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Abstract: The aim of the study was to identify the existence of positive relationships between certain
psychomotor behaviors, which we consider specific to swimming, and learning the execution technique of
some styles (front crawl and backstroke). The study was carried out during 10 months, including 76 children
(40 boys and 36 girls) aged between 6-9 years who practice recreational swimming in a Romanian city. Several
tests were used: Tapping test for manual dexterity and laterality, the Goudenough test for body schema, the
Flamingo test for static balance, the horizontal buoyancy-test for body balance on the water. Results indicated
better ratings on all psychomotor behaviors analyzed by gender (in favor of girls compared to boys), except for
laterality. The levels of all analyzed psychomotor behaviors are directly proportional to the age of the subjects.
Also, moderate positive correlations of manual dexterity (rs = 0.63 in front crawl; rs = 0.57 in backstroke) and
strong correlations were identified for body scheme, laterality, static balance and buoyancy, coordination with
the learning of the two styles of swimming (r or rs between 0.77 and 0.85). In conclusion, psychomotor
behaviors can be predictors for learning swimming styles.

Keywords: children; manual dexterity; body schema; laterality; static balance; buoyancy; swimming; learning
process

1. Introduction

Psychomotricity can be defined, in general, as any motor action that is under the influence of
mental processes, its two sides, motor and mental, representing a unitary whole. It is dependent on
the sensory, perceptive and cognitive functions, on the reception of information (analyzers) and on
the appropriate execution of the response act, which determines a personal, individualized behavior
[1-5]. Other authors [6-8] established that psychomotricity responds to human needs according to
the processes of education, re-education or therapy and can be seen as a whole system based on
movement (the act motor) and mental functions, conditioned both by the interaction between
individuals (children-children, children-adults) and by the connection between the growth process
and the education system, with effects on proper social integration [9].

Studies on motor behavior are really important because the motor part is dominant in all the
activities that an individual performs. Psychomotricity can be influenced in the first years of life, up
to 11-12 years [10], being the research topic even after this age, for people with behavioral or mental
disorders. In this case, depending on the severity of the neuromotor disorder, psychomotricity can
be a concern for the whole life [11].

The process of learning swimming styles is achieved through psychomotor development. A
wide variety of motor skills are learned through everyday tasks (walking, running, throwing,

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


mailto:gimcristinamoraru@yahoo.com
mailto:ilenuca_popovici@yahoo.com
mailto:cstirbu@uaic.ro
mailto:liliradu2004@yahoo.com
mailto:chirazim@yahoo.com
mailto:cristian.rus@uaic.ro
mailto:alexandruoprean@yahoo.com
https://doi.org/10.20944/preprints202307.0823.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2023 do0i:10.20944/preprints202307.0823.v1

catching, etc.), while swimming involves covering distances in water, in landscaped pools or open
water, through one of four specific styles: front crawl, backstroke, breaststroke or butterfly. The
acquisition of new motor skills performed on land or in water causes the reorganization of the
primary motor cortex, which is positively associated with the formation of motor memory.

Motor learning can be defined as “a set of processes associated with practice or experience that
led to relatively permanent changes in skilled movement ability” [12]. Studies have highlighted
coaches' intentions to integrate approaches based on scientific information into sports practice [13-
15]. However, the diversity and complexity of the coaching job has determined that a large part of
coaches rely on the knowledge they have accumulated in practice - from coaching experience [13,16-
21].

The ISLAM model [22] was used in the practical activities at the pool for learning the techniques
of swimming (front crawl and backstroke styles), which consists of the following stages: I = training
(the coach transmits the information theoretical); S = retention (children should theoretically retain
certain information); L = learning (motor learning of front crawl and backstroke styles); A = analysis
(the coach identifies the mistakes made by the students during the learning process and helps them
to become aware of the mistakes; photos and videos can be used for analysis); M = measurement
(measuring and evaluating children at certain time intervals to see the level of execution of the 2
swimming styles).

Identifying variables that predict swimming performance is one of the main goals of the
swimming "science" community [23,24]. There are studies that show that it is possible to improve
performance by manipulating anthropometric, biomechanical, hydrodynamic and energetic
variables [25-30]. Some programs to identify and track swimming talent, from children to elite adult
swimmers, regularly include such tests [31].-Studies on the identification of variables that contribute
to the learning of swimming styles have not been identified in the literature.

1.1. Conduits of Psychomotricity and Their Manifestation in Swimming

The different definitions of psychomotricity [6,32-39] refer to a classification of its components,
but also a theoretical approach from different perspectives of its manifestation (education, re-
education or therapy).

From the perspective of the Cattell-Horn-Carroll (abbreviated CHC) theory [40—43], the structure
of cognitive ability includes 16 constructs (broad abilities) among which the psychomotor abilities
involved are also identified in performing motor actions (movement of fingers, hands, feet, etc.) with
precision, coordination or strength. These broad skills are made up of 8 narrow skills, such as static
strength, manual dexterity, finger dexterity, limb coordination, precision control, aiming, overall
body balance.

The elements of psychomotricity influence the optimal manifestation of the individual who
practices sports both during training and in official competitions. In the process of learning and
practicing swimming, we consider the following to be representative: body scheme, laterality,
balance, spatio-temporal organization, coordination and manual dexterity.

Body schema is understood as an image or mental representation of one's own body and its
differentiation from space and surrounding objects, in different static or dynamic situations [44,45].
It is built little by little thanks to sensory, sensory and kinesthetic acquisitions, and being
progressively integrated into the child's cognitive life. De Meur & Staes [46] identified stages in the
emerging and development of the body schema in the chronological evolution of the individual's age.
Intentional motor actions depend on the representation of the body at the level of the central nervous
system (body schema), and body schema disturbances have been presented in various studies as the
main subject for motor impairments [47], for illusions that the affected body part belongs to another
person [48].

In the learning process of swimming, the body scheme is considered an important goal of
psychomotor development that will be very useful in this instructive-educational process. The
optimal child's age to start learning swimming styles is five years, at this age, the child has already
discovered his own body, knew his body parts and strengthened his body-spatial orientation.
Through swimming, practiced in an organized way after the age of five (up to this age it was an
adaptation to the aquatic environment and learning some basic movements), children develop their
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spatial-body organization which will contribute fully to an execution as possible proper swimming
technique.

Laterality is a phenomenon of sensory and motor asymmetry, being genetically inherited [49-52]
and based on a certain functional organization of brain structures [53]. It is caused by the dominant
function of a cerebral hemisphere, a function that determines the inequality of the right and left halves
of the body [32,54,55]. In the structure of locomotion, laterality introduces a specialization and a
complementary relationship between body segments during activity, the most obvious being at the
level of the limbs (hand and foot) and corresponds to the preference for using the right side of the
body rather than the left [56]. The defining of the development direction of the dominant part (hand
and foot laterality) is achieved during childhood, the reinforcement of the preference of the dominant
hand, in terms of fine motor skills, occurring between 6 and 11 years [53,57], clearly influenced by the
environment we live in [58-61].

In recent years, an increasing number of studies have mentioned laterality in relation to
technical, behavioral, physical and tactical factors in sport [62,63], but without going into depth on
this topic or offering specific tools. Laterality refers not only to left-right preference [64,65], but also
to how an athlete directs his body in space [66,67].

In swimming, laterality can be shown by a better technical execution or greater efficiency in the
rowing process of one segment compared to the other (for example, the right-hand paddles more
efficiently than the left hand or vice versa). This can also happen in the lower limbs, and the effect of
these actions is shown by oscillations of the body from the direction of travel. Also, laterality can be
important when the child is learning front crawl style breathing. Most of the time, turning the head,
in order to inhale, is done in the learning stage, on the side on which the child has the dominant hand.
In the methodology of learning swimming styles, the coaches can let the children choose for
themselves the side on which they will do the inspiration, but they must also pay attention to the
laterality that the child has.

Balance is often used in association with terms like stability and postural control. Despite the
widespread use of the term, there is no universally accepted definition of human balance [68-73].

Postural control is a prerequisite for maintaining multiple postures in various activities [74,75].
However, balance control has been identified as being associated with three broad categories of
human activity [69,76]: a) maintaining a specific posture (e.g.: standing apart with arms outstretched
laterally; standing on one leg and with the other bent at the knee joint; starting position from block
start in swimming events, etc.); b) voluntary movement performed in daily activities (motor acts that
happen between two balance positions); c) the reaction to an external disturbance (for example:
contact with an opponent during a game of handball or soccer, slipping of a foot during a change of
direction, etc.). These classifications encompass the acts and motor actions that lead to maintaining,
achieving or restoring the center of gravity (line of gravity) in the support base [77,78].

Each sport involves specific motor skills that require specific postures and movements to be
completed [79-81]. Balance is an important factor in many athletic skills, but the relationship between
results in sports competitions and balance is not yet fully understood [82,83]. A lower level of balance
is associated with injuries such as sprains and tears of muscles, tendons and ligaments [77,84,85].

Body balance in water (buoyancy) - not only determines whether the body "sinks or floats in water",
but also determines the body's stability/balance of the body in the fluid. Depending on the locations
of the center of gravity (CG) and center of buoyancy (CB), the body can be stable, neutral, or unstable
in water [86]. Barbosa et al. [87] identified the hydrostatic profile of swimmers as the ability to float,
buoyancy and the hydrodynamic profile of swimmers as the ability to “glide” on water, which can
be determined by buoyancy and various drag forces. Some studies suggest that artificially increasing
buoyancy can improve swimming performance and that subjects who naturally have a higher
amount of body fat may have an innate advantage in swimming performance [88].

In the learning process of swimming, the body balance on the water is important and manifests
itself in two ways. On the transverse axis of the trunk, the loss of balance occurs laterally (left - right)
(see the position of the shoulder blades in the positions of the front crawl and backstroke). This
happens in the styles: front crawl - marker is given by the position of the shoulder blades because the
learning position is lying face down with the head in the water- and backstroke - marker is given by
the position of the shoulders because the learning position is lying dorsally with the head in the water.
On the longitudinal plane of the trunk, the loss of balance is determined by the immersion ("falling")
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of the legs in the water, especially in the breaststroke and butterfly procedures due to the extension
of the head and trunk, to ensure breathing, but also imposed by the regulation (in the case of the
breaststroke).

Spatio-temporal organization. Space is perceived and constructed mentally as a result of perceiving
positions, directions, distances and displacements (Tasset, 1980, cited by [46]). Spatial organization
starts from the sensory-motor level of the perceptions related to action and based on the knowledge
of the body scheme and the "left-right" concepts [33]. De Meur & Staes [33] state that taking age into
account, spatial structure is formed in four stages. In any sports competition, the space is delimited
by regulation. In the process of learning to swim, the perception of space is important because we are
dealing with the aquatic environment and the positioning of the body in the face or dorsal position
(with the head in the water), which, at some moments, can lead to the loss of spatial orientation. The
child needs to learn to maintain the linear direction of travel and also the correct positioning within
the corridor.

The temporal structure represents the ability of a person to place himself according to the
sequence of events, the duration of the intervals, the rhythm, the cyclical repetition of some periods
of time and the irreversibility of time, realized in four stages [33]. The accurate perception of time is
achieved through the interaction of the visual, auditory, kinesthetic analyzer and through the
mediation of this interaction by thinking [38]. Time estimation is often subject to errors. The duration
of small intervals is often overestimated and the duration of long intervals is underestimated.

In some sports competitions, the time is not predetermined (points are accumulated in tennis,
volleyball, badminton, etc. or measured in metric units in ski jumping, jumps and throws in athletics),
in others, the rules clearly specify the playing interval (football - 90 minutes, rugby - 80 minutes,
handball - 60 minutes, basketball - 40 minutes, etc.), and in others, events are timed (for example,
events in sports swimming, running in athletics, speed skating, cycling etc.). In the learning process
of swimming, the perception of time is important for the acquisition of some details of coordination
(for example, the upper and lower limbs in the breaststroke) and for certain aspects of tactics during
the competition events.

Coordination includes oculo-motor and general dynamic coordination, and consists in the ability
to associate movements in order to ensure efficient motor acts [10,38,89-91]. In order for movement
to be adapted to a purpose, it must occur harmoniously in time and space, so it must be coordinated
[92-94]. Eye-motor coordination is the basis on which prehension is built (the act of grasping with
the fingers). Hand-eye coordination is developed and refined with positive effects in the control and
improvement of gestures [6].

The general dynamic coordination is achieved with the help of motor skills supporting strength,
speed, resistance, flexibility. Coordination of movements occurs only through constant repetition and
gradually develops as the child grows. Control of coordinated activity is achieved through the
feedback mechanism of proprioception and subcortical centers. Movement coordination can be
trained and remarkable results can be achieved for athletes and musicians.

Manual dexterity. The hand is the most active and interactive part of the upper extremity. Hand
dexterity is a term used to explain a range of different hand and finger skills and performances
[42,94,96]. These skills include reaction time, hand preference (dominant), wrist flexion speed, finger
touch speed, aiming; hand stability and arm stability [97]. 4 factors are most relevant to hand dexterity
assessment: hand stability, following contours, aiming, reaching/pointing as quickly as possible for a
set period of time. Kuloor [98] suggests that dexterity is a psychomotor skill by which small muscle
groups are coordinated in performing movements that usually involve the synchronization of hands
and fingers with the visual analyzer — the eyes, and can also be considered an oculomotor
coordination.

Coordination is a very important component in learning to swim. The execution technique of
the four swimming styles (front crawl, backstroke, breaststroke and butterfly) is based on
coordination details of the upper limbs among themselves, of the lower limbs with each other and of
all the limbs as a whole [94,99-101,103]. To these, the twisting or extension movements of the head
are added to allow inspiration to be achieved.
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2. Materials and Methods
2.1. Aim and Hypotheses

The aim of this study was to identify the relationship between psychomotor behaviors and
learning the execution technique of some swimming styles (front crawl and backstroke).
Two main working hypotheses were formulated, each with 6 secondary hypotheses.

Hypotheses H1: There is a positive relationship between psychomotor behaviors and front crawl
style learning.
Hypotheses H2: There is a positive relationship between psychomotor behaviors and backstroke
style learning.

2.2. Research Variables

The study was carried out between October 2021 and July 2022, the population being 428
children practicing leisure swimming (beginner level) at one of the swimming pools of the city and
metropolitan area of Iasi, Romania. The research subjects are represented by 76 children (17.75% of
the population), aged between 6 and 9.11 years (M = 7.2 years), distributed according to the gender
variable (40 boys (52.6%), 36 girls (47.4%) and age (19 (25%) for each category: 6.0 - 6.11 years, 7-7.11
years, 8-8.11 years, 9-9.11 years), for which one of the parents expressed their consent and signed it,
and who participated and completed all the tests included in the study.

The research subjects followed a program of two lessons per week, lasting 60-75 minutes each,
following a program that included different exercises structured by learning stages for the two
swimming styles, front crawl and backstroke.

The study was conducted in accordance with the Oviedo Convention of 1997 and the Helsinki
Declaration of 1964, with the approval of the Ethics Committee of the Faculty (protocol code 13bis/
March 30ty 2021). Subjects were informed, with prior written consent obtained from a parent or
guardian for each child.

2.3. Measurement and Evaluation of Variables

All the tests used in the process of measuring and evaluating the variables (independent and
dependent) were carried out in the same swimming pool in the city (25m long, working corridor -
2.5m, water temperature 26-28° C). Specific tests were used for each variable, which required specific
equipment, prior instruction, individual subject testing, measurement and evaluation (reference to
rating standards). The testing was carried out without time pressure in execution, being evaluated by
two trainers (an inter-rater fidelity test was also performed). The details of the testing for each variable
are described in Appendix A.

2.3. Statistical Analyses

The results from this research were stored and processed using IBM SPSS 20 software (IBM
Corp, Armonk, NY, USA). Descriptive statistical analyzes allowed checking the condition of normal
data distribution, by calculating the Kolmogorov-Smirnov (K-S) and Shapiro-Wilk (5-W) coefficients.
To check the correlation between the variables, there were calculated the Pearson coefficient () for
variables with parametric normal distribution and the Spearman coefficient (rs) for variables with
non-parametric non-normal distribution. The t-test for independent samples was calculated to check
for statistical differences between variables. The confidence interval taken into account was 95%.

3. Results

3.1. Descriptive Statistical Analysis

On the Tapping test, which measured the independent variable - manual dexterity, the results
indicate an arithmetic mean (M) of 74.08 centiles (M = 73.38 for boys; M = 74.86 for girls) and a
standard deviation (SD) of +10.09 (SD = £10.21 for boys; SD = +10.03 for girls), with normal values
around the mean being between 63.99 and 84.17 percentiles (between 63.17 and 83.59 for boys;
between 64.83 and 84.89 for girls). The standard error of the mean (ES) for the whole group is ES=+1.15
centiles, for boys ES=£1.61 and for girls, ES=+1.67. Depending on the gender variable, the data show

do0i:10.20944/preprints202307.0823.v1
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that girls have better manual dexterity than boys by 1.48 percentiles. According to the age variable,
we note that the research subjects recorded the following values of manual dexterity: at 9 years M =
82.37 centiles (SD = +7.14); at 8 years M = 78.68 centiles (SD = +3.05); at 7 years M = 72.63 centiles (SD
=+5.22); at 6 years M = 62.63 centiles (SD = +10.05) (see Appendix B, Table 1).

The results of the Goodenough test (the "little man" test), used to measure the independent
variable - body schema, indicate an arithmetic mean (M) of 19.20 points (M = 18.65 for boys; M =19.81
for girls) and a standard deviation (SD) of +3.57 (SD = +3.59 for boys; SD = +3.48 for girls), the normal
values around the mean being between 15.63 and 22.77 points (between 15.06 and 22.24 in boys;
between 16.33 and 23.29 in girls). The standard error of the mean (ES) at the group level is ES=+0.41
pct, for boys, ES'+0.56, for girls, ES=+0.58. For the gender variable, it is found that girls have a better
body image than boys with 1.16 points. For the age variable, we find that the research subjects have
the following body image values: at 9 years M = 24.22 pct (SD = +2.10); at 8 years M = 20.78 points (SD
=+(.97); at 7 years M = 18.89 points (SD = +0.60); at 6 years M = 15.33 points (SD = £1) (see Appendix
B, Table 2).

The descriptive statistical analysis of the results obtained when testing the laterality of the hand,
shows us that within the study sample we have 67 subjects out of 76 (88.2%) who have the dominant
right hand and 9 subjects (11.8%) who have the dominant left-hand. Regarding the lower limb, the
statistical percentages are the same: 88.2% (67 subjects out of 76) have the dominant right lower limb
and 11.8% (9 subjects) have the dominant left leg. Of the right-dominant, 36 (53.73%) are boys, and
31 (46.27%) are girls, while, of the left-dominant, 4 (44.44%) are boys, and 5 (55.56%) are girls (see
Appendix B, Tables 3 and 4).

Of the 67 right-dominant subjects, 16 (23.88%) are 6 years old; 19 (28.36%) are 7 years old; 17
(25.37%) are 8 years old; and 15 (22.39%) are 9 years old. Among the subjects who are left-dominant,
we have the following age distribution: 3 (33.33%) children are 6 years old, 2 (22.22%) are 8 years old,
and 4 (44.45% are 9 years, no subjects aged 7 years (see Appendix B, Table 5).

The descriptive statistical analysis of the results obtained in the Flamingo test, which measured
the independent variable - static balance, shows an arithmetic mean (M) of 11.84 sec. (M = 11.20 in
boys; M =12.54 in girls) and a standard deviation (SD) of +2.08 (SD =+2.12 in boys; SD = £1.82 in girls),
the values normal around the average being between 9.76 and 13.92 seconds (between 9.08 and 13.32
in boys; between 10.72 and 14.36 in girls). The standard error of the mean (ES) is for the whole group
ES=+0.23 seconds, for boys, ES=+0.33; for girls, ES=+0.30. According to the age variable, we find that
the research subjects have the following values of the static balance: at 9 years M = 14.06 sec. (SD =
+0.85); at 8 years M = 12.86 sec. (SD = £1.21); at 7 years M = 10.89 sec. (SD = +1.40); at 6 years M = 9.53
sec. (SD = +1.04) (see Appendix B, Table 6).

The descriptive statistical analysis of the results obtained in the buoyancy test, used for the
measurement of the independent variable - body balance on the water, indicates an arithmetic mean
(M) of 18.48 sec. (M =17.79 in boys; M = 19.24 in girls) and a standard deviation (SD) of +2.10 (SD =
+1.74 for boys; SD = +2.23 for girls), the values normal around the average being between 16.38 and
20.58 sec. (between 16.05 and 19.53 for boys; between 17.01 and 21.47 for girls). The standard error of
the mean (ES) for the entire group is ES=+0.24 sec., for boys, ES+0.27, for girls, ES=+0.37. Depending
on their age, the research subjects recorded the following values of body balance on water: at 9 years
M =20.92 sec. (SD =+1.38); at 8 years M = 19.14 sec. (SD = £1.26); at 7 years M = 17.79 sec. (SD = +1.03);
at 6 years M = 16.05 sec. (SD = +0.64) (see Appendix B, Table 7).

The descriptive statistical analysis of the results obtained in the coordination tests, used to
measure the independent variable - the coordination of the body segments and the body as a whole,
indicated an arithmetic mean (M) of 12.09 points (M = 11.58 in boys; M = 12.67 in girls) and a standard
deviation (SD) of +2.11 (SD = +2.38 for boys; SD = +1.62 for girls), with normal values around the mean
being between 9.98 and 14 .20 percent (between 9.20 and 13.96 for boys; between 11.05 and 14.29 for
girls). For the whole group the standard error of the mean ES= +0.24 points, for boys, ES=+0.37, and
for girls ES=+0.27. According to the age variable, the research subjects recorded the following values
of segmental and general body coordination: at 9 years M = 14.21 points (SD = +1.03); at 8 years M =
13.11 points (SD = +1.04); at 7 years M = 11.63 points (SD = +1.06); at 6 years M = 9.42 points (SD =
+1.34) (see Appendix B, Table 8).
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3.2. Inferential Statistical Analysis - Hypothesis Testing

Checking the condition of normality of the eight variables analyzed in the study was performed
using the Kolmogorov-Smirnov and Shapiro-Wilk statistical tests. The obtained values show that four
of them have a normal distribution: body schema, body balance on water, front crawl style technique
and learning swimming technique. The other four have a distribution that does not meet the
condition of normality: manual dexterity, static balance, coordination, backstroke style technique (see

Table 9).
Table 9. Tests for checking the condition of normality on data distribution.
Research variables Kolmogorov-Smirnov Shapiro-Wilk Distribution
K-S df Sig. S-W df Sig.

Manual dexterity 146 76 .000 926 76 .000 notnormal
Body schema .096 76 .078 979 76 .248 normal
Static balance .104 76 .040 964 76 .031 notnormal
Body balance on the water .092 76 176 .968 76 .054 normal
Coordination 127 76 .004 .958 76 .013  not normal
Front crawl style technique 101 76 .053 974 76 118 normal
Backstroke style technique 123 76 .006 .956 76 .010 notnormal
DV - swimming styles learning .077 76 .200° 981 76 299 normal

To test the hypotheses, the Person correlation coefficient (r) was used for variables with normal,
parametric distributions and the Spearman coefficient (rs) for variables with not-normal, non-
parametric distributions. According to [103,104], the interpretation of the obtained values of #/rs was
carried out as follows: between 0.01 - 0.09 - negligible positive relationship; r/rs between 0.10 - 0.39 -
weak positive relationship; r/rs between 0.40 - 0.69 - moderate positive relationship; r/rs between 0.70
- 0.89 strong positive relationship; r/rs between 0.90 - 1.00 very strong positive relationship. When r
has a negative value, we use the same interpretation range with the specification that the association
is negative. In addition, due to the inconsistency of the correlation coefficient, the coefficient of
determination (the square of the correlation coefficient #?) was also calculated [104].

Hypothesis H1: There is a positive relationship between psychomotor behaviors and front crawl
style technique learning.

Hypotheses derived from hypothesis H1:

H1a: There is a positive relationship between manual dexterity and front crawl style technique
learning.

H1b: There is a positive relationship between body schema and front crawl style technique
learning.

Hlc: There is a significant statistical difference regarding laterality (between right-handers and
left-handers) in front crawl style technique learning.

H1d: There is a positive relationship between static balance and front crawl style technique
learning.

Hle: There is a positive relationship between body balance on the water (buoyancy) and front
crawl style technique learning.

H1f: There is a positive relationship between general coordination and front crawl style
technique learning.

Testing hypothesis Hla. Manual dexterity, as the independent variable, has a non-normal
distribution of results, and technical execution of front crawl style, as the dependent variable, has a
normal distribution. The obtained value of the Spearman coefficient (rs = 0.63, p=0.001) suggests that
there is a positive, statistically significant association of moderate intensity between the two variables.
The value of the coefficient of determination (r2 = 0.40) shows us that 40% of the variation in front
crawl style technique learning can be "explained" by the relationship with the manual dexterity
variable. Therefore, hypothesis H1a is confirmed.
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Testing hypothesis H1b. Both variables, the body scheme and the technical execution of the front
crawl style, have a normal distribution (of continuous probability) of the results, the value of the
Pearson correlation coefficient (v = 0.80, p= 0.001) suggests that we have a positive relationship
between the two variables, statistically significant. The coefficient of determination (72 = 0.64) shows
that 64% of the variation in front crawl style technique learning can be "explained" by the relationship
with the body schema variable. Thus, hypothesis H1b is confirmed.

Testing the hypothesis Hlc. To test this hypothesis, we initially verified the existence of significant
differences between the arithmetic means obtained when learning the front crawl style for both hand
laterality and foot laterality, using the t-test for independent samples. The arithmetic mean of the
values obtained in the technical execution of the front crawl style for the subjects who have the
dominant right-hand (M =20.76; SD = +2.05) is not significantly lower (t=-0.61; df = 74; p = 0.53) than
that of left-dominant subjects (M = 21.22; SD = + 2.43). The arithmetic mean of the values obtained
during the technical execution of the front crawl style for the subjects who have the dominant right-
leg (M =20.78; SD = +2.06) is not significantly lower (t = -0.44; df = 74; p = 0.65) than that of left-leg
dominant subjects (M =21.11; SD =+ 2.36). Hypothesis Hlc is rejected.

Testing the hypothesis H1d. Static balance, as the independent variable, has a non-normal
distribution of results, and front crawl style technical execution, as the dependent variable, has a
normal distribution. As a result, to verify the relationship between these two variables we used the
Spearman correlation coefficient (rs = 0.82, p=0.001), which leads us to appreciate that there is a
positive, statistically significant association of strong intensity. The coefficient of determination (72 =
0.67) indicates that 67% of the variation in front crawl style technique learning can be "explained" by
the relationship with the static balance variable. Thus, hypothesis H1d is confirmed.

Testing hypothesis Hle. Both variables, the balance of the body on the water (buoyancy) and the
technical execution of the front crawl style, have a normal (continuous probability) distribution of
results. The obtained value of the Pearson coefficient (r = 0.78, p=0.001) indicates the existence of a
positive, statistically significant association of strong intensity between the two variables. The
coefficient of determination (12 = 0.61) indicates that 61% of the variation in front crawl technique
learning can be "explained" by the relationship with the variable body balance on the water.
Hypothesis Hle is confirmed.

Testing the hypothesis H1f. General coordination, as the independent variable, has a non-normal
distribution of results, and front crawl technique, as the dependent variable, has a normal
distribution. The Spearman coefficient suggests a positive, statistically significant association of
strong intensity (rs = 0.81, p=0.001) between the two variables. The coefficient of determination (12 =
0.65) indicates that 65% of the variation in front crawl technique learning can be "explained" by
association with the general coordination variable. Hypothesis H1f is confirmed.

In summary, the statistical values obtained show us the level of association, statistically
significant, between the independent variables and the dependent variable, which leads us to confirm
hypothesis H1 (see Table 10).

Table 10. The correlations between the independent variables and the technical execution of the front
crawl e style.

Independent variables Dependent Coefficient of  Association Sig.
variable correlation level
Manual dexterity rs=0,63 moderate
Technical
Body schema r=0,80 strong
execution of
Static balance rs=0,82 strong p=0,001
front crawl
Body balance on the water r=0,78 strong
style
General coordination rs=0,81 strong

Hypothesis H2: There is a positive relationship between psychomotor behaviors and backstroke
style technique learning.
Hypotheses derived from hypothesis H2:
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H2a: There is a positive relationship between manual dexterity and backstroke style technique
learning.

H2b: There is a positive relationship between body schema and backstroke style technique
learning.

H2c: There is a significant statistical difference regarding laterality (between right-handers and
left-handers) in backstroke style technique learning.

H2d: There is a positive relationship between static balance and backstroke style technique
learning.

H2e: There is a positive relationship between body balance on the water (buoyancy) and
backstroke style technique learning.

H2f: There is a positive relationship between general coordination and backstroke style
technique learning.

Testing the hypothesis H2a. The two invoked variables have non-normal distributions, which led
us to calculate the Spearman correlation coefficient. The value of the Spearman correlation coefficient
(rs = 0.57, p=0.001) shows that there is a positive association, statistically significant, of moderate
intensity, between manual dexterity, as the independent variable, and learning the backstroke
execution technique, as the dependent variable, there being a less than 1 in 1000 probability of
obtaining a rs = 0.63 under conditions where there would be no correlation between the two variables.
The coefficient of determination (72 = 0.32) indicates that 32% of the variation in backstroke technique
learning can be "explained" by association with the manual dexterity variable. Hypothesis H2a is
confirmed.

Testing hypothesis H2b. Body schema, as the independent variable, has a normal distribution of
results. In contrast, backstroke execution technique, as the dependent variable, has a non-normal
(non-continuous probability) distribution of outcomes. The Spearman correlation coefficient (r=0.77,
p=0.001) suggests the existence of a positive, statistically significant, strong association between the
two variables. The obtained value of the coefficient of determination (12 = 0.59) shows that 59% of the
variation in the learning of the process execution technique can be "explained" by the association with
the body schema variable. Therefore, we can state that hypothesis H2b is confirmed.

Testing hypothesis H2c. To test this hypothesis, we verified the existence of significant differences
between the arithmetic means obtained when learning the backstroke technique, both for the
laterality of the hand and for the laterality of the foot, using the t-test for independent samples. The
arithmetic mean of the values obtained in the execution technique of the back procedure for children
who have the dominant right hand (M = 20.93; SD = +1.69) is not significantly lower (t = -0.49; df = 74;
p = 0.62) than that of left-handed children (M =21.22; SD = + 1.71). The arithmetic mean of the values
obtained in the backstroke execution technique for children who have the dominant right leg (M =
20.96; SD = +1.71) is not significantly lower (t = -0.74; df = 74; p = 0.94) than that of children who have
the dominant left leg (M = 21.00; SD = + 1.58). Hypothesis H2c is rejected.

Testing hypothesis H2d. Both variables, static balance and backstroke execution technique, have a
non-normal (non-continuous probability) distribution of results. The Spearman correlation
coefficient (rs = 0.81, p<0.001) suggests a positive, strong, statistically significant relationship between
the two variables. The coefficient of determination (r2 = 0.65) shows us that 65% of the variation in
learning the backstroke execution technique can be "explained" by association with the static balance
variable. Hypothesis H2d is confirmed.

Testing hypothesis H2e. The balance of the body on the water (buoyancy), as the independent
variable, has a normal (Gaussian) distribution of the results, and the execution technique of the
backstroke style, as the dependent variable, has a non-normal distribution of the results. The
Spearman correlation coefficient (rs = 0.85, p<0.001) indicates the existence of a positive, strong,
statistically significant relationship. The coefficient of determination obtained (2 = 0.72) suggests that
72% of the variation in backstroke technique learning can be "explained" by the relationship with the
variable body balance on the water. Thus, hypothesis H2e is confirmed.

Testing the hypothesis H2f. Both variables, general coordination and backstroke execution
technique, have a non-normal distribution of results. The Spearman correlation coefficient (rs = 0.78,
p<0.001) shows the existence of a positive, strong and statistically significant relationship between
the variables. The value of the coefficient of determination (72 = 0.61) suggests that 61% of the variation
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in backhand technique learning can be "explained" by the relationship with the general coordination
variable. Therefore, hypothesis H2f is confirmed.

In summary, the statistical values obtained show us the level of association, statistically
significant, between the independent variables and the dependent variable, leading us to confirm
hypothesis H1 (see Table 11).

Table 23. The correlations between the independent variables and the technical execution of the

backstroke style.
Independent variables Dependent Coefficient of Level of Sig.
variable correlation association

Manual dexterity Technical rs=0,57 moderate

Body schema execution of rs=0,77 strong

Static balance backstroke style rs=0,81 strong p=0,001
Body balance on the water rs=0,85 strong

General coordination rs=0,78 strong

4. Discussion

In this study we aimed to verify the influences of some psychomotor behaviors (manual
dexterity, body scheme, laterality, static balance, body balance on the water, general coordination) in
the process of learning the execution technique for two styles of swimming, front crawl and
backstroke.

The results of the study for the "Tapping" test suggest that the subjects register a good level of
manual dexterity, being in agreement with the values obtained in other studies [34,105-107]. The
better level recorded in girls compared to boys is also confirmed by the study of Junaid & Fellowes
[108], who observed that in children between 6 and 8 years old, boys develop ball skills earlier than
girls and that girls acquire dexterity manual before the boys. The age of the subjects, between 4-15
years, also influences the level of manual dexterity, as suggested by other studies [109].

The values obtained for the assessment of the body schema indicate a good level for the whole
sample, better in girls compared to boys. These results are in agreement with previous studies [110-
112]. Significant statistical differences were revealed between girls and boys aged between 5 and 8
years for the body schema, measured by the Draw-a-Person test [113]. Thus, girls seem to have more
knowledge about body dimensions (e.g., tall, short, thin, fat, etc.) or a greater ability to judge their
body in terms of size and shape compared to boys [114]. Ledn et al. [114] also highlights the
interdependence between age and body schema in children between 4-15 years. Children's judgments
about the sizes of body segments and the body as a whole - the body schema - improve with age, and
the period 6-9 years is the one in which the image of one's own body in space and time takes shape.
At preschool ages, body image is unstable, and children's cognitive limitations could explain the lack
of a good body schema representation.

Regarding laterality, there are predominantly more right-hand and foot-dominant subjects than
left-hand-dominant subjects. The results, depending on the gender, indicate more right-dominant
boys than girls, while left-dominant girls are in a higher percentage than boys. Geschwind & Miller
[60] state that approximately 8-10% of the world's population is strongly left-handed, and more than
90% are right-handed, an aspect that is also found among the subjects of this research. And in other
studies, this aspect of the laterality of the limbs is confirmed, about 90% of the total population of the
world has the dominant laterality expressed on the right side [56,115]. In the literature, no significant
performance differences of laterality (right-handed vs. left-handed) were found according to the
gender variable [53,56]. The gender variable does not influence the manifestation of laterality.

According to the age variable, that right-dominant subjects are in close proportions, while,
among left-dominant subjects, no 7-year-old subject is identified, most being 9-year-old (44,45 %).
The aspects that determine laterality are individual and complex, and appear throughout the psycho-
biological development process of each individual [116]. There are studies that show that laterality is
manifested from prenatal life [117]. Sensory and motor demands lead humans to develop a motor
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asymmetry based on a lateral dominance that, once established, remains consistent throughout the
lifespan [117,118].

Laterality was invoked in the present research in order to make a comparison between children
with laterality on the right side and those on the left side in the process of learning sports swimming
procedures. In recent years, an increasing number of studies have mentioned laterality in relation to
technical, behavioral, physical and tactical factors in sport [62,63], but without going into depth on
this topic or offering specific tools.

From our study it emerged that subjects with laterality on the right side would learn better the
execution technique of the two swimming styles, front crawl and backstroke, compared to those with
laterality on the left side, but the differences between the means are not statistically significant. Both
hypotheses regarding the laterality, both regarding the hand and the foot, in learning the technique
of the front crawl and backstroke styles, were disproved (p > 0.05).

Laterality refers not only to left-right preference [64-66], but also to the way an athlete directs
his body in space [66,67], which we did not address in this study.

In the literature, lower limb laterality is shown to be a better predictor of sports performance
than upper limb laterality [53]. It is also known that approximately 90% of the adult population is
right-handed dominant, and the remaining 10% are left-handed, an aspect that is also found in the
study sample of this research. What is less understood is how laterality develops and at what age
adult-like patterns of laterality emerge [54].

The results obtained in the Flamingo test, which measured static balance, indicate a good level
of it, better in girls compared to boys. The results are consistent with the synthesis of Schedler et al.
[119] who concluded that for subjects aged 6-18 years, girls perform better than boys in
demonstrating static balance, and boys perform slightly better than girls in demonstrating dynamic
balance and pro-active balance. And in our study, girls have better static balance than boys by 1.34
seconds. Our results suggest that the older the age, the better the level of balance. Schedler et al.
[119,120] identified that adolescents (14-18 years) have better balance performance (static, dynamic
and proactive) than children (6-13 years). In other studies [121,122] it was found that teenagers have
better postural control than children and contradict certain theories that claim that body balance is
defined around the age of ten. Human balance maturity is not completed in childhood and may last
until adolescence or young adulthood [119]. The age period between 6-8 years is considered a
transitional phase in the development of postural control, when balance performance increases
sharply, which has been attributed to better sensory and motor manifestation, as well as changes in
postural control strategies [123,124].

The values obtained in the water body balance test suggest that girls register a better level
compared to boys. McLean & Hinrichs [125] concluded, based on a study identifying the distance (d)
between the center of gravity (CG) and the center of buoyancy (CF) in male and female swimmers
aged 18-19 years, that girls have this much smaller distance compared to boys and, implicitly, better
buoyancy. Depending on the locations of the CG and the CF, the body can be either stable, neutral,
or unstable [86]. The body is stable when it remains at the surface of the water, it is neutral when it
balances somewhere in the water mass, and unstable when it sinks completely. And in our study,
girls have better buoyancy than boys, this is shown by maintaining the balance of the body on the
water for 1.45 seconds longer. In swimming, anthropometry affects hydrostatics and hydrodynamics;
hydrostatics and hydrodynamics influence biomechanics (execution technique); biomechanics
influences the energy resources; and energetic resources influence swimming performance [23].

Although differences by age are recorded in the study, we did not identify research showing
that this variable is a predictor of body balance on water (buoyancy) and therefore able to compare
results.

In our study, the difference in the level of coordination according to gender is in favor of girls,
by 1.09 points. Regarding the manifestation of segmental and general body coordination by gender,
Battaglia et al. [126] concluded that there were significant differences in motor quotient scores
between girls and boys. These results are similar to those reported in other studies that showed
significant differences in motor skills between boys and girls, in favor of boys [127,128]. Gender
differences in terms of motor quotient (motor coordination), where boys perform better than girls,
could be related to both daily physical activities and sports practice, aspects that favor boys [128,129].
In a study with 2815 subjects (children and adolescents) aged between 3 and 15 years, in which
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approx. 90% of participants had a good body weight, Ishii et al. [130] reported that boys were more
physically active than girls.

The results of the study, similar to other studies [128], suggest that, also in the case of
coordination, its level increases with age, for both genders. The general motor behavior of children
and adolescents, consisting of everyday daily activities and the practice of physical activities in an
organized setting, is determined by the level of motor coordination ability [131]. Furthermore, higher
levels of coordination during childhood and adolescence influence children's ability to successfully
participate in movement situations and engage in physical activity throughout life [132,133].

The hypothesis of the study presupposes the verification of the existence of a positive
relationship between psychomotor behaviors (manual dexterity, body scheme, general coordination,
static balance and body balance on the water) and the process of learning the execution technique of
the two styles of swimming, front crawl and backstroke. The results show positive correlations of
strong intensity (r or rs between 0.77 and 0.85), which makes us say that the association of these
variables is very important. Only manual dexterity registered a positive correlation of moderate
intensity (rs = 0.63 for the crawl procedure; rs = 0.57 for the back procedure).

There are studies in the literature that show that it is possible to improve sports performance by
manipulating anthropometric, biomechanical and/or energetic variables (Barbosa et al., 2010b). Also,
anthropometric, hydrostatic and hydrodynamic variables are described as related to swimming
performance [26-29]. Anthropometric, hydrodynamic and biomechanical testing procedures are
often reported in the literature attempting to predict swimming performance, as in other sports
disciplines [30]. The literature is no longer as "rich" regarding psychomotor behaviors and their
association with sport swimming (learning or improvement).

The novelty in this research comes from the fact that it proposes the association of these variables
with swimming and also approaches as the dependent variable the learning process of swimming
styles and not the sports performance in swimming. The process of learning the technique of
execution of swimming styles is missing from the literature, although it is the basis on which future
sports performance is built.

In carrying out this study, a series of aspects were identified that can be considered as limitations
of the research. Limitation of the research sample was due to either parents opting out of their
children's participation in the study or dropping out of swimming lessons along the way. Also, some
results could be negatively influenced by certain environmental barriers (noises, etc.) by decreasing
the subjects' ability to focus.

Future research directions can be oriented towards the identification of causal relationships,
through quantitative, linear regression analyses, between the variables invoked.

5. Conclusions

All psychomotor behaviors analyzed in the study (manual dexterity, body schema, static
balance, body balance on the water and general coordination) had positive relationships with
learning the execution technique of swimming, front crawl and backstroke styles. Manual dexterity
had positive associations of moderate intensity (both neck and back), and the other variables had
positive associations of strong intensity with both procedures. Thus, we can conclude that they are
very important in the process of learning sports swimming styles. Therefore, the main hypothesis
formulated was confirmed.

The study gave us the opportunity to analyze the balance of the body on the water (buoyancy)
and from a psychomotor perspective, not just from a hydrostatic and dynamic perspective in learning
some swimming styles.
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Appendix A

1. Tests for measuring and evaluating independent variables

To measure manual dexterity, we used the "Tapping" test, created to measure manual dexterity
and speed [34,105-107], for both hands. The subjects received a stopwatch, a pencil and two sheets of
20/20 cm size, on each sheet a square with a side of 10 cm was printed, divided into 100 squares with
a side of | cm. The subject had to make, with the pencil, one point in each of the 100 squares, first with
the dominant hand, then with the other. The timer was started when the child made the first point
and stopped after the child made the last point. The total score summarized the time, in seconds
converted to centiles, that the child obtained on the two tests (right-handed and left-handed). It is
considered poor dexterity (0-30 centiles), average dexterity (31-70 centiles), good dexterity (71-100
centiles).

The Goodenough test was used to measure the body schema [110,112]. The test can be applied
to children between 3 and 13 years old with a double role: detecting mental deficiencies and
identifying the IQ level that a child can have at different ages [111]. The subject was asked to draw a
man on the sheet of paper, being encouraged but not helped or influenced. The presence/absence of
27 elements were scored, the maximum score being 30 points (26 from the body elements and 4 from
the presented clothing items).

For normally developed children the scores (+ 1 point) regarding the cortical representation of
the body schema are: at 3 years = 6 points; at 4 years = 8 points; at 5 years = 10 points; at 6 years = 14
points; at 7 years = 18 points; at 8 years = 20 points; at 9 years = 22 points; at 10 years = 24 points; at 11
years = 26 points; at 12-13 years = 28 points [110,112].

Hand laterality was assessed by means of the Tapping Test, which was also used for the manual
dexterity variable. The dominant hand was identified both qualitatively (by observation) and
quantitatively (by the number of seconds obtained). In order to convince us that the detection of the
dominant hand was correct, two more tests were used, each performed twice: throwing to the target
and erasing with the eraser [134]. Two tests were used to detect the dominant leg: four successive
jumps on one leg and kicking a ball [134]. The tests were performed twice.

The Flamingo test was used to measure static balance [135-138]. The test requires participants
to maintain a standing position on one leg with hands on hips, the other lower limb should be flexed
at the knee and with the sole pressed against the medial aspect of the knee of the base leg. The test
can be taken both with the eyes closed and with the eyes open. It was performed on both the right
and left legs as described above, with the eyes closed. The test was performed twice for each leg and
the best time (expressed in seconds) was taken into account. The arithmetic mean (of the best time
from the right leg with the best time from the left leg) was used in the statistical analysis. Through
this test, the laterality of the lower limbs was also monitored.

Body balance on water testing (buoyancy) was performed using the horizontal buoyancy test
[139-143] by adapting the vertical buoyancy test [29]. The test was applied to the children after they
had participated in a minimum of five swimming sessions and were adapted to the water. Subjects
were asked to lie horizontally in the water with the lower and upper limbs extended in body
extension and slightly apart, hands no more than hand-width apart, and feet no more than basin-
width apart. At the level of the internal malleolus (between the legs) a plastic bar graduated in
centimeters and positioned vertically (perpendicular to the bottom of the pelvis) was placed. The zero
point was considered to be at the water level marked by a white band, and ten centimeters below (in
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the water) another white band was mounted. Also, the children's ankles were marked. Testing was
performed both from the face lying position (on the chest) and from the dorsal lying position (on the
back). The children were placed on the water by a trainer, an assistant positioned the bar at the level
of the inner ankles and timed. The time (in seconds) maintained in the horizontal position was
measured. The timer was stopped when the feet (inner malleolus) reached the level of the second
white band. The test was performed twice both for the face lying position (on the chest) and for the
dorsal lying position (on the back). An assistant recorded the best time (for the facial position and for
the dorsal position). In the statistical analysis, the arithmetic mean of the times (in seconds) obtained
at the two positions was used.

The following tests were used for coordination:

» coordinating the movements of the upper limbs from the initial position standing slightly apart:
1) rotating the arms from the shoulder joint, simultaneously forward;

2) rotating the arms from the shoulder joint, simultaneously backwards;

3) rotation of the arms from the shoulder joint, simultaneously, the right forward and the left
backward;

4) rotation of the arms from the shoulder joint, simultaneously, the left forward and the right
backward;

5) arm shears in the transverse plane with the hands from thigh level above the head and vice versa,
the lower limbs are perfectly stretched;

For tests 1-5, the minimum execution time in the context of the age-appropriate assessment was
followed (at 6 years = 10 seconds; at 7 years = 15 seconds; at 8 years = 20 seconds; at 9 years = 25
seconds).

» coordination of the lower limbs - jumping on the coordination scale

6) successive jumps on both legs;

7) successive jumps with the right leg, followed by jumps with the left leg;

8) successive alternating jumps (right/left);

9) successive jumps on both legs (from near to far; inside and outside the steps of the coordination
ladder);

10) lateral jumps, successive, from one foot to another.

Specification for the number of repetitions according to age: at 6 years = 8; at 7 years = 10; at 8
years = 12; at 9 years = 14 jumps.
> general coordination and spatial orientation
11) The Matorin test [144] which consisted of a jump on both feet with an attempt to turn 3600 around
the longitudinal axis of the body.

The measurement of coordination was carried out by two trainers, for tests 1-10, the value "1" was
assigned for successful execution and the value "0" for unsuccessful execution. For the Matorin test,
values between 1 and 8 were assigned as follows: jumping between 0-450= 1 point; jump between 46-
900 = 2 points; jump between 91-1350 = 3 points; jump between 136-1800 = 4 points; jump between
181-2250 = 5 points; - jump between 226-2700 = 6 points; - jump between 271-3150 = 7 points; - jump
between 316-3600 = 8 points. Each subject performed the 11 coordination tests twice and the best
performance was taken into account. The score obtained was calculated by summing all the points
obtained in all 11 coordination tests. This can be between 0 and 18.

2. Tests for Measuring the Dependent Variables

The test for measuring and evaluating the technical execution of the front crawl style tracked
the execution of the following technical details:
- Assessment of the movement of the upper limbs in the active phase - action of the hand through the
water:
1) the hand enters the water with the thumb;
2) the hand enters the water in the extension of the head between the shoulder and the sagittal plane;
3) the hand grabs the water (flexion of the hand on the forearm);
4) drawing water, the upper limb flexed at the elbow;
5) pushing the water, the palm reaches the thigh;
6) the hand leaves the water with the little finger;
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- Assessment of the movement of the upper limbs in the preparatory phase - the action of the hand
through the air:

7) rotation of the arm from the shoulder joint, the forearm flexed on the arm, in the aerial way the
elbow is higher than the hand;

- Assessment of the movement of the lower limbs in the descending and ascending phase:

8) the whipping movement of the lower limbs;

9) plantar flexion of the foot, the heel leaves the water;

10) the range of motion between the two lower limbs is correct (35 - 45 cm)

- Assessment of coordination between upper and lower limbs:

11) when executing a cycle of movements of the upper limbs, the presence of two cycles of movements
of the lower limbs.

- Assessment of lateral breathing (breathing with two arms) and its coordination with the execution
technique:

12) the lateral twisting of the head (cervical area) is doubled by the twisting of the trunk only from
the thoracic area (the hips are not involved in this movement), and the upper limb that is in the water
must be stretched in the extension of the body;

13) the head does not lose contact with the water during lateral breathing (without head extension);
14) the distance between the chin and the chest is the same (both in the face lying position and during
the lateral twisting movement);

15) inhalation is done through the mouth, deep, short, in the active phase (through the water) of an
upper limb (right or left - at your choice), followed by a short apnea when the hand leaves the water;
16) exhalation through the mouth and nose, slow, long, in the active phase (through water) of the
other upper limb (opposite to the one we referred to for inspiration);

17) the direction of movement on the water is linear, without left-right oscillations.

The technical details presented in points 1 - 9 have been evaluated for both the right and left
limbs. The correct execution of each technical aspect in the global execution of the crawl procedure
was scored with "1", and the lack or wrong execution was scored with "0". Each subject performed
the front crawl over a distance of 50 m (two pool lengths), the measurement and evaluation test of
the crawl procedure being performed twice, the best result being used for statistical analysis. The
final score was made by adding up all the points obtained in all technical aspects, which could be
between 0 and 26.

The test for measuring and evaluating the technical execution of the backstroke style tracked
the execution of the following technical details:
- Assessment of the movement of the upper limbs in the active phase - the action of the hand through
the water:
1) the hand enters the water with the little finger;
2) the hand enters the water in the extension of the head next to the shoulder;
3) the hand grabs the water (flexion of the hand on the forearm);
4) pulling the water, the upper limb flexed at the elbow (side rowing);
5) water push, the palm reaches the thigh;
6) the hand leaves the water with the thumb;
- Assessment of the movement of the upper limbs in the preparatory phase - the action of the hand
through the air:
7) rotation of the upper limb from the shoulder joint, perfectly stretched from the elbow and hand
joints; this movement is doubled by the internal rotation (in the longitudinal axis) of the upper limb
near the shoulder so that the hand enters the water with the little finger;
- Assessment of the movement of the lower limbs in the descending and ascending phase:
8) whipping movement of lower limbs;
9) plantar flexion of the foot, the phalanges of the toes leave the water;
10) the amplitude of the movement between the two lower limbs is correct (35 - 45 cm);
11) the head (cervical area) does not lose contact with the water;
12) the head is in a slight flexion with respect to the trunk, the distance between the chin and the
chest is the same (over the entire travel distance);
- Assessment of coordination between upper and lower limbs:
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13) when performing a cycle of upper limb movements, the presence of two lower limb movement
cycles;

- Assessment of breathing and its coordination with the execution technique:

14) inhalation is done through the mouth, deep, short, in the first third of the airway of an upper limb
(right or left - at your choice), followed by a short apnea until the limb enters the water;

15) exhalation through the mouth and nose, slow, long, in the active phase (through water) of the
same upper limb (to which we referred for inspiration);

16) the direction of movement on the water is linear, without left-right oscillations.

The technical details presented in points 1 - 9 have been evaluated for both the right and left
limbs. The correct execution of each technical aspect in the global execution of the back procedure
was scored with "1", and the lack or wrong execution was scored with "0". Each subject performed
the backstroke over a distance of 50 m (two pool lengths), the measurement and evaluation test of the
backstroke being performed twice, the best result being used for statistical analysis. The final score
was made by adding up all the points obtained for all technical aspects, which could be between 0

and 25.
Appendix B
Table 1. Descriptive statistical analysis - manual dexterity variable.
Subjects Male Female
N Valid 76 40 36
Lack 0 0 0
Arithmetic mean (M) 74.08 73.38 74.86
Standard error of the mean (ES) 1.157 1.615 1.672
Median (Me) 75 75 75
Module (Mo) 70 702 80
Standard Deviation (DS) 10.090 10.215 10.035
Amplitude (A) 40 40 40
The minimum value (Vmin) 50 50 50
Maximum value (Vmax) 920 920 90

Table 2. Descriptive statistical analysis — body schema variable.

Valid Subjects Male Female
N 76 40 36

Lack 0 0 0
Arithmetic mean (M) 19.20 18.65 19.81
Standard error of the mean (ES) 410 .569 581
Median (Me) 19 19 19.50
Module (Mo) 19 19 19
Standard Deviation (DS) 3.570 3.599 3.487
Amplitude (A) 16 14 14
The minimum value (Vmin) 12 12 14
Maximum value (Vmax) 28 26 28

Table 3. Right-dominant subjects by gender variable.

Laterality on the Gender Research subjects

right side Valid Total
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N Percentages N Percentages
Right-hand Male 36 53,73%
67 100.0%
dominant Female 31 46,27%
Male 36 53,73%
Right-leg dominant 67 100.0%
Female 31 46,27%

Table 4. Left-dominant subjects by gender variable.

Gender Research subjects
Laterality on the left
Valid Total
side
N Percentages N Percentages
Male 4 44,44%
Left-hand dominant 9 100.0%
Female 5 55,56%
Male 4 44,44%
Left-leg dominant 9 100.0%
Female 5 55,56%
Table 5. Right-dominant subjects by age variable.
Age Research subjects
Laterality on the right Valid Total
side N Percentage N Percentages
s
6,0 - 6,11 years 16 23,88%
Right-hand dominant 7,0 - 7,11 years 19 28,36%
67 100.0%
Right-leg dominant 8,0 - 8,11 years 17 25,37%
9,0-9,11 years 15 22,39%
6,0 - 6,11 years 16 23,88%
Laterality on the right 7,0 - 7,11 years 19 28,36%
67 100.0%
side 8,0 - 8,11 years 17 25,37%
9,0-9,11 years 15 22,39%
Table 6. Descriptive statistical analysis — static balance variable.
Subjects Male Female
Valid
N 76 40 36
Lack 0 0 0
Arithmetic mean (M) 11.8405 11.2088 12.5425
Standard error of the mean (ES) .23960 .33649 .30460
Median (Me) 12.0900 11.2400 12.9150
Module (Mo) 12.242 13.612 12.24
Standard Deviation (DS) 2.08882 2.12814 1.82758
Amplitude (A) 8.29 7.71 6.92
The minimum value (Vmin) 7.35 7.35 8.72

Maximum value (Vmax) 15.64 15.06 15.64
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Table 7. Descriptive statistical analysis - body balance on water(buoyancy) variable.

Subjects Male Female

Valid
N 76 40 36

Lack 0 0 0
Arithmetic mean (M) 18.4809 17.7955 19.2425
Standard error of the mean (ES) .24170 .27532 .37276
Median (Me) 18.3600 17.4500 19.0500
Module (Mo) 15.982 16.042 15.742
Standard Deviation (DS) 2.10711 1.74126 2.23654
Amplitude (A) 8.62 6.70 7.70
The minimum value (Vmin) 14.82 14.82 15.74
Maximum value (Vmax) 23.44 21.52 23.44

Table 8. Descriptive statistical analysis — coordination variable.

Valid Subjects Male Female
N 76 40 36

Lack 0 0 0
Arithmetic mean (M) 12.09 11.58 12.67
Standard error of the mean (ES) .243 .377 .270
Median (Me) 12.00 12.00 13.00
Module (Mo) 14 12 14
Standard Deviation (DS) 2.118 2.385 1.621
Amplitude (A) 9 9 6
The minimum value (Vmin) 7 7 10
Maximum value (Vmax) 16 16 16
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