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BIOMECHANICAL FIELD STUDY OF SLALOM TURN DURING SE-
COND RUN SNOW QUEEN TROPHY RACE

Cigrovski Vjekoslav, Antekolovi¢ Ljubomir, Zadravec Mateja, Bon Ivan

University of Zagreb, Faculty of Kinesiology

Abstract

Slalom is a challenging alpine ski discipline from both tactical and technical
perspective. Biomechanical factors influence the tactics employed during the race and
can affect success. We performed biomechanical field study investigating velocity at
different sections of slalom turn, angles of lower extremity during turn performance
and their relation to projection of centre of mass during FIS World Cup Race Snow
Queen Trophy. Kinematic analysis of slalom turn was performed to compare the
correlations between angles in joints of lower extremities, distance of centre of mass
during different segments of turn and velocity of skiing during turn in competitor
level skiers. The Ariel Performance Analysis System was used to calculate the 3D
kinematic data for 30 elite alpine skiers participating in the second run. Results
suggest highest variability between competitors in velocities achieved during turn
initiation. Moreover, we found correlation between competitors’ velocity during
turn initiation and angle in the knee joint (r=0,56). Additionally, velocity during
initial phases of turn correlated with centre of mass with respect to inner ankle joint
(r=0,63), as well as with outer ankle joint (r=0,58). Moreover, angles between upper
and lower leg correlated significantly with velocity during all phases of slalom turn,
while we found no correlation whatsoever between competitors’ upper leg and core
and velocity. Significant correlation was also seen between velocity during all three
phases of ski turn and centre of mass during middle part of the turn in relation to both
inner and outer ankle joint. Our data suggest that competitors with lower velocity at
the beginning of the turn opted for a less direct trajectory. But due to configurational
differences and different ways gates are positioned through entire race, competitor is
not able to use the same tactics through an entire slalom race, so velocity over one
turn might not have an overwhelming influence on the velocity of the race in a whole.
To conclude, many different biomechanical factors influence the performance during
slalom race and competitor must take into account intricate interactions between them
under different conditions to minimize the descent time.

Key words: slalom, kinematic, velocity of skiing, line of skiing, skiing technic
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Introduction

The difference between medal winning places in highly competitive slalom
discipline of alpine skiing is often measured in fractions of a second. These small
winning margins accentuate the need for a better understanding of factors influencing
performance. Biomechanics of slalom skiing imposes as an important field of
investigation (Hebert-Losier et al., 2014). Racing tactics that current elite alpine
skiers apply relates to the choosing of specific trajectory while passing through the
gates. Choosing the right trajectory enables reaching higher velocities or keeping the
existing speed of skiing (Cigrovski & Matkovi¢, 2015). To shorten the route between
the gates, competitors on the steep parts often choose direct trajectory. Mentioned
tactics together with alpine ski technique are the main factors underpinning the speed
of ski sliding (Federolf et al., 2013). In the recent years, slalom discipline is specific
due to more narrow corridor of turns and shortening of the ski arches. This means
that competitors are faster and that they have minimized the path between the gates
(LeMaster, 2010). Choosing the right moment in which competitor will initiate the
new turn or will pass from one turn to another for the consequence has ideal speed of
ski sliding and might influence the success of ski performance (Hebert-Losier et at.,
2014). That is why each competitor before ski race divides slalom track into several
segments and decides on the trajectories while passing through the gates. Supej and
Cernigoj (2006) specifically divided alpine ski race track into nine segments and
shown how performance of first three competitors differed in ski tactics in all the
mentioned ski sections. Because of different tactics in different segments, competitors
differ in ski technique and adjust ski technique to the trajectory choice. Differences
in ski technique can be followed by observation of competitors’ joints and body
segments as well as by ski movements during particular stages of the ski turn (Hraski
& Hraski, 2009; Reid et al., 2009; Kipp et al., 2010). By analysing the angles in the
competitors’ joints as well as the projections of the body’s centre of gravity in certain
parts of the turn, it is likely possible to predict ways of making turns regarding ski
techniques and tactics.

Methods

Participants: 30 male professional skiers, mean age 27.12+1.15 years were
included in the investigation. They were tested during slalom competition FIS Ski
World Cup Snow Queen Trophy (Sljeme, Croatia).

Variables: Kinematic variables that were used to describe slalom turn included:
velocity at the beginning of slalom turn (VB), measured time at the beginning of ski
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turn in ms™', velocity in the middle part of the slalom turn (VM), measured time during
central phase of ski turn in ms™, velocity at the end of slalom turn (VE), measured
time at the end of ski turn in ms™, knee angle (KA), measures angle between upper
and lower leg in °, hip angle (HA), measures angle between upper leg and core
in °, centre of mass at the beginning of slalom turn in relation to inner ankle joint
(COMIAB), represents the difference between projection of centre of mass at the
beginning of the turn and ankle joint of the inner leg measured in cm, centre of mass
at the beginning of slalom turn in relation to outer ankle joint (COMOAB), represents
the difference between projection of centre of mass during beginning of ski turn in
relation to outer leg measured in cm, centre of mass at the middle of the slalom turn in
relation to inner ankle joint (COMIAM)), represents the difference between projection
of centre of mass and inner leg ankle joint measured in cm, centre of mass at the
middle of the slalom turn in relation to outer ankle joint (COMOAM), represents the
difference between projection of centre of mass and outer leg ankle joint measured in
cm, centre of mass at the end of slalom turn in relation to inner ankle joint (COMIAE),
represents the difference between projection of centre of mass and inner leg ankle
joint measured in cm, centre of mass at the end of slalom turn in relation to outer ankle
joint (COMOAE), represents the difference between projection of centre of mass and
outer leg ankle joint measured in cm.

Research protocol: We analysed some biomechanical aspects during one slalom
turn. Data for kinematic analysis was filmed during slalom competition by two DV
cameras (Sony HDR-HCO9E), with 50 photos per second and with shutter speed 1/500
sec. The space calibration was done with cube (180 cm x 180 cm x 180 cm) filmed
after competition on the position of analysed slalom turn. Position of cameras is
shown in Figure 1.

B

Camera 1

Camera 2

A&

Figure 1. Camera positions
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Statistical methods: The Ariel Performance Analysis System (APAS, Ariel
Dynamics inc., USA) was used to analyse video recordings and calculate the 3D
kinematic data. Correlations between the analysed variables were tested by correlation
analysis. The Statistica ver. 7.1 (StatSoft, Inc., 2006) was used. All competitors of the
2" glalom run were filmed by two DV cameras (Sony HDR-HC9E) operating at 50
fps with shutter speed of 1/500 sec. The space calibration was done with cube (180 cm
x 180 cm x 180 cm) filmed after competition on the position of analysed slalom turn.

Results and discussion
Results of the descriptive statistics are presented in Table 1.

Table 1. Descriptive statistics

Variable N M Min Max \% SD a3 a4

VB 30 14,17 9,65 17,93 1,99 1,41 -0,6 5,54
VM 30 13,14 11,4 13,91 0,29 0,53 -1,79 417
VE 30 13,1 12,21 14,97 0,27 0,52 1,82 6,7

KA 30 95,13 86,04 104,88 24,6 4,96 -0,09 -0,76
HA 30 91,35 77.4 107,14 74,49 8,63 0,19 -0,91
COMIAB 30 4,5 0,1 19 16,48 4,05 2,13 6,24
COMOAB 30 21,79 9 35 31,12 5,57 0,27 0,9

COMIAM 30 8,47 0,6 16 18,33 4,28 -0,49 -0,57
COMOAM 30 6,52 0,4 15 17,66 4,2 0,24 -0,87
COMIAE 30 -21,33 -32 -4 40,31 6,34 1,2 2,38
COMOAE 30 -15,7 -31 -3 443 6,65 -0,12 0,04

Legend: VB-velocity at the beginning of slalom turn; VM velocity in the middle part
of the slalom turn; VE-velocity at the end of slalom turn; KA-knee angle; HA-hip
angle; COMIAB-centre of mass at the beginning of slalom turn in relation to inner
ankle joint; COMOAB-centre of mass at the beginning of slalom turn in relation to
outer ankle joint; COMIAM-centre of mass at the middle of the slalom turn in relation
to inner ankle joint; COMOAM-centre of mass at the middle of the slalom turn in
relation to outer ankle joint; COMIAE- centre of mass at the end of slalom turn in
relation to inner ankle joint; COMOAE-centre of mass at the end of slalom turn in
relation to outer ankle joint
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Correlation analyses are presented in Table 2.

Table 2. Correlation between analysed variables

Variable VB | VM | VE KA HA COMIAB | COMOAB | COMIAM | COMOAM | COMIAE | COMOAE
VB 1 0,98* | 0,97* | 0,56* | 0,42 | 0,63* 0,58* 0,64* 0,62* -0,11 -0,09
VM 1 0,99* | 0,53* | 0,37 | 0,54* 0,49 0,58* 0,56* -0,17 -0,15
VE 1 0,5% 032 |0,51* 0,42 0,51* 0,5% -0,21 -0,2
KA 1 0,92* | 0,07 0,57* 0,2 0,14 -0,59% -0,53*
HA 1 0,23 0,77* 0,39 0,39 -0,28 -0,2
COMIAB 1 0,77* 0,94* 0,95* 0,66* 0,67*
COMOAB 1 0,87* 0,83%* 0,32 0,39
COMIAM 1 1 0,6* 0,65%
COMOAM 1 0,64* 0,67*
COMIAE 1 0,99*
COMOAE 1

Legend: VB-velocity at the beginning of slalom turn; VM velocity in the middle part
of the slalom turn; VE-velocity at the end of slalom turn; KA-knee angle; HA-hip
angle; COMIAB-centre of mass at the beginning of slalom turn in relation to inner
ankle joint; COMOAB-centre of mass at the beginning of slalom turn in relation to
outer ankle joint; COMIAM-centre of mass at the middle of the slalom turn in relation
to inner ankle joint; COMOAM-centre of mass at the middle of the slalom turn in
relation to outer ankle joint; COMIAE- centre of mass at the end of slalom turn in
relation to inner ankle joint; COMOAE-centre of mass at the end of slalom turn in
relation to outer ankle joint; * - significant at p=0.05

Data suggest variations in velocity at the beginning of slalom turn ranging from
9,65 to 17,93 ms™ (Mean=14,4 ms™), during middle part of the turn from 11,4 to
13,91 ms™ (Mean=13,4 ms™), while velocity range during final parts of the slalom
turn ranged from 12,21 to 14,97 ms™ (Mean=13,1 ms™"). The greatest variability in
competitors’ velocity was seen during slalom turn initiation, where the differences
between competitors in the filmed segment of slalom turn were greatest. According
to Federolf and coworkers, the difference in velocity between competitors persisted
all through phases of the slalom turn (2013). Our data suggest that competitors with
lower velocity at the beginning of the turn opted for a less direct trajectory. Similar
observation was reported by Lesnik and Zvan (2007), where skiing velocity generally
increases as the skiing line decreases. In the present investigation, we measured skiers’
velocity during three phases of ski turn (during turn initiation, at the middle part and
at the end of turn). The greatest correlation was seen between competitors’ velocity
during turn initiation and angle in the knee joint (r=0,56). Additionally, velocity
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during initial phases of turn correlated with centre of mass with respect to inner ankle
joint (r=0,63), as well as with centre of mass with respect to outer ankle joint (r=0,58).
Angles in the knee joint varied between 86° and 104° (Mean=95°), while angles in the
hip joint varied between 77° and 107° (Mean=91°). Analysed angles between upper
and lower leg correlated significantly with velocity during all phases of slalom turn,
while we found no correlation whatsoever between competitors’ upper leg and core
and velocity. On the contrast, results by Hraski and Hraski (2009) measuring angles
between core and angles in different joints suggest that higher angles in the hip joint
correlated with higher velocity and better performance during slalom turn. Centre of
mass at the initiation of slalom turn varied from 0,1 to 19 cm (Mean 4,5 cm) in relation
to inner leg ankle joint, and 9 to 35 cm (Mean 21,7 cm) in relation to outer leg ankle
joint. Centre of mass at the middle section of ski turn varied 0,6 to 16 cm (Mean 8,4
cm) in relation to inner ankle joint, and 0,4 to 15 cm (Mean 6,5 cm) in relation to
outer leg ankle joint. Centre of mass at the end of the slalom turn varied between-32
to -4 cm, (Mean=-21,3 cm) in relation to inner ankle joint, and between -31 and -3 cm,
(Mean=-15,7 cm) in relation to outer leg ankle joint. Significant correlation was seen
exclusively between velocity during all three phases of ski turn and centre of mass
during middle part of the turn in relation to both inner and outer ankle joint.
Kinematic analysis of slalom turn was performed to compare the correlations
between angles in joints of lower extremities, distance of centre of mass during different
segments of turn and velocity of skiing during turn in competitor level skiers. This
enables analysis of ski technique and tactics relating to choosing different trajectories
during ski turns. Mentioned was also analysed in our previous investigation where we
found no significant difference between distances between skiers’ body from the gate
compared to velocity of skiing in the analysed turn (Antekolovic et al., 2015). We can
argue that one turn did not have an overwhelming influence on the velocity of the race
in a whole. Due to configurational differences and different ways gates are positioned
through entire race, competitor is not able to use the same tactics through an entire
slalom race. Usually accepted is that maintenance of high velocities is an important
determinant of ski performance, regardless of ski trajectory, technique or approach to
turn execution (Hebert-Losier et at., 2014). Several studies reported that more rapid
turns were initiated further from the gate, and completed closer to the gate and were
longer, allowing greater acceleration from the gate and straighter skiing after the
gate (Supej, 2008; Sporri et al., 2010). As important are the current snow conditions
during race which affect competitors’ tactics. All the mentioned suggests that many
different biomechanical factors influence the performance during slalom race and that
intricate interactions between them and under different conditions must be used by
competitor to minimize the descent time. Slalom racing is a complex and challenging
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discipline from both technical and tactical perspectives. Biomechanical components
of slalom turn are important factor in performance of elite competitors and may be one
of the determining factors of success. A limitation of this study is analysis of skiing
performance over one gate, so generalization of findings must be done with caution
to determine whether performance of one turn accurately reflects performance of an
elite skier across the series of gates and whether instantaneous performance can be
maintained throughout an entire race. But in biomechanical field studies, video-based
systems are widely used and considered reliable tools.
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FUNCTIONAL ASSESSMENT OF MOVEMENT WITH THE AIM OF
ESTABLISHING ASYMMETRY IN THE RANGE AND QUALITY OF
MOTION IN VOLLEYBALL PLAYERS ,,HAOK MLADOST*
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'Faculty of Kinesiology, University of Zagreb

HAOK Mladost volleyball club

Abstract

Purpose: The main goal of this study is to determine possible asymmetry in the range
and quality of movement in senior volleyball players. Methods: Respondents were
nineteen (n=19) male volleyball players, all right handed, healthy and members of
»HAOK Mladost™ (M£SD age 20.1+3.1, height 193.6+6.9; weight 82.4+8.5, with 2
libero players). The testing was conducted during the second week of the preparation
period. We used five tests which can indicate asymmetry, all five part of standard
FMS protocol (Hurdle Step — HS, In-Line Lunge — ILL, Shoulder Mobility — SM,
Active Straight Leg Raise — ASLR, Rotary stability — RS). Educated staff at the
Faculty of Kinesiology, University of Zagreb conducted the testing. The examination
of significance of the differences between the left and right side of the body was
conducted by using the nonparametric Wilcoxon Signed Rank. Results: Statistical
analysis showed significant difference only in one test: hurdle step (HS), z = - 2.12,
p=0.03, with moderate effect size (r=0.34). The results clearly point to the problem
of reduced stability of the right leg, reduced mobility of the left leg, and reduced
mobility in the left hip joint. Conclusion: The cause of asymmetry could be the
unilateral technique of landing after offensive and defensive jumps (predominantly
left leg for right handed players) which can cause loads that lead to micro traumas,
and ultimately, to lower stability and mobility of the entire kinetic chain on the left
side of the body. Consecutive single leg landings may occur due to the wrong motion
pattern caused by the poor strength of an athlete’s body, inadequate spiking technique
(non-symmetric hand swing during the preparation phase of the spike) or inaccurate
setting. Considering the obtained results, corrective exercises should be carried out
in two directions. The first relates to the development of stability of the right leg and
the second to the development of mobility of the left leg and left hip. Adoption and
stabilization of proper spiking and setting techniques are implied.

Key words: volleyball, stability, mobility, FMS
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Introduction

Proper posture, evenly developed strength and flexibility of muscles and joints, and
well-developed balance are prerequisites for intensive volleyball trainings. Although
volleyball may seem as a sport in which the load during the performance of technical
elements appears symmetrical (peak and lower forearm rejection, blocking, defense),
such as while performing spike and serve techniques or blocks, previous studies
identified patterns which can result in micro traumas that can then lead to postural
asymmetry, and eventually to injuries (Kugler et al., 1996; Wang & Cochrane, 2001;
Salci et al., 2004; Tillman et al., 2004; Markou & Vagenas, 2006; Lobietti et al., 2010;
Cuckova & Siiss, 2014; Zohreh & Ashraf, 2016; Purkovi¢ et al., 2017). Stability and
mobility are particularly relevant for the proper performance of technical elements in
volleyball. Optimal stability of the shoulder blade as well as mobility of the shoulder
and the thoracic spine are prerequisites required for the proper execution of a spike
and block. Furthermore, serve reception and defensive play require mobility of the
thoracic spine and shoulder as well as stability of the lumbar spine, while in sudden
changes of direction and speed of movement stability of the knee and mobility of the
joint are of significant importance. Jumping during offensive play and blocking require
a mobile iliopsoas muscle and stable knees and trunk during the landing that should
be symmetrical — on both feet. Functional Movement Screen — FMS (Cook, 2010) is
a diagnostic method used for assessing the stability and mobility of various parts of the
body and for determining asymmetry between the left and right side of the body. This
methodology was also used for research in all team sports games: volleyball, basketball,
soccer and handball (Cuckova & Siiss, 2014; Shojaedin et al., 2014; Slodownik et
al., 2014; Sprague et al., 2014; Purkovi¢ et al. 2017). The method was designed as
it was considered that classic tests often lacked basic human movements that would
allow for more precise determination of possible asymmetries. The protocol includes
seven different tests that enable diagnosing limitations in the mobility and stability of
examinees as well as various types of asymmetry, such as between the left and right side
of the body. The mentioned system can both be applied for professional athletes with the
aim of achieving top-level results, as well as for recreational athletes for prevention of
injuries. In order to determine stability and mobility, each test is numerically evaluated
using grades between zero and 3, which means that an examinee can achieve a maximum
result of 21 points. Analysis is first conducted for movements that an athlete is unable to
perform, thus the examinee then scores zero points. When scoring 1 point, an athlete does
not have a functional base of stability and mobility, indicating that a sports physician
should further assess flexibility and strength in more detail. A score of 2 points does not
necessarily require an examination by a sports physician, but a physical conditioning
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coach creates special training programs in order to improve stability and (or) mobility
of the desired part of the body. An assessment of 3 points indicates optimal stability and
mobility in particular joints.

Methods

Educated personnel at the Faculty of Kinesiology, University of Zagreb conducted
the testing. All examinees signed an informed consent form for the implemented
measurements. The sample of examinees included 19 men’s Premier league volleyball
players who are members of the ,,HAOK Mladost* from Zagreb. All the examinees
are right-side dominant players. For the purpose of this research, 5 bilateral tests were
used that are part of the FMS screening tool protocol; Hurdle Step — HS, In-Line
Lunge — ILL, Shoulder Mobility — SM, Active Straight Leg Raise — ASLR, Rotary
stability — RS. Data processing was performed in accordance with the aim of this
research so that it referred to establishing central and dispersive indicators of the
measured variables, as well as to determining the significance of the differences in
the measured variables on the left and right side of the body. The examination of the
mentioned significance of the differences in the measured variables on both sides of
the body was conducted by using the Wilcoxon Signed Rank Test for paired samples.

Results

Table 1. Represents the results for descriptive statistical parameters.

Table 1. Descriptive statistical parameters

TEST SIDE M N SD SEM
Left (L) 1.84 19 0.37 0.09
Hurdle step (HS) X
Right (R) | 2.16 19 0.6 0.14
i L 2.32 19 0.58 0.13
In-Line Lunge (ILL)
R 221 19 0.53 0.12
. L 2.32 19 0.58 0.13
Shoulder Mobility (SM)
R 2.58 19 0.51 0.12
. . . L 2.05 19 0.78 0.18
Active Straight Leg Raise (ASLR)
R 2.26 19 0.65 0.15
- L 2.00 19 .00 .00
Rotary stability (RS)
R 2.00 19 .00 .00

M=arithmetic mean; n=number of examinees, SD=standard deviation, SEM=
standard error
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Table 2 demonstrated the results of the Wilcoxon Singed Rank Test for the 5 measured
variables.

Table 2. Wilcoxon Signed Rank results (differences between right and left side)

HS. [ILL. |MR_ [ASLR_ [ .o
R R R R RS L
HS L [ILLL | MR L |ASLR L | -
b c b b =
z|-212°|-38° |-1.67° | -1.63 L.00°
p|.03¢ | .70 .09 10 31

Z — Z value, p — level of significance, *indicates statistical significance (p <0.05)
Discussion

Table 1 shows a higher numeric difference in results of the In-Line Lunge test
(ILL L and ILL R) where the arithmetic mean is higher on the right side, which
clearly indicates a problem of reduced stability of the right leg, reduced mobility
of the left leg, and reduced mobility in the left hip joint. A statistically significant
difference in Table 2 appears in only one variable — the In-Line Lunge test (ILL).
By using the Wilcoxon Singed Rank Test, a statistically significant difference was
determined in the range and quality of movement of the right leg (ILL_R) compared
to the left leg (ILL L), z=- 2.12, p=0.03, with medium level of significance (p=0.34)
according to the Cohen criterion, which leads to the conclusion that the right hip is
more mobile than the left in the tested volleyball players. The determined asymmetry
is presumably caused by unilateral landings on the left leg as all the examinees
dominantly use their right hand for spiking. According to the study performed by
Tilman et al. (2004) up to 50% of landings after spiking and blocking are unilateral,
out of which as much as 35% accounts for landings on the left leg. Such landings can
result in micro traumas as the force during the landing movement is only accumulated
on one side of the body — the left side. The cause of unilateral landings is most often
the lateral flexion of the trunk to the left side during the preparation and basic phase
of the spike, particularly when executing spikes from the first line on the left side
of the net in zone 4. Consecutive single leg landings may occur due to the wrong
motion pattern caused by the poor strength of an athlete’s body, inadequate spiking
technique (non-symmetric hand swing during the preparation phase of the spike) or
inaccurate setting. The mentioned results indicate the relevance of correcting the
spiking technique and the landing technique after the spike, as well as the importance

30



of evaluating the trajectory regularity of a passed ball and the potential correction of
this trajectory. Great variations in hip mobility can have a negative effect on the lower
extremities and increase the possibility of an injury. There is evidence that players with
injuries of their jumper’s knee have altered landing technique and weaker hip flexors
when compared to athletes without such mentioned symptoms (Silva et al., 2015). It
is possible to reduce pain in players with patellar tendinopathy, i.e. jumper’s knee,
following procedures for strengthening of the hip muscle combined with gradual
correction of the landing technique. If muscles of the hip and the pelvic ring are not
of optimal strength, then the force created in the landing is transferred to the knees
and ankles, which significantly increases the risk of injuries. Closed kinetic chain
exercises, proprioceptive trainings and trunk stabilisation exercises have a positive
effect on neuromuscular control of joints, while also reducing the risk of anterior
crucial ligament injuries as well as injuries of other joints of the lower extremities
(Linek et al., 2016).

Conclusion

The primary aim of this study as to determine if there are asymmetries in the
range and quality of movement in senior volleyball players of ,,HAOK Mladost™.
The obtained results demonstrate that there are significant differences in the results
of the In-Line Lunge test, indicating asymmetries and imbalance in the hips. The
mentioned asymmetries are caused by repeated unilateral landings after offensive
(spiking) and defensive (blocking) jumps. Upon consideration of the large number of
games played during the season, and thus the number of jumps with the mentioned
landings, the possibility for the occurrence of asymmetries in the mentioned part of
the body is that much higher. Spiking, as one of the most demanding elements in
volleyball, requires optimal technique as well as maximal strength and speed during
the execution, in addition to precision of the passer who passes the ball to the hitter.
The registered statistically significant asymmetry is a warning for the coaching staff
to create and practice corrective exercises that shall annul the imbalances, as well as
enable volleyball players to conduct trainings and games without experiencing pain.
This corrective program should refer to solving two problems. The first one being
the development of stability in the right hip and leg, while the second one is the
development of mobility in the left hip and leg. The selection of exercises should
integrate stabilisation exercises for the trunk (versions of “glute bridges”, versions
of split squats) exercises for improving ankle mobility (half kneeling dorsiflexion)
exercises for troracic mobility (“T-spine” rotation, “Brettzel”’) and different exercises
for diaphragmatic breathing.
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COMPARISON OF PHYSICAL PREPAREDNESS OF FOOTBALL
REFEREES OF DIFFERENT COMPETITION LEVELS

Hrusa Petr, Orel Pavel

University of Hradec Kradlove, Hradec Kralové, Czech Republic

Abstract

General physical preparedness plays an important role in motor performance.
Coping with the physical loading in games, and thus being able to get close to
individual game situations, can be seen as a precondition to judge the game correctly.
The aim of the research is to compare physical preparedness of football referees of the
selected different competition levels.

42 football referees participated in the study. There were two groups of different
competition levels. The first group (n = 17) comprised 3™ league and professional
competitions, the other group (n = 25) comprised regional competitions of 1.B and
1.A class. The indicators of physical preparedness were maximal aerobic capacity
(VO,, ) and shuttle run test. The participants had to run repeatedly 20 metres distance in
the given pace. The score is the number of sections, run in the given pace, to exhaustion.
Maximal aerobic capacity was measured and processed by means of sport tester of Polar
RS800CX and ProTrainer software. The two independent groups were compared in terms
of cardiorespiratory endurance indicated by the shuttle run test and VO, . Statistical
significance of difference was evaluated by independent Mann-Whitney U-test (p<0,05).

A significant difference (p<0,05) was found out in both selected indicators of
physical preparedness, which suggests that the performance of referees differed
between the selected groups. With regard to different level of football competitions,
the referees from 3 league and professional competitions had both higher maximal
aerobic capacity and better performance in the shuttle run test compared to the referees
from 1.B and 1.A class. The performance in the shuttle run test was better on average
by 1 time segment and the VO__ was better on average by 3 ml/kg.min in 3" league
referees.

The research results support the assumption that the football referees of higher
competitions have better level of general physical preparedness. Physical factor is
one of the components of motor performance. However, to get a complex idea of
factors influencing motor performance, further analysis is recommended in terms of
psychological, technical and tactical factors.

2max

Key words: referee’s performance, physical preparation, VO, , shuttle run.
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Introduction

Football is a sport game involving contact between the opposing teams, and the
referee is an important person to supervise the rules. The match is conducted by the
main referee who decides on offenses and goals and two assistant referees to help to
decide offside situations, out of bounds, kickoff or corner kick. There are high demands
on decision-making regarding physical, mental, tactical and technical preparedness
(Peri¢ & Dovalil, 2010), in accordance with the conceptual model of refficacy (Guillén
& Feltz, 2011), as shown in Figure 1. Referees are expected to perform impeccably,
however, there is a wide range of stressors they have to face. Guillén and Feltz (2011)
defined the term ,,refficacy®, which is in fact referee’s efficacy. They suggested that
there is a positive relation between refficacy beliefs and performance of the referee
and there is a negative relation between refficacy and performance anxiety and stress.
They explained key confidence components that are part of successful officiating:
game knowledge, decision-making skills, and psychological skills, strategic skills,
communication/control of game, and physical fitness, as last but not least part of
referee’s performance.

v |
Sources of Refficacy Refficacy Dimensions Outcomes
Information
Mnstery experience, e.g. *  Knowledge of * Referee behavior
Experience as a referee Game * Referee satisfaction
* Past performance * Decision-making * Referee performance
* Mentored experience skills * Referee stress
¢ Knowledge of rules | p| * Psychological | p| ¢ Athlete behavior
skills ¢ Athlete rule violations
Slgmfcant Others, e.g., * Strategic skills ¢ Coach behavior
Evaluators” presence * Communication/
¢ Evaluators” feedback control of game
¢ Partner feedback ¢ Physical fitness
¢ Players”/ coaches”/
parents” feedback
Physical and Mental

Preparation, e.g.,

¢ Goal setting

* Arousal regulation
* Physical condition

Partncr Qualifications
Assigned a game/match
qualified tor

*  Assigned qua]iﬁcd

partner(s)

Familiarity of field

Weather conditions are

favorable

Figure 1. Conceptual model of refficacy (Guillén & Feltz, 2011)
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The key requirement for the referee is to get to the right place to be able to make
a correct decision in every game situation. Staying up with the play is also mentioned
by Guillén and Feltz (2011) as a relevant example of a necessity to be in good physical
condition. Conditioning ensures development in two fields. Jansa, Dovalil, Rychtecky
and Krauskopf (2007) explain that the first is to acquire of a wide range of motion
base and the other is a subsequent development of special motor skills. In harmony
with technical and tactical skills, they are a prerequisite for performance at the aspired
level. The referee’s performance in a match consists of several factors. These include
technique and tactics of officiating, mental state, and physical fitness. Technique and
tactics are improving with an increasing number of matches. The mental aspect of
the performance depends on the personality of the referee. Physical preparedness
can be seen as a reflexion of each referee’s individual responsible approach, with
a possible relation also to the level of competition. On professional level, referees
train in cooperation with a fitness coach. However, in lower competitions, the physical
preparation of referees is an individualized process based mainly on material and
knowledge recommended by regional organizations. Hatlova, HoSek & Slepicka
(2009) includes the character, temperament and the current mental state among the
factors influencing motor performance.

Football referees in the Czech Republic have to pass fitness tests twice a year. The
paper deals with the physical preparedness of football referees. It plays a very important
role in their performance. It was assumed that referees who officiate in a higher
competition should be physically better prepared compared to the referees officiating
lower competitions of Czech football league. Generally, a long-term conditioning is
based on referees’ individual responsible approach. As a help they can use materials
provided in seminars by the individual control bodies, or in courses of special training
programme for the officials. Recent research confirmed the need of the referees to be
physically well prepared in several studies concerned with both physiological and
physical parameters measured during sport games. D’Ottavio and Castagna (2001)
measured that the main referee has to manage running on average 11.4km, which is
similar to the distance run by football players. Krustrup and Bangsbo (2001) analyzed
that the referee has to make up to 1300 changed of activities and counted on average
there is one change in approximately in every 4 seconds. Castagna, Abt and D’Ottavio
(2007) shown that during a competitive match, an elite soccer referee can run 9-13km
loaded in the zones of 85-90% and 70-80% of maximal heart rate. 4-18% out of
the total run distance is loaded at high intensity. Purpose of the study is to compare
physical preparedness of football referees of different competition levels. General
physical preparedness plays an important role in motor performance. Coping with the
physical loading in games can be seen as a precondition to judge the game correctly.
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Methods

Participants

The sample comprised 42 football referees licenced by the Czech Football
Association. They were divided in two groups according to the competition level
they officiated. The first group (n = 17) comprised referees of the 3™ league and
professional competitions of Czech Men Football League, the other group (n = 25)
comprised referees of regional competitions of 1.B and 1.A class. The first group is
later referred to as “group A”, the other as “group B”.

Measures and analysis

The indicators of physical preparedness were maximal aerobic capacity (VO, )
and shuttle run test. The participants had to run repeatedly 20 metres distance in the
pace given by acoustic signals. The pace is getting faster throughout the test. The score
was the number of phases run in the given pace to exhaustion, related to the number
of minutes, rounded down to 30s. The maximal aerobic capacity was measured and
processed by means of sporttester Polar RS800CX and ProTrainer software. VO,
is counted in milliliters per kilogram of body weight per minute and expresses the
maximum amount of oxygen an athlete can use.

The sample was grouped (A/B) as to the performance class of the referees, licenced
by the Czech Football Association, and the distribution across the two independent
groups was tested. The data were measured on an equidistant scale. With regard to
a small size of the sample and the fact that normality of distribution of the basic
sample was disproved (K-S, p<0,05), nonparametric test was used. The statistical
significance of differences between the groups was tested by Mann-Whitney U-test
(p<0,05). The analysis was done by IBM SPSS Statistics 24. The evaluation was
based on mutual comparison of all the data from group A to all the data from group B
and testing in favour of which group the results gave evidence. The grouping criterion
was the level of football competition the referees were licenced to within the Czech
men football league.

Results

The null hypothesis was rejected and a statistically significant difference across
the groups was evaluated in both indicators, maximal aerobic capacity (VO, ) and
shuttle run test. This verified the assumption that in the given sample, the referees
who officiate higher football competitions had better results in terms of physical
preparedness.
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Concerning the shuttle run test, the score equalled minutes round down to 30s.
In group A the referee highest score was 13min, lowest 11min (12.174/-0.73min),
compared to group B, where the highest score was 14.5min, lowest 9min (11+/-
1.16min). Comparison of the actual performance in the shuttle run showed the
difference of means slightly bigger than 1min and can be interpreted in terms of better
performance in the group of 3™ league referees. Maximal aerobic capacity VO,
was recorded in milliliters per kilogram of body weight per minute. The best score in
group A was 57.2, the lowest 50.3 (54.18+/-2.55 ml.kg'.min™"). In group B the best
score was 62, the lowest 43.3 (50.63+/-3.94 ml.kg'.min"') Comparison of the actual
performance in maximal aerobic capacity showed the difference of means about 3.5
mlkg'.min"'. The difference is statistically significant and can be interpreted in terms
of better performance in the group of 3™ league referees.

Discussion

The assumption of a difference in physical preparedness of football referees in
different competitions was based on a fact that training and physical fitness development
is not fully unified and controlled. The referees of professional competitions have
fitness coaches who prepare recommended training plans. They also have sporttesters
at their disposal, so they have a personal feedback when training. On the other hand,
the referees of regional competitions do not have fitness coaches and are expected to
work more on their own, with a possible support of regional organization. A significant
difference was verified in this study, as presented in the findings above. Partial results
of this study in Czech referees can be compared to the findings of Casajus a Castagna
(2006) in Spanish referees. Maximal aerobic capacity in professional competition
in both countries is comparable, with VO, of 54.18+/-2.55 mlL.kg"'.min"' in Czech
professional referees and VO, of 54.9+/-3.9 ml.kg"'.min" in Spanish professional
referees. VO, score is an indicator of cardiovascular fitness and aerobic endurance.
The more oxygen is used during high-level exercise, the more ATP can be produced. In
relation to a fitness status, Castagna, Abt and D’Ottavio (2007) found out that football
referees’ measures of VO, _ values were slightly lower than the players they officiate,
with mean values in the range of 44-50 mlLkg"'.min". A high VO, _ may indicate
a potential for excellent aerobic endurance, but many other factors can determine
the individual performance. This is often a case with elite endurance athletes. Quinn
(2007) claims that most elite athletes should have VO, values over 60 ml.kg"'.min"',
but the number alone is not a guarantee of elite performance.

Physical demands are laid on sport games referees in general. Castagna, Abt and
D’Ottavio (2007) claim that a football referee has to challenge up to 13km distance
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run during a match, which seems to be more than in other sport games. For example
in rugby, the distance can be approximately 8.5km (Martin, Smith, Tolfrey & Jones,
2001). To compare, a distance run by a referee in a handball game is approximately
Skm (Da Silva, Castagna, Carminatti, Foza, Guglielmo & De Oliveira, 2010). Referees
are expected to perform impeccably, however, there is a wide range of stressors they
have to face. Guillén and Feltz (2011) defined the term ,,refficacy”, as explained in
the introduction. Based on a psychological point of view (Bartinkova, 2010), stress
can be seen as a state of conscious or unconscious threatening of integrity, when one
reacts by anxiety, tension and other defensive mechanisms. The authors believe, that
good physical preparedness gives the referee confidence and can help decrease the
level of stress when officiating. Example of an attempts to decrease the level of stress
when officiating can be found in increased number of referees. In football it is a case
of video-referee. Similarly, the number of referees in the top Czech basketball league
changed from two to three in 2005, in order to ensure higher quality of the game.
Hrusa (2014) concerned with the change in comparison of 60 games officiated by
2 and by 3 referees. The change was reflected and supported in lower frequency of
negative expressions of player’s behaviour.

The findings of this study about better physical preparedness of football referees
in the league competition compared to the selected regional competition can support
aneed of implementing a targeted and unified system of physical preparation training
plans being controlled by fitness coaches, in all levels of football competitions.
Similarly, Mita§, Amler, Bedfich, et al. (2013) also recommend to all the football
referees to keep a training diary. As mentioned in the above discussion, training plans
and sporttesters are used by referees in professional competitions. However, they do
not have to send their data for control or feedback. The only individual feedback for
professional football referees is the requirement to pass a compulsory FIFA physical
test twice a year. It is taken on an athletic track and it consists of sections of 75m of
sprint and 25m of walk (with time limits of 15 and 18s). On regional level, the tests
and limits are not unified.

In terms of the sample size and range of levels of competitions the study is
considered to be a pilot for further analysis. It would be recommended to do exact
laboratory testing. In our research it was not possible to ensure laboratory tests and
the terrain shuttle run tests at the sample time. Thus the VO, is interpreted as an
approximate value. The league competition was represented by 3" league football
referees. In order to enlarge and verify the findings a comparison with the top Czech
football league should be done.
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Conclusion

The research results support the assumption that the football referees of higher
competition levels have better level of general physical preparedness, which is one
of the key components of motor performance. It is necessary to emphasize that
respondents represented only 2 selected groups of referees of 3™ Czech football
league and 1.A and 1.B class and the conclusions cannot be generalized in terms of
all football referees. The study is considered to be a pilot for further analysis and the
project is recommended to be enlarged. To get a complex idea of factors influencing
motor performance, further analysis is recommended in terms of psychological,
technical and tactical factors.
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BUTTERFLY SWIMMING TECHNIQUE VARIATIONS DURING AN
EXHAUSTIVE SWIM EXERCISE
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Faculty of Sports Studies, Masaryk University, Brno, Czech Republic

Abstract

Purpose: Fatigue significantly influences not only physiological parameters during
swimming, but also the technique of swimming stroke. Fatigue, therefore, affects also
swimmer’s performance. This study aims to find out to what extent fatigue influences
the technical execution of the butterfly stroke with and without breathing.

Method: This work is structured as a case study. The participant was one of the best
Czech and European swimmers, a 50 m butterfly Czech record holder. The swimmer
performed a standardized lactate test — 8 x 50 meters butterfly swim. In selected
moments, his heart frequency was measured using a sport tester Polar and a blood
sample was taken for lactate level test using Lactate scout+ device. A speedometer
“Swim-Speedo-Meter” fixed on the belt and a video record was used for the stroke
technique analysis. Temporal, spatial and speed characteristics were evaluated from
the acquired curve of the swimmer's speed.

Results: Maximum heart frequency (172 bpm) as well as blood lactate level (14.2
mmol-lI") was reached after fifth 50m track. There was a huge increase in stroke
frequency with increasing fatigue. This fact resulted in the decrease in stroke duration
from initial 1.37 s to 1.09 s in stroke with breathing and from 1.29 s to 1.06 s in a stroke
without breathing. Significant changes during the transition phase from “insweep” to
“upsweep” were observed, with a huge decrease in speed. Furthermore, accumulated
fatigue caused that the speed developed during “insweep” phase was smaller in the
second part of lactate test compared to the previous parts. These major differences in
technique negatively influence stroke effectiveness.

Conclusion: The core importance lies in between relations of measured variables
that show changes of butterfly stroke technique as swimmer fatigue increased. We
recommend to focus on strength and dynamic preparation during training, mainly
leg movement during the second kick. We also recommend regular speedometer
measurements which can help control changes in technique caused by factors such as
fatigue, injury, different period of training annual cycle, etc.

Key words: speedometry, fatigue, lactate test, stroke technique
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Introduction

Currently, various methods are used to determine the appropriate intensity and
volume of training load. Nowadays, the blood testing is the most accurate method for
determining the effectiveness of the training process and any changes in the aerobic
and anaerobic capacities of the energetic system. Due to high physical demands of
butterfly swimming technique, athletes swim crawl in the vast majority of aerobic
endurance trainings. For butterfly specialist, it is very important to develop aerobic
endurance for specific muscle fibers, and therefore they need to be able to swim
butterfly in about 20-30% of the training volume. According to Sweetenham and
Atkinson (2006), the complex nature of butterfly increases the percentage of errors in
the stroke technique, especially in endurance training, its quality is very often reduced.

Technique of the butterfly stroke is much less studied than crawl or breaststroke
(Barbosa, Fernandes, Morougo, & Vilas-Boas, 2008). Maglisho (2003) dealt with
biomechanics of swimming styles in detail. He identified four different propulsion
phases for butterfly stroke: 1. during ,,hand entry“ and first ,,downbeat®, 2. starts in
,»catch® position and continues during ,,in sweep®, 3. during ,,upsweep‘* and the second
»downbeat®“, 4. during ,recovery” when a propulsion wave is created as a result of
the completion of the second kick. Maglischo (2003) mentions that the performance
of butterfly stroke is very variable in terms of speed characteristics. He describes an
execution with one to five velocity peaks, with the velocity curve with two-peaks
being considered as the most efficient. Craig, Termin, and Pendergast (2006) made
simultaneous recording of velocity using a tachometer and underwater video of butterfly
stroke to demonstrate a typical velocity curve in motion. Similarly to Maglischo (2003),
the results of a study by Craig, Termin, and Pendergast (2006) showed a variable course
of forward velocity and different number of maximums, from two to five evident peaks.

Lukasek (2014) notes that with the development of fatigue during swimming,
the optimal pattern of individual swimming techniques is disturbed. The physical
exhaustion occurs much faster especially in the butterfly stroke than in any other
swimming styles therefore it is very important to put the same emphasis on the
technique during both sprint and endurance training and not to overload the swimmer.
Authors who dealt with the impact of fatigue on swimming technique analyzed changes
in stroking parameters, mostly in front crawl (Alberty, Sidney, Pelayo, & Toussaint,
2009; Bassan, César, Denadai, & Greco, 2016; Dekerle et al., 2005; Matthews, Green,
Matthews, & Swanwick, 2017). From this point of view only de Jesus, Figueiredo,
Gongalves, Vilas-Boas and Fernandes (2012) dealt with the butterfly stroke. These
authors contributed to the knowledge about effects of fatigue on butterfly stroke
kinematics in female swimmers using a kinematographic method. This method is
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advantageous in terms of the number of possible evaluated parameters, however, it is
unable to provide swimmers with information in real time. Using inertial sensors or
tachometers is more appropriate in this respect (Craig, Termin & Pendergast, 2006).

The aim of the work was to reveal what changes in butterfly stroke technique
occur due to fatigue in the selected elite swimmer. Another aim was to find out
whether the use of a speedometer is a suitable means of determining the quality of
a butterfly swim. It was hypothesized that: 1) the stroke length shortening and stroke
rate increasing will be demonstrated from the speed curve; ii) the stroke technique
will get gradually worse with the speed of swimming increasing.

Methods

Participant

This study is structured as a case study, therefore we measured one elite swimmer.
The tested athlete was one of the best Czech and European swimmers, a 50 m
butterfly Czech record holder. Butterfly disciplines are his specialization, especially
50 m and 100 m long courses. The swimmer participated in both European and
World Championships and Olympic Games in 2004 and 2008. He was tested during
preparatory training period for Olympic Games 2016 qualification. Existing personal
best (PB) time in the 50 m butterfly set in long course (50 m) was 23.70 s, in short
course (25 m) 22.88 s. His anthropometric and physiological characteristics are: age
— 29 years, weight (m) — 98.8 kg, height (h) — 193 c¢m, blood pressure (BP) — 120/70 at
rest, 200/80 max., heart rate (HR) — 40 beats per minute (bpm) at rest, 196/min max.,
power-to-weight ratio (PWR) — 6 W/kg, power (P) — 592 W, forced vital capacity
(FVC)-17.71 = 128%, maximum oxygen uptake (VO,max) — 64 ml/kg/min, anaerobic
threshold (AnT) — 164/min = 83.7% HR max., aerobic threshold (AT) — 107 = 54.6%,
maximum blood lactate concentration (LA max) - 18-19 mmol/l.

Instruments

For testing we used the following measurements: heart beat frequency, blood
sample for testing lactate level, horizontal velocity record and 2D kinematographic
record of the movement. The heart beat frequency was measured using a sport tester
Polar and blood was taken for the following tests: lactate level using Lactate scout+
device.

For measuring the horizontal velocity we used a tachograph “Swim-Speedo-
Meter” (Sporttec, Germany). This device was fixed on the side of the pool, at a height
of 60 cm above the water surface. The tested person was connected to the speedometer
by a non-stretchable cable which was attached to the belt around swimmer s hips. The
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unwired cable cannot be in a horizontal position due to technical reasons but it forms
an angle of 4-6° with the water level. Since the stroke was analysed at a distance of 6-8
meters from the device, the error in the result due to the change in angle is minimal.
All measurements are burdened with the same error so we did not recalculate the
measured values. When swimmer moves forward, the cable unwinds and spins the
spool inside the speedometer. The spool is hindered by an electric motor to preclude
inertial spool unwinding when the swimmer moves with high acceleration. The spool
is connected to a tachometer which responds to variations in speed by changing the
voltage. This is transferred to a notebook via an analog-to-digital converter where data
are saved in the BMCM software for next data processing. Sampling frequency was
set on 200 Hz.

The kinematic motion recording was performed using a GoPro waterproof camera
that moved on a roller console along the pool. This material served only for auxiliary
purposes.

Procedures

Measurements took place in an indoor 25 m long swimming pool in the morning.
The water temperature was 25.6 ° C. Testing was carried out during the preparatory
training period, so the measured values would probably be slightly different from
those we would get in “top form” with a precise technical performance.

The swimmer passed the standardized efficiency test under pressure 8 x 50 m
butterfly. This set is high short and high intensity thus it provides information on
anaerobic metabolism. Existing personal best time of the competitor in the 50 m
butterfly set in short course (25 m) was 22.88 s. Each lap time is related to the swimmer
personal best (PB): 1st 50m =PB + 10 s, 2nd 50m =PB + 10 s, 3rd 50m =PB + 10 s,
4th 50m =PB + 8 s, 5th 50 s =PB + 6 s, 6th 50m = PB + 4 s, 7th 50m = PB + 2 s, 8th
50m =PB + 1 or best effort (table 1). During the test the swimmer should aim to hold
constant stroke count even though swimming is progressively faster.
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Table 1. Test procedure steps, lap — number of the lap 1 -8, lap time /s — recommended
lap time in relation to PB, start/ min—starting time from the previous start, speedometry
— recorded strokes at second length of selected laps, LA interval 1 — first time interval
for blood taking, LA interval 2 — second time interval for blood taking

lap lap time / s start / min speedometry | LA interval 1 | LA interval 2
1.50m |PB+10

2.50m |PB+10 1

3.50m |PB+10 1 6.+ 7. stroke 1 minute

4.50m |[PB+8 3

5.50m |PB+6 1 6.+ 7. stroke 1 minute

6.50m |[PB+4 3

7.50m |PB+2 5 6.+ 7. stroke | 1 minute 3 minutes
8.50m |PB+1 20 6.+ 7. stroke |3 minutes 5 minutes

Heart rate was recorded during the whole test. This method helped us to determine
the degree of fatigue during the test, and also served as a control of blood testing.
Blood was collected according to the established rules of the standardized 8 x 50
m swimming test sequentially after the third, fifth, seventh and eighth laps with
a predetermined time interval and number of repetitions. The swimmer was measured
four times using the speedometer during the test. We analyzed swimming stroke
with and without breathing always before taking blood. Exactly it was the 6th and
7thstroke of the second length of selected laps with “hand entry phase” considered
the beginning of the cycle. These sections were also recorded on the camera, which
facilitated the technique analysis. The procedure for individual measurements is
explained in the Table 1.

Data analysis

From blood we evaluated blood lactate level (LA).Key variables were obtained using
a speedometer. We transferred the source data in ASC format to the Microsoft Excel
programme where we processed them in detail and created charts of the forward speed.
The curve was smoothed by the moving average function to eliminate measurement
inaccuracies caused by, for example, vibrations of the cable for various reasons.

We evaluated the time of each lap and number of strokes per minute. In four strokes
with breathing and four without breathing we focused on parameters - one stroke
duration and length, the maximal, minimal and average velocity. 50 m swimming
times will be taken as supplementary data because the times of measured laps are not
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accurate due to the handling of the speedometer. Using a synchronized camera record
we were able to determine which swimmers’ movements are related to the speed curve
increases and decreases.

Results

The degree of fatigue was assessed by the physiological parameters of heart rate
and blood lactate concentration (table 2). At the end of the first 50 m lap, the heart rate
value reached 151 bpm which exceeds the aerobic threshold. In the second 50 m lap
this variable rose to 165 bpm, the swimmer just exceed the anaerobic threshold and
reached the lower limit of the anaerobic zone. In next laps the heart rate value even
slightly increased up to 172 bpm. After a 5-minute pause between 7th and 8th lap
the heart rate decreased significantly. Then, during the 8th lap, the heart rate was 140
bpm, below the anaerobic threshold.

Table 2. Results of measured variables: LA — blood lactate level, HR — heart rate,
stroke rate — strokes per minute, t 50m — 50 m swimming time, v max — maximal
velocity, v min — minimal velocity, v avg — average velocity, t stroke — one stroke time,
stroke length — length of one stroke

strokewithoutbreathing strokewithbreathing
measuredp LA HR |t50m stroke v v v t stroke | v v v t stroke
hases mmol/l | bpm s ratef max | min | avg | stroke | length | max | min | avg | stroke | length
N/min
m/s | m/s | m/s s m m/s | m/s | m/s s m
1.50m 151 | 31,2
2.50m 165| 31.3
3.50m 167 | 32.9 452|196 0.82 1.42 1.29 1.83|2.01 0.73 1.39 1.37 1.90
1 minute 6.2
4.50 m 165| 29.3
5.50 m 172 | 31.2 49.0 | 2.17 0.78 1.48 1.21 1.79(2.18 0.84 1.48 1.24 1.84
1 minute 14.2
6.50 m 170| 27.9
7.50 m 167 | 284 53.6|2.32 092 1.59 1.12 1.78 220 0.93 1.57 1.12 1.76
1 minute 10.4
3 minute 11.8
8.50 m 140 | 28.7 55.8| 2.18 0.92 1.61 1.06 1.71|2.33 0.92 1.56 1.09 1.70
3 minute 8.1
5 minute 7.8

From speedometry we evaluated temporal and speed parameters of butterfly stroke
with and without breathing. According to the requirements of the standardized test of
8 x 50 m, the lap time was gradually decreasing, with a corresponding increase in the
average swimming velocity to 1.61 m/s in stroke without breathing. From the recorded
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velocity curve, it can be seen that during the test, i.e. with increasing swimming speed
and developing fatigue, the stroke length was gradually reduced from 1.83 m to 1.71
m in stroke without breathing and from 1.90 m to 1.70 m in stroke with breathing.
These changes were accompanied by shortening of stroke time from 1.29 s to 1.06 s in
stroke without breathing and from 1.37 s to 1.09 s in stroke with breathing. As a result
of these changes, we observed an increase in the stroke rate from average value of
45.2 strokes per min to 55.8 strokes per min.

In addition to these changes, comparable to changes in other swimming styles, we
also focused on changes in the forward speed curve that is specific to the butterfly style
and is incomparable with other styles. As we can observe in the Figure 1a) the swimmer
was able to distinguish four propulsion phases in the first two measurements, i.e. at the
lower degree of fatigue. The first peak occurred at the time of first downbeat, then we
observed a significant drop in speed associated with the catch phase. Subsequently, the
speed values increased again until they reached the second maximum in the insweep
phase. After a slight decrease in velocity, when moving the arms from the insweep to
the upsweep phase, the increase to the third maximum associated with the upsweep
and the second downbeat occurred. This is followed by the fourth maximum called
propulsion wave.

When analyzing strokes in the 7" and 8" lap we found out that there were significant
changes especially in the second part of the stroke, as shown in the Figure 1b.

—.
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Figure 1. Curve of horizontal velocity for a) the 2" measurement b) the 4" measurement;
first part (yellow arrow) of the curve corresponds to the stroke without breathing, the
second part (blue arrow) to the stroke with breathing

Discussion
The goal of this study was to determine changes in butterfly stroke caused by
fatigue development. It is possible to distinguish two different conditions under

which the effects of fatigue on swim technique can be observed — race conditions and
conditions determined by the swimming stress test. We chose an exhaustive swim test
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for our pilot study. The main results were that the stroke length and time was gradually
decreased and the stroke rate was increased. Therefore, the hypothesis that: i) the
stroke length shortening and stroke rate increasing will be demonstrated from the speed
curve was confirmed. In literature, other authors, who verified changes in the stroke
technique during exhaustive swim exercise, usually in crawl, most often evaluated the
same parameters as we did, with similar results (Alberty et al., 2009; Dekerle et al., 2005;
Figueiredo et al., 2013, Pelarigo et al., 2016). We consider a decline in muscle strength
after swimming load as a cause of these changes (Bassan et al., 2016). Dekerle et al.
(2005) found out that the speed from which the stroke length in front crawl decreases
significantly highly correlates with the maximal lactate steady state swimming speed.
Figueiredo et al. (2013) observed significant changes in crawl stroke mechanics at
swimming velocities at which the anaerobic threshold was exceeded. Because of the
nature of the 8 x 50 m test, the heart rate and lactate concentration did not increase
linearly as a function of swimming speed or time. The blood lactate concentration
increases with swimming velocity (Figueiredo et al., 2013), but the relation between
these variable is not linear (Chollet, Chalies, & Chatard, 2000). With regard to the
monitored kinematic parameters, their gradual changes during the four speedometer
measurements were almost linear: stroke rate 1> = 0.98, stroke length without breathing
2 = 0.91, stroke length with breathing r* = 1, stroke time without breathing 1> = 0.99,
stroke time with breathing r? = 0.94. However, changed ratio of these variables when
swims at high speed cannot be consider optimal because the efficiency determined by
stroke rate — stroke length combinations decreases (Craig & Pendergast, 1979).

During the test, our swimmer switched from the stroke with 4 to 3, and then to 2
peaks where the arms movement in the water associated with the second downbeat
created only one maximum. These results correspond with previous findings that the
motion variability is more significant in the second part of the stroke (Craig, Termin, &
Pendergast, 2006). Thus, it is obvious that the swimmer has come from well-technically to
forcefully executed propulsion movements. It could be caused by lower hand horizontal
displacement in the water (De Jesus et al., 2012) and reduction of the hand motion speed
(Suito et al., 2008). The peak velocity associated with the propulsion wave formation
was absent. The swimmer was no longer able to coordinate the completion of the second
kick with the transfer of arms over the water in the right timing and dynamically enough
to create acceleration. These facts are consistent with our assumption that the stroke
technique will get gradually worse with the increasing speed of swimming. This could
be explained by changes in swimmer’s shoulder strength, thus reducing range of motion
in the joint, especially external rotation (Matthews et al., 2017).

We do not notice any significant differences when comparing the velocity curve
of the stroke with and without breathing. Noteworthy is the fact that the speed does
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not rise to such a maximum in the second phase of the stroke with breathing as in the
stroke without breathing, which is the reason for the lower average forward speed
during a given stroke. However, these differences are insignificant compared to
changes caused due to fatigue and increasing speed of swimming.

We believe that changes in technique are due to increased fatigue, but some changes
in motion kinematics may also be related to increasing swimming speed during the test.
Based on this study, therefore, we cannot clearly demonstrate what caused the temporal
and velocity changes in the motion structure. For this reason, it would be appropriate to
verify the effect of these factors on changes in the butterfly motion mechanics.

The results of our study are comparable to those of other authors who used the
computerized kinematography for the motion analysis. The same findings were
obtained by Morougo et al. (2006) who verified the validity of the speedometer
measurements in swimming. The advantage of this case study is the fact that we
have obtained the relevant data of the elite swimmer using the measuring method
that permit to repeatedly gather comparable data. We are therefore convinced that
a speedometer is a suitable mean of determining the quality of a butterfly stroke.

There are also limitations associated with the standardized lactate test character
in which both swimming speed and fatigue have increased. Next studies could be
focusing on the question how the fatigue and the swimming speed influence the
butterfly stroke technique separately.

Conclusion

This study focused on the analysis of changes in butterfly technique due to the
development of fatigue, which was accompanied by increasing swimming speed.
Although it is a case study and the results cannot be generalized, we managed to
detect significant changes using a speedometer. In conclusion, due to the above
mentioned factors, the stroke length and time shortened and therefore the stroke rate
increased in the butterfly stroke. Furthermore, in particular, the change in the number
of maximums from four to two distinct peaks of forward speed was significant.
As regards the difference between the cycle with and without breathing, greater
variability occurred especially in the second half of the stroke, when the speed did not
rise to such a maximum with as opposed to without breathing stroke. The intracyclic
variation of horizontal velocity under different intensities and levels of exhaustion
should be taken into account in training process. Thus, speedometer is a useful and
appropriate mean to analyze technique of butterfly stroke.
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Abstract

The lack of evidence of biomechanics studies in women artistic gymnastics was the
reason why we choose this topic. The aim of our research was to analyse and compare
the kinematic characteristics of the side somersault on the beam. We concerned on
time characteristics of side somersault. The research sample was represented by two
female junior (BH=161 cm, BW=48 kg, BMI=18,5 kg.m?) and senior (BH=168 cm,
BW=56 kg, BMI=20 kg.m?) Slovak national team members in artistic gymnastics.
In our ex post facto research we applied a three-dimensional kinematic analyse used
by SIMI Motion 3D. We focused on time characteristics in the key phases of the
specific difficulty element on the beam. The element was performed by both gymnasts
separately. We assumed the rebound phase is the most important as gymnasts affects
the final shape of the element. Results: We found out that at the rebound stage of side
somersault only the senior gymnast used the ankle joint force properly. Paradoxically,
the length of rebound phase was longer performed by junior gymnast (0,15 s) in
comparison with the length of senior gymnast (0,13 s). The flying phase was 0,35
s for senior gymnast and 0,32 s for junior gymnast. Conclusion: As this was a pilot
study supported by KEGA No. 036PU-4/2016 and VEGA No.1/0954/16 projects and
the other research trace areas will be done in the future.

Introduction

Sports gymnastics is characterized by constantly increasing difficulty and
individual disciplines undergo progressive developments. During each Olympic cycle
appear new valid rules that inform about changes in the difficulty of particular exercise
shapes, about the inclusion of new exercise shapes, or the mandatory requirements in
competitions. An inalienable part is the aesthetics of movement, which is becoming
more and more important. The rules of gymnastics describes technique of individual
exercise shapes and the value of the exercise shape, but considering individual page
of each gymnast is a sport gymnastics characterized by high variability of exercise
shapes technique. It is not possible that two gymnasts perform the same exercise
shape exactly by the same way. Each gymnast will acquire its own style over time
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when performing exercises and the role of the trainer is to be flexible to the needs and
abilities of the gymnasts. The trainer has to constantly analyze the individual exercise
shapes in the training process, to know the key phases, to see faults in the execution.
For better analysis, we are using a biomechanical analysis of motion, which also
reveals faults in techniques that we cannot see through the free eye. To the trainers
helps analyze the motion recorded video during practice exercise shapes. According
to Kolar et al. (2017), which dealt with the biomechanical analysis of two exercise
shapes “Dimic” and “Bilozerchev” on the male parallel bars, considers feedback using
video as an important part on analyzing movement. He found that the exercise shapes
he had recorded had done with minimal difference from an adequate technique. He
found that the exercise shapes he recorded performed with minimal difference from
an adequate technique. Based on the analysis of the exercise shapes, the trainer can
successfully eliminate the shortcomings in the technique.

In the research, the dependency between the level of strength development and the
practice of training techniques, confirmed research at the Russian gymnastics school.
They claim that fitness training focused on the development of strength, speed and
endurance is necessary for training, respectively for improving the exercise shapes for
the correct demonstration of the techniques they have in their competitive formations
(Arkaev and Sucilin, 2004).

The trainer must also be aware of the morphological and anthropo-motoric
characteristics of the trainer, because it is also one of the reasons for the correct
implementation of the exercise shapes. Potop (2014) in a work on biomechanical
analysis of key phases in the realization of jump from beam, points to the kinematic
and dynamic characteristics of jumps. His research has shown that anthropometric
and biomechanical indicators are necessary for the implementation of biomechanical
analysis.

For her research, Rusé¢inova (2010), also chose the beam, which deals with the
analysis of the technique of a turnover exercise shape on beam - fast loop without
hand support with a landing on single leg. She determined differences in the technique
of presentation, namely the time and space characteristics of the chosen exercise shape
at first-rate sports gymnastics using a cinematic recording. She found that the longer
step in the first phase had a significant impact on the performance of the “exercise” in
terms of flight velocity and height.

In our report we were dealing with a three-dimensional biomechanical analysis
of motion, namely we investigated the time characteristics of the loop exercise shape
of the side somersault “kabolo”. We have chosen this exercise shape because of the
high difficulty. The difficulty value is D, which means a 0.4 point bonus. This exercise
shape is very common in junior and senior gymnastics competitions. In the area of
three-dimensional kinematic analysis, it is pilot work in Slovakia.
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The aim of our work was to analyze and compare the time characteristics of the
loop exercise shape side somersault on the beam.

We assumed that the length of the reflection phase will positively affect the length
of the flight phase, and we also assumed that both gymnasts would use the work of the
ankle joint in the reflection phase.

Based on our goal of work, we have set the following tasks.

Perform a kinematic analysis of the side somersault on the beam.

Analyze and evaluate differences in time characteristics of the side somersault on the
beam.

Methods

Our research team consisted of two representatives of the Slovak Republic in
sports gymnastics. The selection of the gymnastics was deliberate, it was specifically
the proband No. 1 - the representative of the SR in the senior category and proband No.
2 - representative of SR in junior category. Both gymnasts regularly practiced 6 times
a week, attending domestic as well as international events such as Championship of
SR, Europe and World, Olympics games and EYOF.

Table 1. Basic characteristics of probands

Proband Year of birth Body height (cm) Body weight (kg) BMI (kg.m-2)
Proband No. 1 | 1997 168 56 20
Proband No. 2 | 2002 161 48 18,5

For the methodology of the work, we obtained the data by analyzing the kinematic
structure of the loop exercise shape side somersault - kabolo - on the beam, specifically
by analyzing the time characteristics of the exercise shape. We obtained a lot of factual
material and we used the following methods:

e observation method - direct observation and using video recording,

e cinematographic method - video recording as factual material

e method of measurement - body height and weight of gymnastics

e three-dimensional kinematic analysis using programme SIMI Motion 3D

We were unable to use the laboratory conditions to record movement and obtain
usable records, but the research was realized at a specialized gymnastics gym TJ
Sokol Brno. We used a competition beam on which the gymnasts exercised. To
carry out and record a given movement, it was necessary to bring the equipment as
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a computer, a cam synchronizer, cameras, markers, and so on. To capture video for
three-dimensional kinematic analysis, we used three industrial high-speed cameras
Basler with a frame rate of 10 Hz. The cameras were scA640-12gc with a Fujinon
1: 1.4/ 3.8-13mm lens and LED illumination mounted on the stand Manfrotto. The
recorded videos were moved using optical cables and stored on a hard disc of high-
performance computer with Intel® Xeon (R) CPU E5-1620 v2 CPU with and 3.7GHz
speed and 8GB of Random Access Memory (RAM). Video recordings saved to the
hard disc in .avi format at a resolution of 656x492 pixels at a rate of 100 frames per
second. The entire recording and storage process used programme SIMI Motion 3D
version 8.5 from the German company SIMI Reality Motion Systems GmbH based
in Unterschleissheime. To run this analytics software, was necessary to plug the
USB license key that delivered with the program. Before performing the analysis,
it was necessary to identify points for tracking and digitization in the SIMI Motion
3D program on bodies of probands. In our case it was 14 points, which can be seen
in figure No. 1. We then placed passive light-reflecting markers on them, which later
served us for better visibility when marking. The markers were glued reflective tape.
Calibration was done before the recording of exercise shape was done. Because we
used 3 cameras for our research, we did a calibration record on all three high-speed
cameras. Calibration itself is extremely important for subsequent calculation. We
used a Wand calibration rod that is 80 cm long and has markers at specific points.
We moved the bar throw the places where the exercise shape was realized and the
space was calibrated using the software. We also used the L-Frame bar, in which the
markers were placed at the centre and at the ends, through which we calibrated the X
and Y plane. L-frame calibration was much quicker and more convenient than manual
calibration point calibration using the Wand calibration bar, where we had to write
the exact dimensions on each camera separately. We used the graphical method, time
characteristics (SIMI Motion 3D) and Time View (Motion View) when processing
and evaluating data.

Results

In our work we monitored the time characteristics in the execution of the loop
exercise shape of the side somersault - kabolo - on the beam. We have divided the
exercise shape into the following phases:

Preparatory phase — Initial position and single step forward, this phase started
from the starting position to the lowest position of the lower limb before the rebound

Phase of rebound — from the lowest position of the lower limbs before the rebound
to the last contact of the foot with the pad
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The flight phase — from the last contact of the foot with the pad to the first foot
contact with the pad, consisted of two parts, Part 1 — from the last contact of the foot
with the pad to the head position perpendicular to the tool, Part 2 — head perpendicular
to the tool after the first foot contact with the pad

Landing phase — from the first contact of the foot with the pad to the final position
of the body, which ended in knee-bend slightly straddle.

From a time view, we observed the duration of the individual phases of the exercise
shape of probands. Proband No. 1 carried out kabolo from two steps. Our task was to
start taking into account the time aspect of the duration of the exercise shape from the
moment, when she was in the position on single gimp leg and rebounding leg is in the
front. It was leg extension (straight) lower. We stopped the movement of the exercise
shape at the moment when she moved the center of gravity over the surface of the
adminicle. Total execution of exercise shape by proband No. 1 took 1.97 s. Proband
No. 2 exercised from place and the rebounded leg she had in position leg extension
upper, so it was easier to capture the moment when the movement began. Exercise the
exercise shape of proband No. 2 took 2.16 seconds, which was 0.19 seconds longer
than that of proband No. 1.

In Table No. 2 we can see the duration of the individual key phases of the exercise
kabolo shape on the beam.

Table 2. The time characteristics of the side somersault

Key phases Proband No. 1 Proband No. 2
Preparatory phase 0,63 s 0,83s
Phase of rebound 0,13s 0,15s
Flight phase 0,35s 0,32s
Landing phase 0,86 s 0,86's

On the basis of the data in the table, we can see how long took the individual key
phases of the exercise kabolo on the beam at proband No. 1 and No. 2. The initial
position, which was leg extension lower at proband No. 1, and in proband No. 2 with
leg extension upper began at 0.0 s. The preparation phase started from the initial
position and by step out to forward. This phase started from the starting position to the
lowest position of the lower limb before the reflection and lasted 0.63s for the proband
No. 1 and 0.83s for proband No. 2.
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We believe that the difference of 0.20s in the preparatory phase between the
probands was mainly due to the fact that proband No. 1 performed the two-step
kabolo and the second step was faster, because she took by the first step faster than
the proband No. 2, which performed the exercise shape of the kabolo from the place.

The rebound phase, which began from the lowest position of the leg before the
rebound to the last contact of the foot with the pad, lasted 0.13 seconds at proband No.
1 and 0.15 seconds for proband No.2. We assumed that both gymnasts would perform
the rebound phase mainly from the ankle joint and will use the work of the foot. While
watching the video, we found that proband No. 1 used the work of the ankle joint at
rebound, but proband No. 2 did not at all use the work of the ankle joint in rebound,
that is, she didn’t use foot work, which is very important in sports gymnastics and
improves the quality of rebound. Paradoxically, despite this knowledge, the rebound
phase of proband No. 2 is for 0.02 s longer than for proband No. 1. If proband No. 2
completed the phase of rebound technically correct and would use more foot work, it
would take its rebound phase even longer and positively affect the length and height
of the flight phase, which would give it more time for a safe landing. This phase of the
exercise shape is very important as it affects the entire exercise shape. At this stage,
the swinging lower limbs of both gymnasts were at their peak (leg flexion), almost
in the lateral cleft and using the swinging work of the swing lower limb. On the last
contact of the foot with the pad, they had both legs stretched.

The flight phase has been defined since the last contact of the foot with the pad
after the first foot contact with the pad. This phase consisted of two parts, Part 1 - from
the last contact of the foot with the pad to the head position perpendicular to the tool,
Part 2 - head perpendicular to the tool after the first foot contact with the pad. The
total duration of the flight phase at proband No. 1 was 0.35 sec, the first part was 0.13
sec and the second part was 0.22 sec. In the first part of the flight phase in the head
position perpendicular to the beam, proband No. 1 held only the lower limb below the
knee, proband No. 2 kept both lower limbs perpendicular to the shoulder in the head
position. The centre of body gravity was also perpendicular to the beam. Duration of
the flight phase of proband No. 2 was 0.32 seconds. Proband No. 2 took the first part
of the flight phase 0.18 seconds and the second part 0.14 seconds. We can see that
the flight phase lasted longer for proband No. 1 by 0.03 s, but a big difference can be
seen in the first and second part of the flight phase, where proband No. 1 had the first
part of the flight phase was shorter and the second part of the flight phase was longer
and she creating more time for a safe landing and for proband No. 2 it was exactly the
opposite. She took longer for the first part of the flight phase and the shorter second
part of the flight phase. Based on many years of experience, we allow ourselves to
be persuaded that the presentation of the exercise shape by the senior representative
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(proband No. 1) was better realized in terms of ensuring a safe landing as in proband
No. 2, as its second part of the flight phase lasted longer than the first part.

Table 3. The duration of the individual parts of the flight phase of the side somersault

Flight phase Proband No. 1 Proband No. 2
1* part 0,13 s 0,18 s
2" part 022s 0,14 s

The last phase that followed the flight phase was the landing phase where we
followed the first contact of the foot with the pad to the final position of the body,
which ended in knee-bend slightly straddle. The first contact with the pad had the
outside of the foot. The landing phase lasted for both probands as well, namely 0.86
s. We divided the phase of the landing into three smaller parts, namely: 1st part - the
first contact of the foot with the pad up to the foot with the whole foot on the pad by
the swing lower limb. Part 2 - from the landing with the entire foot on the beam with
the swinging lower limb to the landing on beam by rebound leg - the moment when
both the entire feet are in contact with the pad. Part 3 - Straightening the body to
the final position after the landing. The first part of the landing phase lasted for both
probands 0.07s. The second part for proband No. 1 took 0.14s and for proband No. 2
was 0.17 seconds. The third part of the landing was 0.65 seconds for proband No. 1
and 0.62s for proband No. 2. From the following, we can see that the 3 part of the
landing phase lasted the longest, where it was about transferring the center of gravity
evenly between the two legs above the support surface and straightening the body to
the final landing phase.

Table 4. Duration of the individual parts of the landing phase of the side somersault

Landing phase Proband No. 1 Proband No. 2
1* part 0,07 s 0,07 s
2" part 0,14 s 0,17 s
3" part 0,65 s 0,62's
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Conclusion

In conclusion, our assumption that the length of the rebound phase positively
affects the duration of the flight phase has not been confirmed, as the proband No. 1 had
a shorter rebound phase (0.13s) than proband No. 2 (0.15s), but its flight phase
lasted longer (0.35s) than the flight phase of proband No. 2 (0.32s). Also, the second
assumption that both two gymnasts will use the work of the ankle joint in the rebound
phase has not been confirmed, as the proband No. 2 did not use the work of the ankle
joint sufficiently. For proband No. 1 was a rebound from the front of the foot, and
the tip was nearly tensed. Proband No. 2 was rebounded from the entire foot and
the work in the ankle joint was inadequate. Because the phase of rebound has in
gymnastics a great meaning and utilization of work of sole of the foot in ankle joint is
important for correct implementation of various recoils at more gym forms in artistics
gymnastics, we would recommend her to engage into the training process following
exercises for the improvement of work of rebound and utilization of work of sole of
the foot at rebound.

Exercise No. 1 —repeated jumps-on onto a moderately (about 20 — 30 cm) elevated
mat double-footedly, also one-footedly.

Exercise No. 2 — step forward onto a moderately (about 20 — 30 cm) elevated mat
with subsequent jump-on one-footeedly.

Exercise No. 3 — alternately-legged exchanges of lower extremities onto a slightly
(about 20 — 30 cm) elevated mat.

Exercise No. 4 — heels raises double-footedly, also one-footedly on wall bars.

Exercise No. 5 — heels raises in forward bend with load of co-gymnast, so called
“donkey” standings on tiptoe (tiptoe positions).

Exercise No. 6 — lying backwards under the vaulting horse, resp. vaulting-buck;
the lower extremities to stretch forward into the right angle, the co-gymnast will get
on the vaulting horse, resp. vaulting-buck and the gymnast lifts repeatedly the horse,
resp. vaulting-buck.

Exercise No. 7 — clear jumps through skipping rope double-footedly, also one-
footedly, various variations.

Exercise No. 8 — repeated forward somersaults one after another.

Exercise No. 9 — clear jumps through skipping rope double-footedly on a low
balance beam.

Exercise No. 10 — repeated jumps double-footedly on the balance beam with
emphasis onto the doing-up of soles of the foot.

This fact, which we detected with video footage, is a major fault in rebound and
proband No. 2 should improve its rebound work and the use of foot work during
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rebounding. It would help it to a higher flight phase of the side somersault and thus
safer landing on the beam and also improving the overall performance of the exercise
shape. This fact will be dealt with in further work and we will analyze in detail the
work in the ankle joint also in terms of spatial characteristics, as we consider it a very
important part of the work of the rebounding.

Our work should be of benefit to sports gymnasts and trainers in training and
refinement of a exercise shape the side somersault. Through the analysis, we wanted
to contribute to the improvement of exercise technique and help to detect the
technical errors in each of the key phases and micro phases. The problems of 3D
kinematic analysis in sports gymnastics were not addressed in Slovakia due to lack
of equipment. They dealt with 2D kinematic analysis of loop exercise shapes, as was
in the case Rusc¢inova (2012), who, for kinematic analysis, chose the exercise shape
on the beam, fast loop without hand support with a landing on single leg. In her work
she mainly dealt with spatial signs in performing this exercise form, so we cannot
compare the time characteristics with her work. It only shows the length of the flight
phase, which lasts 0.14 s at both gymnastics, which is, compared to the flight phase
“kabolo” for proband No. 1 for longer than 0.21 s and when compared to proband No.
2 the “kabolo” flight phase lasted for 0.18 s longer. Based on the data, we can see that
the difference in the duration of the flight phase and the execution of the exercise in
terms of time duration is faster than performing the “kabolo” exercise. The kinematic
analysis of the kabolo exercise was not carried out in the past.
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ANGLE VALUES AS KINEMATIC PARAMETERS FOR DESCRIBIN-
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University of Zagreb, Faculty of Kinesiology

Abstract

Alpine skiing as a winter sport is limited by the specific conditions in which it can
be performed. Due to mentioned, athletes and recreational skiers are trying to find
alternative activities that can replace snow conditions but are biomechanically similar.
Moreover, it is desirable that during mentioned activities, like in alpine skiing, muscles
are predominantly eccentrically activated. The PRO SKI SIMULATOR is a possible
alternative. It is an exercise machine on which an athlete can perform specific motion
biomechanically similar to carving turn performed on an actual ski slope along
with predominantly eccentrically activated muscles. The purpose of this study is to
measure the kinematic parameters and describe biomechanical model using the MVN
BIOMECH XSENS inertial suit while participant performs simulation of the carving
turn on the simulator. Participant is a male ski instructor. Kinematic variables that
were used are joint angles (ankle, knee, hip, shoulder, elbow), measured in degrees (°),
and height of centre of mass measured in centimetres (cm). MVN BIOMECH XSENS
inertial suit consists of seventeen wireless motion trackers. It ensures real-time human
motion analysis. After adjusting the suit and calibration of the system, participant
performs sixteen cycles of turn in each side. PRO SKI SIMULATOR has option of
adjusting the resistance by using six springs. Adding each spring resistance increases
matching the weight interval of an athlete. In this case resistance of three springs was
used. Basic descriptive parameters were calculated for all variables. Variables ADLRT
and ADRLT are significantly different (p=0,00); also variables HALRT and HARLT
differ (p=0,00). Statistically different is angle of flexion in the outer knee joint (KFLRT,
KFRLT) p=0,00; shoulder joint in the abduction (SALRT,SARLT- p=0,00) and flexion
(SFLRT,SFRLT- p=0,00). Also to be noted is the difference between elbow flexion
(EFLRT, EFRLT- p=0,00). We did not find signifficant difference between outer hip
angle of flexion (HFLRT, HFRLT- P=0,58). Height of the center of the mass in right
turn was not statistically different from height of the center of the mass in left turn
(COMR, COML- p=0,68). From the all obtained results it is possible to conclude that
participant does not have the same quality of the left and right turn. The future studies
should concentrate on using a kinematic suit but on an actual slope and compare that
parameters with ones obtained in this study during laboratory conditions.

Key words: Ski simulation, kinematic suit, alpine skiing, biomechanics, rhythm, balance
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Introduction

Alpine skiing as a winter sport is limited by specific weather conditions which
are prerequisite for its performance (Cigrovski & Matkovié¢, 2015). Ski centres need
to fulfil specific requirements; mainly related to amount of either natural or artificial
snow during winter period. When ski competitors need to train alpine skiing they
either go to glaciers or ski centres on south hemisphere. Glaciers are in general
providing good skiing conditions all year long, but due to heights (mainly 3000 m,
or higher) training can be hard and challenging. Moreover, training at glaciers or
in ski resorts on south hemisphere significantly raises the costs of skiing. Those are
some of the reasons why alpine skiers during off season seek for alternative ways
of training, which would from biomechanical aspect share similarities with skiing.
One of the most important issue is to choose training which is compatible in terms
of muscle contractions, primarily sharing eccentric contractions (Hoppeler & Vogt,
2009; Ferguson, 2009). Most similar way of alpine ski training is indoor skiing where
snow conditions can be controlled. On the other hand, down side of such trainings is
in short length of ski terrains which are also not as demanding, so they are mostly used
for training of technical ski disciplines. One of the attractive alternatives is a PRO SKI
SIMULATOR, a training machine offering a possibility to perform similar specific
movements as those during ski turns at ski slopes (Lee et al., 2016; Nourrit-Lucas et
al., 2015). Ski simulator offers different possibilities such as use of ski poles which
even more specifically relates to skiing (Moon et al., 2015). Moreover, one can also
regulate resistance on the ski simulator by adjusting springs. The aim of our report
is to measure kinematic parameters and describe biomechanical model of skier while
performing turn simulations on PRO SKI SIMULATOR, with help of kinematic suit.

Methods

This was a single subject analysis and participant was a 25 years old male alpine
ski instructor. His weight at the time of investigation was 66 kg and height 174cm.
He was informed about the study aims in detail, and gave his consent to participate.
Participant performed sixteen turns on a ski simulator, eight in each side. Turns were
used as entities for describing movement on ski simulator.

Variables: Kinematic parameters measured in this investigation included angles
in different joints (ankle, knee, hip, shoulder, elbow) in degrees (°) as well as centre
of mass, measured in centimetres (cm) in both turns on a simulator. Variables were
as following: Ankle joint angle of dorsiflexion of left leg in right turn (ADLRT),
ankle joint angle of dorsiflexion of right leg in right turn (ADRRT), ankle joint angle
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of dorsiflexion of left leg in left turn (ADLLT), ankle joint angle of dorsiflexion of
right leg in left turn (ADRLT), knee angle of flexion of left leg in right turn (KFLRT),
knee angle of flexion of right leg in right turn (KFRRT), knee angle of flexion of
left leg in left turn (KFLLT), knee angle of flexion of right leg in left turn (KFRLT),
hip joint angle of flexion of left leg in right turn (HFLRT), hip joint angle of flexion
of right leg in right turn (HFRRT), hip joint angle of flexion of left leg in left turn
(HFLLT), hip joint angle of flexion of right leg in left turn (HFRRT), hip joint angle
of abduction of left leg in right turn (HALRT), hip joint angle of abduction of right leg
in right turn (HARRT), hip joint angle of abduction of left leg in left turn (HALLT),
hip joint angle of abduction of right leg in left turn (HARLT), shoulder joint angle of
flexion of left arm in right turn (SFLRT), shoulder joint angle of flexion of right arm
in right turn (SFRRT), shoulder joint angle of flexion of left arm in left turn (SFLLT),
shoulder joint angle of flexion of right arm in left turn (SFRRT), shoulder joint angle
of abduction of left arm in right turn (SALRT), shoulder joint angle of abduction of
right arm in right turn (SARRT), shoulder joint angle of abduction of left arm in left
turn (SALLT), shoulder joint angle of abduction of right arm in left turn (SARLT),
elbow joint angle of flexion of left arm in right turn (EFLRT), elbow joint angle of
flexion of right arm in right turn (EFRRT), elbow joint angle of flexion of left arm
in left turn (EFLLT), elbow joint angle of flexion of right arm in left turn (EFRLT),
height of centre of mass in right turn (COMR) and height of centre of mass in left turn
(COML).

Research protocol: Kinematic parameters were measured using kinematic
suit MVN BIOMECH XSENS. MVN BIOMECH XSENS inertial suit consists of
seventeen wireless motion trackers, battery and 240 Hz output rate and it ensures real-
time human motion analysis without an effect on movement or rate of motion. Subject
performed turn simulations on a PRO SKI SIMULATOR (Figure 1). Simulator offers
option of adjusting the resistance by adding springs. Matching number of springs,
situated on a simulator basis, is attached on a cart on which subject is standing.
Cart is moving laterally on two parallel guides. There are six levels of resistance
each matching the weight of an athlete. One spring equals certain weight interval.
In this case resistance of 3 springs was used which matches weight interval from
65 to 80 kilos. After dressing the suit and adjusting the sensors, calibration of the
system was performed, and subject performed 16 simulations of turn in each side. The
ski simulator (Pro ski simulator; Slovenia) was fixed to a flat surface consisting of
a platform on wheels moving left and right on two bowed parallel metal rails. Rubber
belts fastened the platform to the rails and ensured that it regained resting position in
the middle of the apparatus.
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Figure 1. An athlete on a PRO SKI SIMULATOR
Statistical methods

Data was analysed by statistical program Statistica ver. 12. Basic descriptive
parameters were calculated for all thirty (fifteen in each turn) previously described
variables. In further analysis we measured outer joint angles in relation to the axis
of the turn rotation and height of the center of mass. T-test was conducted in order to
determine the difference between each outer joint angle in right turn with associated
outer joint angle in left turn, and also to differentiate the height of the center of the
mass in right turn and in the left turn. Significant difference was considered at p<0.05.

Results

In total thirty variables were measured; fifteen in each turn. As noted above only
outer joint angles and height of center of mass were described in this paper. In Table 1
are shown basic descriptive parameters for those variables. Table 2 is showing results
of t-test. Six variables were associated with p<0.05. Variables ADLRT and ADRLT are
significantly different (p=0,00); also variables HALRT and HARLT differ (p=0,00).
Statistically different is angle of flexion in the outer knee joint (KFLRT,KFRLT)
p=0,00; shoulder joint in the abduction (SALRT,SARLT- p=0,00) and flexion
(SFLRT,SFRLT- p=0,00). Also, difference between elbow flexion (EFLRT,EFRLT-
p=0,00) was statistically significant. There were no signifficant differences between
outer hip angle of flexion (HFLRT,HFRLT- P=0,58). Height of the center of the mass
in right turn was not statistically different from height of the center of the mass in left
turn (COMR,COML- p=0,68). The same methodology can be used for comparison
between simulated turn on PRO SKI SIMULATOR and turn on an actual ski slope.
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Table 1. Descriptive statistics for sixteen chosen variables

Variable M Min Max SD
ADLRT 79,9 77,1 84,2 1,8
ADRLT 84,1 80,9 89,5 2,2
HALRT 169,3 165,5 173,4 2

HARLT 164,5 161,8 168,7 1,7
HFLRT 160,3 157.8 164,5 1,7
HFRLT 160,6 157,6 166,6 3

KFLRT 1437 140,3 148,8 2,9
KFRLT 148,2 144.6 153,3 2,7
SALRT 46,7 452 48,6 1,1
SARLT 58,2 56,1 61,3 1,4
SFLRT 56,5 49,6 65,1 3,5
SFRLT 60,2 54,3 61,8 1,8
EFLRT 52,3 42,6 59,5 4,8
EFRLT 40,7 35,7 48,6 3,1
COMR 94,7 93,5 97 0,8
COML 94,8 94 95,7 0,5

Notes: ADLRT - Ankle joint angle of dorsiflexion of left leg in right turn; ADRLT-
Ankle joint angle of dorsiflexion of right leg in left turn; HALRT - hip joint angle of
abduction of left leg in right turn;, HARLT - hip joint angle of abduction of right leg
in left turn;, HFLRT- hip joint angle of flexion of left leg in right turn; HFRLT- hip
Jjoint angle of flexion of right leg in left turn; KFLRT- knee angle of flexion of left leg
in right turn; KFRLT- knee angle of flexion of right leg in left turn;, SALRT- shoulder
joint angle of abduction of left arm in right turn;, SARLT- shoulder joint angle of
abduction of right arm in left turn; SFLRT - shoulder joint angle of flexion of left
arm in right turn;, SFRRT - shoulder joint angle of flexion of right arm in right turn;
EFLRT - elbow joint angle of flexion of left arm in right turn, EFRLT- elbow joint
angle of flexion of left arm in right turn, COMR - height of centre of mass in right
turn; COML - height of centre of mass in left turn
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Table 2. T-test results

Variable | M SD |t p
ADLRT | 79,90 1,78
ADRLT | 84,10 2,24 | 6,25 0,00*

HALRT | 169,30 | 2,02
HARLT | 164,50 | 1,75 | -7,61 0,00*
HFLRT | 160,30 | 1,67

HFRLT | 160,60 | 2,98 | 0,57 0,58
KFLRT | 143,70 | 2,92
KFRLT | 14820 | 2,66 | 7,47 0,00%

SALRT | 46,67 1,11
SARLT | 58,24 1,42 | -30,79 0,00*
SFLRT 56,47 3,52
SFRLT 60,16 1,80 | -4,05 0,00*
EFLRT 52,34 4,76
EFRLT | 40,66 3,08 | 8,21 0,00%*
COMR 94,73 0,81
COML 94,83 0,47 | -0,42 0,68

Notes: * p<0.05; ADLRT - Ankle joint angle of dorsiflexion of left leg in right turn;
ADRLT- Ankle joint angle of dorsiflexion of right leg in left turn;, HALRT - hip joint
angle of abduction of left leg in right turn;, HARLT - hip joint angle of abduction of
right leg in left turn; HFLRT- hip joint angle of flexion of left leg in right turn; HFRLT-
hip joint angle of flexion of right leg in left turn;, KFLRT- knee angle of flexion of
left leg in right turn; KFRLT- knee angle of flexion of right leg in left turn; SALRT-
shoulder joint angle of abduction of left arm in right turn; SARLT- shoulder joint
angle of abduction of right arm in left turn; SFLRT - shoulder joint angle of flexion
of left arm in right turn;, SFRRT - shoulder joint angle of flexion of right arm in right
turn; EFLRT - elbow joint angle of flexion of left arm in right turn;, EFRLT- elbow
Jjoint angle of flexion of left arm in right turn, COMR - height of centre of mass in right
turn; COML - height of centre of mass in left turn
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Discussion

Obtained results indicate that outer joint angle in a relation to the axis of rotation
during right turn differs from outer joint angle during left turn. Similar results appeared in
six cases (between six joints), regardless of uper or lower segments of the body. Skier is
trying to regain optimal dynamic balance and central balance position by using upper body
and hands (Loland, 2009). During ski turn, skier tries to separate movements produced
in the upper and lower part of a body, where lower part makes several synchronized
movements in different planes. Movements connected in right order and in timely
manner represent a ski turn. Therefore, lower body parts directly affect the ski turn, while
upper body parts assist in realization of a turn by helping the skier to get into the perfect
balance position and maintain the balance position through the turn (Hydren et al. 2013).
If a skier for some reason makes a mistake and disrupts the ideal trajectory of the turn, or
loses the rhythm, central position or dynamic balance, he/she will try to correct it through
the upper body movements. When regaining of the ideal position cannot be reached
solely by upper body, skier must also include movements in lower body, but during
mentioned speed of the turn is lost (Hebert-Losier et al., 2014). Span of the angle values
in hip angle during abduction in this research correlated with measures obtained in other
investigations, some conducted on an actual ski terrain (Hraski & Hraski, 2009). It would
be interesting to see comparison between same variables (HALRT, HARLT) measured
on ski slope by the same methodology. From the all obtained results we can cautiously
conclude that participant does not have the same quality of the left and right turn. Future
studies could concentrate on the investigation of the ideal biomechanical model of the
ski turn. Moreover, this could set the basis for distinguishing low quality turns. Future
studies should also concentrate on using a kinematic suit on an actual slope and compare
measured parameters with ones obtained during laboratory conditions. Only then it
would be possible to determine exact similarities in kinematic parameters of simulation
turn and turn in snow conditions. Although single subject analyses are valuable tools in
biomechanical investigation of the ski turn, future studies should include larger sample
of participants to ensure more precise result interpretation.

Conclusions

Mentioned results suggest that movements on PRO SKI SIMULATOR are alike
carving ski turn on actual ski terrain and justifies the use of simulators for recreational
and professional level skiers in conditions where it is impossible to ski. Recreational
level skiers can use it as a preparation for skiing and competitive skiers during specific
phases of training.
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Charles University in Prague, Faculty of Physical Education and Sport

Abstract

Theoretical basis: Overhead throwing is a basic skill for many sports games. This
is a natural skill based on human phylogenesis. Mastering this skill is a prerequisite for
learning handball and softball that are included in the school curriculum of the primary
and secondary schools and therefore they are also the content of the education of future
teachers.

Purpose: The aim is to compare the performance of one-handed overhead throw
with a softball and handball ball in the group of the Charles University Faculty of
Physical Education and Sport students; and determine whether there is a relationship
between selected anthropometric data (arm span and forearm length) and the overhead
throw velocity.

Methods: The participants were students of the 2™ grade of the Faculty of Physical
Education and Sport of Charles University (25 women, 78 men) who were deliberately
divided into 4 groups based on whether they were sport games players (volleyball,
handball, tennis) or not. The attempts were recorded by the video camera with the
frequency of 50 Hz and the velocity was measured with the radar. Software DARTFISH
7 TEAM PRO was used to evaluate the kinematic data using image decomposition
at 100 Hz. Significance was evaluated using ANOVA at the 0.05 level of significance
and the Bland-Altman diagram. The relationship between anthropometric data and
throwing velocity was evaluated using the Pearson correlation coefficient.

Results: The results of the comparison of the performance of the overhead throw
showed statistically and practically significant differences in the velocity of the ball
with the softball and handball ball in all groups except for the group of women who
did not play selected sports games. The relationship between the arms span (forearm
length) and the throwing velocity of the handball and softball ball has not been
demonstrated. The results of the comparison of throw technique have shown high
variability in performance and mistakes during the throw in groups that did not have
previous experience with selected sports games.

Conclusion: The results of the study show the unsatisfactory performance of the
monitored skills. This may be caused be the insufficient amount of hours of exercises
spent on these games in the Faculty of Physical Education and Sport curriculum.

Key words: overhead throw, softball, baseball, velocity, anthropometric data
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Introduction

Throws are among the basic natural skills based on human phylogenesis. The
throws include a specific set of open skills, characterized by the task of giving the
object (ball) an acceleration that allows the flight of the object to a certain distance.
Kreighbaum and Barthels (1990) list four categories of these skills:

1. bottom patterns (softball pitch, underhand serve in volleyball or badminton
etc.)

2. side patterns (discus throw, tennis shots — forehand and backhand etc.)

3. top patterns (baseball pitch, javelin throw etc.)

4. kicks (in football or American football)

Véle (2007) and Siiss (2006), on the other hand, feature a division only for throws
that are in agreement with the first three categories. In sports games, the basic skill is
one-handed overhead throwing. This is a basic skill for an individual’s game activity,
such as pass, goal-shooting, pitching in baseball, but also service in volleyball and
in tennis. A number of authors dealt with velocity, f.e. Rivilla-Garcia & Sampedro-
Molinuevo (2010) have been testing professional and amateur handball players in
their experiment. Bayios & Boudolos (1998) investigated the differences in the
velocity and accuracy of shots in several groups of handball players — groups of the
1** highest division, of the 2™ highest division and of students in physical education.
Shooting was performed from the ground, after passing the opponent and from the
jump. The highest velocity of shooting along with the highest accuracy was shown
in the shooting after passing the opponent in both groups of competitive players, but
not the students who were different in all the data. Van den Tillaar (2003) conducted
an experiment with several Norwegian handball players. He focused on velocity and
later on the location of the shot. The most accurate placement and at the same time the
fastest shot was about 85 % of the maximum possible shot velocity of these players.
Fleisig (2006) dealt with the velocity of baseball pitch. He compared the velocity of
different types of pitches. Further, the velocity and performance of the softball throw
were discussed in, for example, Siiss et al. (2013).

Mastering the throw is one of the basic skills and is therefore a prerequisite for
learning handball and softball that are included in the school curriculum of primary
and secondary schools and therefore are also the content of the education of future
teachers. Performances of one-handed overhead throw in softball vary depending on
the length of the throw, but in most cases it is a throw with both legs on the ground.
A 15 to 25 meter midfield pass is characterized by a flat ball flight trajectory (parallel
to the ground) but a long pass is characterized by an arc trajectory (Siiss, 2006). In
handball, one-handed overhead throw is executed either by jump or by shooting from
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the ground (Tima & Tkadlec, 2010). To compare the throwing velocity of the handball
and softball balls, we chose a throw from the ground, in a straight ahead direction (not
an arc) after the release.

Purpose

The aim is to compare the performance of one-handed overhead throw with
a softball and handball ball by the group of Charles University Faculty of Physical
Education and Sport students; and determine whether there is a dependence between
selected anthropometric data (arm span, forearm length) and the overhead throw
velocity.

Hypothesis 1: We suppose statistically significant differences in velocity of hand-
ball and softball throw in all monitored groups at significance level p = 0.05.

Hypothesis 2: We suppose a significant relationship between selected anthropomet-
ric data and maximum handball and softball throw velocity.

Methods

The participants were students of the 2" grade of the Faculty of Physical Education
and Sport of Charles University. There were 25 women (average age 21.8 years,
height 169.06 cm and weight 63.4 kg) and 78 men (22.1 years, 181.8 cm, 78.1 kg).
The participants were deliberately divided into 4 groups based on whether they were
games players (volleyball, handball, tennis, softball) or not (M1, M2 — group of men,
W1, W2 — group of women). The first group (M1) consisted of 67 students who did
not have experience with the performance of sports games, the second group (M2)
consisted of 11 students who had experience with softball, handball, volleyball or
tennis. Group W1 was formed by women (n = 16) who did not have experience with
performance of sports games and the fourth group of women (n = 9) were women
with experience from these sports games. The players participated voluntarily and the
research was authorized by the ethics committee of the Faculty of Physical Education
and Sport.

This was a descriptive study in which we changed the conditions for a one-handed
overhead throw at maximum velocity. We monitored the maximum velocity of the
handball and softball balls. The players performed three consecutive handball throws
and then three softball throws. The ranking of throws was determined randomly using
a random number table. The break between the throws was 1 minute. The players
stood 5 meters from the net and had the task of throwing the ball at the maximum
velocity to the net at a height corresponding to the height of the throwing player
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(without the preceding steps). Measurements were made at the beginning of the lesson
after the standard warm-up that was led by the teacher. Anthropometric data (arm span
and forearm length) was taken on a photograph with labeled points on the body of the
student.

The throw velocity was measured using the STALKER PRO 1I radar (positioned
behind the participant). The attempts were recorded by the SONY HDR-CX4500B
camera with 50 Hz shots and placed 15 meters from the player perpendicular to the
direction of the throw. DARTFISH 7 TEAM PRO software was used to evaluate the 2D
kinematic data using image decomposition at 100 Hz. Reliability of anthropometric data
measurements was evaluated by three independent evaluators. The evaluators reached
an agreement of 99.5 %. Significance was evaluated using ANOVA at the 0.05 level of
significance and the Bland-Altman diagram. The relationship between anthropometric
data and throwing velocity was evaluated using the Pearson correlation coefficient.

Results

The results presented in Table 1 show the summary of average throw velocity in the
monitored groups. The groups M1, M2 and W2 achieved statistically significant and
factual differences in the throwing velocity of both balls and confirmed the hypothesis 1.
In group W1, the students achieved insignificant differences (statistically and factually)
between the throws of both balls and thus, we rejected hypothesis no. 1. Table 2 shows
the men’s and women's results of the measurement of arm span (length from top of the
right middle finger to the left), the length of wrists (length from top of the middle finger to
the processus styloideus radii) and forearms length (size from wrist to the elbow). There
were statistically significant differences at the significance level p = 0.001 for all three
measurements (arm span F = 96.33, forearm length F = 15.32 and size to wrist F = 66.55).

Table 1. Results of throw velocity measurements

Handball Softball ANOVA

?gjfh) SD ?gf;h) D |F o001 Joos PP
M1 69.66 6.72 86.51 7.76 183.30 yes yes yes
M2 75.51 10.18 92.06 11.97 11.245 no yes yes
Total M 70.49 7.51 87.30 8.60 169.34 yes yes yes
W1 52.81 5.71 59.83 7.66 8.63 no no no
w2 57.58 6.09 71.09 6.30 21.40 yes yes yes
Total W 54.53 6.18 63.88 8.96 18.46 yes yes yes

Legend: M1, M2 — group of men, W1, W2 — group of women
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Table 2. Results of anthropometric data measurements

Anthropometric data

Wrist length Forearm length Span of Arms

Mean (m) SD Mean (m) SD Mean (m) SD
M [0.197 0.011 0.248 0.018 1.817 0.071
W 10.178 0.008 0.231 0.018 1.664 0.055

Legend: M — group of men, W— group of women

There weren't statistically significant differences in p = 0.01 among groups M1
and M2 resp. W1 and W2.

Table 3 shows the results of the relative values (relative to the student’s height) and
the value of difference in the height of the right elbow and the right shoulder at the
moment of the arm wind up.

Table 3. Results of kinematic data

Relative height - wind up Release

Ball Forward ste; Position of elbow Ball

Mean Mean Mean Mean

(m) SD (m) SD (m) SD (m) SD
M Hand. 0.930 0.077 10.533 0.088 |0.009 0.072 1.020 0.069
M Soft. 0.903 0.091 0.557 0.097 |0.044 0.067 0.962 0.073
W Hand. 0.944 0.097 [0.454 0.065 0.001 0.084 1.083 0.111
W Soft. 0.955 0.084 |0.537 0.390 |0.043 0.072 1.027 0.111

Legend: M — group of men, W — group of women, Hand. — handball throw, Soft. —
softball throw

The results presented in Table 3 show the insufficient mastery of the throwing
technique in that the intra-individual differences in the measured data had a high
coefficient of variation (1 %, 120 %). The relative height of the arm cocking (position
of ball) in all groups is 90 — 95 % of the body height, which corresponds to the
requirements of one-handed overhead throw. Critical value is the relative position
of the elbow in the arm cocking, where the students reached the average position
roughly at the right arm level, the requirement is that the elbow is above the shoulder
level. Here the students reached the highest values of the coefficient of variation,
which indicates an unstable performance of throw. The length of the forward step
was below the required level (the forward step was too short). Only the W2 and M2
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groups achieved more stable values in the forward step and in other kinematic data
(the coefficient of variation in these groups was in the interval (1 %, 12 %). In these
kinematic data, using Bland-Altman’s diagnose the significant difference was not
found in performance of throwing both handball and softball ball.

Results of correlation analysis
Correlation analysis using the Pearson correlation coefficient is shown in Table 4.
No significant differences are shown between selected anthropometric data and throw

velocity.

Table 4. Results of the correlation analysis between throw velocity and selected
anthropometric data

Mlh |Mls |M2h |M2s |Mh |Ms
Size of Wrist 0.121 [0.020 |0.047 [0.209 |0.064 |0.068
Forearm length | 0.320 |0.120 |0.232 |0.439 |0.248 |0.054
Arms Span 0.377 |0.189 |0.107 |0.056 |0.316 |0.142
Body height 0227 [0.102 [0.132 [0.100 |0.221 |0.086

Wih |WIs |[W2h |W2s |[Wh |Ws
Size of Wrist 0.349 |0.489 |0.107 |0.445 |0.235 |0.348
Forearm length  |0.127 ]0.255 |0.076 [0.036 |0.176 |0.331
Arms Span 0210 [0.370 |0.020 |0.312 |0.157 |0.313
Body height 037 |0.453 |0.007 |0.040 |0.336 |0.425

Legend: M1, M2 — group of men, M — all men, W1, W2 — group of women, W — all
women, h — handball throw, s — softball throw

Discussion

We assumed statistically significant differences in the throwing velocity of
the handball and softball ball. The results of the ANOVA and Bland-Altman chart
showed statistically significant differences of the throw velocity in all the groups at
the significance level of p = 0.01 (Table 1), with the exception of the female group
consisting of students who did not have a sporting experience with sports games
before the start of their studies at Faculty of Physical Education and Sport. Compared
with baseball research, for example, Werner LS et al. (2010) (pitching velocity of
129.6 km / h — junior pitchers), in cricket, 120km/h — juniors and 125km/h — expert
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group (Phillips et al., 2010), students achieved significantly lower values at maximum
velocity. But compared to the results study of Bayios & Boudolos (1998), where
authors compared the maximum throwing velocity in the handball at students group
(v =60.6 km) and the results of Wagner et al. (2011) (v = 80.28 km/h), the students
(M1 and M2) achieved comparable results. For women in softball, the average
velocity of the throw is 84.6 km/h, in the range (71.13; 101) km/h, which corresponds
to the results of the men’s groups.

In comparison to the throw velocity with selected anthropometric data (body height,
span of arms, forearm and wrist length) we did not find a significant relationship —
hypothesis 2 was not confirmed. In our opinion, the prerequisite for this relationship
is the correct throw technique, which was not good in our monitored groups. This
is evidenced in particular by the wrong elbow position in the wind up (at the level
of the right shoulder but at 60 % below the shoulder) and a very short forward step.
There is not much data of the similar measurements in the literature, but for example,
Vaverka (2010) reports the relationship between velocity of service and body height
of tennis players from the Grand Slam measurements (2008-2009). Wrong throwing
techniques may be the cause of many health problems, as shown by the results of
studies, e.g. Fleisig et al. (1996, 2009) and others.

Conclusion

The results of the study show the unsatisfactory performance of the monitored
throwing and document insufficient quality of physical education. The cause may
be the insufficient amount of hours of exercises spent on these games in the Faculty
of Physical Education and Sport curriculum. Another reason can be low activity of
children in natural movement skills such as ball throwing.
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Abstract

In men artistic gymnastics high bar is often described as the most exciting
discipline for spectators. Today contemporary high bar routine can include up to five
flight elements. As the elements have to be different, also search for new elements
is important. The flight elements Tkatchev (executed from front swing, backward
vault with split legs to hang) have been developed in the last forty years in different
ways. The last version of Tkatchev in Code of Points is since 2007 under Marijo
Moznik’s name as at World Championship in 2007 he performed stretched Tkatchev
with 180° degrees turn into mixed grip. With Moznik’s career end and for the
purposes of original inventor biomechanics characteristics of Moznik element, we did
a kinematic analysis of Moznik element performed by element author. We measured
the movement with Qualisys measuring system. Over 70 reflecting markers were
attached to specific anthropometrical locations on the athlete’s body. Their location
was then calculated using 12 synchronized QTM cameras set at maximum of 178Hz
and Qualisys software. Marker location was exported to Visual 3D software where
with additional athlete’s weight and height skeletal model was build. From these
model trajectories, velocities, angles, angular velocities, angular momentum and
moment of inertia were computed. According to results difficulty of the element is
properly set as E value in Code of Points. The first 3D kinematic analyze of Moznik
element in the world gave data for evaluation of technique, its methods and to set
gymnasts physical preparation.

Key words: kinematic, Qualisys, Tkatchev, FIG
Introduction

A contemporary horizontal bar exercise must be a dynamic presentation that
consist entirely of the fluid connections of swinging, turning, and flight elements
alternating between elements performed near to and far from the bar in a variety of hand
grips so as to demonstrate the full potential of the apparatus (International Gymnastics
Federation (FIG), 2017a). The standard height of the bar, measured from the floor is 2.8
meters (FIG, 2017b). According to the Code of Points (FIG, 2017a) gymnasts routine
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should consist of elements from the four different element groups, and each element
is evaluated using an ordinal scale, from “A” (the least difficult) to “H” (the most
difficult). The second Element group is called “Flight elements”- elements where
gymnasts release the bar, make a specific movement in the air and regrasp the bar. In
the FIG Code of Points every element has a detail description but some elements are
also named after the gymnasts who first registered and successfully performed it at
the official FIG competition. An element where gymnast performs from front swing
vault backward straddled over bar to regrasp in back swing is named by Russian
gymnast Alexander Tkatchev, who did this element at the European Championship
1977. Originally element was designed by scientist Gaverdovskij in 1962 and first
performed by Soviet gymnast M. Pitamcev in 1968 (in tucked position) (Gaverdovskij,
1987, p.429). Since the first presentation of Tkatchev element it was upgraded by
Yogo in 1979 (Nakasone, 2015) performing Tkatchev from stoop circle (but named by
Piatti 1984 (Karacsony Cuk, 2105)), by Ljukin and Nakasone in 1988, they performed
Tkatchev stretched, and at same year Ljukin also did Tkatchev stretched with 1/1 turn.
In 1992 Lynch performed Tkatchev with ' turn, in 2007 Moznik performed Tkatchev
stretched with % turn into mixed el-grip, in 2009 Kierzkovski did Piatti stretched to
mixed el-grip and in 2010 Kulesza performed Tkatchev stretched with 5 turn to double
el-grip (Nakasone, 2015). In 2009 an article about possible performance of Tkatchev
salto tucked was published by Cuk, Atikovi¢ & Tabakovié, but up to today nobody
performed it. Cuk and Colja (1996) prepared a model of developing new element in
gymnastics, which consisted of seven phases: an idea of a new gymnastics element;
a definition of the hypothetical biomechanics model of a new element; a consistency
of the new element with the present Code of Points; a design of methodic, training
until successful execution, collecting and analyzing biomechanical data; a definition
of optimal biomechanics model of the new element and saving it into data base.
Same authors also stated that the first phase is usually random by nature, when coach
and gymnast according to their experience and logical thinking want to promote
the gymnast with a new element. In year 2006 Tigran Goricki, coach of Croatian
national team gymnast Marijo Moznik, came up with the idea of the new element on
horizontal bar. To accomplish the new element it took him one year of training and
he successfully performed this new element at the 2007 World Championships in
Stuttgart and since than it has an “E” value for difficulty. Element was included in the
2009 FIG Code of Points under name — “Moznik” (Figure 1).
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Figure 1. Moznik element as it is described in Code of Points (FIG, 2017a)

Since then Mario Moznik’s results at the top level competitions rose: 2015 European
Champion; 2014 World Championships bronze medalist; 2012 European championships
silver medalist; 2010, 2013 and 2014 World Cup Overall Winner. Precondition for safe
and successful learning of “Moznik” element is highly reliable performance of Tkatchev
stretched. In the terms of safety for gymnast it is very important to be in the optimal
distance from the bar during regrasp, otherwise there is a risk of hitting the bar with
the head, or falling on mats. The second major risk is the potential loss of hand contact
with the bar due to unfinished turn (fall on mats is a consequence; however landing
with turned body is highly risky for spine injuries). Proper initiation and ending
time of the turn before regrasp is very important also in the terms of the successful
performance of the element (without deduction from the judges). In previous
researches many authors did analysis of different Tkatchev element variations, but up
to now only Moznik and Hraski (2014) did 2D kinematic efficiency analysis of the
Moznik element performance. With new technology (as this element has movement
in all three axis) we stated aim to perform a reliable and valid kinematic analysis
of Moznik element in order to get data to evaluate technique, and to get data for
gymnasts physical preparation.

Methods

Subject of measurement was Marijo Moznik, born 18" January 1987, 183 cm
height, and 79 kg weight. We measured the movement with Qualisys measuring
system (Qualisys AB, Goteborg, Sweden). Over 70 reflecting markers (Figure 2)
were attached to specific anthropometrical locations on the athlete’s body according
to C-motion protocol (van Sint Jan, 2007). After initial calibration, markers’ locations
were calculated using 12 synchronized QTM cameras set at maximum of 178Hz and
Qualisys software. Marker locations were exported to Visual 3D software (Visual3D
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v6 Professional, C-Motion, Germantown, USA) where with additional athlete’s weight
and height skeletal model was build. The first and last frames for the analysis were
hang (arms vertical) before release and after the regrasp on the high bar. From those
model trajectories, velocities, angles, angular velocities, angular momentum, moment
of inertia were calculated. Parameters such as center of mass, moment of inertia
and speed of chosen segment and point were computed. The moment of release was
defined as moments when the position of the marker placed on the first knuckle of the
index finger moved for more than 5 cm relatively to the position of the bar which was
defined in the V3D system. When this distance was smaller than 5 cm, this counted as
a regrasp. While this was case study, descriptive data was used only.

Figure 2. Reflective body markers positions

All measurements were held at Faculty of Sport, University of Ljubljana, Slovenia
on 19. 6. 2017 in evening hours, with proper temperature 25° Celsius and humidity of
40% in gym hall. Evening time was selected to avoid sun light reflections on markers.
QTM cameras were located around gym hall to cover each marker with at least 3
cameras simultaneously (Figure 3).
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Figure 3. Positions of 7 QTM cameras
Results

After analyzing positions following ones are important for further analysis: moment
of release (Figure 4a), moment of maximum height (Figure 4 b and Figure 4 c), arms
crossing beginning (Figure 5a), regrasp with left hand (Figure 5b), and regrasp with right
hand (Figure 5¢). Temporal parameters for Moznik element are: time of full flight from
release to left hand regrasp 0.74 s, and to regrasp with right hand 0.81 s; time from release
to start initiation of turn is 0.47 s. Difference between left hand regrasp and right hand
regrasp is 0.07 s. From analysis it is worth to note there is not symmetric regrasp with
both hands, but there is a delay, however very short one that if human eye is not directly
focused only on regrasp, it is hard to notice it, and this depends also on spectators view.

Figure 5. a — moment of crossing arms, b — regrasp with left hand, c — regrasp with
right hand

&3



Gantor of mass velocity Anglo of otation of different axes aiong_transyersal axis
051 % — Ankles.
Hps
04750 160/ Shovigors
5 0.74 sec o 0815
oras
\ P

T2 \ 7
B / 047 6
E /
B i
g
>4 [P /

o

Release
" w0 Release b Regraso
k fies Touch L. Han
2 |- Regrasp 20 ¢ First Touch L. Hand
— ool
—Vericar

o 02 04 (X 08 1 12 14 6 (] 02 (YT} [ 1 [CREY? 15
Time [sec] Time [sec]
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Figure 7. a — angular velocity around transverse axis, b — moment of inertia around
transverse axis

Discussion

According to data from Atikovi¢ (2006) flight time of straight Tkatchev is between
0.64 s up to 0.76 s with an average of 0.70 s and our data show higher time is needed to
perform Moznik element with an extra 180 degrees turn. Comparing Moznik element
with stretched Tkatchev at release it is noted that velocity in y axis of BCM for Moznik
is much higher 3.72 m/s than with Tkatchev 2.44 m/s —3.01 m/, while horizontal BCM
velocity is very similar (Cuk, Atikovi¢, Tabakovi¢ 2009) with 2.49 m/s (Figure 6a).
On Figure 6b are angles of ankle, hip and shoulder axis (axis left to right) in relation
to high bar axis. Turning effect is made mostly according to Yeadon (1999) tilt turn,
however it is important to notice that performing Moznik element while performing
Y2 salto forward, also counter turn direction movement in shoulder and hip axis before
start turn was noticed, and Moznik element was also performed with combination of
cat turn (Yeadon, 1999). Similar activity is noticed also with change of moment of
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inertia during flight around transverse axis, where with hip forward and side bending,
shoulder adduction, subject lowers moment of inertia for 38% (from 18.03 to 11.06
kgm?) (Figure 7b). Angular velocity around transverse axis (at release 176.6%, and it
is in middle range comparing with previous researches 147.8 — 229.3 %!, Qian, Cai,
Tang and Zhou (1987), Cuk, Pileti¢ (1995)) is related with higher moment of inertia
at release and during the flight with lowering moment of inertia (Figure 7b), when
calculating angular momentum it is very high, in moment of release 56.02 kgm?s and
much higher again according to previous researches (34.1 kgm?s”' +-7,6SD, Kerwin,
Irwin, Samuleson 2007). It is important to note that measured subject is much taller
and heavier than subjects in previous research (Moznik, Hraski, M. and Hraski, Z.
(2013) and therefore is also cause for higher values of most variables. While it is very
hard to notice the difference between hands in regrasp with human eyes, it is also hard
to notice the angle of the turn finished with shoulders and hips. In the moment of both
hands regrasp less than half of the turn is completed (angle shoulder axis horizontal
bar 83.4° hip axis 77.4°) and whole 180° turn is concluded by reaching the lower hang
position.

Conclusions

Flight element Moznik in its original performance is highly demanding in sense
of biomechanics kinematic values. By most of the variables comparing to stretch
Tkatchev higher values for Moznik were found. However judges’ evaluation of
performance according to Code of Points in terms of one hand regrasp first and in
amount of completed turn in moment of full regrasp is difficult, as only 178 Hz cameras
revealed significant differences with the rules. From biomechanical perspective the
higher difficulty value in Code of Points comparing to stretch Tkatchev is proper.
Turning within Moznik is combination of cat and tilt turn (according to Yeadon (1999)
description of turning mechanics), which in literature up to now was not described in
practice. For coaches and gymnasts these results can serve as a guideline in technique
and methods, how to initiate turn in the element and to focus them to upgrade
performances to be completely in accordance with Code of Points.
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PERFORMANCE ANALYSIS OF WOMEN’S YOUTH BEACH HAND-
BALL WORLD CHAMPIONSHIP 2017
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Abstract

The aim of the research was to determine performance indicators of the winning and
losing teams atthe Women’s Youth Beach Handball World Championship 2017 in Mauritius.
The sample consisted of 56 matches played at the competition, i.e. 112 opponents from
fourteen different national teams: Argentina, American Samoa, Australia, Chinese Taipei,
China, Croatia, Hungary, Mauritius, Netherlands, Paraguay, Portugal, Spain, Thailand
and Venezuela. The sample of variables consisted of the successfully and unsuccessfully
executed technical and tactical handball elements in the attack and defence phases of the
game (12 variables describing performance in offence- successful/unsuccessful inflight
shots, spin shots, a specialist’s shots, direct goals, one-point shots, 6m shots and three
variables related to defence - successful/unsuccessful goalkeeper s saves and blocks). The
Mann-Whitney U-test was used to determine the differences in performance variables
between the winning and losing teams. The results showed statistically significant
differences between the winning and losing teams for the following variables: successful
inflight shots (0.98 + 1.17 vs. 2.95 £ 3.08), successful spin shots (7.50 = 5.73 vs. 11.16
+ 6.21), successful specialist shots (3.09 + 2.55 vs. 4.79+ 2.75), successful direct goals
(0.43 £ 0.74 vs. 0.75 + 0.86), and goalkeepers’ effectiveness. An effective way of playing
beach handball is created once the young female players meet both the attractive, specific
requirements of the beach volleyball as well as the requirements of the classic indoor team
handball. Successful spin shots, followed by classic jump shots efficiently performed by
a player marked with a shirt in a different colour — a specialist were obtained as key factors
in creating the performance of winning teams.

Key words: technical-tactical elements, beach handball, women, performance analysis
Introduction

Some sports such as volleyball, football, rugby, tennis have a version of their basic
sports adapted to the sandy base. The well-known member of the Olympic sports family,
indoor handball, or as some like to refer to it as “a decathlon with a ball”, branched out

into beach handball — “a younger brother”, mainly played in summer (Rokavec, 2009).
This sport began in 80’s in Holland and Italy, countries with scarcely any handball
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tradition. Over time, sports federations showed growing interest for this popular sport,
finally formalising the sport and issuing organizational regulations in 2002 and in
2005, the same was done by European Handball Federation (Lara Cobos, 2012). The
philosophy of beach handball relies on the principles of ,,Fair Play* and it is based on
the fact that the sport is very attractive — fast, fun and full of spectacular scenes and
goals. However, a punishment given is directed against the players as individuals and
not against the team (IHF, 2010).

The rules of the game are in line with efforts to make the game as attractive as
possible, tight and interesting for both, players and spectators (Belanc¢i¢ & Markovic,
2003). The playing court is 27 meters long and 12 meters wide rectangle, consisting of
a playing area and two goal areas. The game consists of two halves, which are scored
separately. Each half lasts 10 minutes. If each team wins a half, the result is a tic. As
there must always be a winner, the “Shootout™ (“One player against the goalkeeper*)
is used. A maximum of 4 players per team (3 court players and 1 goalkeeper) may be
on the playing court (IHF, 2010). Specific technical and tactical elements which give
an extra dimension to beach handball are reflected in: 1) awarding the goals: attractive
goals are worth 2 points-inflight, spin shot, 2) the fact that attack takes place almost
always with the advantage of an extra player 4:3 attack/defence 3) the role of the
goalkeeper: a player (specialist) that creates the superiority in number of players, his/
her goals are awarded two points and he or she initiates the attack, being in this way
an additional player in position to perform spin shots form distance or to pass the ball
in time for inflight shot (Grui¢ et al., 2011).

Beach handball is a demanding sport, with numerous moderate-to-high intensity
displacements and actions, distributed intermittently throughout the game: long
periods of low intensity activity interspersed by short bursts of high intensity (Pueo
et al., 2017). In the beach handball, players spend most of their playing time on the
playing area in the zone intensity load 90%-100% HRmax -39% playing time (Bélka
et al., 2015). When temperature (T) and humidity (H) are high (T >27°C; H > 80%)
beach handball players are advised to consume fluids that correspond to about 1.5-2%
of their body mass (Kaaras, Chryssanthopoulos & Diafas, 2007).

Beach handball competitions are organized on national, European and world
level and they are supported by responsible sports federations. For the first time
in 2017, the International Handball Federation (IHF) organized a beach handball
competition for younger age categories (i.e. under 17) as a qualifying tournament
for the Young Olympic Games that will be held in Buenos Aires in 2018.

The aim of this research was to establish probable differences between the winning
and losing female teams participating in the Women’s Youth Beach Handball World
Championship in Mauritius in 2017 for situation related efficiency parameters’ variables
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i.e. performance indicators. In this way, it would have been determined which variables
of the game situation-related actions, performed by beach handball players, had had the
greatest influence on a positive outcome of the game, i.e. victory in a beach handball game.

Methods

Participants

The sample consisted of 56 matches, that is, 112 opposing beach handball teams and
their games performed during Women’s Youth Beach Handball World Championship
2017 in Mauritius. Fourteen teams participated in the tournament (Argentina, American
Samoa, Australia, Chinese Taipei, China, Croatia, Hungary, Mauritius, Netherlands,
Paraguay, Portugal, Spain, Thailand and Venezuela). Situational efficiency was analysed
for 56 winning and 56 defeated teams.
Measures

The method of notational analysis was used to collect data. The sample of
variables consisted of frequencies of successfully and unsuccessfully executed
technical-tactical elements of the game, performed during 56 beach handball matches
in the phases of attack and defence. The 15 analysed variables were 12 indicators of
game performance (situational efficiency) in the phase of attack and three indicators
of game performance in the phase of defence (Table 1). Shots on goal, taken from
diverse ways of execution, are presented as successful or completed (COMP) and
unsuccessful (MISSED) shots. All data were officially collected by the IHF notators.
The IHF official game statistics is posted at the official website www.ihf.info/.

Table 1. Sample of variables

Variable Description

INFCOMP successful catching of the ball and shooting on goal while the player is in the air (inflight)

INFMISSED unsuccessful catching of the ball and shooting on goal while the player is in the air (inflight)

SPSCOMP successful shot on goal after a body rotation through 360 ° about the longitudinal axis of air
(spin-shot)

SPSMISSED | unsuccessful shot on goal after a body rotation through 360 ° about the longitudinal axis of
air (spin-shot)

SPECOMP successful shot on goal by a specially marked player (specialist)

SPEMISSED | unsuccessful shot on goal by a specially marked player (specialist)

DIGCOMP successful direct shot on goal by a goalkeeper (direct goal)

DIGMISSED | unsuccessful direct shot on goal by a goalkeeper (direct goal)

ONPCOMP successful shot on goal in a non-spectacular way (one pointer)
ONPMISSED | unsuccessful shot on goal in a non-spectacular way (one pointer)
6MCOMP successful penalty throws

6MMISSED unsuccessful penalty throws

GKCOMP successful goalkeeper’s saves

GKMISSED unsuccessful goalkeeper’s saves

BLO Blocking shots on goal by jumping in the goal area
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Statistical Analysis

Within the descriptive statistics, the following central and dispersion parameters
of the observed variables were determined: Mean—arithmetic mean, SD—standard
deviation, Min—minimum value, and Max—maximum value. To determine
differences between the winning and losing teams in game performance variables, the
Mann-Whitney U-test was used and the following were calculated: Xrwinn—sum of
range values of the winning teams, Xrdef—sum of range values of the defeated teams,
U—the value obtained by testing the statistically significant differences, Z—value for
the U approximation for big samples, p—statistical error allowing the acceptance of
the hypothesis where the difference is statistically significant. The level of statistical
significance was set at p=.05.

Results
In Figure 1 and Table 2, the representation of shooting in different ways, expressed
in frequencies, and the percentage of shares in the total ways of shooting are presented,

separately for the winning and the defeated teams.

Table 2. Frequencies of different shooting with efficiency from all types of shooting

Variable WIN DEF

FR % COMP/MISS (%) FR % COMP/MISS (%)
INF 213 13 163/50 (76,53%) 84 6 53/31 (63,10%)
SPS 875 51 613/262 (70,06%) 748 53 415/333 (55,48%)
SPE 369 22 264/105 (71,54%) 284 20 169/115 (59,51%)
DIG 51 3 41/10 (80,39%) 35 3 23/12 (65,71 %)
ON 115 7 81/34 (70,43%) 186 13 105/81 (56,45%)
6M 78 5 69/9 (88,46 %) 63 5 46/17 (73,02 %)
SUM 1701 100% | 1231/470 (72,40%) 1400 100% | 811/589 (57,93)

The descriptive statistical data of variables for the winning and the defeated
young female beach handball teams and the results of the Mann-Whitney U-test are
presented in Table 3. The following differences between the winning and the defeated
teams in game performance variables were obtained for the variable successful
inflight shots (INFCOMP), spin shots (SPSCOMP), specialist’s shots (SPECOMP),
and goalkeeper’s direct goals DIGCOMP) and for successful (GKCOMP) and
unsuccessful goalkeeper’s saves (GKMISSED).
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Table 3. Descriptive statistics of the performance variables registered for either
the winning or losing young female beach handball teams and results of the Mann-
Whitney U-test of the difference between the successful (winning) and unsuccessful
(defeated) teams

Variable Winning teams | Defeated teams Different  from
Mean £ SD (Min-Max) the winning team | z P
INFCOMP 2.95+3,08 (0-12) 0.98 £ 1.17 (0-5) +1.97 -3,74 0.00
INFMISSED 0.91 £ 1.67 (0-8) 0.57£0.99 (0-3) +0.34 -0,55 0.58
SPSCOMP 11.16 + 6.21 (1-29) 7.50 +5.73 (0-22) +3.66 -3,13 0.00
SPSMISSED 4.79 £ 3.34 (0-16) 6.04 +4.00 (0-14) -1.25 1,79 0.07
SPECOMP 4.79 £2.75 (0-11) 3.09 £ 2.55 (0-16) +1.7 -3,66 0.00
SPEMISSED 1.91+1.98 (0-9) 2.09 £2.15 (0-10) -0.18 0,36 0.72
DIGCOMP 0.75 £ 0.86 (0-4) 0.43 £0.74 (0-3) +0.32 -2,16 0.03
DIGMISSED 0.20 £ 0.55 (0-3) 0.21 £ 0.53 (0-3) -0.01 0,29 0.77
ONPCOMP 1.46 +2.62 (0-14) 1.93 £3.56 (0-18) -0.47 0,59 0.56
ONPMISSED 0.61 + 1.33 (0-8) 1.48 +3.06 (0-14) -0.87 0,95 0.34
6MCOMP 1.25+ 1.88 (0-12) 0.84 + 1.22 (0-6) +0.41 -1,11 0.27
6MMISSED 0.16 £ 0.42(0-2) 0.30 = 0.54 (0-2) -0.14 1,14 0.25
GKCOMP 5.05+ 3.71 (0-16) 3.25+£2.58 (0-10) +1.8 -2,63 0.01
GKMISSED 14.76+ 6.06 (3-30) 22.35+4.91 (12-41) -7.59 6,09 0.00
BLO 0.62+0.99 (0-4) 0.42 +0.81 (0-3) +0.2 -0,82 0.41
Discussion

The aim of the research was to establish differences between the winning and
losing young female teams participating in the Mauritius Youth Beach Handball
World Championship in the game performance variables. The first main finding of
the research is that the winning teams had higher frequencies of shooting on the goal
and higher efficiency of shooting in almost all variables. At Youth Beach Handball
World Championship 2017 the winning teams made a total of 1701 shot on goal with
efficiency of 72,40%. Out of which 51% were spin shots, performed with efficiency
of 70,06%, 22% specialist shots with efficiency of 71,54%, 13% inflight shots with
efficiency of 76,53%, 7% one pointer with efficiency of 70,43%, 5% penalty throws
with efficiency of 88,46% and 3% direct shoots with efficiency of 80,39%. Almost
identical presence of spin shots was found on the sample of the winning team of
girls up to 16 years old (Gehrer, 2016), while the slightly larger representation of the
inflight shots was obtained for this beach handball female population. The defeated
teams made 1400 shots on goal with efficiency of 57,93%., which is 301 less than
winning teams, with the following structure of the total number of shots: 53% spin
shots (55,48% efficiency), 20% specialist shots (59,51% efficiency), 13% one pointer
(56,45% efficiency), 6% inflight shots (63,10%), 5% penalty throws (73,02%) and

92



3% direct shoots (65,71%). The defeated teams of this championship demonstrate
their tactical focus on specialist shots and the greater representation of the spin shots
compared to the defeated teams of European Championship under 16 (Gehrer, 2016).

The second major finding is a set of game performance variables that are at
the significance level, and are different with the winning and the defeated teams:
successful inflight shots, spin shots, specialist’s shots, goalkeeper’s direct goals and
successful and unsuccessful goalkeeper’s saves. The results of this research on the
beach handball junior team’s effectiveness are in some segments consistent with those
carried out on seniors. Differences in successful spin shots and inflight shots (Grui¢
et al., 2011) are important for juniors and seniors. As additional difference variables
in junior category, the specialist’s efficiency as well as direct goals of goalkeepers,
occurred at statistically significant level.

Varieties in tactics displayed by the winning teams at this championship were
directed, for the most part, towards creating offence positions that led to a two-point shot
(a pirouette/ a 360°spin-shot, an inflight shot, specialist’s shot and goalkeeper’s shots).
The successful offence might be mainly the result of the great individual abilities of the
players, the most important of all being fast problem solving. In team sports, playing
well means choosing the right course of action at the right moment and performing
that course of action efficiently and consistently throughout the match (Gréhaigne,
Godbout & Bouthier, 2001). A specialist is the player who makes the decision how to
end the attack after winning the ball and does so predominantly in accordance with
the activity of the opponent’s defence players. In the final stage of the attack, the
possible solutions for the specialist are rushing up and passing a ball to a teammate
who performs a spin-shot, passing to a teammate who performs an inflight shot or
shooting directly on the goal. Scoring or, alternatively, preventing the opposition from
scoring, is also largely the result of the cumulative actions of other players and their
co-ordinated group and collective actions (Rogulj, et al, 2011). Group tactics in beach
handball rely on the performance of two players. Finalising the offense phase usually
means co-operation of two players either through fast, precise and timely passing of
the ball, which creates enough space for the player who receives the ball to perform
a spin-shot or an inflight shot, or through the specialist’s individual shot on goal. The
decision which solution is the best depends on creativity of an individual who can
recognise whether to shoot or pass the ball. The winning teams, mainly from Europe,
based their physical abilities on the principles typical of beach handball and on the
experience from the previous European championships. The training procedures of
the winning teams had evidently included players’ individual abilities improvement
operators that were substantially more complex and more demanding with regard
to coordination, as well as improvement of the co-operation between two players
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when performing final two-point shot, which proved to be the major factors of the
efficiency in the matches at the Championship. Total winning team characteristics
obtained suggest selecting procedures directed towards the characteristics of the
successful senior teams. The losing teams were more frequently less efficient, that is,
the opponent’s defensive players and a goalkeeper easily recognised their intention
and blocked it, probably because the attackers were looking for an individual solution
more slowly, and primarily tended to execute two-point shots individually.

Statistically significant difference between the winning and losing teams indicates
the goalkeepers’ competence, in both, performing efficient saves as well as in scoring
direct goals. The handball goalkeeper is a key element in the defense system of a team
as he/she is the player in charge of avoiding goals by the opposing team (Espina-
Agullo, et al., 2016). Technical-tactical performance of the goalkeepers in saving the
goal in beach handball is related to efficient techniques for blocking different types
of shots as well as to tactical co-operation of two defensive players, which results
in decreasing the shooting angle and blocking the shots. The research results show
that the role of the goalkeepers is not only the efficacy in saving the goal, but in the
opening of the attack as well. When winning the ball, the goalkeeper has to make the
best solution in accordance with the game situation: they either decide on a direct
shot, or on a pass to a teammate who is in the best offensive position.

Future studies should follow trends and analyse individual sets of matches
considering the tactical variations that occur because of the changes of ends. The
sets differ a lot, since the players change positions and roles during the offence
and defence phase of the game. It would also be interesting to analyse in detail the
matches the result of which is a tie and the winner is determined by performing
the shoot-out. The technical-tactical activities of goalkeepers in the shoot-out have
changed considerably over the last few years, which also might be an interesting
area for future study.

Conclusion

The analysed game performance indicators show in young female beach handball
players that the winning teams are superior when it comes to variables related to
offensive tactics, which means that the winners’ attack play profile includes a successful
implementation of all types of shots awarded with two points. The winning teams are
also characterized by the goalkeepers’ competence regarding both, effective saves,
and the opening of the attack. The obtained factors could contribute importantly
to the creation of training methods and programmes for beach handball players. In
addition to improving the overall motor status, which predominantly depends on the
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development of high-speed and strength (Bykova et al., 2015), creating the training
operators in accordance with key technical-tactical factors responsible for competitive
performance would be preferred.
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DIFFERENCES IN THE TIMING OF BASEBALL SWING IN DIF-
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Abstract

Purpose: The aim is to compare the timing of the baseball swing phases during the
hitting against the pitcher, the pitching machine and the batting tee.

Methods: This is an experimental study in which we change the conditions for
a baseball hitting (pitcher, pitching machine, tee). We analysed 5 elite baseball players
in the Czech Republic. The monitored variables are the duration of selected phases
of the swing. A high-speed camcorder (400Hz) was used to record the participants’
action and their motion was analysed in 2D.

Results: When hitting from the batting tee, phase of the leg kick 0.118-0.128 s longer
and upper body load (backswing) 0.082-0.115 s respectively. This can be caused by
absence of variability of moving ball. Therefore, players are not limited by timing of
the hitting motion directly dependent to a moving ball. When hitting against pitching
machine the time of player’s upper body load is 0.03 s longer compared to pitcher.

Conclusion: The differences in the duration of the different phases in the different
hitting conditions can be caused by the absence of information sources from the
pitchers motion, on which the batter responds. For practice during the hitting from
batting tee, it is advisable to shorten phase of the leg kick and upper body load. And
during the all designs it is advisable to put emphasis on the powerful bat-swing in
training.

Key words: Anticipation, pitcher, pitching machine, batting tee, visual perception.
Introduction

The hitting is characteristic skill for baseball. The batter has the task of hit
a pitching ball with a diameter of 74 mm and speed of 130-160 km/h (Higuchi et al,
2013). This requires not only good conditional prerequisites — to produce power with
the use of reaction force and effectively to bring it into impact the ball with a bat, but
also a good anticipation of the time and place to hit the ball (Katsumata, 2007). It is
the timing of a swing with a bat to the expected ball contact point under the standard
conditions defined by the baseball rules. The same movement task is played by batters
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of cricket and softball, and a similar task can be found, in tennis when the receiving
player is playing an opponent (Carboch, Suss, & Kocib, 2014a).

The ball with speed 40 m/s (144 km/h) flights only 458 ms before it reaches home
plate. Given that signal processing in the central nervous system and subsequent
muscle activation required lasts about 150 ms, the batter only has the first 300 ms,
during which he has to make a decision about whether, or when and where to swing
(Higuchi et al., 2013). Therefore, it is very important to see the initial part of the ball
trajectory (Carboch et al, 2010; Carboch et al, 2014b; Haller and Clark, 1990). The
time of flight of the ball to home plate at different pitch velocities and the theoretical
reaction time are given in Tablel.

Table 1. Reaction time

Speed of pitch [km/h] 96 112 128 144 152 160

Reaction time for contact with the

ball [s] 0.688 0.589 0.516 0.458 0.434 0.413

A hitting technique is a prerequisite for successful (regular) performance. For the
accuracy of the hit, the timing of successive phases of motion is important. Various
authors have dealt with the technique of the hitting (Higuchi et al., 2013; Katsumata,
2007, Van Suchs, 2013, Welch et al., 1995). Figure 1 provides simple overview of the
partial motion sequences.

/ /
1 1 Ci—
/% \ )
1 5 12
2 3 4 6 7 g 9 10 11 13
| | | | | || | | | time
(s)
111 1 1 17 1T [/
-570  -350 -265 -230 -175 -0,75 -0,65 -04 -0,2 -0,15 -0,05 0 0,05

Figure 1. The sequence of events that occurred during the baseball swing (Welch et
al, 1995, p. 199)

Note: Event sequence: 1) front leg (foot) lift, 2) maximum hip rotation, 3) maximum

shoulders rotation, 4) maximum arm rotation, 5) putting the front foot back on the
ground, 6) maximum hip rotation speed, 7) maximum speed of arm and shoulders
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rotation 8) maximum linear speed of the bat, 9) maximum speed of the rotation of the
bat, 10) maximum speed of extension in the right elbow, 11) maximum speed of the bat
12) contact with the ball 13) maximal speed of extension in the left elbow

In addition to hitting to standard live baseball pitching (real situation), drills are
used in various training exercises. The basic means is hitting from a batting tee that
is suitable from beginners to top players. Another means for hitting is a pitching
machine that allows the hitting of a ball flying at high speed with a relatively high
accuracy of the positioning of the pitch. However the pitching machine can affect
movement coordination (Pinder, Renshaw, & Davids, 2009) as its use results in batters
converging on nonspecifying variables, delaying the development and attunement to
specifying variables (Araujo et al., 2007) so the use of the pitching machine should
be limited (Carboch, Button, & Siiss, 2012). The aim of the training should be that
the batter hits the ball in all exercises with a similar timing of each phase of the hit as
in a match. The aim is to compare the timing of the baseball swing phases during the
hitting against the pitcher, the pitching machine and the batting tee.

Methods

The participants were 5 elite level baseball players in the Czech Republic (22.8 +
2.7 years; 86.4 £ 11.4 kg; 187.2 + 5.4 cm). All of them were right-handed hitters. Their
baseball swing corresponds, despite individual techniques, to the generally known
and used jet techniques. None of the test participants were affected by unfavourable
health or fatigue and the same conditions were created for all players.

This is an experimental study in which we change the conditions for a baseball
hitting. The monitored variables are the duration of selected phases of the swing.
Baseline GeniCam piA640-210gc camcorder with a frame rate 400 Hz was used to
record the motion. Figure 2 shows the experimental set-up as was previously done
(Katsumata, 2007; Carboch, Siiss, & Ko¢ib; 2013; Carboch, Stiss, & Kocib 2014a).

Figure 2. Measuring scheme (modified by Katsumata 2007, p. 31)

Legend: A — Pitching machine, B — High Speed camera, C — Radar
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The monitored variables were the duration of the three phases of the hitting, which
were bordered by critical points: (1) start of the weight transfer phase - the moment when
the heel of the front leg blade interrupted the contact with the pad and the batter started
the timing step; (2) the end of the timing step — the moment when the batter’s front leg
re-contacting the ground and ending the timing step; (3) the initiation of the swinging
phase — the moment when the rear elbow started to move forward towards the ball; and
(4) the bat-ball contact. Value zero on the timeline means the moment when the ball
is released from the machine or from the hand by the pitcher. Critical points no. 1-2
mean the time of leg kick variable, no. 1-3 the time of upper body load (backswing)
variable, no. 3-4 the time of swing variable. The participants were rated in 10 hits from
the pitching machine, the batting tee and against the pitcher. The speed of all pitches
was controlled by radar (Stalker Pro II) and average speed was 112.7 km/h.

Recordings from camcorder have been evaluated using the Dartfish 7 Team Pro
computer program. The SPSS 5.0 software was used to calculate statistical significance
(ONEWAY ANOVA, Test of Homogenity of Variances, Post Hoc Test - Tuckey HSD)
and effect size (Cohen’s d).

Results

Table 2 shows the overall results of the leg kick variable - from the moment the heel of
the front leg has interrupted the contact with the ground until the batter’s front leg reaches
contact again. The results show an individually different performance of the leg kick in
all monitored situations (the coefficient of the total variation reaches 26.3-43.8%). From
the point of view of the individual timing of the leg kick, the highest stability shows the
results of the hitting against pitcher (CV — 13.1-4.6%). On the contrary, large differences
in the intra-individual performance were when hitting against a pitching machine.

Table 2. Results of the kinematic analysis of the leg kick

Leg kick

Tee Pitcher Pitching Machine

Mean

Batter Mean [s] |SD [s] CV [%] |Mean [s] | SD[s] CV [%] |[s] SD[s] |CV [%]
1 0,522 0.033 6.3 0.219 0.029 13.1 0.292 0.085 29.2
2 0.524 0.113 21.6 0.436 0.055 12.7 0.413 0.119 28.7
3 0.370 0.042 11.4 0.275 0.026 9.6 0.359 0.059 16.3
4 0.733 0.043 5.8 0.737 0.034 4.6 0.701 0.067 9.6
5 0.691 0.096 13.9 0.583 0.029 4.9 0.436 0.049 11.1
Mean 0.568 0.149 26.3 0.450 0.197 43.8 0.440 0.160 36.4

Legend: SD - standard deviation, CV coefficient of variation
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The results of the kinematic analysis of the upper body load (the moment of end
of the leg kick to the start of right elbow movement) in table 3 show, as in the case of
a leg kick, to different inter-individual performance, the total coefficient of variation
lies in the interval (24.1%-1%). From the point of view of intra-individual, the results
are the most consistent when hitting against a live pitching (CV lies at a 3.3%-12%
interval). The longest upper body load was used by the players during the hitting from
the tee (0.582 s) and the smallest time when they hit against alive pitching.

Table 3. Results of the kinematic analysis of the upper body load

Upper body load

Tee Pitcher Pitching Machine

Mean

Mean [s] | SD[s] CV [%] |Mean[s] |SD [s] CV [%] |[s] SD [s] CV [%]
1 0.507 0.032 6.4 0.228 0.022 9.6 0.339 0.097 28.5
2 0.433 0.105 242 0.473 0.057 12.0 0.497 0.138 27.8
3 0.349 0.056 15.9 0.299 0.033 11.2 0.369 0.063 17.2
4 0.687 0.038 5.6 0.732 0.024 3.3 0.752 0.140 18.6
5 0.602 0.083 13.7 0.604 0.034 5.6 0.545 0.093 17.0
Mean 0.582 0.140 24.1 0.467 0.192 41.0 0.500 0.183 36.5

Legend: SD - standard deviation, CV coefficient of variation

When analyzing the swing with a bat defined by the movement of the right elbow
forward until the moment of contact with the ball we show (table 4) the relatively high
homogeneity of the set (total coefficient of variation is in the range 13.8%-17.6%). From
the point of view of the intra-individual in all three ways, the player achieves similar
swinging variability during the hitting. The longest time values have been reached by
the player when hitting against the pitching machine.

Table 4. Results of the kinematic analysis of the swing

Swing

Tee Pitcher Pitching Machine

Mean

Mean [s] |SD[s] |CV[%] [Mean[s] |SD[s] |CV[%] |[s] SD[s] |CV[%]
1 0.296 0.019 6.5 0.249 0.031 12.3 0.302 0.046 15.1
2 0.285 0.019 6.7 0.251 0.025 9.9 0.250 0.023 9.3
3 0.264 0.023 8.7 0.235 0.034 14.4 0.250 0.029 11.6
4 0.222 0.023 10.4 0.258 0.012 4.8 0.303 0.040 13.3
5 0.148 0.020 13.7 0.192 0.016 8.5 0.275 0.025 9.1
Mean 0.237 0.042 17.6 0.208 0.034 16.2 0.291 0.040 13.8

Legend: SD - standard deviation, CV coefficient of variation
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Table 5 shows the significance levels for which a significant difference of means
is applied. There was a large effect size of leg kick between the pitching machine and
the tee (d > 0.8). The swing values for all three hitting conditions show large effect
size and a significant difference in mean values using ANOVA.

Table 5. Statistical analysis

Cohen's d ANOVA

Upper body Upper body

load Swing |Legkick |load Swing Leg kick
Tee-Pitcher 0.68 0.96 0.68 0.27 <0.001 0.018
Pitcher-Machine 0.18 1.05 0.05 0.629 <0.001 0.958
Machine-Tee 0.50 0.96 0.83 0.152 <0.001 0.009

Discussion

Our aim was mainly to compare the hitting against the pitcher and the pitching
machine, but the third option - the tee - was also compared. We had two reasons to do
so. The first is that a variable of flying ball is dropped off from the tee so the player does
a swing without the necessity of timing of the hitting movement so that the trajectory
of bat motion must intersect the flight path of the pitching ball at the right time. Which,
according to Katsumata (2007), is the most important criterion for hitting that is not
available on a tee. When hitting from a tee, players only perform a mechanical motion
independent of other factors. The second reason is that the tee is the most used tool in
baseball training. According to (http://colonialbaseballinstruction.com), the baseball
swing is such a complex motion task, that if you can remove a significant variable from
the process (flying ball), the ball is stationary, you can better focus on the mechanics.
Our results show that all the participants have prolonged phase of the leg kick and the
upper body load, when they hit from a tee. This can be explained by the fact that, when
a flying ball variable is removed, the participants are not stressed and limited by the
speed of the flying ball, and therefore they can afford longer performance of the leg
kick and the upper body load.

If we compare the time sequence of the swing motion phases between the pitcher
and the pitching machine conditions, we found a significant difference between these
two performances, similarly to the research with the same focus in other sports sectors.
For example, Pinder, Renshaw, & Davids (2009) say that the use of pitching machines
leads to the removal of critical information sources, which it may result in a negative
transfer of learning in specific development periods. This causes unintended changes
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in the coordination of movement, so it is first necessary to master the practical tasks
that include some of the specific variables that are available in the competition (hitting
against the pitcher) so that the players get to know with the specific variables available
to support the performance.

It has been shown that limiting access to information, such as using pitching
machines, will significantly affect the coordination of top cricket players’ movements.
Hitting against the pitcher and the pitching machine was compared, and significant
differences in performance were observed in both cases. There were differences in
the initiation of the cricket bats’ upper body load. The batter who faced the bowling
machine (BM) began upper body load (backswing) much earlier than when the facing
the bowler (BM: 0.02 s v B: 0.12 s) (Renshaw et al., 2007).

Such research was realized in tennis and showed similar results. The hitting and
the forehand stroke are a specific set of open skills, characterized by the task of giving
the object (ball) an acceleration that allows the flight of the object to a certain distance
(Kreighbaum, & Barthels, 1990). Carboch, Suss, & Koc¢ib (2014a) show that the
timing of the receiving service in tennis flows varies with the serving machine use.
The player behaves differently as compared to the server. The results of the study
showed significant differences in movement initiation and the duration of the upper
body load between performances of the stroke on the ball served by the machine
and served by the live player. The average initial start time was 0.05 s longer for the
live serving player compared to the serving machine. Players responded earlier when
faced the service by a machine. In this study, the average flight duration was 1.1 s (113
km/h). The median for the initial movement was 0.38 s in the group on the serving
machine, while in the serving player group, 0.41 s. The receiving player responded
later when facing service by the live serving player, compared to the serving machine.
The remaining time on the player’s swing was only 0.66 to 0.68 s. The forward swing
was almost the same in both cases.

In our research, we found similar results, where in the case of the hitting against the
pitching machine, participants had a longer phase of upper body load on an average of
0.033 s than against the pitcher. However, the forward swing differed in each version.
We think that this is due to the fact that, when hitting from a tee and against a pitcher,
the motion is more ideal in the timing than against a machine where the swinging
phase is due to “disillusionment™ longer.

Thanks to prolongation of upper body load we deduce similar conclusions as
Carboch, Stiss, & Ko¢ib (2014a). They explain the change in the timing of the movement
against the machine and the player by relying on the information associated with the
flight only when the ball is served from the service machine, while in the case of a live
pitcher, players are able to use more information from the pitcher’s move. When they
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hit the pitching machine, the participants did not see/receive any information from the
moving pitcher’s move before pitching the ball, so they tried to start their movement
as soon as possible and then reacted to the flying ball.

Similarly, other authors like Renshaw et al. (2007) showed that the differences
in initiation of the cricket batter’s movement faced by the pitching machine, the
movements are initially initiated in comparison to the pitcher. It also appears that
players use visual information from racket speed before contacting the ball and other
movements during service (Shim, Carlton, & Kwon, 2006), so they can allow later
initiation of movement in comparison of play against the machine.

This information from the movement of the opponent is obviously absolutely
crucial and takes on the importance of experience. Goulet, Bard, & Fleury (1989)
argue that top tennis players focus their view on the areas of the opponent’s rocket and
arm while the beginner’s players focus on the ball. Notably, the initiation of the leg
kick phase varied among the participants. Three of the participants started this phase
before the ball was released by the pitcher, and the rest of them started at the moment
of pitching the ball or just after it.

Shim, Carlton, & Kwon (2006) argue that relative racket and forearm movement
provides important information for perceiving differences in co-ordination models
between different types of strikes. This information is not available when using serving
machines. Pinder, Renshaw, & Davids (2009) state that the serving machines change
not only the information variables that are available until the ball is released, but also
change the natural flight of the ball after its release and using ball machines affects
movement coordination. Carboch, Button, & Siiss (2012) recommend not to use the
ball machine too often. In the case of baseball hitting, there is a pitcher’s movement,
point of release of the ball by a pitcher, rotation of the ball by the pitcher, and other
factors that the batter uses to improve hitting performance.

Conclusion

The differences in the duration of the different phases in the different hitting
conditions can be caused by the absence of information sources from the pitchers
motion, on which the batter responds. For practice during the hitting from batting tee,
it is advisable to shorten phase of the leg kick and upper body load. And during the
all designs it is advisable to put emphasis on the powerful bat-swing in training. The
results of the study have their limitations because the research file was deliberately
chosen from the top baseball batters in the Czech Republic. For this reason, the results
refer only to the selected group of players and cannot be interpreted to other age
categories.
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Abstract

The goal of the presented research project is to compare the quality of stereoscopic
vision and the quality of co-ordination abilities of upper extremities in children of
younger school age in the Czech Republic and Spain. For testing the quality of
stereopsis, the “FLY Sterco Acuity Test” (Vision Assessment Corporation 2012)
was used. The quality of co-ordination of upper extremities was tested using the
“Ball Tossing and Catching in the Lying Position” modified test (M¢kota, Blahus
1983). The research sample consisted of 153 children in the ages of 9-12 years,
of which 59 children from the Czech Republic and 94 children from Spain. For
the statistical processing of variables, the Statistica 6.0 program was used. Mutual
differences between the groups were calculated using the Mann-Whitney U test.
On the basis of the evaluation of the obtained data, the team of authors came to the
following conclusions. There is a difference in the quality of stereoscopic vision (p
=0 < o =0.05) between Czech and Spanish children, and, at the same time, there
is no difference in the quality of co-ordination of upper extremities (p = 0.89 > o =
0.05) between Czech and Spanish children of younger school age.

Key words: stereoscopic vision, stereo acuity test, co-ordination, upper extremities,
motor skills, motor docility, younger school age, physical education.

Introduction

Over the last 40 years, research in the field of human motor skills has been
mainly focused on investigation of different aspects of fitness abilities. In contrast,
there is a current need for a deeper and more detailed understanding of motor
skills abilities, identifications and analyses of key factors of motor potential, and
hierarchy of motor and somatic indicators. The breakdown of these factors depends
on the possibilities of improved diagnostics, and the selection of appropriate means
for the development of motor skills (Ruzbarska, Turek, 2007). As further mentioned
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by the above authors, thanks to maturation of the nervous system, receptors, and
musculoskeletal system, the time interval at the turn of the younger and older school
age is very sensitive, and, in addition, the development of co-ordination abilities is
partially influenceable in the course of ontogenesis of individuals. Also for this reason,
it is possible to focus selectively on improvement of detected visual or co-ordination
disorders. Vision, as a source of up to 85% of information about surroundings, plays
a very important role in the quality of life of individuals.

The primary goal of this research study is to determine and compare the quality
of stereopsis and co-ordination of upper extremities in children of elementary schools
in the Czech Republic and Spain. The research aims to determine the differences
between both nationalities, and define possible causes of the reduced quality of
stereopsis, or co-ordination abilities. Within the framework of preventive measures,
the objective of this research is to draw attention to the relevance of full-valued visual
and motor functions both in day-to-day life and in the field of sports (spare-time and
performance sports).

Co-ordination processes in relation to the quality of cognitive functions are de-
scribed, for example, by Hirtz (2003). Visual and motor co-ordination at the neu-
rological and psychological level has been discussed, for example, by Zago, Mcin-
tyre, Senot, Lacquaniti (2009), the relationship of binocular vision and visual skills
is described by Blake and Logothetis (2002), and connection between mobility and
quality of stereopsis, or depth vision, is mentioned by Schreiber, Crawford, Fetter,
and Tweed (2001). Spatial perception from the viewpoint of neurobiology is used also
by Hubel (1989) in his studies. Other experts involved in visual and motor co-ordina-
tion are, for example, Rychtecky, Fialova (1995), Schmidt, Wrisberg (2000), Zwierko
(2007), Munzert (2004), Meinel, Schnabel (2007), Mechling, Munzert (2003), Birkl-
bauer (2006), or Hirtz (2003). Visual disturbances and related distorted co-ordination
links are described, for example, by Grant et al. (2014), Schor (1991), Chapman at al.
(2012), Loftus at al. (2004), Watt at al. (2003), or Suttle at al. (2011).

Methods

Research sample

The group of children consisted of fourth and fifth graders of primary schools in
the Czech Republic and Spain. The research sample had a total of 153 tested persons
(68 girls and 85 boys) in the age range of 9 to 12 years. As this is a comparative
analysis, the whole sample was divided into two groups by nationality of children.
The first group of 59 persons included children from the Czech Republic, who
attend the 11th primary school in Pilsen. The second group of 94 persons included
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children from Spain, who attend the Colegio Publico Fernando de Rojas primary
school in the Province of Toledo. Both Czech and Spanish schools are public
primary schools. The students were not subject to previous specialized selection
focused on the determination of their level of physical activity. The selection of
the tested persons was carried out on the basis of willingness and availability
(Hendl 2004).

Figure 1. FLY Stereopsis Test. Source: http://www.argoequipment.com/product/
stereo-fly-test

Test methods

Before commencing the test, the children completed a short initial history in
their respective languages, asking their name, date of birth, visual disorders and their
correction, as applicable.

In the course of testing at Spanish schools, a native speaker was always present
and explained individual tests to children, including courses of these tests.

The FLY Stereo Acuity Test (Fig. 1) diagnoses binocular vision disorders (such
as amblyopia, strabismus) in a quick and simple way. The author of the FLY Stereo
Acuity Test is the American company Stereo Optical Co., Inc. (Chicago, IL, USA),
and the validity and reliability of this test has been verified by study conducted, for
example, by Prof. Ancona at al. (2014). Each person performs the test with vision
correction (polarising spectacles are put over corrective eye-glasses/lenses) and
identifies the “protruding” circles at ten patterns in the table, divided by the resolution
sensitivity (scale 0-10). (Vision Assessment Corporation, 2012).

The “Ball Tossing and Catching in the Lying Position” test (Mé&kota, Blahus,
1983) provides information on co-ordination of upper extremities and the level of
motor docility. As standard, each tested person has 24 attempts. In view of the age of
children, the number of attempts was reduced up to 10 in order to hold the attention of
the persons for the entire duration of testing. Before commencing the test, each person
had 2 test attempts. The person being tested lies on their back and tosses and catches
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the ball with their dominant upper extremity, and the ball must reach at least the height
of the person being tested. We evaluate the number of valid attempts from 0 to 10.

Data evaluation

For the statistical processing of variables, the Statistica 6.0 program was used.
Mutual differences between the groups were determined using the Mann-Whitney
U test (p < 0.05). The alternative hypothesis claims that one of the populations tends
to have higher values than the other. For the purposes of processing of descriptive
statistics, Microsoft Office Excel was used. Measured parameters were interpreted
on the basis of arithmetic mean, using tables and graphic representation. For a more
detailed comparison, from a point of view of the different number of persons in
individual groups, we used the percentage expression of the measured values.

Hypotheses

H1: “There is no difference in the quality of stereoscopic vision between Czech
and Spanish children of younger school age.”

H2: “There is no difference in the quality of co-ordination of upper extremities
between Czech and Spanish children of younger school age.”

Results

When comparing the specific values of stereopsis, great differences can be
observed. In Czech children, with the increasing quality of stereopsis, the number of
persons reaching higher values was also increased. As part of testing, 46% of children
from the Czech Republic achieved the highest possible level. In Spanish children,
however, we can see low values (levels of 1, 2 and 3) that do not appear in Czech
children at all. Over 60% of persons from Spain reached levels of 5, 6 and 7 in testing,
and only 7% of persons reached the level of 10 (see Fig. 2).

"Titmus Fly Stereotest"
Distribution of values for individual levels of stereoscopic parallax
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Figure 2. Distribution of stereopsis level values by country of origin. Source: internal
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Figure 3 shows the number of valid attempts in the “Ball Tossing and Catching in
the Lying Position” test across the entire tested sample. From the cumulative result,
we can see that the test is highly demanding. 17 children out of a total of 153 did not
catch the ball at all, or only once. In contrast, the number of persons who caught 9 or
10 balls, thus demonstrated their high quality of co-ordination of upper extremities
is very low. Only three people achieved 9 or 10 valid attempts. The average of valid
attempts within the entire sample of the tested persons is 4.44 caught balls. The
Spanish children demonstrated a wider dispersion of the achieved valid attempts.
During testing, the Spanish children reached all possible values, both the lowest ones
(no valid attempt) and the highest ones (9 or 10 valid attempts). The Czech children
demonstrated greater stability of performance. They moved in the range of 1 to 8 valid
attempts, but they did not reach the extreme values like the Spanish children.

“Ball Tossing and Catching in the Lying Position”
Distribution of values of valid attempts
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Figure 3. Distribution of values in the motor test by country of origin. Source: internal
Evaluation of hypotheses

H1: “There is no difference in the quality of stereoscopic vision between Czech
and Spanish children of younger school age.”

On the basis of the Mann-Whitney U test results (Table 1), which tests differences
in the samples, the H1 hypothesis was refused, and the alternative hypothesis was
accepted: “There is a difference in the quality of stereoscopic vision between Czech
and Spanish children of younger school age.” (p = 0.00); (p < a <0.05).
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Table 1. The Mann-Whitney A test for comparison of stereopsis and motor activity in
Czech and Spanish children. Source. internal processing of the Statistica 6.0 program.

Mann-Whitney U Test by variable GROUP
Group 1: CZ Group 2: ESP
Valid | Valid
Rank Sum | Rank Sum V4 N N
cz ESP U z p-level | adjusted }’e'vel CZ |Esp
STEREOPSIS |6150.5 5325.5 954.5 6.67 0.00 6.75 0.00 58 93
MOTOR
SKILLS 4414.5 7061.5 2690.5 |0.03 0.98 0.03 0,98 58 93

In contrast to assumptions, the hypothesis was disproved. It has been demonstrated
that there is a statistically significant difference in the quality of stereoscopic vision
between Czech and Spanish children of younger school age. In view of the same age
of persons, therefore, the same level of their development, we assumed the identical
quality of stereopsis in the whole sample. For the sake of completeness, we are
attaching the mutual ratios of the person results in the stereopsis test generated by
Statistica 6.0. for the Czech and Spanish groups (see Fig. 4).

Figure 4. Mutual ratios of the person results in stereopsis test for the Czech and
Spanish groups. Source: internal processing of the Statistica 6.0 program.

H,: “There is no difference in the quality of co-ordination of upper extremities
between Czech and Spanish children of younger school age.”

On the basis of the Mann-Whitney U test results (Table 1), which tests differences
in the samples, the H, hypothesis was accepted: “There is no difference in the quality
of co-ordination of upper extremities between Czech and Spanish children of younger
school age.” (p = 0.98); (p < a < 0.05).
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According to assumptions, it has been demonstrated there is no statistically
significant difference in the quality of co-ordination of upper extremities between
Czech and Spanish children of younger school age. For the sake of completeness, we
are attaching the person test results in the “Ball Tossing and Catching in the Lying
Position” test generated by Statistica 6.0. for the Czech and Spanish groups (see Fig.
5).

Boxplot by Group

Test score Variable: Mototr skills
12

“T- #1.96"Std. Dev.

—— =
a a
2 E E——
[ +1.00*Std. Dev.
cz

ESP O  Mean

Group
Figure 5. The mutual ratios of person results in the motor activity test for the Czech
Republic and Spain. Source: internal processing of the Statistica 6.0 program.

Discussion

The children were selected on the basis of their willingness and availability
(Hendl 2004), therefore, this is not a representative sample, and this research
cannot be generalized. The tests were carried out in the Czech Republic and Spain
under identical conditions, but the research could be influenced by some of the
factors that can’t be influenced (such as fatigue or emotional condition of the
tested persons).

The FLY Stereo Acuity Test was used for testing of stereoscopic vision at the level
0f400 “-20”. In the quality of spatial vision, the Spanish children showed significantly
worse results than the Czech children. The arithmetic mean of the measured values
for Czech children was & = 8.63, and the arithmetic mean for Spanish children was x =
6.17. The values of stereoscopic parallax equivalent to 30”-15" can be considered
excellent (Cybersight, 2016), and in this case, it was equivalent to levels of 8, 9 and
10. 40% of the persons across the entire test sample achieved the said values, namely
75% of Czech children and only 19% of Spanish children. With regard to the fact that
stereoscopic vision is not a frequent topic of research work, we have not available
similar work, which uses the same methods and research sample, in order to compare
the results obtained using the “FLY Stereo Acuity Test”.
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In the “Ball Tossing and Catching in the Lying Position” test, the Czech and
Spanish children achieved almost identical results, which were compared on the basis of
arithmetic means. The arithmetic mean for Czech children was & =4.49, and the arithmetic
mean for Spanish children was = 4.41. On the basis of the results at a significance level
of o= 0.05, we can state that this is not a statistically significant difference in this case.

It is necessary to take a moment to think about the fact why the results of Czech
and Spanish children in the “Ball Tossing and Catching in Lying Position” test are
practically identical, but the stereopsis test results are so different, even if both tests
are linked logically. In the course of stereopsis testing, we observed a great lack of
concentration and distraction of Spanish children. We had to repeatedly stress that
they should concentrate and deliver the best possible performance. It was interesting,
however, that the Spanish children carried out the motor ability test with enthusiasm
and concentration. These facts led us to make a deeper analysis of the causes. It can be
assumed that the answer lies in the different concentration and motivation of students
in both tests, and both factors have likely their origin in different school systems.
While in Czech children, emphasis is placed on the immediate concentration and
performance, the Spanish school system prefers a freer, playing form of teaching.
There is a presumption that these facts explain why the Spanish children were able to
perform relevant performance in the motor ability test, while in a more complicated
stereopsis test, which was time consuming, difficult, and therefore not motivating,
their performance was not so good.

Conclusion

We performed a statistical evaluation of the obtained data. On the basis of this
evaluation, we refused the H1 hypothesis. There is a statistically significant difference in
the quality of stereoscopic between Czech and Spanish children. The H2 hypothesis was
confirmed. By evaluating the data, we have showed that there is no statistically significant
difference in the quality of co-ordination of upper extremities between Czech and Spanish
children. Refusal of the H1 hypothesis can be attributed to the lack of concentration and
loss of motivation of Spanish children in the course of stereopsis testing.

On the basis of experience to date, we recommend to perform testing with
children individually, and with the maximum limitation of interfering factors. In view
of the more objective evaluation of the quality of visual functions and motor skills
and abilities, we consider as appropriate to include the history of sports and physical
activity. The research results with comments and recommendations were sent to
participating primary schools and to parents too. Ophthalmological examination was
recommended for children showing significantly below-average values of stereopsis.
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Onthebasis oftheresults and experience of this research project, recommendations
for practice can be divided into the below 2 main areas. 1. Preventive - In the early
diagnosis of disorders of visual functions by ophthalmologists, appropriate medical
therapy (visual rehabilitation) can be applied in children, and, some disorders may be
gradually relieved, or completely removed. Specific examination of children by the
stereopsis test directly at schools can also reveal the above-standard values of simple
binocular vision, and this can be vital information in the decision-making process, for
example, for future sports and physical activity orientation of children. 2. Nationally
specific - As mentioned in the discussion section, we are of the opinion that the results
of the selected tests in international projects can be influenced, for example, by
differences in the methods of approach to education systems, or established national
practices in different countries. Generally speaking, for the successful course of
international research, it is necessary to integrate the above-mentioned factors into
the project preparation, and, subsequently, to adjust the research methods.
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RELATION BETWEEN THE SPEED OF FRONT CRAWL SWIM-
MING WITH EITHER THE ARMS ONLY OR FLUTTER-KICKING
IN GROUP OF JUNIOR CATEGORY MALE SWIMMERS

Stastny Jan, Motycka Jaroslav, Batorovd Michaela

Brno University of Technology, Centre of Sport Activities, Brno, Czech Republic

Abstract

The results of the researches aimed to assess the impact of flutter-kicking (FK) and
swimming with the arms only (SAO) on front crawl swimming (FCS) speeds often
differ in their results. They agree with the fact that FK is an important part of FCS,
but they differ in the proportion at propulsion forces of swimming and the impact
of speed on swimming. With the help of the Tachograph measurement system, we
verified the possibility of evaluating their relation on the sample of junior category
male swimmers.

For our evaluation, we have chosen data of 10 swimmers who were at the age of
16 years at the time of measurements. We used the Tachograph measuring system.
The swimmers were asked to swim 50 metres, initially only with the help of FK,
subsequently using their arms only, and finally FCS. We used data from the first 25
meters of the track to eliminate the effect of push off and turn.

At the measured section swimmers reached mean speed of 1,637 + 0,079 m-s™
during swimming with FCS, it was 1,399 £ 0,0603 m-s' when they SAO, and with FK
their mean speed was 1,082 + 0,067 m-s™'. We found out that swimming velocity when
moving without FK is lower by 0,238 m-s™' = 0,049 m-s™' compared to FCS.

We focused on the relation between the speed of front crawl swimming with either
the arms only or flutter-kicking. The results of our measurements showed that front
crawl swimming speed highly correlates with swimming with the arms only (r=0.83).
We did not find any statistically significant relation between the results of flutter-
kicking and front crawl swimming (r = 0.15). However, flutter-kicking contributes
to higher speed during front crawl swimming at least by reducing the drag forces of
water of the swimmer because the measured speed of front crawl swimming is higher
than the swimming speed reached with the arms only.

Key words: tachograph, speed, efficiency, frequency, freestyle, propulsion, drag
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Introduction

The aim of this study was to determine relation between the speed of front crawl
swimming with either the arms only or flutter-kicking with using Tachograph meas-
uring system.

The results of the researches aimed to assess the impact of flutter-kicking (FK)
and swimming with the arms only (SAO) on front crawl swimming (FCS) speeds
often differ as it can also be seen in studies by Silveira, de Souza Castro, Figueiredo,
Vilas-Boas and Zamparo (2016), Gourgoulis, Boli, Aggeloussis, Toubekis, Antoniou,
Kasimatis, Vezos, Michalopoulou, Kambas and Mavromatis (2014), and Gatta,
Cortesi and Di Michele (2012). They agree with the fact that FK is an important part
of FCS, but they do not agree on the proportion of propulsion forces of swimming and
the impact of speed on swimming.

Cechovska and Miler (2008) state that the propulsive force is generated primarily
by upper extremities, whereas lower extremities largely help with stabilization and
balance. The activity of lower extremities has the character of alternating wave
oscillation. Movements come from the hip joint. According to Counsilman (1974),
the effect of lower limbs is more important in sprints than in long-distance swimming
which is characterized by lower frequency of leg kicking.

With the help of Tachograph measurement system, we verified the possibility of
evaluating relations of variables on the sample of junior category male swimmers.

Methods

For our evaluation, we have chosen data of 10 competitive swimmers who compete
at a national level. They were 16 years old at the time of the measurements. Their best
performances achieved in 50m front crawl swimming in a short course (25 m) swimming
pool converted to swimming speed (v, ) were 1,916 + 0,116 m-s” on average. All the
swimmers used the six-beat kick technique per arm cycle.

We used the Tachograph measuring system for recording swimming speed together
with synchronous video recording (Motycka, Vlk, Krejsa, Ondrousek & Zivotsky, 2009).

After 15 minutes of stretching and warm-up swimming the swimmers were asked
to swim 50 metres, initially only with the help of FK, subsequently using their arms
only (SAO), and finally with interplay (FCS). The swimmers had a Sminute rest
between each of the measurements.

We used the SwimDataViewer software (Krejsa, Ondrousek, Moty¢ka & Stastny,
2009) to evaluate the data from the first 25 meters of the track. To eliminate the effect
of push off and turn, we only analyse the data gained after a swimmer surfaces.
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We set the second stroke of the arm after surfacing as the interval for each swimming
section. At this point, the speed of the swimmer is not influenced by the start, turns, and
measuring devices anymore. The interval ends at the distance of at least 2m from the
end of the swimming pool (Stastny, Moty¢ka, Batorova & Pasek, 2016; Stastny, 2016).
With the help of our software we have calculated and compared values and correlations
of the following variables: mean speed (m's”), stroke rate (Hz), efficiency, and ratio
of mean speed achieved during measurements to maximum mean speed. This ratio is
converted into percentage.

Results

At the measured section swimmers reached mean speed of v, 1,637 + 0,079 m-s’!
during swimming with FCS, it was v_ = 1,399 + 0,0603 m-s" when they SAO, and
with FK their mean speed was v, = 1,082 + 0,067 m-s™'. We found out that swimming
velocity reached by moving without FK is lower by 0,238 m-s™ + 0,049 m's' compared
to FCS (Table 1).

Table 1. Mean values and standard deviations of speed, frequency and efficiency

AVG SD
Personal best speed (Viax) (m-s‘l) 1,91560 0,115601
Speed FCS (Vi) (m-s™) 1,63710 0,078875
Speed SAO (Vg,) (m-s™) 1,39910 0,060304
Speed FK (vg) (m-s™) 1,08210 0,067232
Vies - Viao (8™ 0,23800 0,044791
Frequency of arms strokes during FCS (Hz) 0,85849 0,062180
Frequency of flutter-kicking during FCS (Hz) 2,59424 0,194402
Frequency SAO (Hz) 0,79235 0,063333
Frequency FK (Hz) 2,44949 0,175542
Efficiency FCS 0,98216 0,008646
Efficiency SAO 0,96012 0,024782
Efficiency FK 0,97234 0,007493

Note.

FCS — Front crawl swimming;
SAO — Swimming with arms only;
FK — Flutter kicking
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Table 1 shows that the swimmers achieved top swimming efficiency (minimum speed
fluctuations) during front crawl interplay (FCS) and subsequently while leg kicking
(FK). Efficiency was lower when they used arms only while swimming (SAO).

Table 2. Correlation between variables (speed, frequency and efficiency)

Correlation; p < ,05000; N=10

Vimax Viee | Veso | V& fres " NMee | Meso | N
1.0000 07775 08644 -0,0871 06413 01844 01528 03273 04616 02115
07775 1.0000 08254 01472 07267 04420 -0,0984 02660 06012 02954
0,8644 08254 1,0000 0,1983 04868 02060 -0,1050 0,0483 05011 05259
-0,0671 01472 0,1983 1,0000 01191 04574| 03901 -0,3448 0,2408 01228
06413 07267 04868 01191 10000 07186 02914 04127 03755 0,0890
01844 04420 02060 04574 07186 10000 03372 0,1550 05092 0,0693
-0,1528 -0,0984 -01050 03901 02914 03372| 1,0000 0,3799 -02421 04229
0,3273 0,2660 0,0483 -0,3448 04127 01550 0,3799 1,0000 -0.0047 01417
04616 06012 05011 02408 03755 04092 -0,2421 -0,0047 1.0000 0,0595
02115 02954 05259 01228 00890 00698 04229 01417 00595 1,0000

Note.

v, - Personal best speed

fcs — Front crawl swimming

sao — Swimming with arms only

fk — Flutter kicking
Discussion

Prior to processing some other data, we verified whether the performances achieved
by the swimmers during our measurements met our requirements. The measured
swimming speed (v, ) reached 85.6% of the personal maximum mean speed achieved
by the swimmers during races (v, ). The difference is caused by the influence of
starts and turn effects as swimmers reach the highest speeds after starts and turns.
Moreover, the swimmer is limited by the measurement method in these parts of the
track. According to the results by Stastny (2016), swimming speed reached during
measurements should come up to at least 84% of the maximum. Our results live up
to these expectations. At lower average speeds, measurement results are inaccurate.

We also compared the differences in stroke frequencies during front crawl
swimming technique (interplay), flutter-kicking (FK) and swimming with arms only
(SAO). During FCS (interplay) frequency of strokes was higher both in arms and legs.
Frequency of strokes was lower by 5.6% during SAO swimming and it was lower by
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7.3% while using legs only compared to interplay. We anticipated this difference and
it should not significantly affect our results.

We found out that speed reached during SAO was lower by 14.3% compared to
FCS. This result corresponds with the findings made by Gourgoulis et al. (2014), who
states that the difference in speeds amounts to 13%. The difference is not caused by
the propulsive force of FK according to the author, but largely by the reduction of
body’s inclination (reducing resistive drag).

Our results (Table 2) also do not confirm the statistically significant correlation
between the variables of FCS speed (v, ) and FK (v, ) variables (r = 0.147). These
variables are not interdependent. It has not been proved that higher speed achieved
during FK swimming affects the overall swim speed. On the contrary, we have detected
a high level of correlation between variables v, _and v (r = 0.825). The work of the
arms is, according to our results, the main factor responsible for propulsion power
and achieved speed during front crawl swimming. We have also detected a significant
relation (r = 0.7267) between FCS swimming speed and stroke rate ().

The relation between the efficiency of swimming technique and the FCS speed
was not statistically significant within the monitored group. This result corresponds
with our earlier research conducted in men’s category on a sprinter track (Stastny &
Motycka, 2015).

The factors that we have not dealt with in our study but which will affect the
results, are primarily anthropometric parameters.

On the ground of our results, we cannot confirm the findings made by Gatta et al.
(2012). The methodology and focus of our research were different. We only focused
on swimming with maximum effort and we did not examine relations of variables at
different speeds of swimming. The author states that the influence of flutter-kicking on
propulsion power increases at lower speeds of swimming, especially on longer tracks.
Gatta states that the largest contribution of leg kicking occurs when the swimming
speed is around 1.27 m-s™.

On the other hand, Silveira et al. (2016) concludes at his study that the contribution
of leg-kick action in the front crawl stroke increases with swimming speed. We detect
the relation between stroke frequency and swimming speed in FCS in our research
(Table 2) (r=0.727), but it cannot be confirmed in SAO (r = 0.206).

Conclusion
We focused on the relation between the speed of front crawl swimming with either

the arms only or flutter-kicking. The results of our measurements showed that front
crawl swimming speed highly correlates with swimming with the arms only (r=0.83).
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We have not found any statistically significant relation between the results of flutter-
kicking and front crawl swimming (r = 0.15). However, flutter-kicking contributes
to higher speed during front crawl swimming at least by reducing the drag forces of
water of the swimmer because the measured speed of front crawl swimming is higher
than the swimming speed reached with the arms only.

Our research shows that the mean speed of SAO is lower by 14.6% in comparison
with the mean speed achieved by FCS.
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MOBAK 3 - PRESENTATION OF A TEST BATTERY OF BASIC MO-
TOR COMPETENCIES AND SELECTED RESULTS OF THE CZECH
REPUBLIC AND SWITZERLAND
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Abstract

The aim of the paper is to introduce the MOBAK 3 basic motor competence test
battery. The results obtained are interpreted using a unified methodology published in
the pilot measurement of pupils in Switzerland (Herrmann, C., & Seelig, H., 2016).
Basic used method for this measurement was test battery MOBAK 3. In the Czech
Republic, the total amount of students was 302 (n=302, 133 boys and 169 girls). In
Switzerland was measured 323 students. The same statistical methods were used to
express the results. In most cases, there is a strong correlation between the Czech
and Swiss results. We can say, that the chosen disciplines are similarly challenging
between both countries. The students from Switzerland achieved significantly greater
results in the discipline ,,Bouncing the basketball®. In most cases, students from the
Czech Republic finished with better results from area Self-movement items. In both
states the results have been similar in most items. Students in both countries achieved
bad results in items ,, Throwing at the target” and ,,Rope skipping®. Altogether, we can
say that the test battery MOBAK 3 is useful in both areas. We think that it would be
great to discuss certain adjustments of some tests.

Key words: MOBAK 3, Object-movement, Self-movement, locomotion, basic motor
competencies, basic motor qualifications, third grad

Introduction

In order to record the effects of physical education, it is necessary to develop
assessment instruments that are also valid and practical for this subject. The test
battery, which measures basic motor competencies in primary school, is an assessment
instrument designed for this purpose. MOBAK-3 test battery is designed for third
graders (Herrmann & Seelig, 2015).

The central task of Physical Education (P. E.) is the qualification of students
to actively take part in the culture of sports and exercise. This contributes to the
development of a physically active lifestyle. A prerequisite for this is the availability
of basic motor competencies (Herrmann & Gerlach, 2014). For instance, there
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is a broad consensus among subject experts and teachers that all students need to
be able to handle a ball safely in order to play ball. It is more difficult for children
who do not have these competencies to participate in sports clubs or even play with
their classmates on the playground. These practices are an enrichment for most
people’s cultural lives and an important part of active mobility and a healthy lifestyle
(Kurz, Fritz, & Tscherpel, 2008).

Basic motor competencies can be defined as motor performance dispositions
which can be developed from situation specific requirements and which can serve
as an accomplishment strategy for requirements in the culture of sports and exercise.

The aim of the paper is to introduce the MOBAK 3 basic motor competence test
battery. We present selected data measured by pupils of third grade at the available
primary schools within the Czech Republic in Brno and its surroundings compared
to Switzerland. The results obtained are interpreted using a unified methodology
published in the pilot measurement of pupils in Switzerland (Herrmann, C., & Seelig,
H., 2016).

Methods

Basic used method for this measurement was test battery MOBAK 3. Seven
elementary schools from Brno and its surrounding agreed to cooperate. Sixteen third
classes took part in the measurement. In the Czech Republic, the total amount of
students was 302 (n=302, 133 boys and 169 girls) in all disciplines. In Switzerland the
number of measured students reached the number 323. The same statistical methods
were used to express the results.

In the construction of the test battery, we differentiate between basic motor
competencies (MOBAK), which are not directly observable, and basic motor
qualifications (MOBAQ, Kurz et al., 2008), which are observable. The competence
structure model illustrates the relationship between basic motor qualifications and
basic motor competencies. This allows the “indirect” acquisition of basic motor
competencies through basic motor qualifications (Herrmann & Gerlach, 2014).

The test items for the acquisition of basic motor qualifications were developed
on the basis of normative pedagogical discussions. The main question was: What
should a child at a certain age be able to perform in order to take part in the culture
of sports and exercise (Kurz et al., 2008)? The final arrangement of the test battery
is the result of a wide selection of potential test items compiled and discussed in
several expert discussions. The criteria for item construction were gender-specific
test fairness as well as feasibility and age-appropriate item design. The test items
measure eight basic motor qualifications which can be assigned to the two basic motor
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competencies “object movement” and “self-movement.” The basic motor competency
“object movement” involves the basic motor qualifications: throwing, throwing &
catching, bouncing, and dribbling. They are developed from requirements that include
handling balls and serve as an accomplishment for requirements in various ball sports.
The basic motor competency “self-movement” involves the basic motor qualifications
balancing, rolling, rope skipping and variably moving. They are developed from
requirements that include handling the entire body and serve as an accomplishment
for requirements in gymnastics or athletics (Kacerovska, 2017).

Each child has six attempts at each test items (Throwing” and Throwing & catching).
Each hit or passed attempt is recorded. 0-2 hits or passed attempts are assessed with 0
points, 3—4 hits or passed attempts with 1 point, and 5-6 hits or passed attempts with
2 points. Each child (MOBAQ test items Bouncing, Dribbling, Balancing, Rolling,
Rope skipping, and Moving variably) has two attempts at fulfilling the task. These test
items are dichotomously scaled (0 = failed, 1 = passed). The amount of times passed is
recorded (both attempts failed = 0 points, one attempt passed = 1 point, both attempts
passed = 2 points). The data can be evaluated on the level of MOBAQ test items
as well as on the level of MOBAK areas. The MOBAQ test items can be evaluated
separately due to their point scores (0-2 points). This also allows teachers to match
the teaching content with the children’s performance levels.

The MOBAK areas are calculated as the sum of the results of the four MOBAQ
test items. A maximum total of 8 points can be achieved for each area (4 test items x 2
points). On the basis of the scoring system (0 to 8 points), the level of a student’s basic
motor competencies can be determined separately.

Results

The MOBAK 3 results were processed in Microsoft Excel and STATISTICA 12
and the selected graphs are simplified outputs for these two programs.
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Figure 1. Overall rating of MOBAK 3 for the Czech Republic
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From the chart (Fig. 1) we can see that both the minimum and the maximum result
have been achieved. We also see that the greatest number of measured results is in the

range of 6 to 10 points and the median is 8. There are no extremes in the case of the
overall evaluation.
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Figure 2. Overall rating of MOBAK 3 by gender (boys and girls)

On this graph (Fig. 2), we see that the only value that is identical for both boys and
girls is the deviation avalanche at 0. It is also seen that the middle 50% of the boys are
in a point range of 6 to 11 points and their median is 9. In girls, their mean 50% is in
the range of 5 to 9 points and their median is 7.
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Figure 3. Boxed graph of both MOBAK 3 regions, comparison between the Czech
Republic and Switzerland

Legend: OC S - Object control Switzerland, OC CR - Object control of the Czech
Republic; LO S - Locomotion Switzerland, LO CR - Locomotion of the Czech Republic
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From the previous chart (Fig. 3), it is very easy to see that Swiss pupils were more
successful in the items in which they were working in the area Object control. In
Locomotion, the results are almost identical.
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Figure 4. Mutual correlations between disciplines and their entire group and also
between groups — Czech Republic (Kraus 2017)

From the figures above it can be seen that in most cases there is a strong correlation
between Czech and Swiss results.
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Figure 5. Mutual correlations between disciplines and their entire group and also
between groups — Switzerland (“DSBG4public.ch”,2016)
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Discussion

We can say, that the chosen disciplines are similarly challenging between both
countries. According to the measurements, the Swiss students turned out to be better
in the area of Object-movement than the students from the Czech Republic. The most
difficult discipline for students from both countries was the item Throw on the target.
The students from Switzerland achieved significantly greater results in the discipline
“Bouncing.” In most cases, students from the Czech Republic finished with better
results from area Self-movement items.

On the basis of these psychometric results, the MOBAK-3 test battery can be
accepted as suitable for the evaluation of the effects that P.E. has on basic motor
competencies.

Conclusion

In both states the results have been similar in most items. Students in both countries
achieved bad results in items ,,Throwing at the target” and ,,Rope skipping”. We
recommend simplifying these disciplines. Students from both states finished with results
that were significantly above the average. It was at the discipline ,,Moving variably*.
The items from the area Object-movement are for third-grade students more difficult,
and they finish with worse results. The area Self-movement are easier and students are
more successful. Altogether, we can say that the test battery MOBAK 3 is useful in both
areas. We think that it would be great to discuss certain adjustments of some tests.
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HEALTH BENEFITS OF RESISTANCE TRAINING IN CHILDREN
Ignjatovic Aleksandar
Faculty of Education, University of Kragujevac, Serbia

Abstract

Almost one decade ago European Union (EU Guidelines on Physical Activity,
2008), highlight that the decline in physical activity identified problem of sedentary
behavior and physical epidemic in youth in Europe like in the rest of the developed
world. EU official bodies recognized enormous treat with their guidelines and position
statement (EC Expert Group, 2015) but situation is getting worse every year! Constant
rate of physical inactivity inevitably leads to increase of several physical, metabolic
and mental disorders in childhood or letter in life. Recognition is there but problem
remained unsolved, even worse its keep escalating. With latest obesity trends (Lancet,
2017) the importance of increased physical activity level is becoming top priority.

One of the most effective strategy for P.A. level increase is participation of youth in
organized resistance training program. This idea has not always been encouraged, but the
positive results of the numerous studies in scientific literature over the past decade have
clearly stated the benefits. Also, position stands of leading world fitness organizations
(American Academy of Pediatrics 2001; American College of Sports Medicine 2006;
British Association of Sport and Exercise Science 2004; Canadian Society for Exercise
Physiology) all state that resistance training can be very beneficial for children and
adolescents.

Although there is not a single chronological age at which it is deemed acceptable for
youth to formally start training, recent guidelines recommended that any child engaging
in a form of resistance training is emotionally mature enough to accept and follow
directions and possesses competent levels of balance and postural control (approximately
6-7 years of age). Additionally, some kinds of resistance training activities should be
engaged even from early childhood.

Musclestrength is considered as apowerful marker ofhealth in children and adolescents.
For long term physical development of children it’s recommended that neuromuscular
training that enhances both muscular strength and motor skill should be prioritized. In
addition to enhancing muscular strength, power and local muscular endurance, regular
participation in a youth resistance training program has the potential to influence several
other aspects of health. It may result in improvement of body composition, increased
bone mineral density, increased cardio-respiratory fitness, enhanced mental health and
well-being and a more positive attitude towards lifetime physical activity.

Key words: Resistance training, youth, inactivity, obesity
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Reduced level of physical activity emerged several problems

Current status of society characterizes technological development and overall
decrease of physical activity level. Physical activity levels are declining in all parts of
the word. Wealthy, middle or low-income countries share a decline in physical activity
(World Health Organization, 2009, Global health risks). And it is clear that this decline
in physical activity is a key contributor to the global obesity epidemic, and in turn, to
rising rates of chronic disease everywhere (WHO, 2009, 2010). Childhood obesity is
at constant rate of increase. Today there are 10 times more obese children than four
decades ago (Lancet, 2017). Physical inactivity is considered as a fourth leading risk
factor, directly responsible for death of more than 5 million people per year in the
world (Lee, 2012). In addition, a direct cost of physical inactivity is estimated to more
than 80 billion euros per year in Europe with expectation for future increase by 2030.
Studies in Europe and the United States find that a moderate-to-vigorous physical
activity among children during the elementary school age is significantly decreasing
(Riddoch, 2004; Nader, 2008). In Europe there is a cut in half from 9-year-olds to
15-year-old children (48% for boys & 54 % for girls), and in the US for the same age
period physical activity drop is by 75%.

The latest estimations (Lee, 2017) from US suggest that only 32% of 8-11 year
old children have sufficient physical activity (exercise for 25 minutes a day/three
days a week by guideline developed by the Sports and Fitness Industry Association).
Maintaining current level of physical activity would result in 8.1 million of these
children being overweight or obese by 2020 in the US. Significant amount ($21.9
billion) in additional medical costs and lost wages could be avoided if only half of the
children obtain sufficient physical activity level (Lee, 2017). Most diseases become
clinically manifested mainly during adulthood, but the actual problem begins in
childhood when lifestyle habits such as physical activity are established (Summary
report Pediatrics, 2011). Increase in the level of physical activity by encouraging
activity and involvement in everyday physical activity can be one of the most effective
ways for the magnitude decline and for overcoming this problem.

Almost one decade ago European Union (EU) Guidelines on Physical Activity (2008),
highlight that the decline in physical activity identified problem of sedentary behaviour
and physical epidemic in youth in Europe like in the rest of the developed world. EU
official bodies recognized enormous treat with their guidelines and position statement
(Guidelines on Physical Activity, 2008, EU 2015) but situation is getting worse every
year! Constant rate of physical inactivity inevitably leads to increase of several physical,
metabolic and mental disorders in childhood or letter in life. Recognition is there but
problem remained unsolved, even worse its keep escalating. With latest obesity trends
(Lancet, 2017) the importance of physical education is becoming top priority.
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Muscular strength decrease in children

Important aspect of physical fitness and health status is muscular strength. In
an extensive prospective study of male adolescents low levels of muscular strength
were recognized as an important risk factor for major causes of death including
cardiovascular disease in an extensive prospective study of male adolescents aged
16-19 (Ortega et al., 2012). Additionally, decrease of muscle strength may cause
significant functional limitations (Takken, 2003).

Loss of skeletal muscle mass occurs naturally with aging but also, during disease
and physical inactivity. This physical inactivity is recently, more related to current
life style in children. IT can be both a cause and consequence of inactivity. As a result
of skeletal muscle loss, the reduction in total energy expenditure in adults decreases
by about 30% (Chau et al., 2008), and similar decrease could be expected in youth.
Usually, this lose may contribute to weight gain leading to obesity. On the other hand
Physical inactivity can be an effect of obesity, in the sense that the inflammatory state
and metabolic disruption that accompany obesity set the stage for chronic fatigue and
muscle weakness. Additionally, there are numerous psychological factors explaining
why obese children are not so fund of different kind of physical activities.

Unfortunately, recent epidemiological research and studies (Tudor-Locke, 2010;
Runhaar J, et al., 2010, Ignjatovic et al. 2017) suggests that contemporary children
and adolescents are not as active as they should be. There are evidence based research
pointing a reduction over the years in children’s participation in physical activity
and organized community sport (Dollman, Norton, & Norton, 2005; Donnelly
& Lambourne, 2011). Even more alarming, reductions in physical activity start in
early preadolescence. If we compared present day physical capabilities with the
ones 10 years ago, we would come to a similar conclusion. There are several studies
investigating different population, but coming to the same conclusion. There is an
evident trend of decrease in children and adolescents muscular capabilities observed
in English, Dutch, Spanish and Serbian primary school children and adolescents
(Cohen, 2011; Moliner-Urdiales 2010, Ignjatovic, 2017). Without interventions that
target deficits in muscular fitness and motor skill performance early in childhood,
these contemporary trends are likely to continue and the gap between youth with
low and high levels of muscular fitness and motor skill competence will continue to
increase parallel with their growth.

Resistance Exercises for children

There is a variety of different kinds of resistance training programs that are very
popular among males and females of different age categories. Resistance training
with free weight and machines could be considered classical and most often used
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in research. Recently, other forms of resistance training are coming in the focus of
interest of research as well as a chance for use in physical education classes, and other
forms of organized physical activities for children (Ignjatovic, 2017). Resistance
training with medicine ball is an old form of training that has new life in the last
decade and is one of the forms of resistance training and testing most frequently used
with young subjects (Davis et al., 2008; Ignjatovic et al., 2012). Plyometric training
has also been frequently used in research involving youth in the last decade. After
the early statement that plyometric training is not suitable for kids, several position
stands and review articles (National Strength and Conditioning Association, 2009)
encourage researchers to proceed. However, many forms of training that are widely
used in adult athletes as well as with sedentary subjects and seniors are not investigated
in children and adolescents. There are several studies that involved different forms of
resistance training: exercises on unstable surface (Bratic, Radovanovic, Ignjatovic,
Bojic, & Stojiljkovic, 2012; Radovanovic, Bratic, Marinkovic & Ignjatovic, 2013),
exercises with pilates ball (Ignjatovic et al., 2008), and exercises with punching bags
(Ignjatovic et al., 2007).

Whether or not children and adolescents should participate in resistance training
programs has been a highly debated topic among experts in the field of exercise and
health for the past few decades. Participation of youth in organized resistance training
programs has not always been encouraged, but the positive results of the numerous
studies in scientific literature over the past decade have clearly stated the benefits.
Also, position stands of leading world fitness organizations (American Academy of
Pediatrics 2001; American College of Sports Medicine 2006; British Association of
Sport and Exercise Science 2004; Canadian Society for Exercise Physiology 2008;
National Strength and Conditioning Association, 2009) all state that strength training
can be very beneficial for children and adolescents.

Health benefits of resistance training in children

Several experts have suggested that resistance training may offer observable health
value to obese children and adolescents (Faigenbaum & Westcott, 2007. Benson et al.,
2008a). Similarly, several researchers have published results of programs that target
increasing physical activity as a method for reducing obesity in children (Shabi, 2006;
Benson, et al, 2008b). Apart from effectiveness of some forms of resistance training
programs on obese children and adolescents, this form of training allows participants
not to feel inferior and bad as most usually happens with some other forms of physical
activity that involves continues effort that they are unable to stand. Willing and
joyful participation of obese children and adolescents in different forms of resistance
training programs can be explained by the fact that resistance training is typically
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characterized by short periods of physical activity interspersed with brief rest periods
between sets and exercises, which is more consistent with how youth move and play,
and above all, allows overweight persons to fully participate without forcing them to
give up as in majority of other physical activity exercises and physical activity games.
In addition to enhancing muscular strength, power and local muscular endurance,
regular participation in a properly design and supervised resistance training program
has the potential to influence several other aspects of health and fitness. Regular
participation in resistance training may result in improvement of body composition,
increased bone mineral density, increased cardio-respiratory fitness, enhanced mental
health and well-being and a more positive attitude towards lifetime physical activity.
Almost every position stand from leading health and fitness organization (American
Academy of Pediatrics 2001; American College of Sports Medicine 2006; British
Association of Sport and Exercise Science 2004; Canadian Society for Exercise
Physiology 2008; National Strength and Conditioning Association, 2009) state that
there are psychological and sociological benefits in youth as a result of different kinds
of resistance training usually without concrete research supporting this statement.
The research is convincing that resistance training can favorably affect cognitive
function in adults. Different studies examining the effects of mental health in adults
have focused on: effects on anxiety (O’Connor, Herring, & Carvalho, 2010), improved
brain cognition (Anderson-Hanley, Nimon and Westen, 2010), effects of depression,
chronic fatigue, on self-esteem, quality of sleep and overall mental health (O’Connor
el al., 2010). The evidence supporting resistance training for the improvement of
several major mental health issues is quite strong and impressive. The physiology
behind it is likely to be multi-factorial adaptations (van Praag, 2009). It involves new
nerve cell generation in the b