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Abstract

by years of training.

An analysis of the sports activities of divers conducted over three years, with boys (n=104) and girls (n=102),
has determined that the sports activities of such divers are in general similar. For instance, indicators of physical
development and sports-technical preparedness are similar in significance and contribution to the factorial
structure for boys (11.4-21.8%) and girls (12.8-22.6%). The indicators of nystagmus reactions to rotational
loads in 10-year-olds are common for all groups (boys: 10.0%; girls: 6.9%) but differ in their place in the factorial
structure and contribution to the total dispersion. Thus, in the boys’ group, indicators of physical development
and sports-technical preparedness remain valid throughout the study period, while girlsaged 12 to 13 experience
changes in the significance of the identified factors and the integration of factors’ indicators, which makes their
interpretation difficult. The analysis carried out will allow the development of an integrated assessment of athletic
suitability, taking into account the rank correlation of the indicators of children’s sports-technical preparedness
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Introduction

The popularity of Olympic sports in the modern world,
its intense commercialization and professionalization, and the
ever-increasing socio-political importance of athletes’ success-
es have led in recent years to the formation of highly effective
systems of training athletes (Tovstonoh, 2010). In the practice
of modern sport, numerous scientific research studies testify
that world-level results are accessible only to exceptionally
gifted athletes who have clearly expressed natural inclinations
to achievements in a specific sport (Platonov, 2013; Shinkaruk,
2013; Romanchuk & Arabsky, 2019) or were able to realize
them through the long-term improvement process (Krasova,
2012).

The definition of sports fitness in diving has become espe-
cially important. In scientific studies, this issue has been lit-

tle studied, and the development trends of this sport are such
that there is a continuous process of complicating dives and
increasing requirements for the quality of their performance.

Only an athlete who possesses sufficient abilities can mas-
ter the programme of dives and execute it at a high technical
level. The urgent issue in the training of divers is the correct
selection for children’s and youth sports schools, on which the
quality of the national teams depends.

Purpose of the study is analyze the sports activity of divers
boys and girls. Determine whether the sports activities of such
divers are generally similar.

Methods
The following research methods were used: the analysis
and generalization of literary sources, factorial analysis, and
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methods of mathematical statistics.

The use of the analysis and generalization of literary sourc-
es enabled obtaining concise and relevant information on the
topic of the study. Attention was primarily paid to the study of
issues such as the current state of selection of young athletes in
various sports, the importance of physical development, and
the physical, sports, and technical preparedness of young div-
ers in the selection system, which facilitated the scientific rea-

Table 1. Pedagogical experiment strategy

son for the problem raised and the specification of the subject
basis of the study.

According to the program of youth sports schools, the
stage of in-depth sports training includes classes in education-
al groups of children from 10-12 to 13-15 years old and lasts
an average of four years (Table 1). In this regard, our compre-
hensive study involved a dynamic three-year observation of
young divers aged 9-13 years old.

Survey stage

Age groups

Stage 1 9
Stage 2 9
Stage 3 9

10 111213
1 1 1
0 11 12 13 14 15

Legend: The arrows indicate the movement of athletes from one age group to another by stage of the study.

Thus, we studied five age sections of 9-13-year old chil-
dren and five dynamic sections of children aged 9-11, 10-12,
11-13, 12-14, 13-15 years.

The study was conducted annually in January-March
during the competitive period from 2016 to 2019. It was at-
tended by children involved in diving in the Children’s and
Youth Sports School Number 3, Lviv. The dynamic experiment
was attended by 104 boys and 102 girls.

Testing the physical fitness of young athletes was carried
out using a competitive method in groups. Anthropometric
measurements, determining the speed of a simple sensorim-
otor reaction and conscious self-regulation of sensorimotor
activity, and studies of vestibular stability were carried out in
laboratory conditions at training facilities. All measurements
were carried out before the start of training sessions at 9.00 am
and at 3.00 pm.

To identify the relationships between different types of pre-
paredness that more fully characterize the sports activities of
young divers in the age periods from 9 to 13 years old and to de-
termine the differences between boys and girls of the same age,
a factorial analysis was carried out (the method of main com-

ponents with reference axes rotation by the Varimax criterion).

Factorial analysis was applied to selected indicators char-
acterizing various types of preparedness and developmental
characteristics of young athletes. The factors highlighted as a
result of this analysis give a relatively complete picture of the
structure of sports activity of young divers of 9-13 years old.
Considering that the number of factors identified by the pro-
gram in each age group was large (from 14 to 18) and their
contribution to the generalized dispersion was unequal, the
most significant first five or six factors from the set of indi-
cators that had the most considerable factorial weight were
interpreted.

Results

As a result of factor analysis, it turned out that the struc-
ture of indicators characterizing the sports activity of divers
changes with the age development of athletes of both sexes.
Thus, in the group of 9-year-old boys and girls, 16 and 14 fac-
tors stood out, respectively, while the contribution of the six
most significant was 69.2% (Table 2) and 70.3% (Table 3), re-
spectively.

Table 2. The factorial structure of sports activities of 9-13-year-old boys involved in diving

Ne 9years 10 years 11 years 12 years 13 years
i Factor % Factor % Factor % Factor % Factor %
. Sports and . . .
1 Physical 218 technical 193 Physical 154 Physical 167  Physicl 204
development development development development
preparedness
Sports and Physical 2:2?;%?{; Physical and Sports and
2 technical 15.0 Y 114 . 144  sports-technical 14.2 technical 14.2
development rotational
preparedness load preparedness preparedness
Autonomic Rate of Sports and se‘:\ft?:gtirgte Autonomic
3 reactions to 104 sensorimotor 9.7 technical 10.6 g 9.7 reactions to 10.0
; . sensorimotor .
rotational load reactions preparedness L rotating load
activity
Nystagmus Autonomic Rate of Rate of Rate of
4 responsetothe 9.5 reactions to 8.8  sensorimotor  10.2 sensorimotor 8.6  sensorimotor 9.4
rotational load rotating load reactions reactions reactions
slfreguine Nystagmos responsato Autonormic sefreguinte
5 g 6.6 responsetothe 6.9 P . 75 reactions to 59 g 7.7
sensorimotor . the rotational . sensorimotor
. rotational load rotational load L
activity load activity
. . Physical Learning . . Learning
6 Learningability 5.9 development 5.8 ability 5.9 Learning ability 5.7 ability 6.2
Total: 69.2 61.9 64.0 60.8 67.8
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The first factor is interpreted as physical development,
and its contribution to the generalized dispersion was 21.8%
in boys (Table 2) and 22.6% in girls (Table 3). The most sig-
nificant factorial masses are found in indicators character-
izing the size and structure of the body. Quite high facto-
rial masses in Factor 1 were obtained in exercising raising

legs on the gymnastic wall (r=0.562), and bent-downs and
straighten-ups with turning right and left (r=0.506) in boys
and pull-ups on the horizontal bar (r=0.624) and supine
leg lifts until touching the floor behind the head (r=0.631)
in girls, which characterize strength and special speed-
strength training.

Table 3. Scheme of the factorial structure of sports activities of 9-13 years old girls involved in diving

Ne 9 years 10 years 11 years 12 years 13 years
i Factor % Factor % Factor Factor % Factor %
. Sports- . Sports- Rate of
1 de\F/):I)cl)SKr:\ilent 22.6 technical 20.1 de\F/):I):)SIisLnt 18.6 technical 21.6  sensorimotor  25.8
P preparedness P preparedness reactions
Sports- Physical Rate of se/I\fk—)rltl-:!t)[Jch:te Sports-
2 technical 143 devel)cl) ment 12.8  sensorimotor  17.1 sensorigmotor 15.5 technical 17.9
preparedness P reactions - preparedness
activity
Nystagmus Autonomic
. " response to reactions to Physical .
3 Learningability 10.6 the rotational 10.0 rotational 12.1 development 13.6  Physical fitness  16.6
load load
Ability to Ability to .
self-regulate self-regulate Physical Nystagmus Physical ﬁt.ness
4 h 9.3 h 7.9 8.9 responsetothe 10.8 and Physical 133
sensorimotor sensorimotor fitness .
activity activity rotational load development
2!“22:;:; Sports- Rate of Physical fitness
5 the fotational 74  Physical fitness 6.9 technical 6.3 sensorimotor 9.5 and Physical 10.4
load preparedness reactions development
Rate of se/i\fl-)rltlelt):;:te Physical fitness
6 sensorimotor 6.1  Learningability 6.1 9 6.1  Physical fitness 8.9 and Physical 10.0
. sensorimotor
reactions L development
activity
Total 70.3 63.8 69.1 79.9 94.0

The second factor in both groups is identified as
sports-technical preparedness. The contribution of the second
factor to the total dispersion was 15.0% for boys and 14.3% for
girls. The highest factorial weight was obtained by the follow-
ing indicators of sports-technical preparedness: the sum of the
complexity coefficients for the entire programme (rb=0,921;
rg=0,979), the sum of the complexity coefhicients of free dives
(rb=0.929; rg=0.976), the average complexity coeflicients of a
free program (rb=0.930; rg=0.976), the average score for an
free programme (rb=0.849; rg=0.969), and the sports result
in points (rb=0.837; rg=0.958). In addition, in the group of
boys, physical fitness indicators: the horizontal body holding
(r=0.688) and the total indicator of physical fitness (r=0.652)
have a high factorial weight. Thus, the common and main fac-
tors in the structure of the motor activity of 9-year-old divers
are the factors of physical development and sports-technical
preparedness.

For the next four factors that we considered, there are sig-
nificant differences for 9-year-old boys and girls.

For boys, the third factor is interpreted as autonomic re-
actions to a rotational load. The contribution of this factor to
the total dispersion was 10.4%. A high factorial mass was ob-
tained by heart rate during rotations to the left (r=0.891), af-
ter rotations to the left (r=0.849), during rotations to the right
(r=0.866), after rotations to the right (r=0.922) which were
measured during vestibular resistance studies.

The fourth factor for boys (9.5% of the total dispersion)
was identified as a factor of nystagmus response to the rota-

Sport Mont 18 (2020) 2

tional load. The highest factorial weight was obtained by the
indicators of the frequency of nystagmus after rotation to the
left (r=0.821), the frequency of nystagmus during rotation to
the left (r=0.858), the amplitude of nystagmus during rotation
to the left (r=-0.740), the frequency of nystagmus after rota-
tion to the right (r=0.588) and the amplitude of nystagmus
after rotation to the right (r=0.714), which characterize the
nystagmus reactions to a rotational load.

The fifth factor was interpreted as the ability to self-regu-
late sensorimotor activity; its contribution to the total disper-
sion was 6.6%. Significant factorial mass was obtained by the
average rate of the motor reaction in the third task (r=0.549)
and the range of indicators in the third task (r=0.871) that
characterize the difference between the response time when
setting to a record and keeping the optimal reaction speed,
which is one of the indicators of the ability to self-regulate.

The sixth factor was 5.9% of the total variance. The highest
factorial weight was obtained by the indicators of the index of
the technical improvement rate (r=0.861) and the learning in-
dex (r=0.855); therefore, the factor was interpreted as a learn-
ing ability factor.

In the girls’ group, the third factor was identified as a
learning ability factor. Its contribution to the total dispersion
was 10.6%. Significant factorial weight was obtained by indica-
tors of the index of technical improvement rate (r=-0.921) and
the learning ability index (r=-0.915).

The fourth factor in girls (9.3% of the total dispersion) was
identified as the ability to self-regulate sensorimotor activity.
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The greatest factorial weight is indicators of self-regulation
ability (r=-0.915). Significant factorial weight in this factor is
also shown by indicators of active vestibular tests (r=-0.682),
heart rate during rotations to the right (r=-0.586), forearm
length (r=-0.596), chest excursion (r=0.600), and subcutane-
ous fat (r=-0.771).

In the fifth factor, indicators characterizing the nystagmus
reaction to rotational loads have the most significant factorial
weight: the amplitude of nystagmus during rotation to the left
(r=0.660), the amplitude of nystagmus after rotation to the left
(r=0.799), the amplitude of nystagmus during rotation to the
right (r=0.768) and the amplitude of nystagmus after rotation
to the right (r=0.831). Indicators of physical fitness also have
significant factorial weight: an upward jump without the help
of hands (r=0.636), an increase in the jump upward with the
help of hands (r=0.609) and 20-metre run (r=0.586). The fac-
tor is interpreted as nystagmus response to rotational loads
and corresponds to the third factor in the group of boys. The
contribution of the factor to the total dispersion is 7.4%.

The sixth factor in girls was identified as a factor of the
rate of sensorimotor reactions; its contribution to the total dis-
persion of the sample is 6.1%. The most significant factorial
mass was obtained by the indices of the rate of sensorimotor
reactions: the minimum reaction time to a light stimulus (r=-
0.876) and the average indicator of the maximum reaction rate
to a light stimulus (r=-0.904).

At the age of 10 years, 17 and 18 factors stood out in the
groups of boys and girls, respectively; the contribution of the
most significant six was 63.8% for girls and 61.9% for boys. As
in 9-year-old athletes, the first two factors in the groups of boys
and girls have the same interpretation. The first factor is identi-
fied as sports-technical preparedness. The contribution to the
total dispersion in boys was 19.3%, in girls 20.1%. The highest
factorial mass in both groups was obtained by such indicators
of sports-technical preparedness: the sum of the complexity
factors for the entire program (rb=0.932; rg=0.922), the sum of
the complexity factors of free dives (rb=0.950; rg=0.926), the
average complexity coefficient of a free programme (rb=0.933;
rg=0.928), the average mark for a free programme (rb=0.819;
rg=0.933) and the sports result in points (rb=0.901; rg=0.906)
as well as the sport experience (rb=0.529; rg=0.933) and sports
qualification (rb=0.675; rg=0.760). In addition, in the group of
boys, a significant factorial weight belongs to the indicator of
raising legs on the gymnastic wall (r=0.551) which character-
izes the strength of the muscles of the flexors of the body while
in girls’ the indicator of oncoming bending to a high angle (r=-
0.691) which characterizes special speed-power qualities.

The second factor is identified as a factor in physical devel-
opment. The contribution of this factor in boys is 11.4%, and
12.8% in girls (of the total dispersion of the sample). The larg-
est factorial mass in both comparative groups was obtained
by indicators of physical development (Rmen=0.938-0.563;
Rwomen=0.866-0.506). In the group of boys, a significant fac-
torial weight was also obtained by the indicators of jumping
upwards without the help of hands (r=0.562) and with the help
of hands (r=0.639), characterizing jumping ability. The third
factor in the group of boys is identified as a factor in the rate
of sensorimotor response. The contribution of the factor to
the total dispersion was 10.6%. The greatest factorial mass was
obtained by the sensory-motor reaction rate indices (r=0.950)
and a 20 m run (r=0.639), which characterizes the speed of
movements. The fourth factor in boys, whose contribution was
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8.8% of the total dispersion of the sample, was identified as a
factor of autonomic reactions to a rotational load. The highest
factorial mass was obtained for heart rate with a standard ro-
tation test (r=0.911-0.653). The fifth factor (6.9% of the total
dispersion) is identified as nystagmus response to a rotational
load. Significant factorial mass was found for indicators of the
frequency and amplitude of nystagmus (r=0.890-0.653). The
sixth factor in the group of boys in its content corresponds to
the second factor. A significant mass was obtained by excur-
sions of the chest (r=0.918) and relative bone mass (r=0.739).
The contribution of the factor to the total dispersion of the
sample is 5.8%.

The third factor in the group of girls was identified as nys-
tagmus response to rotational loads. Its contribution is 10% of
the total dispersion of the sample. The most significant mass is
of indicators of nystagmus reactions to a rotational load (r=-
0.876-0.528). The fourth in the group of girls was a factor that
can be interpreted as the ability to self-regulate sensorimotor
activity. The contribution of the factor to the total dispersion
is 7.9%. The fifth factor was 6.9% of the total variance and
was interpreted as physical fitness. Indicators of physical fit-
ness (r=0.887-0.538) and the total indicator of physical fitness
(r=0.866) received a significant factorial mass. The sixth factor
stood out among girls, which we interpreted as learning abil-
ity. Its contribution amounted to 6.1% of the total dispersion.

Summarizing the above findings, it can be stated that, like
9-year-olds, 10-year-old boys and girls have the same identi-
fication and approximately the same contribution to the total
dispersion with first two factors: sports and technical pre-
paredness and physical development. Common to children
of this age is the factor of nystagmus reactions to a rotational
load. This factor in the group of girls with a contribution of
10% to the total dispersion ranks third while in the boys’ it
occupies the fifth position with a contribution of 6.9% to the
total dispersion.

At the age of 11, only 17 factors stood out in the group of
boys; the contribution of the most significant six was 64.0% of
the total dispersion of the sample. For girls of this age, the total
number of identified factors is 15; the contribution of the most
significant five factors is 63.0% of the total dispersion.

The first factor in both groups was identified as a factor in
physical development. The contribution of this factor to the
total dispersion of the sample was 18.6% in girls and 15.4%
in boys. The most significant factorial mass was obtained by
indicators of physical development characterizing the longitu-
dinal and transverse dimensions of the body and the structure
of the body (r=-0.914-(-0.511)). In addition, a significant fac-
torial mass in the group of boys was obtained by indicators of
physical fitness, raising legs on the gymnastic wall (r=0.538)
and oncoming bending to a high angle (r=0.507), which char-
acterize strength and speed-strength qualities.

The second in boys with a contribution of 14.4% of the
total dispersion, was a factor that we identified as autonomic
reactions to a rotational load. The most significant mass refers
to indicators of heart rate during rotations to the left (r=0.912),
after rotations to the left (r=0.900), during rotations to the
right (r=0.924), after rotations to the right (r=0.954). The third
factor in the group of boys was identified as sports-technical
preparedness. The contribution of this factor to the total dis-
persion was 10.6%. In addition to such indicators of sports and
technical preparedness as the sum of the complexity factors
for the entire program (r=0.885) and the sports result in points
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(r=-0.890), a significant factorial mass was obtained by the in-
dicators of the sport experience (r=0.506) and sports qualifi-
cations (r=0.695). The fourth factor for boys is distinguished
as the rate of sensorimotor reactions factor. Its contribution
to the total dispersion is 10.2%. A significant factorial mass is
noted in the indicators of the speed of sensorimotor response
(r=0.874-704), as well as in the indicators characterizing the
ability to self-regulate sensorimotor activity (r=0.646-606).
The fifth factor in boys was interpreted as a nystagmus re-
sponse to a rotational load. The contribution of the factor to
the total dispersion was 7.5%: and the sixth factor was identi-
fied as learning ability; its contribution to the total dispersion
was 5.9%.

In 11-year-old girls, the second factor was identified as the
speed of the sensorimotor response. The contribution of this
factor to the total dispersion was 17.1%. The most significant
mass was obtained by the indicators of the minimum reaction
time to a light stimulus (r=-0.809), and the average indicator of
the maximum reaction rate to a light stimulus (r=-0.883). The
third factor in 11-year-old girls was the factor of autonomic
reactions to a rotational load. The contribution of the factor
to the total dispersion was 12.1%. The greatest factorial weight
was obtained by resting heart rate (r=-0.811), during rotations
to the left (r=-0.906), after rotations to the left (r = -0.811),
during rotations to the right (r = -0.829), after rotations to the
right (r=-0.877). The fourth factor in this group was identified
as physical fitness, with 8.9% of the total dispersion. The most
significant factorial weight was obtained by indicators char-
acterizing power and speed-power qualities (r=0.828-525). In
addition, indicators of nystagmus reactions to a rotational load
to the left (r=0.583) and to the right (r=0.822), as well as a
sporting result in points (r=0.808) also have significant weight.
The fifth factor in the group of girls is identified as sports-tech-
nical preparedness. The contribution of this factor was 6.3% of
the total dispersion. Significant factorial weight was obtained
by indicators of the sum of complexity factors and average rat-
ings (r=0.959-0.8465) as well as technical improvement rate
indices (r=0.953) and learning ability index (r=0.581).

Thus, at the age of 11, the factor of physical development
is the most significant and common for boys and girls. Also
common for both groups are the factors of autonomic reac-
tions, sports-technical preparedness and speed of sensorimo-
tor reactions; however, they differ in their contribution to the
total dispersion and accordingly in significance for the motor
activity of boys and girls. Therefore, physical fitness indica-
tors for girls are combined in the fourth factor, while for boys
only two indicators (characterizing power and speed-power
capabilities) are included with significant factorial weight in
the first factor. As can be seen from the data presented, at the
age of 11, a certain restructuring of the factorial structure is
observed and as well as significant differences in the factorial
structures of boys and girls.

At the age of 12, the differentiation of factorial structures
of boys and girls continues. Although individual factors are
similar in identification, they differ in their contribution to
the total dispersion. Thus, in the group of boys of this age, the
first factor was interpreted as physical development, the con-
tribution of the factor to the total dispersion was 16.7%. In
12-year-old girls, the first factor is identified as sports-tech-
nical preparedness. Factor 1 has absorbed a large amount of
information about girls’ motor activity; its contribution to the
total dispersion was 21.6%.
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The second factor in the group of 12-year-old boys is iden-
tified as a factor of physical and sports-technical prepared-
ness. The contribution of the factor to the total dispersion was
14.2%. In girls, the second factor is interpreted as the ability to
self-regulate sensorimotor activity. Its contribution to the total
dispersion was 15.5%. The factor, also identified as self-reg-
ulation ability, was the third in the group of boys of this age.
Its contribution to the total dispersion was 9.7%. In the girls’
group, there was the third factor, interpreted as physical de-
velopment. Its contribution was 13.6% of the total dispersion.
The fourth factor in 12-year-old boys was identified as the rate
of sensorimotor reactions; the contribution of the factor was
8.6% of the total dispersion. The fourth factor for the girls was
the nystagmus response to the rotational load, whose contri-
bution to the total dispersion was 10.8%. The fifth factor in
girls was identified as the rate of sensorimotor reactions. The
contribution of this factor was 9.5% of the total dispersion. In
boys of this age, the fifth factor is interpreted as an autonomic
reaction to a rotational load. The sixth factor in boys is identi-
fied as learning ability. Its contribution is 5.7% of the total dis-
persion. In the sixth factor in girls, the most significant facto-
rial weight was obtained by indicators of physical fitness. The
contribution of this factor to the total dispersion was 8.9%.

According to the data provided, it can be concluded that
the differences in the factorial structure of girls and boys at
the age of 13 are even more pronounced. Girls of this age have
an increase in the integration of indicators in factors, making
their identification difficult. In boys of this age, the factori-
al structure is similar to that of 12-year-olds, and indicators
in factors stand out differentially. Perhaps the differences in
the factorial structures of boys and girls aged 11-13 years old
are associated with different periods of the onset of puberty,
and the integration of indicators found in factors in girls is
explained by the interdependence of indicators during intense
puberty development.

Discussion

According to the data provided, it can be concluded that
the differences in the factorial structure of girls and boys at
the age of 13 are even more pronounced. Girls of this age have
an increase in the integration of indicators in factors, making
their identification difficult. In boys of this age, the factori-
al structure is similar to that of 12-year-olds, and indicators
in factors stand out differentially. Perhaps the differences in
the factorial structures of boys and girls aged 11-13 years old
are associated with different periods of the onset of puberty,
and the integration of indicators found in factors in girls is
explained by the interdependence of indicators during intense
puberty development.

In summary, we can say that the results of factor analysis
showed changes in the factor structure of sports activity with
age development in both boys and girls. Moreover, changes in
the factorial structure of girls are more significant, which is
associated with different dates of the onset of puberty for boys
and girls.

The results of the factorial analysis also indicate that the
sports activities of boys and girls aged 9-11 years are mostly
similar. Thus, factors of physical development and sports-tech-
nical preparedness are similar in significance and contribution
to the factorial structure in boys and girls. The factors of nys-
tagmus reactions to rotational load in 10-year-olds are com-
mon to all groups but differ in their place in the factorial struc-
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ture and the contribution to the total dispersion.

Changes in the factorial structure in the age aspect in boys
are less pronounced than in girls. In particular, in boys, factors
of physical development and sports-technical preparedness
remain relevant throughout the study period, while girls aged
12-13 experience changes in the significance of the identified
factors and the integration of indicators within factors, which
makes their interpretation difficult.
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