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Abstract

In traditional tackwondo hand strikes are an important element of the training of athletes. The aim of this
work was the knowledge whether a kinematic effects of straight punch depends on a physical conditions of
hitting (without physical target and in plastic board) and the lateralisation.

Five women training tackwondo ITF were analysed. During the tests, from side standing posture (position),
they were performing the traditional hand strike without physical target and into a typical plastic “breaking
board” that is commonly used for tackwondo competition (in part of dedication of martial art — performance).
For the purpose of this research, HML (Human Motion Lab) was used.

The registered maximum speed of the fist, during the execution of a straight punch without a physical target
was 7.08 £0.95 m/s for the right hand and 7.19 +0.80 m/s for the left hand. While during the board breaking
5.52 +0.79 m/s for the left hand and 6.12 +1.02 m/s for the right hand. The factor of preference of left or right
side of the body did not contribute to the speed of the straight punch in the tackwondo athletes. Significant
differences (p<0.01) were seen during the execution of straight punch on different conditions (target and with-
out physical target).

These empirical effects may be associated with the concept of resource sharing, if action has a higher ceiling
of difficulty, it is followed by extended reaction time and the mechanism of the speed-accuracy trade off. The
results of these studies open up a new perspective on interdisciplinary analysis of tackwondo and other com-
bat sports as a modern means of rehabilitation, therapy and improve the quality of life (including the ability
to survive).
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Ap jumok jirugi — name of
traditional hand strike in
tackwondo ITF.

Non conscious process —

a mental process occurring
outside of and not available to
conscious awareness. Usually
we focus on only one source of
information at the time.

Cognitive schema — An
integrated network of knowledge,
beliefs, and expectations
concerning a particular topic.

Psychological assessment — The
measurement and evaluation

of abilities, aptitudes, and
personality characteristics. The
measurement of mental abilities,
traits, and processes.

Extreme sports (EFPA) —
“extreme form of physical activity
are extreme sports, often classified
according to the environment

in which they are performed
(water, land, air), extreme form
of physical recreation as well

as gainful activity or voluntary
service, and all varieties of
physical activity that meet at least
one classification criterion of the
feature associated either with
extreme risk of injury or death,
or extreme body burden with
high level of effort, or extreme
coordination difficulty” [31, p.
19, see also 32]

Martial arts — plural noun any of
various systems of combat and
self-defence, e.g. judo or karate,
developed especially in Japan and
Korea and now usually practised
as a sport [33]

Position — noun 1. the place
where a player is standing or
playing 2. the way in which

a person’s body is arranged [33].

Posture — noun the position in
which a body is arranged, or the
way a person usually holds his or
her body when standing [33].

Technique- noun a way of
performing an action [33].

Technique analysis noun same as
biomechanical analysis [33].

Biomechanical analysis — the
use of technical sciences for the
analysis of biological systems.

INTRODUCTION

Today, the fact that women are involved in activ-
ities that once were viewed as typically mascu-
line or extreme, is not surprising anymore. The
involvement of women in competitive sports
causes them to undertake many extreme chal-
lenges. Over time, along with socio-cultural
changes the fact that they do boxing, wrestling
and far-Eastern martial arts has become a stan-
dard, and their sports rivalry brings with it the
excitement. The factor of gender in martial arts
is also within the scientific interest.

Activity referred to as competitive or extreme is
the subject of interdisciplinary research using
many modern methods. The psychological anal-
ysis of issues regarding extreme sports depends
on the individual features of man [1]. In mar-
tial arts these challenges may affect every level
of bio-psychological operation, from expres-
sion of the will to fight, the mastery of emotions
(including the desire to avoid confrontation), or
the ability to coordinate their actions, depending
on the requirements of the situation(e.g. during
the fight) to the precision of the individual tech-
niques. What we can see as steps, from the out-
side as observers (e. g. a straight hand strike) are
only the most visible parts of the processes run-
ning at different speeds on the level of the ner-
vous system. Pattern-specific neural activation is
known, that occurs during the period of prepa-
ration for the performance and the performance
itself. The changes relate amongst other, to the
control of processes of attention, spatial and kin-
aesthetic stimuli processing and in the period
just before and during the implementation of the
task [2]. The beliefs and intention are also one of
the important elements engaged in forming par-
ticular plans. They make up a strong motive for
decisions, and for activity choices. In the cogni-
tive and behavioural perspective in every behav-
iour of an individual, regardless of the fact if it is
about maintaining health, getting used to stress
or dealing with sports challenge they combine
cognitive, emotional and motivational elements.
As a result of tackwondo training technical and
motor skills grow, that contribute to the optimi-
zation of in the psycho-medical aspect [3]. This
fact reveals a giant field of inquiry, which brings
together and penetrates issues in the fields of bio-
mechanics and psychology.

Research on the physical functioning, strength
and speed in sport, confirms the significant

differences in the physical capabilities of women
and men [4]. While differences in variables related
to most aspects of cognitive functioning and coor-
dination proved to be less clear [5].

It is well known that the correct sports technique
must be compatible with the principles of biome-
chanics of the human body. Over the years, prep-
aration of martial arts athletes, has changed. This
was often due to scientific analysis as well as pro-
posals backed up by research. Such development
caused the need to tailor training and curricula to
the new rules [6, 7].

In traditional taekwondo (International
Tackwondo Federation) sports rivalry is based on
five elements: formal patterns, arranged combat,
sparring, special techniques and force tests [8].
During the performance of formal patterns, the
athlete concentrates on strikes that have no phys-
ical target, while during the force tests he or she
can use the same techniques to destroy physical
targets. Here the question arises as to whether
these strikes differ from each other?

In this variation of tackwondo straight hand
strikes are an important element of athletes train-
ing. In sparring, they are the most commonly
used form of attack and counter-attack [6],
and in the competition of force tests are one of
the important techniques affecting victory [9].
Therefore, the ability of proper teaching and the
use of this kind of strikes, is one of the basic skills
of athletes of this martial art.

In tackwondo, most attention is given to kicks [10-
15]. The analysis of a straight hand strike in tae-
kwondo, can only be found in few works. Stull
and Barham [16, 17] compared achieved values of
speed and strength from shotokan karate, kempo,
kung-fu, and tackwondo, during the execution of
the straight hand strike. Pieter et. al [18] have des-
ignated speed and impact force of a straight hand
strike and kicks: side, round house. They sug-
gested that quantitative studies are needed to bet-
ter understand these techniques. It is noted that
the moment of obtaining the maximum speed
of the fist and its impact on the end result [19].
Researchers, Rybicki el. al [20] found that the time
of a straight sports hand strike in tackwondo is
between 30ms to 50ms.

The aim of this work was the knowledge whether
a kinematic effects of straight punch depends on
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a physical conditions of hitting (without physical
target and in plastic board) and the lateralisation.
This is a step in the direction of a deeper exam-
ination of the biomechanical and psychological
determinants of strikes in martial arts.

MATERIAL AND METHODS

Subject

Five women training tackwondo ITF
(International Taekwon-do Federation) were
analysed (age: 20.8 +3.4 years; body mass: 57.2
+7.0 kg; height: 167.2 6.9 cm). During the tests,
from side standing posture (according to the ter-
minology of tackwondo: niunja sogi palmok debi
maki), they were performing the traditional hand
strike physical target (into the air) and into a typ-
ical plastic “breaking board” that is commonly
used for competition. The strikes were performed
3 times into each target, using both the right and
left hand. In total 60 attempts were registered.

The Human Subjects Research Committee of the
University scrutinized and approved the test pro-
tocol as meeting the criteria of Ethical Conduct
for Research Involving Humans. All subjects in
the study were informed of the testing procedures
and voluntarily participated in the data collection.

Protocol

For the purpose of this research motion anal-
ysis lab HML (Human Motion Lab, Poland)
was used. The facility included ten NIR Vicon
MX-T40 (Vicon, USA) cameras with the reso-
lution of 4 MP (2352x1728 px) as well as 10-bit
grayscale. The system allows to capture up to 370
frames per second at full resolution. The mea-
surement space has a cylindrical shape of the
ellipsoid height with the height of 3 m and on the
basis of the axes 6.47 m, 4.2 m. Indicators regis-
tered structure of spatial-temporal motion marker
placed on the fist, specifying its speed changes as

Table 1. Speed of fist-straight traditional strike (total 60) by taekwondo female athletes (n = 5) in different circumstances.
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a function of time. Using this method, resultant
maximum speed of the fist was recorded.

Statistical analysis

For each indicator, mean value as well as standard
deviation were calculated. Normality of the dis-
tribution was verified by Shapiro-Wilk test. The
differences between the compared groups were
assessed on the basis of t-test. Statistical signifi-
cance was adopted at the level of p<0.01. All cal-
culations were made using SPSS Statistics 20.0
(IBM, USA).

REsurrs

The average maximum speed of fists during the
execution of the straight hand strike without
physical target for women is 7.08 +0.95 m/s for
the left hand and 7.19 +0.80 m/s for the right
hand. There were no statistically significant dif-
ferences in maximum speed of the strike between
the left and right hand (Table 1). Figure 1 shows
a sample graph (one female tackwondo athlete) of
the changes in the speed of fists during the same
strike, differing in circumstances.

Discussion

In karate athletes (male) values registered were
between 5.7 to 9.8 m/s [21]. By comparing the
obtained value of speed to the speed of the other
strikes (performed by men) for example, side kick:
5.20 to 6.87 m/s [22]; spinning back kick: 5.95 to
8.35 m/s [23], we can say in jargon that ap jumok
Jjirugi belongs to simple strokes with high speed
(in fact experienced tackwondo athletes can per-
form this strike very fast).

Obtained data can inform us about the rela-
tively uniform development of both left and
right hand in tested athletes. It is justification
for the methodology of training. During the

Circumstances hand strike

Hand ‘('i"iltttot';‘tep;:!)ﬁcal target into the plastic “breaking board” p-value
mean SD range mean SD range

left 7.08 0.95 5.89+9.42 5.52 0.79 3.64 +6.68 0.000

right 7.19 0.80 5.80-8.88 6.12 1.02 4.75+7.85 0.005

p-value 0.79 0.81
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Figure 1. Sample graph (individual female athlete) of speed changes during the traditional hand strike, depending
on the target of the strike (blue line-strike without physical target, red line-strike into the plastic “breaking board”).

training of traditional variety of tackwondo, usu-
ally drills for both sides are performed. These
exercises are woven into the very important part
of the training, that is, the systematic improve-
ment of the complex sequences of forms. This
result highlights the two important aspects. The
first dimension is health. Formal tackwondo exer-
cises activate both symmetrical parts of the body
(through alternating repetition exercises limbs
and the use of bilateral turnover). Second, util-
itarian - both limbs can be used with a similar
probability of success in self-defence.

Researchers working on the grounds of physi-
cal activity psychology, indicate that the compo-
nent of rhythm and repeatability of movement,
in which the same motion is repeated constantly,
promotes the growth of mental training con-
centration skills and sense of satisfaction [24].
Exercise that requires coordination activates the
cerebellum, which is located at the back of the
brain and enhances thinking, cognitive flexibility
and processing speed. In the past few decades,
psychologists and medical professionals have been
exploring and researching what they’ve termed
the mind-body connection. In fact, a whole new
branch of medicine has emerged that focuses
on the interaction of the brain, mind and body.
There have been reports indicating that improve-
ment of skills and efliciency of the non-dominant
limb is accompanied by beneficial changes in cer-
tain brain structures [25]. Word scientific litera-
ture and martial arts practice corroborated with

increasing amount of scientific research shows
that an interdisciplinary, thoughtful view on the
problems connected with the improvement of an
individual’s psychophysical functioning (sense
of positive health) multiplies and strengthens
effects [26].

In the attempt of board breaking, a clear decrease
in maximum speed was registered (p<0.01).
Therefore, on the basis of data collected (Table 1),
we can assume that the revision of the research
procedure that implemented a physical target,
influences upper limb kinematics during the
execution of the ap jumok jirugi. Female ath-
letes, during the execution of this strike, with-
out a designated physical target, achieved higher
maximum speed and shorter execution time
(Figure 1). Such action is in accordance with the
concept of resource sharing [27]. It was noted
that when the activity has a higher ceiling of dif-
ficulty, it is followed by the extension of reac-
tion time. Our system is “paying” with prolonged
time required for the execution of complex, mul-
tidimensional tasks (something at the expense of
something else). This can also be associated with
the speed-accuracy trade off mechanism [28]. It
shows that the fastest strikes bring problems with
control. Therefore, for the athletes that indeed it
is important to accurately hit the target, in order
to fully control the motion, they aren’t fully using
the maximum energy that they are able to gener-
ate. Similar findings were obtained in other stud-
ies [29, 30].
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In the available scientific literature, there is little bio-
mechanical research of women who regularly train
in combat sports. We hope that this work will par-
tially fill the gap. The considerations contained in
it, are part of research aimed at understanding of
the role of individual factors that influence strike
kinematics and the next step to a more complete
knowledge of speed-accuracy relation compromise
mechanism, based on martial arts analysis, taking
into account biomechanics and psychology. These
results and considerations can be a data set for com-
parison to other researchers, and can set the way for
further exploration of interdisciplinary nature.

CONCLUSIONS

On the basis of the conducted research, we can
observe that during a straight punch performed by
the examined tackwondo competitors: no statis-
tically valid differences in the maximum velocity
of a straight punch between the left and right fist
have been observed; the intentionally indicated

Wasik J et al. The kinematic effects of taekwondo strokes...

physical target of a punch influenced on the
movement kinematics; when punching a “board”
the competitors reached lower maximum veloc-
ity and longer movement time than in the case of
a punch without a physical target.

These empirical effects may be associated with the
concept of resource sharing, if action has a higher
ceiling of difhculty, it is followed by extended reac-
tion time and the mechanism of the speed-accu-
racy trade off. The results of these studies open
up a new perspective on interdisciplinary analysis
of tackwondo and other combat sports as a mod-
ern means of rehabilitation, therapy and improve
the quality of life (including the ability to survive).

ACKNOWLEDGMENTS

The authors would like to thank the Polish-
Japanese Academy of Information Technology in
Warsaw (Poland) for providing a free access to
laboratory.

REFERENCES

1. Hill AP. Conceptual, measurement, and devel-
opment issues. In: Hill AP, editor. The psychol-
ogy of perfectionism in sport, dance and exercise.
London: Routledge; 2006: 3-30

2. Hatfield BD, Kerick SE. The psychology of supe-
rior sport performance. A cognitive and affec-
tive neuroscience perspective. In: Tenenbaum
G, Eklund RC, editors. Handbook of sport psy-
chology. 3rd ed. New York: Wiley-Blackwel;
2007: 84-109

3. Szerla MK, Wasik J, Ortenburger DE et al.
Optimization of quality of functional improve-
ment — aspects of psychomedical treatment.

Medical Studies 2016; 32: 150-156

4. Gill DL. Gender and cultural diversity. In:
Tenenbaum G, Eklund, R, C, editors. Handbook
of sport psychology. 3rd ed. New York: Wiley-
Blackwel; 2007: 309-331

5. Luczyniska A. Psychologia sportu i aktywnosci
fizycznej. Zagadnienia kliniczne. Warszawa: PWN;
2016 [in Polish]

6. Bujak Z. Wybrane aspekty treningu tackwon-
do. Warszawa: AWF Warszawa, ZWWF Biata
Podlaska; 2004 [in Polish]

7. Lee KM, Nowicki D. Tackwondo sport olimpi-
jski i sztuka samoobrony. Warszawa: Alma-Press;
2009 [in Polish]

8. Wasik J, Grygiel 1.. Tackwon-do. Podstawy
treningu tradycyjnego. Czgstochowa: Projack;
2012 [in Polish]

9. Choi, Hong, Hi. Tackwon-do. The Korean Art
of Self-Defence. New Zealand: International
Taekwon-do Federation; 1995

10. Pedzich W, Mastalerz A, Urbanik C. The

comparison of the dynamics of selected leg strokes
in tackwondo WTF. Acta Bioeng Biomech 2006;
8:1-9

11.Serina ER, Lieu DX. Thoracic injury potential
of basic competition tackwondo kicks. J Biomech
1991; 24: 951-960

12.Wiasik J. The structure and influence of different
flying high front kick techniques on the achieved
height on the example of tackwon-do athletes.
Arch Budo 2012; 8: 45-50_

13.Wasik J, Shan G. Factors influencing the effec-
tiveness of axe kick in tackwon-do. Arch Budo
2014; 10: 29-36

14.Wysik J, Czarny W, Matolepszy E et al. Kinematics
of tackwon-do front kick. Arch Budo Sci Martial
Art Extreme Sport 2015; 11: 23-29

15.Wasik J, Géra T. Impact of target selection on
front kick kinematics in tackwondo — pilot study.
Phys Activ Rev 2016; 4: 57-61

16.Stull R, Barham J. An analysis of movement
patterns utilized by different styles in the karate
reverse punch in front stance. In: Kreighbaum E,
McNeill A, editors. Biomechanics in Sports VI:
Proceedings of the 6th International Symposium
on Biomechanics in Sports. Bozeman: Montana
State University; 1988: 233-243

17.Stull R, Barham J. An analysis of work and
power produced by different styles in the karate
reverse punch in front stance. In: Kreighbaum E,
McNeill A, editors. Biomechanics in Sports VI:
Proceedings of the 6th International Symposium
on Biomechanics in Sports. Bozeman: Montana
State University; 1988: 225-231

18.Pieter F, Pieter W, Heijmans J. Movement analysis

of tackwondo technique. Asian J Phys Edu 1987;
10: 45-58

19.Wasik J. Chosen aspects of physics in martial
arts. Arch Budo 2009; 5: 11-14

20.Rybicki T, Wasik J, Bednarczyk G. An attempt of
application MEN’s device for measurment of dynam-
ics of chosen techniques in tackwon-do martial
art. In: Juras G, Stomka Kajetan, editors. Current
Research in Motor Control III: from theories to
clinical application. Katowice: Publishing House
Academy of Physical Education; 2008: 293-298

21. Wilk, SR, McNair RE, Feld MS. The physics
of karate. Am J Phys 1983; 51: 783-790

22.Pieter F, Pieter W. Speed and force of selected
tackwondo techniques. Biol Sport 1995; 12(4):
257-266

23.Pieter W. Modelling velocity and force of selected
tackwondo techniques. Beijing: Capital Institute
of Physical Education; 2007

24.Berger BG, Tobar DA. Physical activity and
quality of live. In: Tenenbaum G, Eklund RC,
editors. Handbook of sport psychology. 3rd
ed. New York: Wiley-Blackwel; 2007: 598-620

25.Amen DG. Making a good brain great: The
Amen Clinic program for achieving and sus-
taining optimal mental performance. New York:
Harmony Books; 2005

26.Kalina MR. The profile of Sense of Positive
Health and Survival Abilities indices (subjective
assessment) as a diagnostic tool used in health-
related training. Arch Budo 2012; 8: 179-190

27.Kahneman D. Putapki myslenia. O mysleniu

szybkim i wolnym. Poznan: Media Rodzina;
2012 [in Polish]

© ARCHIVES OF BUDO | SCIENCE OF MARTIAL ARTS

2016 | VOLUME 12 | 291



Original Article

28. Fitts PM. The information capacity of the human
motor system in controlling the amplitude of
movement. ] Exp Psychol 1954; 47: 381-391

29. Wasik J, Nowak K. Influence of different versions
of the straight forward punch on the obtained
force, energy and power — measurements of tae-
kwon-do ITF athletes” performance. In: Kalina
RM (ed.) Proceedings of the 1st World Congress
on Health and Martial Arts in Interdisciplinary
Approach, HMA 2015, 17-19 September 2015,

Czestochowa, Poland. Warsaw: Archives of Budo;
2015: 149-154

30.Wasik J, Shan G. Target effect on the kinematics
of Tackwondo Roundhouse Kick — is the pres-
ence of a physical target a stimulus, influencing
muscle-power generation?.Acta Bioeng Biomech
2015; 17(4): 115-120

31.Bgk R. Definition of extreme physical activity
determined through the Delphi method. Arch

Budo Sci Martial Art Extreme Sport 2013; 9:
17-22

32.Bgk R, Kalina RM. Extreme Sports Perceived by
Students of Faculties of the Physical Education,
Tourisms and Recreation (P252). The Engineering
of Sport 2008; 7(2): 551-556

33.Dictionary of Sport and Exercise Science. Over
5,000 Terms Clearly Defined. London: A & B
Black; 2006

Cite this article as: Wysik J, Ortenburger D, Géra T. The kinematic effects of tackwondo strokes in various conditions the outside environment. Interpretation in the
psychological aspect and perspective of application in sport, health-related training and survival abilities. Arch Budo 2016; 12: 287-292

292 | VOLUME 12 | 2016

www.archbudo.com



