the
humerus of the
thrusting arm +
momentum  of
the center of
gravity of the
thigh of the
right leg + the
net force of the
center of
gravity of the
body + the net
of velocity of
the center of
gravity of the
forearm of the

99.918 0.0009 | 0.1843 | 0.2091 | 0.0001 | 0.0003 | 0.0337 | 21.8991 | 2.16885 | 526.8306

thrust arm
After the availability of the statistical effect of the
theoretical conditions for independent variables. The table
conducting the regression also shows the coefficients of the
coefficient in terms of the logical multiple  regression  equation,
signs and the value of the which are represented in the value
regression coefficients, where the of the B coefficient and the value
constant part achieved a positive of (F) and its significance, as well
value greater than zero, in as the value of the fixed amount.
addition to the fact that the Multiple regression equations can
regression  coefficient has a be formulated that help in
positive value and ranges between forecasting The degree of the
(zero and the right one.) dependent variable given the
Table (6) shows the results of the degrees of the independent
analysis of the multiple regression variables as follows:
variances of the six models, and it y = dependent variable
is clear that there is a significant A = constant amount
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B = regression coefficient

X = the independent variable
Y=a+Blxl+ B 2x2+ B 3x3+ B
4x4+ B 5x5+ B 6x6

Numerical level = 21.8991 +
(0.0337 x momentum of the center
of gravity of the torso) +) 0.0003
x sum of force of the center of
gravity of the right thigh +
(0.0001 x the sum of the
acceleration of the center of
gravity of the thrust arm humerus)
+ (0.2091 x the sum of motion of
the center of gravity of the right
thigh) + (0.1843 x the resultant
force of the center of gravity of
the body) + (0.0009 x the net
force of the center of gravity of
the thrust arm crank.)

Table (6) shows a summary of the
multiple regression models in a
stepwise manner. The table shows
the square of the multiple
correlation coefficients or the
determination coefficient
Adjusted R2 in eight cases of
biomechanical variables at the
digital level for the mid-push
moment in the shot put.

It also shows a summary of the
stepwise  multiple  regression
model, and the table displays the
square of the multiple correlation
coefficient or coefficient of
determination in six cases. It is
clear that the first case has
determined the momentum
variable for the center of gravity
of the trunk at a rate of
(88.096%), while the second step
has achieved the momentum
variables for the center of gravity
of the stem and the result The

—| Assiut Journal For Sport Science Arts

force of the center of gravity of
the right leg thigh combined, an
explanation ratio of (93.825%) of
the total variance, thus achieving
the net force of the center of
gravity of the right leg thigh a
contribution rate of (5.729%), as
the case or the third step shows
for the variables of momentum of
the center of gravity of the trunk
and the net force of the center of
gravity The right leg thigh and the
resultant acceleration of the center
of gravity of the humerus of the
thrusting arm combined, an
explanation ratio of (96.578%) of
the total variance, and thus the
result of the acceleration of the
center of gravity of the humerus
of the thrusting arm combined a
contribution of (2.753%), as
illustrates the case or the fourth
step of the movement variables of
the center of gravity of the trunk
and the result The force for the
center of gravity of the thigh of
the right leg, the resultant
acceleration of the center of
gravity of the humerus of the
thrusting arm, and the amount of
motion for the center of gravity of
the thigh of the right leg
combined, an interpretation ratio
of (98.278%), from the total
variance, thus achieving the
amount of motion for the center of
confidence The right leg thigh has
a contribution of (1,700%), as the
case or the fifth step shows for the
variables of the momentum of the
center of gravity of the trunk, the
net force of the center of gravity
of the right leg thigh, the resultant




267

acceleration of the center of
gravity of the humerus of the
pushing arm, the amount of
motion of the center of gravity of
the right leg thigh, and the total
force of the center of gravity of
the  body combined. An
explanation ratio of (99.303%) of
the total wvariance, and thus
achieved the net force of the
center of gravity of the body, a
contribution of (1.025%), as the
case or the sixth step shows for
the variables of the momentum of
the center of gravity of the trunk
and the net force of the center of
gravity of the right leg thigh + the
result of the wheel for the center
of gravity of the arm humerus The
thrust + the amount of movement
of the center of gravity of the right
leg thigh + the net force of the
center of gravity of the body + the
sum of the velocity of the center
of gravity of the forearm of the
thrusting arm combined, an
interpretation ratio of (99.918%),
from the total variance, thus
achieving the resultant velocity of
the center of gravity of the
forearm of the thrust arm a
contribution of (0.615%) This
may be due to the importance of
the horizontal displacement and
the angle during the thrust phase

Assiut Journal For Sport Science Arts

in the thrust of the shot, especially
the moment of the middle of the
thrust phase. Here, through the
contribution of momentum to the
center of gravity of the trunk, and
the links of the thrust arm, and the
connections of the right leg, and
therefore the force and speed of
the center of gravity of the body,
and this is confirmed by what
Muhammad Jaber Bariga and
Khairiya Al-Sukari (2002 AD),
that the force of the reaction of the
earth, the strong and fast thrust
through The foot to the ground up
and forward This step is to
maintain the generated
momentum () and transfer it to
the rest of the body where M =
momentum, m = mass, vV = speed,
(13: 196, 197)

Increasing the exertion of force
leads to an increase in velocity,
which means the rate of change in
displacement with respect to time,
and an increase in the velocity
variable leads in turn to an
increase in the acceleration (), and
when the acceleration increases, it
affects the increase in force,
which is equal to the product of
mass multiplied by  the
acceleration in which the body
moves (). (4:46) (7:228,156),
(10:27,26)
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Table (7)
The matrix of the interrelationship between the biomechanical variables and the
digital level at the moment of disposal in the shot put n=12

The center of gravity of the f Tumerus center of Push-arm crank center of
leg gravit i

trunk center of gravity Right foot center of gravity

i esron s e usten esin s o usten o o — e[ e

Hfe Er )

R A3 LA )

if

N3 R AR Y R T 1 I e

The tabular value of t at the Ievel of S|gn|f|cance 0. 05 0 579

Table (7) shows the correlation a statistically significant correlation at
coefficients between the numerical the level of significance 0.05 in the
level and some  biomechanical number of (7) variables that ranged
variables at the moment of disposal of between (0.981 to 0.736), while there
the shot put among the members of the is no statistically significant correlation
research sample. It is clear that there is In the number (21) variables.

Table (8)

Regression analysis of biomechanical variables at the digital level at the moment
of disposal in the shot put

R2 . - fixed standard Contributing
regression coefficients

g value

Adjusted Indicators

Momentum of the
trunk center of gravity

amount error
8.9947

726.1434

94.045 0.1200 | 33.3403 | 9.4060 B52.9183 | po iy
Momentum of
movement of the
center of gravity of
the trunk + the
resultant_ of the

96.68 0.0009 | 0.1062 | 46.6049 | 9.5456 562.5806 | celeration of the

center of gravity of
the thrust arm humer
+ the resultant of the
acceleration of the
center of gravity of
the right leg
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Follow Table (8)

Regression analysis of biomechanical variables at the digital level at the moment
of disposal in the shot put

R2
Adjusted

regression coefficients

fixed
amount

standard
error

g value

Contributing
Indicators

0.0012

0.0004

0.0008

0.0903

54.5856

8.0939

638.8657

Momentum of
motion for the
center of
gravity of the
trunk + the
resultant of the
acceleration of
the center of
gravity of the
thrust arm
humer + the
result of the
acceleration of
the center of
gravity of the
right leg + the
resultant of the
velocity of the
center of
gravity of the
body

0.0011

0.0004

0.0008

0.0805

57.6261

5.9326

967.7955

Momentum of
motion for the
center of gravity
of the trunk + the
resultant of the
acceleration of the
center of gravity
of the thrust arm
humer + the result
of the acceleration
of the center of
gravity of the
right leg leg + the
resultant of the
velocity of the
center of gravity
of the body + the
result  of the
acceleration of the
center of gravity
of the trunk

0.0009

0.0003

0.0008

0.0739

54.6587

5.2883

1060.2543

Momentum of
motion for the
center of gravity
of the trunk + the
resultant of the
acceleration of the
center of gravity
of the humerus of
the thrusting arm
+ the result of the
acceleration of the
center of gravity
of the right leg +
the resultant of the
velocity of the
center of gravity
of the body + the
resultant of the
acceleration of the
center of gravity
of the trunk + the
net force of the
center of gravity
of the right leg
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Follow Table (8)
Regression analysis of biomechanical variables at the digital level at the moment
of disposal in the shot put

R2

. regression coefficients
djusted Y

fixed
amount

standard
error

g value

Contributing
Indicators

99.691

0.0020 | 0.0030 | 0.0001 | 0.0005 | 0.0003

After the availability of the
theoretical conditions for conducting
the regression coefficient in terms of
the logical signs and the value of the
regression coefficients, where the
stator achieved a positive value greater
than zero, in addition to the fact that
the regression coefficient has a positive
value and ranges between (zero and the

right one.(
Table (8) shows a summary of
the stepwise multiple regression

models. The table shows the square of
the multiple correlation coefficients or
the determination coefficient Adjusted
R2 in seven cases of biomechanical

0.0007
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0.0711 | 50.9143

4.8066

1199.7199

Momentum of
motion for the

center of
gravity of the
trunk +

resultant of the
acceleration of
the center of
gravity of the
humerus of the
thrust arm + the
result of the
acceleration of
the center of
gravity of the
right leg + the
resultant of the
velocity of the
center of
gravity of the
body + the
result of the
acceleration of
the center of
gravity of the
trunk + the net
force of the
center of
gravity of the
thigh of the
right leg + the
net force of the
center of
gravity of the
body

variables at the digital level at the
moment of disposal in the shot put.

The table also shows the results of the
analysis of the multiple regression
variances of the seven models, and it is
clear that there is a significant
statistical effect of the independent
variables. The table also shows the
coefficients of the multiple regression
equation, which are represented in the
value of the B coefficient and the value
() and its significance, as well as the
value of the fixed amount. Multiple
regression equations can be formulated
that help predict the degree of The
dependent variable, given the degrees
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of the independent variables, is as
follows:

y = dependent variable

A = constant amount

B = regression coefficient

X = the independent variable
Y=a+Blx1l+ B 2x2+ B 3x3+ B 4x4+ B
5x5+ B 6x6+ B 7x7

Numerical level = 150.9143 + (0.0711
x momentum of the center of gravity of
the torso) + (0.0007 x the sum of the
acceleration of the center of gravity of
the thrust arm humerus) + (0.0003 x
the sum of the acceleration of the
center of gravity of the right leg of the
leg) + (0.0005 x the sum of the
acceleration of the center of gravity of
the body) +) 0.0001 x the resultant
acceleration of the center of gravity of
the trunk) + (0.0030 x the net force of
the center of gravity of the right leg +
(0.0020 x the net force of the center of
gravity of the body/(

Table (8) also shows a summary of
the stepwise multiple regression
model, and the table displays the
square of the multiple correlation
coefficient or coefficient of
determination in six cases. The center
of gravity of the trunk and the resultant
acceleration of the center of gravity of
the thrust arm humer combined have
an explanation ratio of (94.045%) of
the total variance, and thus the result of
the acceleration of the center of gravity
of the thrust arm humerus has a
contribution rate of (3.506%), as the
case or the third step of the movement
variables of the center of gravity of the
trunk shows. And the resultant
acceleration of the center of gravity of
the humerus of the thrusting arm + the
sum of the acceleration of the center of
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gravity of the right leg leg and
combined, an interpretation ratio of
(96.680%) of the total variance, and
thus the resultant acceleration of the
center of gravity of the right leg leg
achieved a contribution of (2.635), as
the case or the fourth step of the
motion variables shows. The center of
gravity of the trunk and the resultant
acceleration of the center of gravity of
the humerus of the thrusting arm and
the result of the acceleration of the
center of gravity of the right leg leg +
the resultant velocity of the center of
mass of the body combined an
interpretation ratio of (97.891%) of the
total variance, thus achieving the
resultant velocity of the center of
gravity of the palpation A contribution
of (1.121%), as illustrates the case or
the fifth step of the momentum
variables for the center of gravity of
the trunk, the resultant acceleration of
the center of gravity of the humerus of
the thrusting arm, the net acceleration
of the center of gravity of the right leg
leg, the resultant velocity of the center
of gravity of the body and the resultant
acceleration of the center of gravity of
the trunk combined, an interpretation
ratio of (98.912). %) of the total
variance, and thus achieved the
resultant acceleration of the center of
gravity of the trunk, a contribution of
(1.021%), as the case or the sixth step
of the variables of motion of the center
of gravity of the trunk and the resultant
acceleration of the center of gravity of
the humer of the pushing arm and the
result of the wheel of the center of
gravity of the right leg leg and the
resultant velocity of the center of
gravity of the body and the resultant




272

acceleration of the center of gravity of
the body The acceleration of the center
of gravity of the trunk and the net force
of the center of gravity of the right leg
thigh combined, an explanation ratio of
(99.593%) of the total variance, and
thus the net force of the center of
gravity of the right leg thigh achieved a
contribution of (0.681%), as illustrates
the case or the seventh step of the
variables of the amount of motion of
the center of gravity of the trunk and
the result The acceleration of the
humeral center of gravity of the thrust
arm and the resultant of the
acceleration of the center of gravity of
the right leg leg and the resultant
velocity of the center of gravity of the
body and the resultant of the
acceleration of the center of gravity of
the torso and the net force of the center
of gravity of the right leg thigh and the
net force of the center of confidence
The body combined has an explanation
ratio of (99.691%) of the total
variance, and thus achieved the net
force of the center of gravity of the
body, a contribution of (0.098%), and
this may be due to the fact that this
moment is the sum of all the previous
moments from the beginning of the
movement from the first stage to the
last moment in the Propulsion, and the

continuation  of  exerting effort,
especially the elements of force and
speed, in the same motor path in the
direction of the center of gravity of the
body during the moments of
performance, so most of the body’s
connections moved quickly, and
because the relationship is direct
between speed and acceleration, and as
a result of the improvement in the level
of speed obtained in most of the body
connections, the wheel of the center of
gravity of the humeral improved The
thrust arm, at the center of gravity of
the humerus of the thrust arm, at the
center of gravity of the humerus of the
thrust arm the trunk, and since the
force variable is the product of the
product of mass multiplied by the
acceleration, the force variable
contributed to the center of gravity of
the right leg thigh, the net force of the
center of gravity of the body, and the
momentum variable contributed the
product of mass In speed, therefore, the
variable of the amount of movement
contributed to the center of gravity of
the trunk, so the variables of the total
force of the thigh, torso and the body,
the amount of movement of the
forearm, thigh and trunk, and the
center of gravity of the body improved.

(5:46), (7:154-156, 291-295), (10:98), (12:176, 189, 203)
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Figure (1) The dynamics of the net force of the center of gravity of the body from
the beginning of the thrust phase to the disposal
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Figure (2) The dynamics of the wheel and force of the center of gravity of the right
leg from the beginning of the thrust phase to the disposal
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Figure (3) The dynamics of the resultant velocity and acceleration of the center of
gravity of the body from the beginning of the thrust phase until disposal
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Figure (4) The dynamics of the resultant velocity and acceleration of the center of
gravity of the thrust arm humerus from the beginning of the thrust phase to the
disposal
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Figure (5) Momentum dynamics of the center of gravity of the thrust arm humerus
from the beginning of the thrust phase to the
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Figure (6) Dynamics of momentum of the center of gravity of the right thigh, trunk
and forearm of the thrusting arm from the beginning of the thrust phase to the disposal
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Figure (7) The dynamics of the wheel-sum of the center of gravity of the right leg and
the torso and the net velocity of the forearm of the thruster arm from the beginning of

the thrust phase to the disposal
Conclusions:

Based on the results of the statistical
analysis of the data, the following
conclusions were reached:

A- There are indicators that
contributed to the numerical level at
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the moment of the beginning of the
thrust phase: the net force of the center
of gravity of the body, the net
acceleration of the center of gravity of
the right leg thigh, the resultant
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velocity of the center of gravity of the
body, the net velocity of the center of
gravity of the humerus of the thrust
arm, the momentum of the movement
of the center of gravity of the forearm
of the thrust arm, the amount of
movement The center of gravity of the
humerus of the thrust arm, the resultant
of the acceleration of the center of
gravity of the body, the momentum of
the center of gravity of the right thigh
thigh.

Predictive equations:

Y = dependent variable, A = constant,
B = regression coefficient, X =
independent variable

Y=a+B1x1+ B 2x2+ B 3x3+ B 4x4+ B
5x5+ B 6x6+ B 7x7+ B 8x8

Numerical level = 121.8753 + (0.0060
X net force of center of gravity of the
body) + ( 0.0069 x net of acceleration
of center of gravity of the right leg
thigh) + (0.1212 x net force of center
of gravity of body) + (0.0096 x net of
velocity of center of gravity of thrust
arm humerus) +) 0.0347 x momentum
of the center of gravity of the thrust
arm humerus) + (0.0303 x momentum
of the center of gravity of the thrust
arm humerus) + (0.0020 x the sum of
the acceleration of the center of gravity
of the body) + (0.1622 x the
momentum of the center of gravity of
the right leg thigh(

B- The presence of indicators that
contributed to the digital level at the
moment of the middle of the payment
in the payment of the repayment:
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Momentum of movement for the
center of gravity of the torso, the net
force of the center of gravity of the
right leg thigh, the resultant of the
acceleration of the center of gravity of
the humerus of the thrusting arm, the
momentum of the center of gravity of
the center of gravity of the thigh of the
right leg, the net force of the center of
gravity of the body, the net of velocity
of the center of gravity of the forearm
of the thrusting arm
Predictive equations:

Y=a+Blx1l+ B 2x2+ B 3x3+ B 4x4+ B
5x5+ B 6x6

Numerical level = 21.8991 + (0.0337 x
momentum of the center of gravity of
the torso) +) 0.0003 x sum of force of
the center of gravity of the right thigh
+ (0.0001 x the sum of the acceleration
of the center of gravity of the thrust
arm humerus) + (0.2091 x the sum of
motion of the center of gravity of the
right thigh) + (0.1843 x the resultant
force of the center of gravity of the
body) + (0.0009 x the net force of the
center of gravity of the thrust arm
crank.(

C- The presence of indicators that
contributed to the digital level at the
moment of disposal in paying the bill:

Momentum of motion for the center
of gravity of the trunk, the result of the
acceleration of the center of gravity of
the humerus of the thrusting arm, the
sum of the acceleration of the center of
gravity of the right leg of the leg, the
sum of the velocity of the center of
gravity of the body, the result of the
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acceleration of the center of gravity of
the trunk, the net force of the center of
gravity of the thigh of the right leg, the
net force of the center of gravity of the
body.

Predictive equations:

Y=a+B1x1+ B 2x2+ B 3x3+ B 4x4+ B
5x5+ B 6x6+ B 7x7

Numerical level = 150.9143 + (0.0711
x momentum of the center of gravity of
the torso) + (0.0007 x the sum of the
acceleration of the center of gravity of
the thrust arm humerus) + (0.0003 x
the sum of the acceleration of the
center of gravity of the right leg of the
leg) + (0.0005 x the sum of the
acceleration of the center of gravity of
the body) +) 0.0001 x the resultant
acceleration of the center of gravity of
the trunk) + (0.0030 x the net force of
the center of gravity of the right leg +
(0.0020 x the net force of the center of
gravity of the body(
Recommendations:

In light of the conclusions, the
researcher recommends the
following:

-Be guided by the biomechanical
indicators under discussion that
contributed to the digital level and
predictive equations in selecting the
shot put players.

-Developing educational and training
programs to push the shot put in light
of the indicators under discussion that
contributed to the digital level and
predictive equations.
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