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Abstract

Physically and mentally, kumite karate has become more demanding ever since the focus has
shifted towards winning and attaining success. Physical performance and techniques are now
being evaluated on a regular basis to determine whether the training and coaching programmes
are effective and functional. In this regard, video analysing technology may play a promineﬁt
role in attaining and analysing real competition data. It is against this background that the
objective of the study was firstly, to determine the kumite characteristics of WKF championship
karatekas by making use of video analyses and secondly, to determine the kumite characteristics
that disgriminate significantly between successful (winners) and less successful (losers)

karatekas when making use of video analyses.

The video footage of the kumite finals of the 2004 and 2006 WKF World Senior Championships
were analysed by means of the Dartfish Team Pro video analysis software package in order to
fulfil the first purpose of this study. The kumite characteristics identified by means of the last-
mentibned analyses were then included in the discriminant analysis functions in order to fulfil
the second aim of this study. All together eight female and 19 male finals were analysed and the

winners of each fight were classified as successful and the losers as less successful karatekas.

The results indicated that among both genders, gyaku tsuki was the most frequently executed
technique, followed by grabbing and kizami tsuki. No other karate techniques emerged as
frequently executed techniques during the kumite championships. The jodan was the most
targeted area, while the lead front leg shift, followed by the forward lunge and then the overstep
were the most frequently used foot movements. Poor scoring rates of 9.9% and 12.85% were
observed for females and males respectively with, on average, only 29.3% and 28.5% of
techniques used to initiate attacks. A work:rest ratio of 4.93:1 and 3.65:1 was calculated for
females and males respectively which, together with the time intervals, indicated that the aerobic

energy system is the primary energy confributor to kumite performance.

1ii



}LEytmct
With regard to the discriminators between the successful and less successful kumite karatekas, it
was found that gyaku tsuki and kizami tsuki were the primary, significant discriminators for
males and only gyaku tsuki for females. Both chudan and jodan were identified as significant
discriminators for the males, whereas target area was not identified as a significant discriminator
among the female karatekas. The male karatekas also revealed a statistical significant result with

regard to the number of initiated attacks.

The conclusion that can therefore be drawn from the above-mentioned results are that video
analyzing technology can be used effectively to determine the characteristics of kumite and that
the number of initiated attacks, punching techniques and the target area were the significant
discriminators between successful and less successful karatekas. Gender differences were,

however, observed with regard to the different kumite discriminators.
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OPSOMMING

Kumite karate het fisiek en psigies meer veeleisend geraak sedert die fokus verskuif het na wen
en die bereiking van sukses. Fisieke vertonings en tegnieke word nou op gereglde basis
gegvalueer om vas te stel of die oefen- en afrigprogramme effektief en funksioneel is. In hierdie
verband kan video-analisetegnologie *n prominente rol speel in die verkryging en analisering van
werklike kompetisiedata. Dit is teen hierdie agtergrond dat die doelwit van die studie ten eerste
Was om die kumite-kenmerke van WKIE-kampioenskapkaratekas te bepaal deur van video-
analisering gebruik te maak, en tweedens om die kumite-kenmerke wat betekenisvol onderskei
tussen suksesvolle (wenners) en minder suksesvolle karatekas (verloorders) deur middel van

video-analises te bepaal.

Die videomateriaal van die kumite-eindrondtes van 2004 en 2006 se WXKF Senior
Weéreldkampioenskappe is geanaliseer deur middel van die Dartfish Team Pro video-analise
sagtewarepakket om sodoende die eerste doelwit van die studie te bereik. Die kumite-kenmerke
wat deur middel van laasgenoemde analise geidentifiseer is, is by die diskriminantanalise-
funksies ingesluit om die tweede doelwit van die studie te bereik. Altesaam agt eindrondtes
waaraan dames en 19 eindrondtes waaraan mans deelgeneem het, is geanaliseer. Die wenners
van elke geveg is as suksesvolle en die verloorders as minder suksesvolle karatekas

geklassifiseer.

By beide geslagte het die resultate getoon dat gyaku tsuki die tegniek was wat die meeste herhaal
is, gevolg deur die vasgryp- en kizami tsuki-tegniek. Geen ander karate-tegnieke het unitgestaan
as dié wat dikwels herhaal is tydens die kumite-kampioenskappe nie. Jodan was die mees
algemene teikenarea terwyl die “lead front leg shift” gevolg deur die “forward lunge” en die
“overstep” as die mees herhaalde voetbewegings geidentifiseer is. ’n Lae punte-
aantekeningstempo van 9.9% en 12.85% is vir dames en mans onderskeidelik waargeneem, met

gemiddeld slegs 29.3% en 28.5% onderskeidelik van die tegnieke wat gebruik is om aanvalle te
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inisieer. 'n ‘Werks:rus-verhouding van 4.93:1 en 3.65:1 is Vir_mans en dames onderskeidelik
bereken wat, gepaard met die tydsintervalle, daarop gedui het dat die a&robiese energiesisteem
die primére energieverskaffer van knmite 1s.

‘Wat die onderskeidingsfaktore tussen die suksesvolle en minder suksesvolle kumite karateias
betref, is gevind dat gyaku tsuki en kizami tsuki die primére, betekenisvolle
onderskeidingsfaktore van mans is en slegs gyaku tsuki vir dames. Beide chudan en jodan is
geidentifiseer as betekenisvolle onderskeidingsfaktore vir mans terwyl teikenareas nie as
betekenisvolle onderskeidingsfaktore by dames geidentifiseer is nie. Die manlike karatekas het

ook statisties betekenisvolle resultate getoon met betrekking tot die aantal geinisieerde aanvalle.

Die gevolgtrekking wat dus uit laasgenoemde resultate gemaak kan word, is dat video-
analisetegnologie effektief geb'ruik kan word om die karate-kenmerke van kumite te bepaal en
dat die aantal aanvalle wat geinisieer is, slaantegnieke en die teikenareas die betekenisvolle
onderskeidingsfaktore ten opsigte van suksesvolle en minder suksesvolle karatekas was.
Geslagsverskille met betrekking tot die verskillende kumite karate-kenmerke is wel ook

waargeneem.
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Chapter 1

1. PROBLEM STATEMENT

Karate started as a weaponless fighting method of ancient Chinese monks, warriors and
physicians (Feld et al., 1979:150) and was originally developed for self-defence. Karate has,
however, become a popular ompetitive martial art sport which attracts participants world wide
(Gibson & Wallace, 2004:vi). One of the most popular forms of karate in which individuals
participate is competition kumite (Searcy, 2001:1). Competition kumite can primarily be
described as a semi-contact fighting event which consists of the execution of defensive and
offensive techniques, while two karatekas are freely moving in opposition to each other
(Imamura et al., 1996:342). Participants’ success and their effectiveness during this event depend
not only on their technical skills but also on their physical conditioning (Nakayama, 1967:15).
Studies have focused on the technical skills of karate (Gibson & Wallace, 2004; Nakayama,
1967) but only a small number of researchers have studied fhe influence of physical and
movement skills on the performance of karatekas (Beneke ez al., 2004; Francescato et al., 1995;
Imamura et al., 1996). Also despite anecdotal evidence that athletic performance is a reflection
of an athlete’s physical condition (Beneke et al., 2004:518), most researchers have ignored this

aspect of karateka.

According to Nakayama (1967:15), it is necessary to analyse karate continuously to be able to
make improvements and describe the physical and technical characteristics of the sport. Sports
that have been most commonly analysed by researchers include running, cycling and swimming,
probably because people can easily be evaluated by making use of standardised laboratory and
field tests (Francescato et al., 1995:355). On the other hand, it is more difficult to simulate a

karate fight by making use of pre-standardised tests.

A study by Lehmann and Jedliczka (1998:9) has, for example, shown that athletes perform 30-
50% less maximum intensity actions and experience 10-40% lower blood lactate values during a
simulated karate fight than during the real competition fight. Beneke er al. (2004:519-520)
studied the energy contributions of simulated fights and observed that the relative oxygen
comsumption per fight was 52.4 ml/kg/min on average and the post-fight blood lactate 7.7
mmol/l. The individual blood lactate concentrations corresponded positively with the number of
high intensity actions performed during each fight and negatively with the duration of each
interruption during the fight. The work:rest ratio was found to be two to one with 18 seconds of
activity for each 9 seconds of inactivity. During the periods of activity, an average of 16.3 high

intensity actions per fight each lasting 1-3 seconds, were performed. In view of this data
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Beneke et al. (2004:522) concluded that the aerobic energy contribution during kumite is more
or less 74% of the total energy contribution, while that of the anaerobic energy system through
the ATP-CP (adenosine tri-phosphate and creatine phosphate) system is more or less 17.9%. The
problem researchers are faced with is that the last-mentioned values were obtained from
simulated fights and not from in-time fights. As has been mentioned at the start of this
paragraph, the values obtained from simulated fights are less than those obtained from in-time

fights.

However, with the Dartfish video analysis software package that appeared on the market a few
years ago, it is iow possible to analyse a sport such as karate more sport specific and in-time.
Despite the availability of the product, only a few studies could be traced that have analyzed
karate in such a manner. Nunan (2006:49), for example, utilized video analysing technology to
analyse kumite during competitions to determine the most common techniques and then
implement the results to develop a sport specific aerobic capacity test for karate. Video analyses
have also been used with great success in other martial art sports such as Taekwondo
(McDonald, 2006:1). McDonald (2006:1-2) and Kellick (2005:2) state the importance of this
type of technology during preparation and conditioning of athletes by attributing the success of
the England and USA Taekwondo teams to, amongst other things, video analysing technology.

In view of a lack of research concerning the utilization of video analysing technology in
determining the karate kumite characteristics, the following research questions are posed: Firstly,
what are the kumite characteristics of World Karate Federation (WKF) championships as
determined by means of video analysis? Secondly which of the WKE championship kumite
characteristics discriminate significantly (p < 0.05) between successful (winners) and less
successful karatekas (losers) when making use of video analysis? The results of studies in which
video analysing technology is used to analyse and describe \kumite may provide karate coaches
and sport scientists with information that will allow them to condition and prepare athletes more

effectively for kumite.
2. OBJECTIVES .
The objectives of this study are:

» To determine the kumite characteristics of WKF World Karate Senior Championships by
making use of video analysing technology.



Chapter 1

« To determine which of the WKE World Karate Senior Championships kumite characteristics

discriminate significantly between successful and less successful karatekas when making use

of video analysing technology.

3. HYPOTHESIS

The study is based on the following hypothesis:

« Due to the descriptive and explorative nature of the first objective, no hypothesis is set.

« From the available research it is hypothesized that the high scoring techniques such as

kicks, leg sweeps and take downs as well the foot movements such as the forward lunge,

half step, overstep and lead front leg shift will act as significant discriminators between

successful and less successful karatekas.

4. PROPOSED CHAPTERS

The dissertation is submitted in article format as approved by the Senate of the North-West

University and is structured as follows:

Chapter 1:

Chapter 2:

Chapter 3:

Chapter 4:

Problem statement, objectives and hypotheses, of this study. A bibliography is
provided at the end of the chapter in accordance with the guidelines of the North-
‘West University.

A literature overview titled: The use of video analyses. to identify kumite
characteristics. A bibliography is provided at the end of the chapter in accordance
with the guidelines of the North-West University.

Article 1 — Kumite characteristics of WKF championships as determined by
means of video analysing technology. This article will be presented for
publication in the Journal of Strength and Conditioning Research. A bibliography
is presented at the end of the chapter in accordance with the guidelines of the
journal. Although not according to the guidelines of the journal, tables will be
included in the text so as to enable the reader to read and understand the article
easier. s
Article 2 — Discriminant analyses of kumite characteristics using video analyses
during the WKF championship finals. This article will be presented for
publication in the Journal of Strength and Conditioning Research. A bibliography

is presented at the end of the chapter in accordance with the guidelines of the

4
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journal. Although not according to the guidelines of the journal, tables and figures
will be included in the text so as to enable the reader to read and understand the
article easier.

Chapter 5: Summary, conclusions and recommendations.
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Chapter 2
1. INTRODUCTION

Karate is a fast-growing competitive sport that attracts participants and spectators world wide
(Gibson & Wallace, 2004:vi). Due te this growth in competitiveness, kérate has, similar to many
other sports, become physically and mentally more demanding, since the focus has shifted more
towards winning and towards attaining success. This shift in focus has also given rise to more
scientifically evaluated and constructed programmes as well as training methods which are
formulated by qualified sport professionals in accordance with karatekas’ individual needs
(Jepperson, s.a.:1). The rules of the karate competitions have also been adapted over the years to
make the sport more acceptable for inclusion on the list of Olympic sports. The rule change led
to an increase from 90 seconds to 120 seconds for females and to 180 seconds for males, in fight
duration as well as an increase in the number of points one of the karatekas has to achieve (from
a two-point lead to an eight-point lead) to be declared a winner. Due to the rule changes
karatekas are now also able to achieve higher points (three in stead of two) for the successful
execution of more advanced techniques. All these changes led to an increase in the attractiveness
of the sport and a need for more research on the physiological and technical requirements of

karate.

Physical performance and techniques are being evaluated on a regular basis to determine whether
the training and coaching programmes are effective and functional, as well as for research
purposes (McGinnis, 2005:362). Beneke et al. (2004:519) did, however, indicate that the data
from standardized laboratory tests and simulated fights can be misleading and inaccurate when
applied to the real karate competition outcome or situation. In this regard, video analysing
technology may play a prominent role in attaining and analysing real com;;etition data. Karate-
related sports chh as Taekwondo has, for example, attributed the success of the team to the
implementation of video analysing technology (Kelleck, 2005:1; McDonald, 2006:1). Several
researchers have also used video anaiysing technology as a tool to accurately determine the
different physiological requirements of karate as well as the frequency of techmniques that are
executed during karate fights (Beneke et al., 2004:519;. Nunan, 2006:48). Despite the advantages
of video analysing techﬁqlogy, some coaches and sport professionals still feel intimidated by this
type of technology and would rather stick to older methods due to ignorance (Liebermann &

Franks, 2004:59).
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In view of the above-mentioned facts, the purposes of this literature overview are therefore to
provide the sport fraternity with a brief background concerning the origin of karate, an
explanation of kumite and the most commonly used techniques and movement skills in this
category of karate; the physiological characteristics of the sport; and finally, information on the

use and benefits of video analysing technology in identifying kumite characteristics.
2. KARATE

2.1 Introduction

The origin of martial arts can be traced to the Chinese mona‘steries where the students practised
martial arts as part of their physical training to build endurance and strength (Nakayama,
1967:13). During the time when the use of all weapons was prohibited, the population in
Okinawa developed “empty-hand” fighting (karate) to defend themselves (Nakayama, 1967:13).
Master Funakoshi introduced karate to Japan in 1922, established the Shotokan style in 1936 and
the Japan Karate Association in 1955 (Nakayama, 1967:13). Over time, different karate styles
and techniques were developed which led to the establishrhent of new forms of karate over the
years (Noble, s.a.:2). The Japanese masters from the various styles introduced different forms of
karate to countries world wide. However, competition fighting was never the focus of any of the
original Japanese fighting masters. It was the French who began a world organization and hosted
the first international championships (WKF, s.a.:1). Recent statistics indicate that world-wide
some 50 million participants from 173 registered national federations take part in the World
Karate Pederation (WKE) organization (WKF, s.a.:1). During 2008, WKF karate was also

selected for possible inclusion in the Olympic programme (WKF, s.a.:1).

Karate tournaments can be classified in two main divisions, namely: kata (set sequence of
movements) and kumite (fighting). Competition kumite can primarily be described as a semi-
contact fighting event, which consists of the execution of defensive and offensive techniques
while two karatekas are freely moving around on the competition area (Imamura et al.,
1999:342). The kumite rules of karate competitions have changed dramatically over the years to
make the sport more spectacular and attractive for spectators and the media. In view of the fact
that kumite is the focus of this study, the nature and characteristics of kumite will be explained in
the next section. This will be followed by a discussion of the different techniques and tactical
skills used by competitors in kumite. Finally, this section will conclude with a review of the

physiological characteristics of international kumite.
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2.2 World Karate Federation (WKF) kamite

WKF kumite is a semi-contact fighting event during which two opponents are freely moving on
a 8x8 m WXTF-approved mat while they are wearing WKF-approved protective gear (mitts, shin
pads, foot protectors, mouth guards and chest protectors for females). No excessive contact is
allowed during the fight and attackers are suppose to control the impact of their contacts (WKF,
2005). Participants receive a three-minute fighting period in the case of men and two minutes in
the case of women to score as many points as possible. In order to be declared a winner, the
competitor needs to either lead by eight points or have obtained the highest number of points at
the full-time signai. The total duration of fights is, however, usually much higher than the
allotted two or three minutes (more or less 267 sec on average) due to stopages and referee
decision-making while the fight is taking place. Each fight starts when the referee calls out
“shobo hajime” (start fighting) and ends when the referee calls out “yame” (stop fighting). These
stop and start intervals will vary according to the number of points awarded, the frequency of

penalties given, or the time spent on referees’ decision-making during the fight.

Competitors are awarded one, two or three points at a time, depending on the type of techniques
used or the body part that was struck during the fight. Three points (sanbon) will be awarded in
cases where the head or face (jodan) was “hit” by making use of a kick or the competitor
executed a take-down technique and then made use of another scoring technique while the
competitor is down. Two points (nidan) are granted in situations where the competitor has “hit”
the opponent’s back, abdominal or chest area (chudan) by making use of a kick or punches the
opponent’s back or the back of the head or when a combination of at least two hand techniques
“hit” the target area or a scoring technique was executed successfully while the opponent was off
balance. One point (ipon) is awarded in cases where hand techniques were successfully

performed to the head, face (jodan), back, abdominal or chest area (chudan).

Each of the different karate techniques and movement skills used during fighting (kumite) will
subsequently be explained and discussed to make clear why different points are being awarded to
different techniques as well as why certain techniques are more frequently used during
competition kumite. This will also provide background information to bring about a better
understanding and interpretation of the physical and physiological impact and requirements of

the sport.
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2.3 Kumite techniques

“Fundamentally karate is the practice and development of blocking and striking techniques”
(Evans, 1997:7). To build a kumite foundation, all beginners start with Kihon training which
consists of the execution and repetition of basic defensive and attacking techmiques in a
prearranged setup (Kato, 2002:1). A review of the different karate curriculums show that
beginners are first taught the different punch variations followed at a later stage by the different
kicking techniques. Karatekas must repeat the different techniques in such a manner that the
different body parts travel to the target across the correct route (Nakayama, 1967:15). Seven to
ten grades are completed before karatekas reach black belt (Evans, 1997:7). It is expected that
karatekas who have reached this level have developed the different techniques almost to

perfection (Sforza et al., 2000:957).

2.3.1 Punching techniques

The hands are more agile than the feet and more commonly used for attacks and as a defensive
tool or shield to protect the body against attacks (Lee & Uyehara, 1977:29). With the execution
of punching techniques, the hand can reach a peak velocity of between 10 and 14 m/sec if
techniques are executed correctly (Feld er al., 1979:150). According to Lee and Uyehara
(1977:45), a well-executed punching technique should be performed effortlessly and muscle

tightening should only occur a split second before impact.

The three different punching techniques most commonly used in kumite are:

»  Gyaku tsuki (Figure 1): A punch that is executed with the hand that is on the opposite side of
the front leg is called a gyaku tsuki. The key to a well-executed gyaku tsuki is to utilize the
power from the hips. The punching action is coordinated in such a manner that execution
takes place Wheﬁ hip rotation occurs. The fist is located to the side at hip height with the
palm facing upwards, and travels in a straight line to the target. The elbow is brushed against
the side during the execution of the punch and the forearm is turned 180 degrees inwards as
the muscles contract at the moment of impact. The range of the attack ca_n be extended by a
forward step with the front foot in the direction of the attack while lowering and rotating the

hips in an inward and forward position. .
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Figure 1: The karateka on the left is demonstrating the final position of a jodan
(head, face) gyaku tsuki (Evans, 1997:71).

= Q1 tsuki (Figure 2): The technique is a stepping punch that is executed with the hand that is
on the same side as the foot that steps forward. However, it is very easy for opponents to
anticipate this technique due to the initial movements that are performed at the start of the
technique. In view of this, karatekas need to execute the technique by making use of fast foot

work and by turning the hips forward and pushing the rear leg hard off the ground.

a.

Figure 2: a. The karateka demonstrate the starting position of a oi tsuki; b. is the

transition phase and c; is the final position of a chudan (mid-section) oi tsuki
(Nakayama, 1967:114).

= Kizami tsuki (Figure 3): A punch that is executed by “snapping” the wrist of the hand that is
on the same side as the front foot is called a kizami tsuki. Well-known fighter Bruce Lee, a
Jeet Kune Do (a martial art style) master, believed that the leading straight punch (kizami
tsuki) is the most important punch because the lead hand taravels a shorter distance to the
target which makes it a very fast movement (Lee & Uyehara, 1977:30). However, he
believed that the fist should be positioned vertically instead of horizontally like in other
karate styles.

12
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Figure 3: The karateka on the left is demonstrating the final position of a jodan
(head, face) kizami tsuki (Evans, 1997:70).

Research by Nunan (2006:50) found that gyaku tsuki is the most frequently used technique
during competitions. Lee and Uyehara (1977:30) are, however, of opinion that the kizami tsuki is
a better punch technique in situations where seven or more centimetres in reach are to be
obtained. Researchers also concluded that the speed of punch techniques is more important in
achieving a point than the amount of strength applied (Harvard University, 2006:1).
Furthermore, Cesari and Bertacco (2008:355) state that the efficiency of the techniques is rather
determined by the body position and stability of the karateka than by anything else.

2.3.2 Kicking techniques

Kicking techniques are technically more difficult than most punching techniques; therefore they
require much more time and effort during training (Nakayama, 1967:136). The legs and feet are,
however, very important body parts for attacking and scoring points during kumite. The legs are,
for example, longer than the arms which make it possible to score points over a longer reach
distance. Kicking techniques are especially important in situations where the karateka wants to

keep his/her distance from the opponent (Lee & Uyehara, 1977:58).

The four kicking techniques most commonly used in kumite are:

*  Mawashi geri (Figure 4): This technique is a roundhouse kick that is performed with either
the front (front mawashi geri) or back leg (back mawashi geri). The foot is moving in a large
circle around the body, by rotation of the hips. The foot moves from the outside, inward. The
mawashi geri may not be as powerful as the other kicks, but can be very deceptive and
effective due to the quick recovery that is associated with the execution of this kick (Lee &

Uyehara, 1977:65).
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Figure 4: The karateka on the left is demonstrating the final position of a chudan (mid-
section) mawashi geri (Evans, 1997:62).

Ushiro mawashi geri (Figure 5): This kick is known as a reverse roundhouse kick that is

either performed by the front or back foot. The foot starts the kick in front of the body and

moves in a half circle outwards towards the opponent.

Figure 5: The karateka on the left is demonstrating the final position of a jodan (head,
face) ushiro mawashi geri (Evans, 1997:64).

= Mae geri (Figure 6): A front kick that is performed with the ball of the foot.

Figure 6: The karateka on the left is demonstrating the final position of a chudan (mid-

section) mae geri (Evans, 1997:68).
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=  Yoko geri (Figure 7): The technique is a side kick that can be directed to the side or to the
front. The hips are utilized to push the kicking leg into full extension when the foot “hits”
the target. The side kick is the most powerful kick in karate and is used to knock the
opponent off balance or to stop the opponent in his/her tracks (Beasley, 2003:75).

Figure 7: The karateka on the right is demonstrating the final position of a jodan (head,
face) yoko geri (Nakayama, 1967:152)

The power of a kick is determined by the amount of “whiplash” generated by the foot due to the
contracting leg muscles (Nakayama, 1967:137). A kinetic analysis of the kicking action shows
that the thigh decelerates while the lower leg simultaneously accelerates, which makes it possible
to perform the “whiplash” kicking action (Sorensen et al., 1996:483). The most important part of
all kicks is the initial movement during which the knee is lifted up and bended to its maximum
(Bvaps, 1997:29). During training, karatekas will be taught to lift the knee to the side for a
mawashi geri and to the front for a mae geri, but for kumite competitions karatekas must use the
same position for all kicks in order to make it difficult for opponents to anticipate which kick is
going to be performed (Evans, 1997:29). Furthermore, elite karatekas must be able to alternate
quickly from one kick to another by judging the distance from the opponent correctly and by
timing their action (Hickey, 1997:139). In addition, karatekas also need a high degree of
flexibility to perform jodan kicks effectively (Evans, 1997:29).

The reason for the knee 1ift at the start of the kicking action is to force the hip muscles to initiate
the kicking action after which the thigh muscles will be activated to perform the rest of the
movement. It is also extremely important that the hips and ankles of the non-kicking leg should
be stabilized while performing a kick. Stabilizing will make it difficult for the opponent to
perform a leg sweep, a throw or a take-down on a karateka (Nakayama, 1967:136). Most

15



Chapter 2

opponents will try to use the sweep technique the moment the karateka shifts his/her weight to a

particular leg (Hickey, 1997:137).

23.3 Additional techniques

Additional techniques such as the leg sweep and take-downs are used in order to position the
opponent in a vulnerable position to create an opportunity to score higher points
(three points). However, the execution of the last-mentioned techniques can only be awarded
with points if it is combined with another technique. Grabbing on the other hand is used as a
defensive strategy, due to the fact that a karateka is more vulnerable to be scored on when

moving backwards.

x Teg sweep (Figure 8): A leg sweep is executed with the inside part of the foot that makes
contact with the lower leg of the opponent. The opponent’s leg is taken from underneath

him/her which leads to an unstable position and the fall.

a.

Figure 8: a. The karateka on the right hand side demonstrates the start of a leg sweep; b.

the front leg of the karateka on the right is used to throw the opponent off balance; c. the

karateka on the left falls to the ground as the end result of a correctly executed leg sweep
' | (Kombatklub, 2005).

=  Take-down (Figure 9): The take-down technique can be done in more than one way. The
take-down is executed by rotating the hips, while the knees are bent and the hips lowered. In
most cases the take-down is combined with the leg sweep in order to increase the

effectiveness of the technique.
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b
Figure 9: a. The karateka on the left hand side demonstrates the start of a take-down; b.

a.

the opponent is thrown over his shoulder; and c. the throw to the floor after which a
punch is executed to the head (Kombatklub, 2005).

=  Grab (Figure 10): Grabbing an opponent is illegal, but is used by karatekas to prevent the

opponent from scoring a point.

a. A1b. 2 e,

Figure 10: a-c. The karatekas on the right hand are demonstrating the grab technique
(Kombatklub, 2005).

The movement skills karatekas perform in order to execute the above-mentioned techniques are
subsequently discussed. This has been pointed out by coaches as an important part of kumite as

movement skills determine the time and manner in which karatekas attempt to score points.

2.3.4 Movement skills

Movement skills are used to control the exact fighting distance and reach during kumite
competitions (Jung & Lawler, 2000:1). Karatekas will usually try to maintain a non-strikeable
fighting distance when they first want to evaluate the opponent’s abilitie§ and fighting techniques
and want to plan counter attacks to score points. During times when karatekas want to attack
they will use half or double steps, shifts or a forward Iunge to close the fighting distance as fast
as possible and surprise the opponent (Evans, 1997:45). Side-stepping is mainly used as a

defensive tactic but in certain situations can also serve as a movement to initiate an attack or
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counterattack (Lee & Uyehara, 1977:21). Side-stepping must, however, be executed explosively
in these situations (Evans, 1997:44).

Karatekas have different body types and limb lengths which determine the fighting and reaching
distance that will be most effective in scoring points. or avoiding attacks (Jung & Lawler,
2000:1). Karatekas who have flaws in their attacking techniques will also be able to compensate
for it by moving effectively (Evans, 1997:43). Movement skills are also used to manipulate the
opponent’s position and in forcing him/her to make positional errors. In this regard forward,
backward and side-way hopping movements are mainly used to obtain a positional advantage
over the opponent (Beneke et al., 2004:518). To perform these hopping movements effectively,
the body weight needs to be transferred in a wide range of directions and be followed by some or
other hip action and limb expansicn (Kato, 2002:3). The body must also, at all times, be aligned
correctly so as to facilitate the correct muscle actions and provide stability by lowering the centre

of gravity (Nakayama, 1967:15).

A discussion on the ways in which karatekas use the above-mentioned techniques during

competitions follows next.

2.4 Competition tactics

Tactics refer to the details of a plan by which a strategy can be used to outsmart an opponent
(Verstappen, s.a.:1). A common tactic is to attack in threes (Hickey, 1997:134). The first two
attacks will usually be targeted to jodan, which will likely force the opponent to move his/her
hands over the face. This can create an opening for the attacker to score points in the chudan
(abdominal, back or chest) area by making use of a third movement (Beasley, 2003:117).
Karatekas also fake certain techniques as a tactic to draw the opponent forward and analyse
his/her intentions and main scoring technique. The fake technique must, however, be performed
in such a manner that it looks real and forces the opponent to react to it (Hickey, 1997:139).
Successful kumite karatekas have the ability to quickly analyse and evaluate their opponents’
tactics and to apply tactics to counter the opponent’s attacks (Nishimura, 1995:3).

Furthermore, it is crucial during kumite that karatekas move smoothly and directly into attacks
without providing the opponent with hints concerning the type of technique/s or attack/s that are
going to be used (Nishimura, 1995:3). One of the primary aims of the karateka is to surprise

his/her opponent and make it difficult for the opponent to anticipate the next move. Karatekas
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who want to maintain the surprise element will have to be able to move the feet rapidly in
different directions (Evans, 1997:53). Surprise attacks can also only be executed if the hands and
feet are continually being positioned in such a manner that attacks can be performed from any
place or at any time (Nakayama, 1967:18). The timing of the attack will also affect the surprise
element (Hickey, 1990:1). In this regard it is better to attack either when the opponent is
readying him/herself for an attack, or at the beginning of the opponent’s attack or when the
opponent has completed his/her attack (Hickey, 1997:130). A further requirement is to always
counter immediately after the opponent has struck. It is important not to block, retreat and then
counter but rather to block and counter immediately (Nishimura, 1995:2). In cases where this
action is not followed and a delay occurs, the opponent will be in a position to move out of range

or to score a point.

Bobbing and weaving that consist of side to side and in and out movements are often used as
defensive tactics (Lee & Uyehara, 1977:119). The drawback of these tactics is that it can
occasionally be time consuming to perform, and because of this, allow the opponent to adapt and
change his/her attacking sequence. For example, to weave to the inside of a right kizami tsuki,
the karateka needs to move to the outside by dropping the head and body with more or less

22-30 centimetres, which may take approximately 0,25 sec (Kato, 2002:3).

It is important that karatekas select tactics that fit their participation levels and abilities, that are
easily mastered in training sessions and that are built on previously learned skills (Hickey,
1997:135). Tactics alone will not guarantee success. The karateka must still be able to evaluate
his/her opponent successfully, anticipate the opponent’s tactics and be able to make accurate and

fast decisions (Beasley, 2003:117).

Several physiclogical characteristics are also important for success in kumite. The next section
will discuss some of the physiological characteristics of karatekas relevant to the performance of

‘the sport.

2.5 Physiological characteristics of kumite

Kumite used to be categorized as an explosive activity which primarily makes use of the
anaerobic energy system (Kato, 2002:5). The physiological characteristics of kumite with fegard
to the contribution of the different energy systems have, however, changed due to the allocated

fighting time that was increased from 90 to 180 sec and from 90 to 120 sec for the male and
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female competitors respectively. One way in which researchers and sport scientists can
determine the ergogenesis of a specific sport is by calculating the work: rest ratio that applies to
that specific sport (Bompa, 1999:81). The work: rest ratio is dependant on the total duration and
intensity of the specific activity. In this regard Bompa (1999:347-350) states that actjvities that
depend on the anaerobic energy system usually last between 5 and 120 seconds and are executed
at a sub-maximum or maximum intensity level. Rest periods between these types of activities are
usually between 6 to 10 min (Bompa, 1999:347-350). Aerobic energy system-dependant
activities take place over much longer periods of between 2 min and 2 to 3 hours at a lower
intensity level (70% of maximum intensity level) and are followed by shorter rest periods of
between 45 and 90 sec (Bompa, 1999:347-350). Both the aerobic and anaerobic energy systems
do, however, contribute to the energy requirements of activities in kumite. It is the percentage

contribution of the different energy systems that differ from one activity to the next.

One way of determining this contribution is by making use of video analyses to calculate the
work: rest ratio of a specific event and evaluating the intensity levels of the different activities. In
this regard a previous study by Francescato (1995:356) on eight inexperienced karatekas (1-3
years of karate participation and 2 hours of training per week), indicated that the anaerobic
energy system was predominantly used during karate. In contrast, Beneke et al. (2004:519)
discovered that the aerobic energy system was the primary energy supplier during the karate

activities of ten nationally and internationally ranked karatekas.

Beneke et al. (2004:519) classified the different movement intervals of kumite according to the
intensity that was maintained during simulated competition fights. The first type of intervals
consisted of forward, backward and sideways hopping movements that were used in preparation
for attacks and categorized as low intensity activities. The second type of intervals comprised
offensive and defensive techniques that were executed at fast speeds and were categorized as
high intensity activities. During a normal simulated fight, Beneke ez al. (2004:519) observed
16.3 high intensity actions with a duration of 1-3 seconds each. The third type of intervals
consisted of activities during which karatekas rested. This was, for example, periods during
which karatekas stood still while referee/s decisions took place or points were awarded. On
average, the duration of these intervals was 9 sec, which resulted in a work: rest ratio of two to
one. The accuracy and relevancy of these observations can, however, be questioned in view of

the research of Lehmann and Jedliczka (1998:60) who proved that the frequency of attacking and
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defending actions during simulated competitions were 30-50% lower than during real

competitions.

The intensity of a fight is, however, also influenced by the fight duration. In this regard Iide er al
(2008:841) reported significantly higher heart rate, maximum oxygen consumption, lactate and
energy expenditure values during three minutes compared to two minutes of fighting among
boys. They also showed that the total duration of attacks increased from 13.3 sec during two
minutes of fighting to 19.4 sec during three minutes of fighting, which also has an impact on the
work: rest ratio and the ergogenesis of the specific kumite event (lide et al., 2008:841). The last-
mentioned research results coupled with the fact that the WKF has changed the duration of
kumite competition events from 90 sec to two minutes for females and three minutes for males,
emphasize the importance of re-evaluating the physiological characteristics of kumite by means

of real-time video analyses.

The next sections will focus on the literature that relates to the practical use and possible benefits

of video analyses for karate and other karate related sports.
3. VIDEO ANALYSES

3.1 Introduction

Video technology gives athletes “instant visual feedback™ of their performances (Dartfish,
2008:1) and is an excellent way of getting practical concepts across from the coach/analyser to
the athlete (Bray, 2008:6). This type of feedback seems to improve and accelerate the learning
process of the participants, but only if appropriately applied (Schmidt & Lee, as quoted by
Liebermann & Franks, 2004:40). In this regard the intervention of coaches is required to
administer the process b}} highlighting the relevant information of the video capturing
(Liebermann & Franks, 2004:40). Athletes will not always be able to regulate the feedback from
the video material and in some cases the available information may exceed the athlete’s
processing ability (Liebermann & Franks, 2004:41). Hence the communication between the
coach and athlete is crucial in determining the feedback process and analysis. Coaches are also
the people who decide whether feedback-base technologies will be used in training and also how
it will be integrated into the training (Liebermann & Franks, 2004:41). Although coaches value

the scientific information gained from making use of technology such as video analysis, they are
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often sceptical about the advantages of such sophisticated technology and still prefer using

simple methods to analyse and evaluate the training process (Liebermann & Franks, 2004:57).

Despite the preferences of coaches, immediate and detailed kinematic analyses are dependant on
complex technologies due to the capability that it has to track and record motion events in real
time (Liebermann & Franks, 2004:57). Thus it is inevitable that researchers and other sport
professidnals will make use of this type of technology to analyse the detail of very fast and
complex movements which are often executed by elite athletes and cannot be tracked or
processed by the human eye and brain (Andrzejewski & Elbaum, s.a.:1). Processing of detail is
especially important in view of the fact that the slightest mistake or flaw in the execution of
movements may be detrimental to optimal performances. With video analyses the coach and
support staff will be able to highlight certain flaws in techniques and movements as well as to

compare these activities with reference clips.

Video analyses can also be used to analyse the exact nature of a specific sport in order to develop
a sport specific profile. Real-time analyses is also much more accurate in developing profiles and
describing the nature of a certain sport compared to the use of simulated actions and movements.
In this regard a study on karatekas has for example shown that karatekas perform 30-50% less
maximum intensity actions and experience 10-40% lower blood lactate levels during simulated

fights compared to when the real competition fights take place (Lehmann & Jedliczka, 1998:60).

It is against this background that the review of literature that has focused on the use of video

analyses among martial art sports is revealed.

3.2 Video analyses of kumite and other related sports

Information on opponents’ strong and weak points will allow karatekas to outsmart their
opponents during kumite competitions. Video analyses will allow the coach and other support
staff to obtain this information so that karatekas can be prepared and trained for international
competitions. Other related sports, such as full contact karate, have used video analyses to
determine which techniques are most commonly used to score points in prder to develop
effective attacking and counter-attacking combinations (Sevostyanov & Kholodov, 2005:15).
Poland’s national judo coach recorded and analysed the frequency as well as the efficiency index

of the techniques during several judo fights and discovered that 78% of all points were scored by
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making use of basic and auxiliary techniques. Other techniques were only used in situations

where opponents made mistakes (Adam, 2007:217).

The practical significance and importance of video analyses have also been emphasized by
authors such as McDonald (2006:1) and Kellick (2005:1) who attributed the success of the
England and USA Taekwondo teams to, among other things, video analysing technology. Both
teams used video analyses to identify their opf)onents tactics and movemeﬁts as well as théir

weaknesses and strengths to develop the best strategies to achieve success (McDonald, 2006:2).

Nakayama (as quoted by Sforza, 2000:948) has made use of video analyses during the early
nineteen sixties to maximize the effectiveness of different karate techniques. Nakayama (as
quoted by Sforza, 2000:948) investigated two different punches, namely the choku tsuki (straight
punch) and oi tsuki (step and punch), by making use of a special stroboscopic camera and
electromyography. The acceleration and velocity of the hands as well as the electric activity of
the muscles that were involved in these movements were determined for different levels of
karatekas. It was concluded that the speed of both techniques was faster for experienced
karatekas than for beginners (Nakayama, as quoted by Sforza et al., 2000:548). In a more recent
study of Sforza et al. (2000:948) the same two punches were studied by making use of an Italian
computerized system (ELITE) and eight infra-red cameras. The patterns of different body
movements were analysed during the repetitive executions of the punches. It was discovered that
the execution of the oi tsuki was faster than the choku tsuki and that the effectiveness of any
technique was dependant on the karateka’s ability to keep his/her centre of gravity parallel to the

ground while moving (Sforza et al., 2000:948).

Beneke et al. (2004:518) made use of video analyses of simulated karate fights to determine the
physiological requirements and the energy contribution of different energy systems during
kumite competitions. All the fights where video recorded and the different activities that took
place were analysed. The different activities were characterized according to the intensity level
of each and used together with the maximum oxygen consumption and blood lactate results to

determine the energy contribution during kumite.

These findings and statements accentuate the importance of identifying the characteristics of
Iumite by means of video analyses. This is especially true in view of the different techniques and

movements that are performed during kumite.
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4. CONCLUSION

To conclude, the analysing and evaluation of all kumite-related components should form part of
the preparation of all top® level kumite competitors. Coaches and other related professionals
therefore need to compile a profile for kumite and make use of real-time video analysis instead
of simulated methods to do so. Real-time video analyses will also allow researchers and other
people in the karate fraternity to identify the best scoring techniques and the flaws in technique

execution.

The frequency, intensity and duration of each activity during kumite can also be analysed and
noted. The last-mentioned information will enable coaches and other related persons to develop
tactics for each competition and to prepare karatekas specifically for the kumite event. It is,
however, important not to exclude laboratory testing but to use this in collaboration with video

analyses. This will allow researchers to accurately identify the different components of kumite.
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ABSTRACT

The purpose of this study was to determine the kumite characteristics of the 2004 and 2006 WKF
World Karate Senior Championships by making use of video analyses. Eight female and 19 male
fight finals were analyzed by means of the Dartfish Team Pro video analysis software package.
Each fight was analysed according to the different phases identified and the activities that took
place during each phase. The clock function of the Dartfish software was used to determine the
duration of each fight, phase, “pre” and “post-attack”, “attacking” moves as well as breaks or
periods of inactivity. One of the most significant findings from this study was that among both
genders, gyaku tsuki was the most frequently executed technique followed by grabbing and
kizami tsuki. The body area mostly targeted during kumite was jodan, while the lead front leg
shift, followed by the forward lunge and the overstep were the most frequently used foot
movements. Poor scoring rates of 9.9% and 12.85% were observed among the female and male
competitors respectively with only 29.3% and 28.5% of the average number of techniques used
to initiate attacks. From the analyses a work:rest ratio of 4.93:1 for females and 3.65:1 for males

were calculated. In conclusion it can be pointed out that the results demonstrated that video

analyzing technology can be used effectively to determine the characteristics of kumite.

KEY WORDS karate, karate techniques, video analyses, WKF profile, karate physiological

requirements
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INTRODUCTION

Karate started as a weaponless fighting method of ancient Chinese monks, warriors and
physicians and was originally developed for self-defence (7). However, karate has become a
popular competitive martial art sport which attracts participants world wide (9). One of the most
popular forms of karate in which individuals participate is competition kumite (18). Competition
kumite can primarily be described as a semi-contact fighting event which consists of the
execution of defensive and offensive techniques, while two karatekas are freely moving in
opposition to each other (11).

Kumite used to be described as a high intensity activity (1) but more recent research has
shown that the aerobic energy system contributes more or less 74% and the anaerobic,
phosphagen system more or less 17.9% of the energy for the execution of the different
movements (3). In this regard Beneke et al. (3) also demonstrated that 16.3 high intensity
actions, each lasting between one and three seconds, which relate to 3.4 high intensity actions
per minute, take place during simulated fights that last 267 s on average.

A comparison between the characteristics of a simulated karate fight and a real competition
fight has revealed that karatekas perform 30-50% less maximum intensity actions and experience
10-40% lower blood lactate levels during simulated karate fights than during real competition
fights (14). These research results have ledv researchers to rather make use of real-time video
recordings and analyses of the actual fights instead of simulated fights and standardized
laboratory and field tests to analyse the exact nature and characteristics of a specific sport. The
introduction of the Dartfish video analysis package a few years ago made it possible for
researchers and sport-related professionals to analyse sport in this manner. Despite the
availability of this technoloagy for analyses and other similar products (Siliconcoach and Sports

Motion), only a few studies have analysed karate by means of video analysing technology.
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With the use of video analysis Nunan (17), determined that the straight punch and the
roundhouse kick were the most used techniques during kumite competitions. These results
enabled him to consequently develop a karate-specific aerobic test which included the observed
techniques to determine the aerobic capacity of karatekas (17).

The practical significance and importance of video analyzing technology has also been
emphasized by McDonald (15) and Kellick (12) who attributed the success of the England and
USA Taekwondo teams, amongst other things, to video analyzing technology. Both the teams
used video amalysis to identify their opponent’s tactics, movements as well as weaknesses and
strengths with a view to develop strategies to achieve success (12,15). With regard to
movements, karatekas make use of different forward, backward, sideward and hopping
movements to attain the best possible attacking position (2). The timing and nature of the attack
will depend on the fighter’s responsevto his/her opponent’s movements. Some of the tactics that
are, for example, used during fights are to fake various techniques and movements to initiate an
attack from the opponent and then use this to set a counterattack in place (2). Some karatekas
also believe that a strong lead-off technique will distract opponents from concentrating on their
own balance, distance and aim which will provide the attacker with an opportunity to score (2).

The above-mentioned findings and statements accentuate the impc;rtance of video analysis so
that researchers and sport-related professionals (such as sport scientists and coaches) can identify
and note the different kumite characteristics and are enabled to develop better and more effective
training techniques and strategies. Despite the mentioned benefits, no research could be traced
that has focused on the different kumite characteristics by using video analyzing technology.
Therefore, the purpose of the present study was to determine the kumite characteristics of WKF
(World Karate Federation) World Karate Senior Championships by making use of video

analyzing technology.
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METHODS

Experimental Approach to the Problem

The study was designed to analyse and describe the different kurmite characteristics by analysing
the video footage of the WKF World Karate Senior Championship finals of 2004 and 2006. The
video footage of the different fights is commercially available and can therefore be purchased by
the general public. In view of this, the research committee of the authors’ institution did not
deem it necessary to obtain ethical permission to conduct the research. The research methods and
procedures of this study were however evaluated and approved by the research committee of the
authors’ institution before commencement of the study. Due to the limited number of finals for
gach competition year, it was dgcided to combine the finals of 2004 and 2006 to have a more
desirable number of fights. The same rules applied, and competition conditions were experienced
during 2004 and 2006. The video analysis method was preferred because of the real-time data
that could be captured and the capability to use slow motion to detect different movements and
techniques during the fighting periods. The Dartfish Team Pro video analysis software package
(6) was used to do different analyses due to the wide range of features that can be used. These
include, amongst other things: the capacity ;co break down movements for analysing different
aspects; record the duration of different stadia of the fight and track the different imbs and body
movements during the executions of various techniques. The design of the study was, therefore,

an observational, descriptive and “‘ex post facto” design.

Subjects

Karatekas that participated in the kumite finals of the WKF World Karate Senior Championships
during 2004 and 2006 were used in this study. All participants were 18 years or clder. Eight fight
finals in which 16 female karatekas and 19 fight finals in which 38 male karatekas participated

were analysed. Kumite is divided into male and female divisions as well as into individual and
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team events for each gender. Individuals competed according to different weight categores,
which consisted of the following: males - w/60 kg, w65 kg, w/70 kg, w75 kg, w/80 kg, over 80 kg
and open (any karateka could enter regardless of his weight); females - u/53 kg, /60 kg, over 60
kg and open. Individuals could also compete as part of a team that comprised of three or five
female or male participants. For purposes of this study two female fights of 2004 and four and
three male fights of 2004 and 2006 respectively were analysed. Some of the fight finals were not
analysed due to the unavailability of video footage. These include the following: 2004 - females

over 60 kg and team kumite as well as males over 80 kg; 2006 — females u/53 kg.

Procedures

The same person analysed all the fights in order to prevent interpersonal variability in the
different observations and interpretations of activities. Ten percent of all fights were randomly
selected to be re-analysed so as to verify the accuracy of thé original analysis. A re-analysis
coefficient of r = 0.9866 was found when the re-analyses was performed. The person who
analysed the different fights was a qualified sport scientist who has been participating in kumite
at international level and who also had experience in evaluating and conditioning karatekas.

Each fight was analysed according to the different phases identified and the activities that
took place in each phase. A phase commenced when the referee called out “shobu hajime” (start
the fight) and one of the karatekas moved his/her foot over the line and ended when the referee
called out “yame” (stop fighting) and both karatekas’ feet were back behind the line. Each phase
consisted of “attempts to score”, which was subdivided into “pre” and “post-attack” as well as
“attacking” moves. “Pre-attack” moves were classified as moves that took place from the time

the referee called out “shobu hajime” up until the point when one of the karatekas moved his/her
hand or foot in an attempt to score a point. “Attacking” (interactivity) moves were categorized as

moves that started when the karateka attempted to score a point up to the point when the arm/leg
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was fully extended, contact was made, a recoil action took place in preparation for another attack

or the karateka started to move back to his/her original position. “Post attack™ moves were

defined &s the moves that took place once the attacking moves were completed until the next
attack began or until the referee called “yame” and both karatekas were behind their lines.

Every attack was also categorized according to the type of karate techniques and movement
skills used in an attempt to score a point as well as the body area at which the attack was aimed.
Three different punches, four different kicking techniques, three additional techniques, five types
of foot movements and two attacking areas were identified. The name of each of these last-
mentioned techniques and movements together with an explanation of each follow:

Punching techniques

= Gyaku tsuki: A punch executed with the hand on the opposite side of the front leg.

= Oi tsuki: A punch executed with the hand on the same side as the front foot and performed
while stepping forward.

= Kizami tsuki: A punch executed by snapping the wrist of the hand that is on the same side as
the front foot.

Kicking techniques

=  Mawashi geri: A roundhouse kick performed with either the front leg (front mawashi geri) or
back leg (back mawashi geri).

» Ushiro mawashi geri: A reverse roundhouse kick performed by the front or back foot. The
foot starts the kick in front of the body and moves in a half circle outward towards the
opponent. |

=  Mae geri: A front kick performed with the ball of the foot.

= Yoko geri: A side kick usually directed to the side and performe:d without turning the body.

Additional techniques

= Take down: Throwing techniques applied to take the opponent down.

36



Chapter 3

= Leg sweep (ashi barai): A technique applied to throw the opponent off balance.
» Grab: A holding technique used to prevent the opponent form attacking. However, it is

illegal to apply this technique.

Attacking areas
= Jodan: Attacks targeting the head and face area.
» Chudan: Attacks targeting the mid-stion (abdominal, lower back and chest area) of the body.
Foot movements
= Forward lunge: A forward movement with the front leg while the back leg stays static.
= Lead front leg shift: The front leg shifting forwards with the back leg following.
= Half step: The back foot moved next to the front foot and then the front foot moved forward
to form the original fighting stance.
= Overstep: The back foot steps past the front foot into a fighting stance.
»  Moving back: Backward movements used to obtain a better distance from the opponent.
= No foot movement: A term used for periods when no specific foot movements occur during
the fight.

The term “not clear” was used to define periods when no techniques or rﬁovements could be
identified due to the angle of the camera or other reasons. Movements that could be defined as
fake moves (moves that were aimed at evoking reaction from the opponent) or as hopping
movements were not used as markers to stop the time for the pre-attacking period.

The clock function of the Dartfish Team Pro video analysis software package was used to
determine the duration of each fight, phase, “pre” and “post-attack™ as well as the “interactivity

period”. The duration of each break between phases was also recorded.
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In order to calculate the percentage contribution of each phase, the following formula was
used: Percentage contribution = [(Average time duration of the pre-attack or interactivity or post-
attack or break * n) / (Total n)] / [(Average time of the total phase * n) / (Total n)] * 100
n = the number of times the phase occurred, whereas the total n refers to the total number of
fights analysed. To calculate the work:rest ratio, the mean value of the pre-attack, post-attack,
interactivity and break phases were used in the following formula:

Work = [(Average time duration of the pre-attack * n) + (Average time duration of the
interactivity * n) + (Average time duration of the post-attack * n)] / (Total n)

Rest = (Average time duration of the break * n) / (Total n)

n = the number of times the phase occurred, whereas the total n refers to the total number of

fights analysed.

Statistical Analysis

The Statistical Consultation Services of the North-West University determined the statistical
methods and procedures for analysing the research data. The Statistical Data Processing package
(StatSoft Inc., 2007) was used to process the data. The descriptive statistics that were calculated
included the means, standard deviations, minimum and maximum values for each of the

variables.

RESULTS

The frequency of techniques, attacking areas and foot movements

The descriptive statistics of the different karate techniques, attacking areas and foot movements
performed by each of the karatekas during the finals of the WKF World Karate Senior

Championships are presented in Tables 1 and 2 respectively.
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TABLE 1. Results of descriptive statistics of the female kumite characteristics (n = 16).

Variables Total group (n=16) Total group (n =16)
Mean £ SD Min — max range
Score 169 +1.78 0.00—6.00
The number of initiated attacks 5.00%+3.16 1.00-12.00
Total number of techniques used 17.06 +7.84 6.00 —30.00
Punching techniques
Kizami tsuki 2.60 +1.64 1.00-7.00
Gyaku tsuki 8.25+£3.70 2.00-15.00
O1 tsuki 1.19+1.22 0.00 -4.00
Kicking techniques '
Front mawashi-geri 1.06+1.98 0.00 —8.00
Back mawashi-geri 0.75+£1.18 0.00 -4.00
Ushiro mawashi geri 0.25 +£0.58 0.00—3.00
Mae geri 0.19£0.54 0.00 —2.00
Yoko geri 0.25 +£0.58 0.00-2.00
Additional techniques
Grab 3.38 £2.63 0.00-9.00
Leg sweep 0.88 £ 1.82 0.00-7.00
Take down 0.50+1.32 0.00 —5.00
Attacking area
Jodan 9.19+5.36 2.00-20.00
Chudan 544 +2.78 2.00-12.00
Foot movements
Lead front leg shift 2.56+1.90 0.00 - 6.00
Forward lunge '2.00£1.79 0.00 —6.00
Half step 1.56 +1.86 0.00 - 6.00
Overstep 1.81 £1.47 0.00-5.00
Moving back 0.56 = 1.09 0.00—5.00
No foot movement 2.88 £2.28 0.00 -8.00
Not clear 0.19£0.75 0.00 -3.00

SD = Standard deviation, Min = Minimum, Max = Maximum
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The techniques most frequently executed were the gyaku tsuki, followed by grabbing. The kicks
were far less frequently used, with the front mawashi geri being the most popular kick. Kicks
such as the mae geri and ushiro mawashi geri were sé seldomly used that they were excluded
from the study results. On average, female karatekas performed 17.06 techniques in total during
a fight and only scored 1.69 points for the total amount of techniques performed. Female kumite
karatekas therefore scored 9.9% of the time when executing different techniques. Only 29.3% (5
out of 17.06) of the average number of techniques performed were used to initiate attacks during
each of the fights. No foot movements occurred for 2.88 times on average during fights. During
periods when movements took place, the lead front leg shift and forward lunge movements were
performed most frequently. Jodan was the most targeted area (9.19), while chudan was targeted

less (5.44) compared to jodan.
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TABLE 2. Results of the descriptive statistics of the male kumite characteristics (n = 38).

Variables Total group (n=38)  Total group (n =16)
Mean = SD Min — max range
Score “ 311+2.76 0.00—9.00
The number of initiated attack 6.89 £3.02 2.00-17.00
Total number of techniques used 24.21 £8.08 11.00 —48.00
Punching techniques .
Kizami tsuki 4.32+2.90 0.00 - 16.00
Gyaku tsuki 9.95 +5.13 2.00 - 26.00
O1i tsuki 0.37 £0.59 0.00 -2.00
Kicking techniques
Front mawashi geri 1.18 £ 1.83 0.00-9.00
Back mawashi geri 1.71 £2.31 0.00-10.00
Ushiro mawashi geri 0.58 £1.11 0.00-5.00
Mae gerd 0.26+0.72 0.00 —4.00
Yoko geri 0.00 £0.00 0.00 —0.00
Additional techniques
Grab 426 £2.56 0.00 - 10.00
Leg sweep 0.58 £0.98 0.00 -3.00
Take down 1.00£1.76 0.00-9.00
Attacking area
Jodan 12.89 £5.37 4.00-24.00
Chudan 574 £3.67 1.00 - 18.00
Foot movements
Lead front leg shift 3.21+2.09 0.00-95.00
Forward lunge 234 £2.03 0.00-8.00
Half step 2.00£1.71 0.00 — 6.00
Overstep 2.24+221 0.00 -95.00
Moving back 0.32 £0.57 0.00 -2.00
No foot movement 842 £4.23 = 2.00-20.00
Not clear 0.29 £0.57 0.00 —-2.00

SD = Standard deviation, Min = Minimum, Max = Maximum
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Table 2 indicates that the techniques most frequently performed by the males were the gyaku
tsuki followed by the kizami tsuki. Male karatekas made use of a smaller number of kicking
techniques compared to females. The back mawashi geri was performed the most, while the mae
geri was performed the least number of times. On average, male karatekas performed 24.21
techniques in total for each fight and scored 3.11 points. A scoring accuracy of 12.85% was
therefore achieved for each of the techniques performed. Only 28.5% (6.89 out of 24.21) of the
total number of executed techniques were, however, used to initiate attacks during fights. No
foot movements occurred for 8.42 times on average during fights. During periods when
movements took place, the lead front leg shift and forward lunge were performed most
frequently. Jodan was the most targeted area (12.89), while chudan was targeted less than half

the number of times (5.74) compared to jodan.

Time intervals

The descriptive statistics of the time intervals measured during the WKF World Karate Senior

Championship kumite finals are presented in T'ables 3 and 4 respectively.

TABLE 3. Results of the descriptive statistics of the time intervals measured for females during

the WKF Senior Championship kumite finals (n=8).

Min — max Percentage
n Mean % SD range contribution
Phase time (s) 55 28.94+16.14 5.92-92.44
Pre-attack time (s) 83 9.38 £9.31 0.40 — 63.56 48.00%
Interactivity (s) 83 344 £2.59 0.52 - 13.60 17.20%
Post-attack (s) 56 4.64+£1.86 0.16 - 9.64 16.30%
Break (s) 50 5.37+£3.21 0.80 - 18.84 18.50%

n = total number, Min = Minimum, Max = Maximum
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A phase lasted for 28.94 s on average with more or less half of the time spent on the pre-attack
(9.38 s; 48% ((9.38*83/8)/(28.94*55/8)*100)); 18.50% (5.37 s) spent on breaks; 16.30% (4.64 s)
spent on the post-attack and only 17.20% (3.44 s) spent on interactivities. The total duration of
fights was 199 s (3.32 minutes) on average. Hence a work:rest ratio of 165.49 s:33.56 s, which

relates to a ratio of 4.93:1 was observed.

TABLE 4. Results of the descriptive statistics of the time intervals that were measured for males

during the WKF World Karate Senior Championship kumite finals (n=19).

Min —max Percentage
n Mean + SD range contribution
Phase time (s) 195 27.00£18.27 7.92-133.30
Pre-attack time (s) 267 9.45+11.00 0.04-83.90 47.80%
Interactivity (s) 267 2.87+2.62 0.00-27.80 14.50%‘
Post-attack (s) 194 434+1.62 0.00 —-10.88 16.00%
Break (s) 195 5.81+4.00 0.00-32.72 21.5%

n = Total number, Min = Minimum, Max = Maximum

A phase lasted for 27 s on average with more or less half of the time spent on the pre-attack
(9.45 s; 47.8%); 21.5% (5.81 s) spent on breaks; 16% (4.34 s) spent on the post-attack and only
14.5% (2.87 s) spent on interactivities. The total duration of fights was 277.1 s (4.62 minutes) on
average. Therefore a work:rest ratio of 217.44 s:59.62 s, which relates to a ratio of 3.65:1 was

observed.

Discussion
According to the authors, this is the first study to comprehensively analyse the techniques and
movements performed, the attacking areas mainly targeted as well as the time intervals that

occur during kumite at the WKF World Karate Senior Championships. A few studies have,
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however, made use of simulated fights or standardized field and laboratory tests in an attempt to
analyse and describe the kumite characteristics. The accuracy and relevance of data obtained by
means of simulated fights and laborafory tests can be queried in view of the stateinent by
Lehmann and Jedliczka (14) that inaccurate information arises from studies in which these
methods are used.

One of the most significant findings from this investigation was that gyaku tsuki was the most
frequently executed technique by both genders during kumite. Another punching technique,
namely kizami tsuki, was the third most frequently applied technique among the karatekas.
Karatekas are generally more inclined to score points by making use of fundamental punching
techniques such as the gyaku tsuki and kizami tsuki due to the fact that the hands are much more
agile than the feet (13). Furthermore, the gyaku tsuki and kizami tsuki are very fast and powerful
punching techniques that do not require a high degree of skill and are usually taught to karatekas
from a very young age (16). In view of these last-mentioned facts it is reasonable to assume that
karatekas will therefore prefer to use punching techniques during kumite. Some of these results
are in agreement with data of Lee and Ugyhara (13) who revealed that kizami tsuki was the most
used and powerful technique in other martial art sports such as Jeet Kune Do. '

A rather unexpected finding of the study was that grabbing was idgntified as the second most
frequently applied technique during kumite among male and female karatekas. Despite the
existence of a rule that prohibits grabbing between opponents, karatekas in this study frequently
made use of grabbing. This may probably be related to the lack of foot movements observed in
the study. The lack of foot movements suggests that the majority of attacks took place while the
opponenfs were standing still and near to each other. A karateka would usually move towards the
opponent to execute an attack. In situations where an attacker fails to score during the initial

attack, it would be more beneficial to keep the distance between him-/herself and the defender
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close, than for him/her to move backwards after the attack. A retreat would leave the attacker
vulnerable for counter attacks. Grabbing would usually occur in situations where the gap
between the two karatekas is very small; thus préventing the karatekas from attacking
effectively. In these situations karatekas would rather grab each other and receive a warning than
risk the chance of being scored against.

The results also demonstrated that the back mawashi geri was the only kicking technique
executed more than once during male fights. On average, female karatekas executed the different
kicking techniques for no more than once during the course of a fight. Due to the nature of the
sport, it is reasonable to assume fhat kicking techniques will be executed more frequently during
fights due to the large number of points that are awarded for successful execution of a kick
compared to a punch. The same applies to the importance of take down techniques in scoring
points. Take dowﬁ techniques were, however, also used seldomly during fights. In view of this
finding it is clear that male and female karatekas do not apply kicking and take down techniques
during kumite. Kicking and take down techniques are far more difficult to ‘perform due to the
technical requirements and the difficulty in generating a large amount of speed and power
continuously during execution (16), which may explain this observation. No other karate
techniques displayed frequencies high enough to warrant further discussion.

The body area mostly targeted during the kumite was the face and head (jodan). Ihe targeted
body area will affect the number of points that karatekas score. Kicks to the mid section (chudan)
will, for example, score two points, whereas kicks to the face or head (jodan) will score three
points. Karatekas will therefore rather target the jodan than the chudan area to score points at a
faster rate.

The lead front leg shift was the foot movement used most frequently in this study, followed
by the forward lunge and then the overstep (see Table 1 and 2). The overstep (forward step) is a

more advance foot movement and is more easily anticipated by opponents than other foot
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movements (16). Karatekas will therefore seldom make use of this foot movement and would
usually perform this movement after another foot movement. The forward lunge is a short, fast
foot movement that is usually performed during quick attacké over a short distance. The forward
lunge does not allow the karatekas to move over a great distance and does not put a karateka in
an ideal position from which to execute karate ;techniques. On the other hand, the front leg shift
is the most desirable foot movement due to the fact that a karateka can cover a huge distance in a
short period of time and can easily perform any karate technique from this position. It is
therefore not surprising that it was the most frequently used foot movement.

From the results it is also clear that both genders maintained poor scoring rates during the
kumite finals. Female and male karatekas could only succeed in scoring 9.9% and 12.85% of the
time respectively when executing different techniques. Furthermore, only 29.3% and 28.5% of
the average number of techniques executed by the females and males respectively were used to
initiate attacks during each of the fights. Several facts may have contributed to the low scoring
rate, including ineffective execution of karate techniques, good evasive techniques by the
opponents or the use of different fighting strategies. It was, for example, observed that a large
number of karatekas used attacking techniques to defend themselves during fights. In the present
study, only karatekas who reached the finals of the different World Championships were
analysed, which may have influenced the scoring efficiency. Karatekas who have more
experience in kumite will probably be able to better anticipate the attacking moves of their
opponents and evade possible attacks, compared to less experienced competitors. This may also.
serve as a possible explanation for the low scoring rate.

With regard to the time intervals, the data showed that female fights lasted for 199 s compared
to male fights that lasted 277.1 s. During the different phases which lasted between 27 and
28.94 s on average, more or less half (47.8% and 48%) of the time was spent on the pre-attack

compared to 14.5% and 17.2% respectively spent on interactivities. Breaks lasted between 5.37
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(18.5%) and 5.81 s (21.5%) per phase which led to a work:rest ratio of 4.93:1 and 3.65:1 for the
females and males respectively. Previously, Iide et al. (10) revealed that a longer series of
techniques are performed by karatekas during a 2-minute fight compared to a 3-minute fight,
which may possibly serve as a egcplanation for the higher work:rest ratio calculated for the
female participants. Another point to consider is the fact that the male karatekas’ break durations
were longer than those of the females. Breaks usually occur due to referee decisions and the
awarding of points or penalties. The scoring rate of the males was 2.95% higher than that of the
females which may explain the longer break periods. The work:rest ratio of the males was
therefore decreased because of the longer durations of breaks.

‘What the different work:rest ratios and time intervals indicate, is that karatekas only spent a
small amount of time (2.87-3.44 s) on the execution of high intensity, explosive types of
movements during the different phases. Therefore the anaerobic alactic energy system will
possibly be the major contributor during these types of movements (4). The anaerobic alactic
energy system is usually depleted after 5 to 10 s of high intensity activities and needs at least 3 to
5 minutes to allow the resynthesis of high energy phosphates (4). During a fight the breaks in
between two high intensity periods are usually too short for resynthesis of the relevant energy
sources. Because of this the anaerobic lactic system will probabiy be the primary contributor of
energy after the first high intensity period. The pre and post-attack phases usually consist of low
intensity movements such as forward, backward and sideway hopping movements. The aerobic
energy system will most probably play a primary role during the last-mentioned movements.

From the above-mentioned it is apparent that aerobic energy delivery is important for kumite
performances. However, despite the fact that the anaerobic energy system does not play a
primary role during participation in the kumite evzant, it is still an important energy source due to
the fact that karatekas need to execute their techniques with high speed and explosive power if

they wish to penetrate their opponents’ defences. In this regard a previous study by Francescato
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(7) on eight inexperienced karatekas (1-3 years of karate participation and 2 hours of training per
week), indicated that the anaerobic energy system was predominantly used during karate. In
contrast, Beneke et al. (3) showed that the aerobic energy system was the primary. energy
supplier during karate activities of nationally and internationally ranked karatekas. The work:rest
ratio results in this study are not in agreement with those of Beneke et al. (3) who found a
work:rest ratio of 2:1 for male karatekas. It is difficult to directly compare the work:rest ratio
results of the present study with those of Beneke et al. (3), since their study analysed simulated
karate fights and not real competition fights. In this regard Lehmann and Jedliczka (14) showed
that karatekas performed 30-50% fewer techniques during simulated fights compared to real
" competition fights. The execution of fewer techniques may reduce the duration of the interaction
phase and consequently affect the work:rest ratio.

“Unfortunately the researchers in this study were unable to directly measure the intensities of
different activities performed during kumite. It has previously been suggested that heart rate data
can be used to determine the intensities of different activities (5). This would probably be
advisable in cases where a more accurate determination of exercise intensities is warranted.
Furthermore, it may be necessary to do an even more detailed analyses of the different foot
movements executed during kumite. This would mean that the researchers must try to expand the
list of possible foot movements so that more detailed analyses can be done. It would also be
advisable to include all the fights of a kumite competition for analysis in a study of this kind
instead of only the finals. A more accurate and representative profile of kumite characteristics

will thus be obtained.

PRACTICAL APPLICATIONS

This study is the first to document the kumite characteristics of karatekas during WKF World

Karate Senior Championships. The results of the present study suggest that gyaku tsuki and
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kizami tsuki are the most frequently used techniques during kumite karate. Despite the fact that it
is illegal to use grabbing during kumite, this technique was also identified as one of the most
frequently used techniques by both genders during kumite. The application of kicking techniques
such as the back mawashi geri was more relevant among male than female karatekas. Jodan was
by far the most targeted area whereas no movements were observed the highest number of times
when foot movements were analysed.

Seen from a practical point of view, it could therefore be suggested that coaches and sport
scientists spend more training time on the execution of the punching. techniques by simulating
kumite competition conditions. Also, it would be beneficial for talented karatekas to deveiop
evasion and blocking techniques for the jodan area, as this is the main targeted area. Moreover,
grabbing seems to be a very important technique that needs to be developed for karatekas to
obtain success in kumite. In spite of what is commonly believed, karatekas perform many of
their attacking techniques while standing still. What this would imply is that coaches and sport
scientists must teach karatekas how to perform different punching and kicking techniques from a
static position. Despite the observation’ that kicking and foot movements were not frequently
executed, the importance of these characteristics must not be underestimated. Karatekas who are
able to apply kicking techniques successfully will be at an advantage in terms of scoring rate
when compared with their opponents. Efficient and correct foot movements will also allow
karatekas to obtain the best attacking position and evade the opponents successfully during
attacks.

The importance of the aerobic energy system in contributing to the energy requirements of
kumite was highlighted by the work:rest ratio of 4.93:1 and 3.65:1 that was calculated for the
females and males respectively. Kumite karatekas conditioning programs must therefore
primarily focus on aerobic activities performed continuously for fixed periods of time. In view of

the fact that short periods (2.57-3.44 s) of high intensity, explosive type of movements are also
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performed during kumite, the anaerobic alactic energy system cannot be neglected. Additionally,
due to the limited rest periods in between high intensity activities, the anaerobic lactic system
will also serve as an important energy contributor during kuinite. This fact also needs to be
considered during the set-up and execution of kumite conditioning programmes. What these
results indicate, is that karatekas can no longer depend on ‘Ehe old traditional training methods,
where karatekas only focus on the repetition of karate techniques to prepare them for the
requirements of kumite, but need to consider and apply more modern techniques which make use
of video analysis technology and the application of the results from these analyses in the

periodization and se-up of conditioning programs
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ABSTRACT

The purpose of this study was to determine the kumite characteristics that significantly
discriminate between successful (winners) and less successful (losers) karatekas of the 2004 and
2006 WKF World Karate Senior Championships, when making use of video analyses. Eight
female and 19 male final fights were analyzed by means of the Dartfish Team Pro video analysis
software package. The kumite characteristics identified as the primary, significant discriminators
by the standard and forward discriminant analyses were gyaku tsuki and kizami tsuki for the
males and gyaku tsuki for the females, respectively. Both chudan and jodan target areas were
identified as significant discriminators for the males whereas target area was not identified as a
significant discriminator among the female karatekas. The number of initiated attacks was also a
statistically significant discriminator in the case of the male karatekas. In conclusion it was found
that the number of initiated attacks, punching techniques and the target area were the significant
discriminators between successful and less successful kumite karate groups. Gender differences

were also observed with regard to the different discriminators.

KEY WORDS karate, karate competitions, video analyses, karate techniques
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INTRODUCTION

Fundamentally, karate can be described as a weaponless fighting method during which blocking
and striking techniques are used (6). Karate tournaments are divided into two main divisions,
namely kata (set sequence of movements) and kumite (fighting). Competition kumite can
primarily be described as a semi-contact fighting event during which two opponents are freely
moving on an 8 x 8 m World Karate Federation (WKF) approved mat while wearing WKF
approved protective gear. Participants receive a three-minute period in the case of men and two
minutes in the case of women to score as many points as possible by applying different kicking
and punching techniques.

Karate and especially kumite has, like other sports codes, become more physically
demanding, since the focus during competition has shifted more towards winning and attaining
success. This shift in focus has resulted in new training methods and the use of modem
technology in an attempt to gain a leading edge in the competitive world. The physical
performance of individuals is evaluated on a regular basis to determine the strengths and
weaknesses of the participants and the effectiveness and functionality of the training
programmes (16). Several researchers have made use of laboratory oriented tests such as the
vertical jump test, medicine ball throw test and standing on a bench eyes closed test as well as
specific motor ability tests to evaluate karatekas’ physical performance abilities (2,3,19).
However, Lehmann and Jedlicka (14) have stated that the accuracy and relevance of these types
of tests can be questioned, since they found that karatekas’ level of exertion is much lower in
simulated tests (such as laboratory tests) than in real competition fights. It has also been proven
that athletes must be evaluated as sport specifically as possible due to the detrimental effect that
inaccurate data and feedback rflay have on the athlete’s preparation and success.

The need for real time and detailed kinematic analyses in identifying and discriminating the

kumite characteristics of WKF Championships can therefore not be underestimated. The detail of
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very fast and complex movements, which are often executed by elite karatekas during the karate
championships, cannot be tracked and processed by the human eye and brain (15). However,
with the Dartfish video analysis software package it is now possible to analyse a sport such as
kumite karate accurately. Despite the availability of this and other similar products, only a
handful of researchers'have used this technology to identify the characteristics that are distinctive
of more successful kumite karatekas.

In this regard Nakayama (20) already made use of video analyses during the early nineteen
sixties and concluded that the speed of the choku tsuki (straight punch) and oi tsuki (step and
punch) was faster for experienced karatekas than for beginners. Furthermore, Sforza et al. (20)
found that the karatekas who were able to keep their centre of gravity parallel to the ground
when moving were more effective in terms of technique execution compared to others. Cesari
and Bertucco (3) also concluded that karatekas who wish to be successful in kumite need to
maintain the correct position and distance from the opponent to attack at a precise moment with
the correct timing of movements. The fighting distance does, however, depend on the karatekas’
body type, limb lengths, technique preferences and fighting strategy (1).

Despite the above-mentioned research findings, no research has thus far attempted to identify
the kumite characteristics of WKF Championships that discriminate between different levels of
karatekas by making use of video analysing technology. Therefore, the purpose of the present
study was to determine the kumite characteristics of the WKIF Senior World Karate
Championships that discriminate significantly between the successful and less successful
karatekas by using video analyses. The results of this study may possibly provide coaches, sport
scientists and other related professionals (eg. coaches) with important knowledge concerning the
exact characteristics needed to achieve success in kumite karate. It can also help professionals to

develop and refine their training programmes and testing protocols.
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METHODS

Experimental Approach to the Problem

The study was designed to determine the kumite characteristics that discriminated between
successful (winner) and léss successful (Jooser) kumite karatekas that participated in the finals of
the WKF World Karate Senior Championships of 2004 and 2006 by making use of video
analysing technology. The video footage of the different fights is commercially available and can
therefore be purchased by the general public. In view of this, the research commitiee of the
authors’ institution did not deem it necessary to obtain ethical permission to conduct the
research. The research methods and procedures of this study were however evaluated and
approved by the research committee of the authors’ institution before commencement of the
study. Due to the limited number of finals for each competition year, it was decided to combine
the finals of 2004 and 2006 to have a more desirable number of fights. The same rules applied,
and competition conditions were experienced during 2004 and 2006. The video analysis method
was preferred because of the real-time data that could be captured and the capability to use slow
motion to detect different movements and techniques during the fighting periods. The Dartfish
Team Pro video analysis software package (5) was used to do different analyses due to the wide
range of features that can be used. This includes, amongst other things, the capacity to break
down movements for analysing different aspects; record the duration of different sections of the
fight and track the different limbs and body movements during the executions of various
techniques. The design of the study was, therefore, an observational, descriptive and “ex post

facto” design.

Subjects
Competitive karatekas that participated in the kumite finals of the WKF World Karate Senior

Championships during 2004 and 2006 were used in this study. All participants were 18 years or
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older. Eight fight finals in which 16 female karatekas and 19 fight finals in which 38 male
karatekas participated were analysed. The kumite is divided into male and female divisions as
well as into individual and team events for each gender. Individuals competed according to
different weight categories which comprise the following: males - w/60 kg, w/65 kg, w/70 kg,
w/75 kg, u/80 kg, over 80 kg and open (any karateka could enter regardless of his weight);
females - u/53 kg, u/60 kg, over 60 kg and open. Individuals could also compete as part of a
team that consisted of three or five female or male participants. Some of the fight finals were not
analysed due to the unavailability of video footage. These included the following: 2004 - females

over 60 kg and team kumite as well as males over 80 kg; 2006 — females u/53 kg.

Procedures

The same person analysed all the fights in order to prevent interpersonal variability in the
different observations and interpretations of activities. Ten percent of all fights were randomly
selected to be re-analysed so as to verify the accuracy of the original analysis. A re-analyses
coefficient of r = 0.9866 was found when the re-analyses were performed. The person who
analysed the different fights was a qualified sport scientist who has been participating in kumite
at international level and who also had experience in conditioning and evaluating karatekas.

The Dartfish Team Pro video analysis software package was used to analyse the video footage
of the 27 kumite finals. Every attack was categorised according to the type of karate techniques
and movement skill that were used in an attempt to score a point as well as the body area at
which the attack was aimed. Three different punches, four different kicking techniques, three
different additional techniques, five types of foot movements and two target areas were
identified. The name of each of these last-mentioned techniques and movements together with an

explanation of each are as follow:
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Punching techniques

= Gyaku tsuki: A punch executed with the hand on the opposite side of the front leg.

= O1i tsuki: A punch executed with the hand on the same side as the front foot and performed
while stepping forward.

= Kizami tsuki: A punch executed by snapping the wrist of the hand that is on the same side as
the front foot.

Kicking techniques

=  Mawashi geri: A roundhouse kick performed with either the front leg (front mawashi geri) or
back leg (back mawashi geri).

=  Ushiro mawashi geri: A reverse roundhouse kick performed by the front or back foot. The
foot starts the kick in front of the body and moves in a half circle outward towards the
opponent.

=  Mae geri: A front kick performed with the ball of the foot.

= Yoko geri: A side kick usually directed to the side and performed without turning the body.

Additional techniques

= Take down: Throwing techniques used to take the opponent down.

»  Teg sweep (ashi barai): A technique used to throw the opponent off balance.

=  Grab: An illegal holding technique used to prevent the opponent from attacking.

Target areas

= Jodan: Attacks targeting the head and face area.

* Chudan: Attacks targeting the mid-section (abdominal, lower back and chest area) of the
body. _

Foot movements

*  Forward lunge: A forward movement with the front leg while the back leg stays static.

= Tead front leg shift: The front leg shifting forwards with the back leg following.
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= Half step: The back foot moves next to the front foot and then the front foot moves forward
to form the original fighting stance.

= Overstep: The back foot steps past the front foot into a fighting stance. .

= Moving back: Backward movements used to obtain a better distance from the opponent.

= No movement: A term used for periods when no specific foot movements occur duringv the
fight.

The term “not clear” was used to define periods when no techniques or movements could be

identified due to the angle of the camera or other reasons. Furthermore, the frequency of

initiating attacks as well as thé competitor who initiated each of the attacks were also noted as

“the number initiated attacks™

Statistical Analysis

The Statistical Consultation Services of the North-West University determined the statistical
methods and procedures for analysing the research data. The Statistical Data Processing package
(20) was used to process the data. Firstly, descriptive statistics of each variable for each of the
fights analysed were calculated. Secondly, standard discriminant analyses were performed to
determiné the variables that discriminated most between the successful (winners of the finals)
and less successful (losers of the finals) group of karatekas. Forward stepwise discriminant
analyses were then performed on the variables which emerged from the standard discriminant
analyses as strong discriminators. Finally, a classification matrix was compiled for the groups of
karatekas to indicate which percentage of the karatekas could be classified back into their
respective groups by means of the prediction functions. The level of significance was set at

p < 0.05.

RESULTS

The descriptive statistics of the different karate techniques and movements performed by the

different groups and genders of karatekas are presented in Tables 1 and 2, respectively.
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TABLE 1. Results of the descriptive statistics of the kumite characteristics of the total group (n =

16), successful (n = 8) and less successful (n = 8) groups of female karatekas.

Total group Successful Less successful
group group

Mean + SD Mean = SD Mean = SD
Score 1.69+1.78 2.60+1.92 0.80 £ 1.04
The number of initiated attacks 5.00+£3.16 5.40+3.16 4.60+3.34
Total number of techniques used 17.06 £7.84 18.50 £8.37 15.60 £7.54
Punching techniques
Kizami tsuki 2.60 +1.64 2.70+£2.21 2.50 £1.07
Gyaku tsuki 8.25 +£3.70 10.40 £3.24 6.10 £2.70
O1 tsuki 1.19+£1.22 1.50+1.51 0.90+0.83
Kicking techniques
Front mawashi geri 1.06 £1.98 0.50x0.76 1.60+2.67
Back mawashi geri 0.75+1.18 0.25 £0.46 1.25+1.49
Additional techniques |
Grab 3.38+2.63 3.50+2.88 3.30+2.55
Target area
Jodan 9.19 £5.36 10.00£5.76 8.40+5.18
Chudan 5.44+2.78 5.60+3.11 5.30+£2.60
Foot movements
Lead front leg shift 2.56 +1.90 3.10+£1.73 2.00 £2.00
Forward lunge 2.00 £1.79 2.60 % 2.00 1.40+1.41
Half step 1.56+1.86 1.50+1.93 1.60+1.92
Overstep 1.81+1.47 2.60 = 1.41 1.00 £ 1.07
No foot movement 2.88+£2.28 3.00 £2.07 2.80+£2.60

SD = Standard deviation

The results of the females indicate that the successful group achieved higher values for thirteen
of the kumite characteristics when compared with the less successful group. The less successful
group achieved higher average values for only three of the kumite characteristics, namely the

front and back mawashi geri as well as the half step.
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TABLE 2. Results of the descriptive statistics of kumite characteristics of the total (n = 38),

successful (n = 19) and less successful (n = 19) groups of male karatekas.

Variables Total group Successful group Less successful group
Mean = SD Mean + SD Mean + SD
Score 3.11x£2.76 4.68 £2.58 1.53£1.93
The number of initiated attacks 6.89 £3.02 7.68 £3.35 6.11 £2.49
Total number of techniques used 24.21 £ 8.08 2379 £7.85 24.63 £ 8.49
Punching techniques
Kizami tsuki 4.32 £2.90 4.42 £3.55 4.21+2.15
Gyaku tsuki 9.95+5.13 10.58 £5.49 9.32 £4.80
O1 tsuki 0.37 #0.59 0.42 £ 0.69 0.32+0.48
Kicking techniques
Front mawashi geri 1.18 £1.83 0.89 £ 0.94 1.47+2.41
Back mawashi geri 1.71£2.31 1.42 £2.34 2.00£2.31
Ushiro mawashi geri 0.58 +1.11 0.42+1.02 0.74+1.19
Mae geri 0.26 £0.72 0.11+£0.32 0.42 £0.96
Additional technique
Grab 4.26+£2.56 395+2.46 4.58 £2.69
Leg sweep 0.58 +0.98 0.63+1.01 0.53£0.96
Take down 1.00+ 1.76 095147 1.05£2.04
Target area
Jodan 12.89 £5.37 12.89+4.54 12.89 £ 6.22
Chudan 57443.67 5.53 £ 4,01 5.95+3.39
Foot movement
Lead front leg shift 3.21+£2.09 3.32+£2.06 3.11+2.18
Forward lunge 2.34+2.03 2.63+£2.29 2.05+1.75
Half step 2.00x1.71 1.89+1.73 2.11+1.73
Overstep 2.24+221 2.37 +2.39 2.11+2.08
Moving back 0.32+£0.57 0.16 £0.37 0.47+0.70
No movement 8.42+4.23 8.00 £3.90 8.84+4.61
Not clear 0.29 £0.57 0.26+0.45 0.32+£0.67

SD = Standard deviation
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For the males, only nine kumite characteristics obtained higher values for the successful group
compared to the less successful group. Both groups used the same number of attacks to the jodan
area, whereas the less successful group obtained higher values in twelve of the kumite
characteristics, which are total techniques, front and back mawashi geri, grab, chudan, half step,
moving back, no movement, not clear, take down, ushiro mawahsi geri and mae geri.

The standard discriminant analysis results of the females are presented in Table 3.

TABLE 3. Standard discriminant analysis of the female kumite characteristics.

Variables F value P value
The number of initiated attacks 0.86 0.40
Gyaku tsuki = 2.23 0.20
Kizami tsuki ' 0.05 0.83
Grab ‘ 0.45 0.53
Jodan 0.54 0.49
Chudan 0.26 0.63
Lead front leg shift ‘ 0.01 0.93
Forward lunge ' 0.73 0.43
No foot movement 0.41 0.55

From the statistical analysis, nine variables were identified as the primary kumite characteristics
that are responsible for the difference between the two groups of female karatekas which include
the following: the number of initiated attacks, gyaku tsuki, kizami tsuki, grab, jodan, chudan,
lead front leg shift, forward lunge and no movement. No significant results were, however,
bbtained.

In a further analysis of the data, a forward stepwise discriminant analysis was performed to
determine which variables contribute most to group separation. The results of this analysis are

presented in Table 4.
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TABLE 4. Forward stepwise discriminant analysis of the female kumite characteristics.

Variables F value P value
Gyaku tsuki 13.64 0.0035%
Kizami tsuki 3.30 0.0965
Lead front leg shift 1.86 0.2002

* Significant discriminator (p < 0.05)

The results of the forward stepwise discriminant analysis indicate that only three variables served
as the primary discriminators between the successful and less-successful female kumite
karatekas. They are gyaku tsuki, kizami tsuki and lead front leg shift. Only gyaku tsuki did,
however, serve as a statistically significant discriminator.

The following functions emerged from the above-mentioned discriminant analysis:
Group 1 (Successful group) = 2.03265 (Gyaku tsuki) — 0.98024 (Kizami tsuki) — 0.99154 (Lead
front leg shift) — 9.05324
Group 2 (Less successful group) = 0.74590 (Gyaku tsuki) + 0.14190 (Kizami tsuki) — 0.18256
(Lead front leg shift) — 2.90774 |

The results of the classification matrix, which was compiled by making use of the above-
mentioned functions, are presented in Table 5.

TABLE 5. Classification matrix of the female kumite characteristics.

Percentage
Group classification correct Group 1 Group 2
Group 1 (Successful) 100.00 7 0
Group 2 (Less successful) 87.50 1 7
Total 93.33 8 7

The results of the classification matrix show that the prediction functions are 93.33% accurate in
classifying the female karatekas back into their respective groups.

The standard discriminant analysis results of the male karatekas are presented in Table 6.

65



Chapter 4

TARLE 6. Standard discriminant analysis of the male kumite characteristics.

Variables ¥ value P value
The number of initiated attacks 18.40 0.6003*
Kizami tsuki 5.32 0.0304*
Gyaku tsuki 9.99 0.0044*
Front mawashi geri 3.82 0.0630
Back mawashi geri 0.95 0.3398
Grab 1.56 0.2236
Jodan 6.49 0.0180%
Chudan 7.40 0.0122%
Lead front leg shift 0.59 0.4506
Forward lunge 0.91 0.3495
Half step 1.76 0.1972
No foot movement 1.37 0.2532
Overstep 2.20 0.1516
Take down 0.37 0.5470

* Significant discriminators (p < 0.05)

From the statistical analysis, fourteen variables were identified as the primary -kumite

characteristics responsible for the difference between the two groups of male karatekas, which

include the following: the number of initiated attacks, gyaku tsuki, kizami tsuki, front and back

mawashi geri, grab, jodan, chudan, lead front leg shift, forward lunge, half step, no movement,

overstep and take down. Five of the above-mentioned variables did produce significant P-values.

They are the number of initiated attacks, gyaku tsuki, kizami tsuki, jodan and chudan.

The results of the forward stepwise discriminant analysis are presented in Table 7.
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TABLE 7. Forward stepwise discriminant analysis for male kumite techniques.

Variables F value P value
The number of initiated attacks . 13.12 0.0010%
Chudan ' 10.85 0.0024*
Gyaku tsuki ' 10.21 0.0031%*
Jodan 9.56 0.0041*
Kizami tsuki 2.02 0.1652

* Significant discriminators (p < 0.05)

The results of the forward stepwise discriminant analysis indicate that five variables were
identified as the primary discriminators between the two groups of karatekas. They are the
number of initiated attacks, gyaku tsuki, jodan, chudan and kizami tsuki. The first four named
variables produced significant F-values.

The following functions emerged from the above-mentioned discriminant analysis:
Group 1 (Successful group) = 0.84933 (The number initiated attacks) — 0.14112 (Chudan) +
0.39873 (Gyaku tsuki) — 0.05607 (Jodan) + 0.37840 (Kizami tsuki) — 6.15045
Group 2 (Less successful group) = 0.16680 (The number initiated attacks) + 0.43200 (Chudan)
—0.08063 (Gyaku tsuki) + 0.43388 (Jodan) + 0.11762 (Kizami tsuki) — 5.15637

The results of the classification matrix are presented in Table 8.

TABLE 8. Classification matrix of the male kumite characteristics.

Percentage
Group classification correct Group 1 Group 2
Group 1 (Successful) 84.21 16 3
Group 2 (Less successful) 73.68 5 14
Total 78.95 21 17

The classification matrix showed a 78.95% accuracy in classifying the male karatekas back into

their respective groups.y
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DiscussioN

According to the authors, no studies have thus far made an attempt to identify the main kumite
characteristics that adt as discriminators between successful and less successful karatekas. It is
therefore difficult to compare the results of the present study with that of others. The results do,
however, suggest tha£ punching techniques such as the gyaku tsuki and kizami tsuki are some of
the primary discriminators between successful and less successful kumite karatekas of both
genders. Gyaku tsuki was the only statistically significant punching technique discriminator for
females and for males, the gyaku tsuki and kizami tsuki. Some of these results are in accordance
with those previously reported by Katic et al. (12) who found that kizami tsuki was the only
technique that had a very favourable impact on the overall success of karatekas. Lee and
Uyehara (13) also stated that kizami tsuki was the most used and powerful technique in other
martial art sports such as Jeet Kune Do. Both the gyaku tsuki and kizami tsuki are very fast and
powerful punching techniques that do not require a high degree of skill and form the basis of
most karatekas’ technique repertoire. Furthermore, Lee and Uyehara (13) previously found that
the hands are much more agile than the feet in karate and would therefore be more frequently
used during kumite attacks. This would suggest that karatekas are generally more inclined to
score points by making use of fundamental punching techniques such as the kizami tsuki and
gyaku tsuki, than of other techniques.

Despite this observation, punching techniques are low scoring techniques due to the fact that
only one point can be scored at a time during a successful execution of a punch. It is theréfore
reasonable to think that kicking or take down techniques, which are normally high scoring
techniques (up to three points for a successful execution), would also act as primary
discriminators between successful and less successful karatekas. The front and back mawashi
geri were, however, identified as non-significant discriminators between the two groups of male

karatekas in the standard discriminant analysis and were not identified as discriminators in the
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forward stepwise discriminant analysis. No kicking technique emerged as a primary
discriminator between women kumite karatekas in any of the analyses. Kicks are much more
difficult to perform due to the technical requirements and the difficulty in generating a high
amount of speed and power continuously during execution (18), which may explain this result
together with the observation that a low frequency of kicks were performed during the different
fight finals. A rather unexpected result of the study was that the less successful group performed
a higher frequency of kicks during the kumite finals than the successful group. The conclusion of
Lee and Uyehara (13), who observed that karatekas used kicks, especially kicks from the front
leg, as defensive techniques to maintain distance between themselves and the opponent, may
explain this result.

Karate techniques used during fighting are, however, not the only variables determining the
final score. The body area targeted during the fight will also affect the number of points
accumulated by a participant (22). Kicks to the mid section (chudan) will, for example, score two
points, whereas kicks to the face or head (jodan) will score three points (22). Both chudan and
jodan were identified as significant discriminators for the males in the standard and forward
step.wise discriminant analyses, which emphasises the importance of the target area in
determining success in the male gender group. A common strategy that karatekas use, is to
initially attack the face or head (jodan), which will likely force the opponent to move his/her
hands over the face (1). The opening that is then created can be exploited by targeting the mid-
section of the body (chudan). This strategy can also be reversed by first targeting the mid-section
and then focusing the attacks to the head or face (jodan) (1). The target area was,-however, not
identified as a significant discriminator among the female karatekas.

Karatekas, who wish to be effective and successful in executing the different punching and
kicking techniques need to be able to perform different foot movements successfully

(13,18,8,6,11). Despite the importance of foot movements, no research has thus far focused on
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the differences between the footwork of successful and less successful karatekas. The results. of
the standard discriminant analysis did, however, reveal that the lead front leg shift and forward
lunge are non-significant discriminators between successful and less successful female karatekas.
The lead front leg shift was also identified as a non-significant discriminator for the female
group in the forward stepwise discriminant analysis. The foot movements that were identified as
non-significant discriminators among males by the standard discriminant analysis are the lead
front leg shift, the forward lunge and overstep. None of the variables were, however, identified
as discriminators in the forward stepwise discriminant analysis. These research results indicate
that foot movements were absent during the majority of attacks and that several of the attacks
took place while the two opponents were standing still. The distance between the opponents
needs to be closed in order to execute an attack. However, once the distance is closed by either
making use of the lead front leg shift or forward lunge, the karatekas are forced to maintain their
position in view of the fact that a backward move would place them in a vulnerable position for
counterattacks. The only option they then have is to perform a couple of techniques or to grab
the opponent. This may also explain why karatekas performed such a large number of techniques
for a small number of points that were scored.

Another variable which emerged as an important discriminator between the different gender
groups was the number of initiated attacks. Only the males did, however, show a statistically
significant result. According to Frank (7), the competitors who normally initiate attacks by
meking use of different techniques will usually be the competitors who have more self-
confidence, are more determine to win and show better anticipation, which may explain the
emergence of this variable as a primary discriminator.

A number of differences were observed between the discriminant analysis resultsg of the male
and female karatekas. These results may be explained by the difference in the total duration of

fights between the two genders. Similar findings regarding the frequency of techniques executed
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for the two-minute compared to the three-minute fights were observed by Tide et al. (8). The
number of fights analysed for each of the genders may also have influenced the discriminant
analysis results. Only eight fights of the females were analysed, compared to nineteen fights*for
the males.

For future research it may be necessary to expand the scope of this study so that the
elimination rounds of the WKF World Karate Senior Championships, are also included for
possible analyses. The profile of the kumite discriminators will probably differ between the
finals and the elimination rounds. The analyses of the elimination rounds will provide
researchers with a better and more accurate picture of the discriminant profiles of kumite
karatekas. Also, these results are related to kumite techniques, attacking areas and movements
and not to the physiological requirements or profile of elite kumite karatekas. It would therefore
be advisable to also include physiclogical parameters as variables in a study of this nature.
Nevertheless, the study highlights the critical role of different karate techniques, attacking areas

and certain movements in kumite performances.

PRACTICAL APPLICATIONS

This study is the first to document the kumite characteristics that discriminate between
successful and less successful karatekas during competition fighting. The main findings of this
study were that the number of initiated attacks, the punching techniques (kizami tsuki and gyaku
tsuki) and the target area (jodan and chudan) were the most important discriminators between
successful and less successful kumite karateka groups. Seen from a practical point of view, the
results of the present study firstly suggest that coaches, sport scientists and conditioners must
focus their attention more on karatekas’ ability to make use of different techniques to initiate
attacks. As mentioned before, the karatekas who are usually more inclined to initiate attacks are

those who have the highest self-confidence levels and who can anticipate the opponent’s next
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move more accurately. In view of this it would probably be advisable to include sport
psychologists and biomechanical analysts in the team that are responsible for the karatekas’
preparations. The last-mentioned personnel may assist the *karatekas in improving their self-
confidence and in identifying certain “clues” opponents provide before the execution of certain
movements so that they can anticipate potential attacks better.

Secondly, the results emphasised the importance of punching techniques in attaining success
when participating in kumite at international level. Repetitive training will allow karatekas to
perfect these techniques, but will probably not be enough to prepare the karatekas for kumite
competitions. Coaches also need to subject karatekas to simulated and real fights to perfect these

| techniques in competition situations. Despite the observation that kicking techniques and foot
movements did not emerge as significant discriminators between the kumite groups, the
importance of these characteristics must not be underestimated. Kicking techniques are high-
scoring techniques, but due to difficulty in performing these techniques successfully, karatekas
will often revert to the simple punching techniques. Karatekas who have perfected these
techniques will, however, be at an advantage in terms of scoring rate. Foot movements form the
foundation for most of the kicking and punching techniques executed during kumite
championships. Correct and efficient foot movements will allow karatekas to obtain the best .

attacking positions and evade the opponent when attacks are being launched.
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1. SUMMARY

The purpose of the study was firstly to determine the kumite characteristics of WKF (World
Karate Federation) World Karate Senior Championships by making use of video analyses.
Secondly, to determine which of the WKF World Karate Senior Championship kumite
characteristics discriminate significantly between successful (winners) and less successful
karatekas (losers) when making use of video analyses. Chapter 1 provided a brief summary of
the problem that underlies the research question of the study, the research question itself, the

objectives and hypotheses of the study as well as the structure of the dissertation.

A iiterature overview titled “The use of video analyses to identify kumite characteristics”, was
presented in Chapter 2. The purposes of this literature overview was to provide the sport
fraternity with a brief scientific background concerrﬁng the origin of karate, an explanation of
kumite and the most commonly used techniques and movement skills in this category of karate;
the physiological characteristics of the sport; and finally, information on the use and benefits of
video analysing technology in identifying kumite characteristics. The overview revealed that the
French began a world organization and hosted the first international kumite championship. It
further pointed out that kumite was described as a semi-contact fighting event during which two
opponents move freely on a 8x8m WKF-approved mat wearing WKF-approved protective gear.
Men receive three minutes and women two minutes to score as many points as possible.
According to the literature the different punching and kicking techniques as well as movement
skills most commonly used during kumite are gyaku tsuki, oi tsuki and kizami tsuki (punching
techniques); the front and back mawashi geri, ushiro mawashi geri, mae geri and yoko geri
(kicking techniques); the leg sweep, take down and grab (additional techniques) as well as half
or double steps, shifts, forward lunge, side stepping, forward, backward and side-way hopping

movements (movement skills).

What the literature seems to suggest in terms of the physiological characteristics of kumite is that
the aerobic energy system is the primary energy supplier with the anaerobic energy system
playing a smaller role in terms of energy contribution to kumite. A work:rest ratio of two to one
was also observed by researchers when kumite was analysed. It was, however, concluded that the
physiological requirements of kumite need to be evaluated in view of the fact that the duration of

kumite has been increased.
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Only a small number of research papers have focused on the use and-beneﬁts of video analysing
technology in identifying characteristics among karatekas. The available research indicated that
video analysing technology is especially used to analyse the detail of very fast and complex
movements which are often executed by elite athletes and cannot be traced or processed
effectively enough by the human eye or brain. This type of technology therefore allows karatekas
to identify opponents’ strong and weak points as well as the techniques mostly used in order to
prepare and train better for competitions. Several researchers have also attributed the success of

Taekwondo to, among other things, video analyzing technology.

Chapter three comprises the first article, titled “Kumite characteristics of WKF Championships
as determine by means of video analyses”. The purpose of this article was to determine the
kumite characteristics of WKF World Karate Senior Championships by making use of video
analyses. One of the most significant findings from this article was that among both genders,
gyaku tsuki was the most frequently executed technique, followed by grabbing and kizami tsuki.
The results on the grabbing technique were unexpected and can probably be attributed to the lack
of foot movements observed in the study. Both take down and kicking techniques were,
however, used seldomly during fights. No other karate techniques emerged as frequently
executed techniques during the kumite championships. The body area mostly targeted during
kumite was jodan, while the lead front leg shift, followed by the forward lunge and the overstep
were the most frequently used foot movements. Poor scoring rates of 9.9% and 12.85% were
observed for the female and male karatekas respectively. Furthermore, only 29.3% and 28.5% of
the average number of techniques executed by the females and males, respectively were used to
initiate attacks during the fights. With regard to time intervals, the recordings showed that female
fights lasted 199s compared to male fights that lasted 277.1s. During the different phases which,
on average, lasted between 27 and 28.9s for men and women fighters respectively, more or les
half of the time was spent on the pre-attack compared to 14.5% and 17.2% respectively spent on
interactivities. Breaks lasted between 5.37 (18.5%) and 5.81s (21.5%) per phase. This led to a
work:rest ratio of 4.93:1 for females and 3.65:1 for males. From the different work:rest ratio and
time intervals, it can be assumed that the aerobic energy system is the primary energy contributor
for kumite performances, followed by the anaerobic energy system. In conclusion, the results
demonstrated that video analyzing technology can be used effectively to determine the

characteristics of kumite.
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The second article, titled “Discriminant analyses of kumite characteristics using video analyses
during the WKF championship finals” was presented in Chapter 4. The purpose of this article
was to determine the kumite characteristics that discriminate significantly between successful
and less successful karatekas when making use of video analyses. The kumite characteristics
identified by means of the results of Chapter 3 were included in the discriminant analyses
functions. The results revealed that gyaku tsuki was the only statistical significant punching
technique discriminator for females and, the gyaku tsuki and kizami tsuki for males. The front
and back mawashi geri were the only kicking techniques emerging as non-significant
discriminators in the male groups while no kicking techniques emerged as a discriminator in the
female kumite karatekas in any of the analyses. Both chudan and jodan were identified as
significant discriminators for the male karatekas, whereas target area was not identified as a
significant discriminator among the female karatekas. With regard to foot movements, the lead
front leg shift was identified as a non-significant discriminator in both discriminant analyses and
the forward lunge as a non-significant discriminator in the standard discriminant analyses for
females. The lead front leg shift, the forward lunge and overstep were only identified by the
standard discriminant analyses as non-significant discriminators in the case of the male
karatekas. Another variable which emerged as an important discriminator between the different
gender groups was the number of initiated attacks. Only the males did, however, reveal a
statistically significant result for this variable. To conclude, it was found that the number of
initiated attacks, the punching techniques (kizami tsuki and gyaku tsuki) and the target area
(jodan and chudan) were the most important discriminators between successful and less
successful karateka groups during WKF Championship kumite. Gender differences were also

observed with regard to discriminators of successful and less successful karatekas.

Both articles were included in this dissertation and were compiled in accordance with the

guidelines of the Journal of Strength and Conditioning Research.

2. CONCLUSIONS

The conclusions drawn from this research are presented in accordance with the set hypotheses in

Chapter 1.
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» Hypothesis 1: Due to the descriptive and explorative nature of the first objective, no
hypothesis was set. The researcher will therefore not commentate on the outcome of the first
article. It can, however, be concluded that punching techniques are more frequently
executed among kumite karateRas during international kumite competitions. Furthermore, it
was observed that jodan is the most targeted area and no movement occurred the highest
number of times when foot movements were analysed. The importance of the aerobic
energy system in contributing to the energy requirements of kumite was highlighted by the
calculated work:rest ratio of 4.93:1 and 3.65:1 for the female and male karatekas
respectively. The occurrence c;f short periods (2.57 — 3.44s) of high intensity, explosive type
of movements during kumite also accentuated the importance of the anaerobic energy

system in contributing to the energy requirements of kumite.

» Hypothesis 2: High scoring techniques such as kicks, leg sweeps and take downs as well as
the foot movements such as the forward lunge, half step, overstep and lead front leg shift
will act as significant discriminators between successful and less successful karatekas. The
hypothesis is thus not accepted, based on the research findings that none of the high scoring
techniques nor any of the foot movements acted as significant discriminators between
successful and less successful karatekas. In contrast to what was predicted, low scoring
techniques such as the kizami tsuki and gyaku tsuki as well as body target area (jodan and
chudan) and the number of initiated attacks were rather identified as significant

discriminators between the groups of karatekas.
3. RECOMMENDATIONS

To the researcher’s knowledge, this is the first study to comprehensively analyse the techniques
and movements performed, the attacking areas mainly targeted as well as the time intervals
occurring during kumite at the WKF World Karate Senior Championships by making use of
video footage and video analysis software. It is probably also the first study that has included the
kumite characteristics in a discriminant function in an attempt to identify the main kumite
characteristics that act as discriminators between successful and less successful karatekas during
such an elite event. The lack of statistically significant results with regard to the discriminators
of the two groups of karatekas as well as the fact that the majority of the results related to the
profile of kumite karatekas were totally unexpected, suggest that certain shortcomings must,

however, be addressed:
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The study was unable to directly measure the intensities of different activities performed
during kumite. The use of heart rate data would probably have allowed the researcher to
make more accurate analyses of exercise intensities during kumite.

Despite the fact that foot movements were not executed frequently during the different
kumite championships and were also not identified as significant discriminators between the
two groups of karatekas, research in general shows that it is indeed an important kumite
. characteristic. It may therefore be necessary to do an even more detailed analysis of the
different foot movements executed during kumite by expanding the list of possible foot
movements.

A number of differences were observed between the discriminant analysis results of the male
and female karatekas which may have been caused by the number of fights analysed for each
of the genders. Only eight fights of the females were analysed, compared to nineteen for the
males. Further research of this nature must therefore attempt to use the same number of
analyses for both genders to ensure that difference in the number of analyses between the two
genders do not influence the discriminant analysis results.

The accuracy and relevance of the results of this study may be questioned in view of the fact
that only finals were used in the analyses of video footage. The profile of kumite
characteristics and the possible discriminators between successful and less successful
karatekas will probably differ from the elimination rounds of the WKF World Karate Senior
Championships. Hence the elimination rounds should also be included for possible analysis.
Fiﬁaﬂy, the results of this study are only related to kumite techniques, attacking areas and
movements and not to the physiological requirements or profile of elite kumite karatekas. It
would therefore be advisable to also include physiological parameters as variables in a study

of this nature.
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Video analvsis data sheet
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séeifion (RFEFandonergy expend ture-[EEF doring these sparing
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Enrensity of Korase Sparring Matches

and bined lactets meponses, rate of perceived sxertion (RPE),
EE during a J-minme bour of simulated karate sparring
f-nrnute botir of sparcing) and 3-minute bawts of sparring,

hfETHODS

Esperimsntal Approach to.lthe Probliem

Bucavss ths doration of a sparring competiton s wspally
9 roimutes for elimination matches and 3 minutes forsemffins
and final matches, we pedomeed 2+ and 3-minuts bours of
spaering in the sz order, Bach march svas formally referced
andscored. To creale ademanding compertive snviroument,

zach mearch swas concasted wirh an oppopent of similar age,
alille, maining mokground, and body weeight to simulare
competitfon, Artheswmrrofa sparrinproach, thereferes stood

2 meters Trom the cemer of the compsfitfon arsn, The
conterants fced and srood 3 meters away from each other

and at sightangles to-the referes; Each bout of sparring was

atarted gr stopped when. thereferes calls Aagiong widelh means
i gart o s which means to. stop. Atrazhs weee limftad to
the following aress: head, fice, neck, abdomen, chest, hacl,

and side. In omder 1o stars, o technigus mast be applied to

5 going ares. No conmer wes allowed with ths hesd, Fics,

and mecle Full conmace with the sbdomen was allowed

A score was awanded when a techniqee swas pedormed
according to- the following cdieria for a-scoring arsa pond

forny, sporing atdinde vigerous applicadon, gppod timing,

and comrect distance €23), During the maich, the neferes
stayed a few melers away from the playes o minimize any
interferencs, Howessn 2very dme 1 plaper scored, the referee

zippped the fight and made the conreseanrs: mosing baclk o

the stzring positbor. Then the: reféree awarded 3, 2, or I point
arcordingto thenles set by the Waorld KarataFederation (23),

Thiv wzally scemred within g fre seconds o minimizs-muy
interference. Thus, the fight was sopped as many tmes as

each contestant scored during the memnch, whid), s the offecial
rules st by the World Kamte Federation {23},

Because one purposs of this study was to sstimate EE
dirfing 2» and. 3=miote bouts of sparring, expired gas was
collected using the Donglus bay for the sntire period of eacly
bour Alrhgugh the Donglas bag was affived to the suljecs’
haclowith tape oy much ag possible, thiscould beinhibivory o
peforming sorme of the tachniguss. However, only straight
punchas ave sllowed, and other penches sich as hook and
upper. punches are prohibited in the. waditfomal fapanese
Tarae sparring comperitions, Also, maost of ficlks wsed in ths
compstition are front and roumdhonse kidis These echni-
qoes, monld be perfrmad. with the Davglas Bag much moie
sasilychan with a spinningback kde, which Ivalsq prahilired.
Frior to thestudy, subjsers were familiartzed with how va spar
while sveadng the Diouplas baguntil they feal comfortsble
enowgli with this equipment tobe able tospar Eachboutwas
widentped, and the deration of =ach s=tias of offanstes and
defensive technigues wwas estimated to the nearest .01 second
from the videotspe with a dipitel timer on the soreen,
EHowemer, in soms cases, ft was very difficult to dstermine

840 Jafrnal of Strengih and Conditioning Researdi

when an offensive ar defensive move hegan and ended to the
nearsr 0041 seeonsd, so that the dam were presenced w the
nearest 0.1 second, The domtion of each serias of techulgyes
was dafined as from the start wo the end of toral bedy
movemens whay zemal offsnsies and defensive rechniquas
wers performed sg that feins and just reacring to an
opponents feint wers not inchided, Twe af the investigaws
have besn officdal referees for the Federation of All Japan
Farate - Opganizations. They obssrved the wideotape and
commented thar these subjsets compered quite well wearing
the squipmesnt.

Subjocts

Sewen young men {age 18-20 vears) and 6 boys {age 18-17
years) volunteersd for this stedy, With the subjects; we
formed 3 paies of men and 3 pais of bops. o ereare
12 demanding competitive environment as stated pravigosly.
Qngs man was excirded from the dam bacawe he fought
apainer pneofthe invertiparors, 'whe wers middle age. So; the-
dara. incfuded in each bout ofsparringwvere the measmrements
of 12 sabjects. They hold & black Belt from the Fedararion of
All apam Kavete Organimitions; which onffied nigfor 4 styles
(Shoakan, Wado, Gojya; and Shito styles), apd many other
swyles in Japan. The mean {& 80 age, heighe, body welpht,
amd karate: experiencs of the subjects wer=18.0 = L7 yaais,
1676 = T3 .cm, 60F = 73 kg, and 46 = 35 years,
respectizely. Karate was the only form oftraininge at legst far'2
yearsforallsubjects The sady protocol wasappsoved by the
Fthics Comumities of the Nalmnnera Gakoen University, and
informied coneent was abmined from.each subjeet. Informead
consent was also cbmined from a pavent of the 6-bows.

Prosadliss

Thres o 7 days befors the experiment staried, each snbject
performed a incremental teat to wolifonal exhsuston on
a Woodway treadmill {Tolwo, Japam) usinga modified Bmee
protacol; which eonsisted of 3-minute weork:stagss, smrting -
with 1.7 milesrh™ and. the percentaps of prade. after which
the treadmill speed and grade wers incressed according to:
the provocol of Bruce (3). b= test was conducted in aiv
conditoned fadliies xeith. the tempecsmre sar at 22°C..
Venddlatory messurements were made by stamdard opers
cireuit clprimetry (Sensormedics Ve, Yarba Linde, €38)
with 30-eseond sampling tervals. The venellarory threiiold
was esimuaed [Fom the vendlatary equivelent and Vi,
phtained during the treadmiill test and wwas defined a5 the
Vi, vwhith scemred during the worldoad before venritamry
eouivalent Inoreased our of proportion to Voo, and a concom-
Irenr inerease in the facion of Q4 In expired aft wvasobserved
(39). The sysiene was calibmted agamst a Jnown mivhwre-of
gases befors ench expariment. The skarrocardiogran: (ECG),
wing a bipolar CW5 lzad confipurarion, was monitored
via radio felemetry {MNihan Keden, Toloro, Jepan). Exerdse
HR was recorded for 10 seconds. during the fimal minute of
epch glape
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Aleshol intoles and physical sesreiss ware nor allowed. 1
dayihsfors each experiment. Theparticipants reporeed to the
lnbaratory at 7:00 A after an overpighe fst They was
trensparred by a <ar to avold unnecesary physical activitg
befpre each expedment They finished eming brenldast
by 750 am. The calorc coment for the brealfast was
approximately 42 K™ (10 lenl kp™Y with 59%, 158, and
6% energy deriwed ffom carbohydrare, protefn, and fa,
respectively. The subjecrs changed into their earare uniform
afier ECG surfice elecirgdes were taped and saf qabetly untl
3:30 ang after which the resring- measurerpents were wken
They sat .quistly fior 60 minures after perfforming-a Zsminute
bour of sparring, By the end of this rest perind, HR and Vo,
remurned tothe resting valess. gbmined prior 1o the 2-mints
baue of sparcing, Then they. srerched again for 1§ minures
and performed a 3-minete hoot of sparring.

Expired gas was collected by the Douglas bag method. brthe
antirs pariod of each bour, Tha vchime of gas was measured in
nevetpgas meter {Sinagawa Corp, Taloyo, Japan), Analyses far O,
and CCh were parornoed on the gsystens as described abowe
Bliood lactate sample s taleen i the siting position in- a-chair
before and immedhrely after the pedormmancs of each hour
Shordy after the 5 plofblead vweas deasen Eoman earlabe, it was
amabyzed with the LacatePro Analyzer (Arloay, Tokyo, Japan).
The Lactts Pro & supplied wwith a check strpr 10 confism that
the anslyzer is-operating correctdy emd a calibrarion sofp- ther
providss s nonquontiates indicatiom of insrument scorracy.
The reposred correlations hetwesn rhe Lacrare Pro and the ABT,
700 Serfes Acid-Base Annlyzer Y51 2300 and Acauspor were
=098 » =009, and = 0.07, respectively (14). The ECG m
deseribed above was. montored with-4-chammel radio r=temetry
(Fulida Denshi; Telyo, Japan). The subjects’ HR.was recarded
T 10 sargnds ar the and of the 10-minme sfoing rase and svary
nunute thereafier The percentage of toadrmem HIY $6H Rimas)
and Y Voumax were caloelared

repegred-meeamntes analysis of vardames and suhzeguently
Tukey's testfor post hoe analysis. Significance was defined as
a2 =000,

B

Resurrs

The mean '(Tozrxm_w, HRmmy, RER, and %ffn-_,mﬁx at
ventitarory threshold messured by the teadmill ren were
512 * 43 mMgp~'min™ 1883 = 24 bearsmin™, L10 =
0.19), and 86.5 = 095, respacdely.

The duration of performingr the shorese ofensive:and/or
defensives technique was 0.3 = 0.1 second for bath 2- and
3-mirars bouts of sparring. The dvradion of longest sedesof
perfarming offensive and/ar defensive combinarion vechni-
qess during 2- and 3~minuve bowrs ofsparring were 21 = 1.0
and 18 = 04 sec, respectively. The mean total times of
performing offensive and defensive rechntaues during 2- and
J-mfoure bows of gpaning wers 133 = 3.3 and 194 = 53
seconds, respectively.

The physiological respasses, calcolated values, and RFE of
%= andd J=minte bouts of spardmg are shown in Teble L The
mean Vo, ¥V o.may, HR, % Rmax, RPE, and EE for a
3-minne bowt of sparsing-wers sigrificantly higher than for
a 2.minate bout. Blood laccate levels wers 2levared above the
restingvalue, but there wes na significant differencs hetwesn
the 2~ and 3-minete bowrs-of sparrng. R

The pelofonship berseen SiHRmax- and $Vosmax i
showra in Figure 1. Higher HR responses wer= elicited durdng
2- and3-minute bonwof spatcing snedied for given % Vomax
than doring the weadmill run,

The estirmnied 8V o, max values durdngthe % and 3-mimiie
bouty of sparing from the HR obwmined. during these bowis
and HR4§¥ s curve shmined from anraxinml weadmill test
were 723 = 9.8% and 849 = £I18, respactively. The
cerresponding 9iVomax valuss calcplared fom Vo,

by diwiding evexcise HR or 7
sercise Vo, by ERmew or o

Voymax ohtined fom measimal
treadmill exercde, respactvely.

sparring. .

RS PSRRI . an

Taots 1. Physiological responses and training intensifics of simulated karais

L JPRITEVEDY Y LA NP

REE. using Borgs scale fonx 6
to 20 s abmined immediataly

Simdated knmte aparring matches

after the parformwncs of 2aeh Paramuters Reat B-pain hout G-min bout ,
bour (1. The EE was caloslared | O b e ——— Py ot
fiom Voy and respiwmony == - O{uV:E)(:r:tal?tn ) 7.3=18 42.3 = 10.0* '4;;; =sos
change miio (RER) according .0 RER 0.86 = 0.07 0.B4 * 0,06* 089 = 0.08% | i
to: the following formuln: EE = - HR (beatsmin” '} 5§64 = 7,7 1600 = 52,8 168,98 = 8.1
Vo, - (15480 + 5350 x RERy ‘" SHRmax 334 = 2.9 85.2 = B.5° 882 = 447%
{53 i LA fomdl LT 14 = 0.8 3.1 = 1.o* 34 =1.00%
’ . RPE 6.0 2 0.0 136 = 1.58* 168 = 1.7
L EE (ihmin™") 45 =12 280 = B.J* 203 = 4.0%F

Statistical Ahalyses
The SPSS statistical software ;
1007 {Chicage, IL) wwoas nsed - :
Jfo-analyze the dara. Descriptive

RER mzespiritoy exshange ratia} HRnet = meane! heart rater LA milacho acx!} RPE, rate
&f parceived acartion; EE, ensmzy expondiura,

"o B,05 Sanupared with et

tp < D05 comparad with the Z-minube bout of swksted darste. speming matéhas,
statistics indnded mean and S0, e e s o

Dara  wers  analyzed  uosing e e

VOLUMEZ? | MRABER 3 | 1AxY o § B41
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meagored during these bours were 435 = 0. and 478 =
8086, respecivey (Thhie 1), which ware belowe the
ventilamey threshold measured by teeadmill neaning,

Dzeusston

Somesndies reported onlyHR respomes (15,17) orboth Yoy
and FIR respanses (1623) of karate practdtioners performing
fat. Howsver, thess smdies are performed fFfom a physical;
firness point of viane lbsemsss lamte teaining in general and.
Tmrare leatn in pardenlarhave been clafmed to’ connibure to.
incr=asing pensrnl physical ftness and/or cardiovascolar
fitness {9). None of the studizs have reported physiclogical
responsas - of simelared karare competitions. exeept 1 stl'xd}r
@10, shich reporced HR responsss, without measering Vas,
during a 3=minue boot of sprrring, The awvthors sstimated.
8 Voumay during the baue faom the HR obmined during the
bout md FIR.Vo; qurse obinined fFom an incremental test ton
validonsl exhmston on o bicyde ergometer. The estimared.
mean %‘\'Tc-_.nm of & S~minure bour of sparrdng wwas 72LEHL
Howewer, the results nesd 1 he caudausly approached
because higher R responses were elicited doring the 5 types
of lamte exercises smdied (statiomary basics, movement
basics, sparring TECH 1 sparring TECH 11, and lam) for
given WVoymax thap during the teadmill run. (9,1625).
Stmilar resulcy were obtained in the present study measuring:
both Va, and EIR during 2- and S-minum houts of sparring.
To make w valid comparison betwwesn the smdy by
Toyoshima er 2l {20) and the present study, Wwe estimered.
% Voymax during the 2 and 3sminue bours of sparting Fom.
the HR. obtuined dwring these bowote snd HR-Vo, cwve
obtained from a maximal treadmill test The estinmted mean.
% Vourmax valuss of 9. and S-mimare bours of spanrng wars
773 = '9.8% and 84.9 = B.1%H, respectively. The correspond-
ingr % Vomax enlnes caleularad from Vos measursd during
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2-and 3-minare boute of sparting were 42.3 = 10.0%. and
2.17..8 = B.0%, respecitvely. Thus the estimsted mean
Y VWoumax of 2 J-minure bour of sparring in the Toyoshima
et al. study might be questionable. Shaw and Deatsch (16)
sugpested tharthe explamrion for higher HR responses were
elicited diring kerare exercises snxdied for given ¥V osmey
than doring the rreadrnill i conld be dee w the smricnamre
of therarm mrem en-involwed fm these acivites, the anmy
movemsnts themselvss, or the combined ffexts. of this type
of exercise performed by the arms Upper-hody exerclses
hasre been shown t induce apreater HIR ava giwen Voq than
Inwer body exercises. (719).

A revizw in o lay magazine {12) rdses some arpuments
about wraining methads and nuiritfonal suratepies in karate,
First, some lareae - isstroctors chaim ther pracidmp the
statiomary basics, movement basies, and kata exclusively will
improwvs thelr sparring sbilitr. However, sparing compet-
itions are petfornied very rapidly and indetenninarely and
depend on an opponent’s mrovernents and skill bevel. The
highly specielized natuce of sparring requires that: rrainivgy
develop the specific skillsused in sparring In £ previons study
from our laboracery (9), we reparred physidlogical demands
of 5 typs of lovats evwreises v young men {age, 21 years:
weight, (2.1 kpz heighr, 1639 cm). The mean ¥ oimex
walues. were 293 = F3% for thesiatfonary basics, 53.0 = 9.2%
far the movement bastcs, S48 = 7.6% for sparring TECH I,
53.9. = 308 forsparrng TECH.IL, and 44.1. = 3 % {or kaca,
Of these exercises; the stationary basics, movement basics,
and kam are very forme and sysiematc unlike spaning
Berarse competition i the foral point of arhlatfe waining,
any training program shonld mimie the competfion and
refiecr the desired adaptation. The techniques and move-
ments practiced in the sparxing TECH I end sparing TECH
W ace wery similar to spariing: compertions. Also, the mean
%V gymax values. of sparring TECH T and sparring TECH T
are ghowe those of the 2 snd J-minute bouis- af sparrng
obraimed in the pregentsdy (423 . = 100% and 478 = .03,
respectively), which might be necessary to ovedoad a system
to. canse the body to respond and sdapt Thos, it-ls
recommeended thac a sparring competimr practice longer
duration of sparring TECH Yand sparring TECET T tham the
statiomary basics, movement basies, and law.

The second argament is: that some instuctors claim that
long dismanse mupning is-dnvportant 10 inereace cordiorascular
endurance for sparring sompetitors. and heieve that strength
teaining  decreases Hexibiliy and reduces the sp=ed of
tachniques. The comditioningspecialists may hove to eduwcare
these instructors ebour hos properly designed plyometric
exercises and atrength and ballistie twaining will not have this
effect, but may increase punchingrand licking speed, or power
£13 21). Much of the power in varioes rechnigees, not only
Itk tachosfquss butalsa sven hand sehmiques in karats, i
generated through the hip romaton and relnred Jeg nedons. Ta
optimize power genemted through the hip rontion, pwisting
crunchesand ather varimions of rotary movements should be
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used, and also power exercises such ag cleans and sonrches.
chould be nsed to Incrense porwer genemted throvgh the legs.
{8). Although resistance training doss notappear to decrsase:
Hexbility, it has been seppeqted thar Hexibility training may
be meeded to incfense: the vange of matioa (6).

In comparison with top-lerel athletes in wmriovs sports. the
mean Vogmaz L2 = 4.3 mE-kg ™ awin ™) of the ssbjects in,
the present study was mud) Jower than long and middle:
distance ranners and were similar 1o vollzyball players and
sprintens (L1, Qur findings indicare that the subjects in the
presentendy were nonendurance athleses. In addition, it has.
been reporred that lean body mmssand soenpth arefndiecative
offhighly competfitire karae players: (2 world champions and.
5-prize winners in intesnatonal compatidons iy sparringwers
included ir the subjects: ngra 21 years;weight. 66.3 kg heighr,
172.9 cm), whose mean Voynay wes alsa in the range of
nanendurance gthletas (109, The krarsre players may perftem
cardiovascular conditfordng 3 days parwesl for short padod
of tinee (e, 20 minwes) 0 asist.apaerobic reeovery (6
However, baeame tha high oxfdades strass acsonapanying
highsrolume ar high-intenstty endurance tmining appears
negatiwely affzct posver deselopment, they showld mit high-
intensity asrobie vainig (6).

In the presencsmdy, the duration of the fongest seres. of”
performinp: ofiensive snd/or defensive combination technis
quas during 2+ and S=minute bouts of sparring were 21 = 1.0
and L8 = B2 saconds, respctively, and themeantoral time of
petforming offensive and dafensive rechniques during: the 2-
and -minute bouts ofsparing were 133 = 33and 194 = 5.5
seconds; respersvely. Toyoshima ez al. (20): reported simila-
yemle, Thos, the 2« and 3=mimute bours of sparring are:
chameterzed by shom spells of highsimensity =verclses,
which ars intermapted by less imfense periods such as.
preparation for atade and/or defense and suspension: by
the referse and appear to be anwerobic. For rapid acercises
lasting fhor & few seconds toapproximardy 1 minuhe, muscle:
depends nuainly an Immediare 2nergy sonrces and glycolyric
epergy sources {3), Althorgh blood lacrate levels ~vece
mcderae afier pedorming 2- and S-mimite boats of sparing:
(5.1 = 18 and 34 = L0 mmoll ™, respacitvely), they vwere:
levared abowe resting values, Thus, Increasing the abllity 1o
boffer acd mmscle and blood concentratipns in order ton
demonsoete optimal soenggh and power during tmining and.
competion might be impormnt. Perdforming resistance
training with: shert test intervals, waditional cardiovascdar
interval wraining, and/or punching and lricking as quiclkly as
possible with shorr rest intervels are recommended
increase the bufering abiliy:

The third argoment g dhat although some imeructors
recopnize that noreitional strategies are an integral compo-
nent of the overall goal of improving kamre performancs, it
has been reporied thar highly compedtive collepinte karate
pliyers may be at sk of subopdmal nuwtenr intake {18). T
this study, daily EE was estirmated from the basal membolic
rate, body surface ares, and rinve and relarive metabolic rate

of varigps gctivities. The relatize metmbolic rates dwming
korate avencisas wepe calculared from the result of 2 previous
sady from ovr laborarory {9). We reparced BE for 5 types of
larate egercises in younp men who hold a black belt. The
mean values i ehkg-min™! were 0343 for the statinnary:
basics, §.632 for the movement basics, 0.64% for spasting
TECH L 0.640 for sparring TECH ¥, and 0510 for ko
Fhysiologieal responsas of 3: and J«mimta bowts of sparring
wera not measyed in difs smdy becanse these 5 gpes of
harate exercises are typically pmcticed dwrbop 8 regular
warkonr Horverer, karateiss practice 2- and 3~minute bhouts
of sparting cuire often before-a ronrnament. They usually
practiceat least sereral ronnds, so- thar ivsssms reasonghle ©
we the EE abmined during 3-minute bout of spaming in the
present study (0500 kl-kpmin™) to sstimate the BE for
siraniated kams sparring during: a repular workous, Adding
this EE valne to the EE for 5 typag of evercises, nutritionists
can estimare the BEE during the endre wokour.

The common infurfes. in laras are sprains and brsisss. of
e fingars, wes, and limbs Moer of thass mjovies could bz
prevented by hand, foot, and shin protectoss. The significant
mjuary sires are the bead, necl shoulder, and lower badk
{4,24), The swengeh taming program in karsrewweuld indode
the necly rotmor cuff] mnd- core stebility and fexdibillty
exercises, In gddition to these exercises, the ballisde muscle
contractions essemtial to vardous karate techniames necessi-
tate developrnent of agonist/antagonist nmsde balance (8).

PRacTICAT APPLIGATIONS

Because competit on is the focal poine of athleric tafning, any
training prograr shoul d mimi ¢ the-competiton and reflect the
desived adeprafon. Thus, ft{s recommended thar a sparring
competioor practics a fonger duration of sparring TECH T or
sparring TECH 11 than thesoarionary bastce, nxorement bastes,
and Tato. Becawse much of the power in warigus tachniqoes in
karate is penermted through che hip romdon and relawed leg
actions, twistingrcrunches and other varfatons of rotery moves
mentsand posver 2ercises such ascleans and snatches shoald
be incloded in the swength tainfng. Althavgli resisance
maining does noc. appear to dexrease fexibility, Bexibiiy
raining may be needed to enhance the range of motion.
Parforming reststance training svifh short rest iniervals, tra-
ditibnal cardiowasenlar interwal tmining, and punching and
kicking as quickly as possible with short rest intervals are
recomumended vo incrsase the ability to buffer acid nvuscleand
blood concentraions, Although long-digtance rumning is not
recornmended, the comperitors may padorny cardiorasculr
candifoning 3 days per wesk for short perfnd oftinis to essist
-amierobie pecovery. It geermg ressonableto neethe EE obmined
dudng 3mimit= boot of sparving in the presenc sudy (0.500
{kgemin™ 1o esimarte the EE for simelared karate sparing
dwing o vepufar workour. A ddingrhis EE velue to the EE{or3
types of exercises, nouritionfsts can. sstimate the EE during the
entire workaut. To avpid pr prevent athlede injardss, the
swrength frainfny program in karare wonld indude the necl,
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vocator cuff; and core stability and fiexibfity exercises, In
addition - thass ayeredsay, the balllsrds moscle conrractions
essential to warfous knrate 1”"1‘1.!11!1’(195 necessitare derslopment
of agonist/antagonist muscle balance,
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Manuscript Submission Guidelines

Authors should submit the original file in one of the following formats: Microsoft® Word®
(.doc, .otf, .txt), Corel® WordPerfect® (.wpd, .xtf, .txt), or Adobe® Acrobat® (.pdf).

You must submit the cover letter, copyright release, and manuscript separately to separate
identifying information from the manuscript.

Manuscript must match JSCR formatting, including terminology use and units.

Please attempt to keep all figures and tables in a single file (instead of submitted as separate
attachments). We prefer that each diagram be pasted into a PowerPoint presentation. Ensure all
figures are labeled and referenced in the manuscript.

IRB approval must be mentioned.
If you use Microsoft Word, save in the .doc format.

Cover Letter: A cover letter must accompany the manuscript and state the following: "This
manuscript contains material that is original and not previously published in text or on the
Internet, nor is it being considered elsewhere until a decision is made as to its acceptability by
the JSCR Editorial Review Board." Please include the corresponding author's full contact
information, including address, email, and phone number.

Compliance with NIH and Other Research Funding Agency Accessibility Requirements: A
number of research funding agencies now require or request authors to submit the post-print (the
article after peer review and acceptance but not the final published article) to a repository that is
accessible online by all without charge. As a service to our authors, LWW will identify to the
National Library of Medicine (NLM) articles that require deposit and will transmit the post-print
of an article based on research funded in whole or in part by the National Institutes of Health,
‘Wellcome Trust, Howard Hughes Medical Institute, or other funding agencies to PubMed
Central. The revised Copyright Transfer Agreement provides the mechanism.

Copyright Form: The National Strength and Conditioning Association must receive in writing
the exclusive assignment of copyright from all authors at the time of manuscript submission.
This form can be found at http://www.nsca-lift. oreg/Publications/JTSCRCopyrightRelease.pdf. If
only one author signs the copyright assignment form, such author warrants that he/she is the duly
authorized agent of all other co-authors. Your manuscript will not be published if a signed
copyright release form is not retumed. Please return your original signed copyright assignment
form to the editorial office at the time you submit your manuscript. Please keep a copy for your
records. Manuscripts are considered for publication on the condition that they are contributed
solely to the JSCR and, therefore, have not been and will not be published elsewhere, in part or
in whole. Manuscripts containing data that have been posted to the Intemet for public access will
not be considered for publication. .

IRB: The NSCA and the Editorial Board of the JSCR have endorsed the American College of
Sports Medicine’s policies with regards to animal and human experimentation. Their guidelines
can be found online at http://www.editorialmanager.com/msse/. Please read these policies
carefully. Each manuscript must show that they have had Institutional Board approval for their
research and appropriate consent has been obtained pursuant to law. All manuscripts must have
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this clearly stated in the methods section of the paper or the manuscript will not be considered
for publication.

Authorship: All authors should be aware of the publication and be able to defend the paper and
its findings and should have signed off on the final version that is submitted. For additional
details related to authorship, see "Uniform Requirements for Manuscripts Submitted td
Biomedical Journals" at http://www.icmje.org/.

Formatting and Units: All manuscripts must be double-spaced with an additional space
between paragraphs on 82 x11-inch paper. The paper should include a minimum of 1-inch
margins and page numbers in the upper right corner next to the running head. Please use a font of
at least 12. Authors must use terminology based upon the International System of Units (SI). A
full list of ST units can be accessed online at http://physics.nist.gov/. Manuscript identification
numbers (e.g., R-12034) will be assigned to each manuscript, and should be placed on all revised
manuscripts and used along with the manuscript title for all communications with the Editorial
Office. Any revision should have the revision number placed after the manuscript number, (e.g.,
R-12034, Revision 1).

Language Use: Again the /JSCR endorses the same policies as the American College of Sports
Medicine in that the language is English for the publication. "Authors who speak English as a
second language are encouraged to seek the assistance of a colleague experienced in writing for
English language journals. Authors are encouraged to use nonsexist language as defined in the
American Psychologist 30:682-684, 1975, and to be sensitive to the semantic description of
persons with chronic diseases and disabilities, as outlined in an editorial in Medicine & Science
in Sports & FExercise®, 23(11), 1991. As a general rule, only standardized abbreviations and
symbols should be used. If unfamiliar abbreviations are employed, they should be defined when
they first appear in the text. Authors should follow Webster’s Tenth Collegiate Dictionary for
spelling, compounding, and division of words. Trademark names should be capitalized and the
spelling verified. Chemical or generic names should precede the trade name or abbreviation of a
drug the first time it is used in the text."

Manuscript Format Guidelines

1. Title Page

The title page should include the manuscript title, brief running head, laboratory(s) where the
research was conducted, authors’ full name(s) spelled out with middle initials, department(s),
institution(s), full mailing address of corresponding author including telephone and fax numbers,
and email address, and disclosure of funding received for this work from any of the following
organizations: National Institutes of Health (NIH); Welcome Trust; Howard Hughes Medical
TInstitute (HEIMI); and other(s).

2. Blind Title Page

A second title page should be included that contains only the manuscript title. This will be used
for reviewer copies.

3. ABSTRACT and XKey Words

On a separate sheet of paper, the manuscript must have an abstract with a limit of 275 words
followed by 3 — 6 key words not used in the title. The abstract should have sentences (no
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headings) related to the purpose of the study, brief methods, results, conclusions and practical
applications. Do not end with statements such as "will be discussed."

4. Text
The text must contain the following sections with titles in ALL CAPS in this exact order:
A. INTRODUCTION

This section is a careful development of the hypotheses of the study leading to the purpose of the
investigation. Limit information that is "chapter like" in nature as this is not an exhaustive review
of the topic. Focus the studies lending support to your hypothesis(es) and giving the proper
context to the problem being studied. In most cases use no subheadings in this section and try to
limit it to 4 — 6 concisely written paragraphs.

B. METHODS

Within the METHODS section, the following subheadings are required in the following order:
"Experimental Approach to the Problem," where the author(s) show how their study design will
be able to test the hypotheses developed in the introduction and give some basic rationales for
the choices made for the independent and dependent variables used in the study; "Subjects,"
where the authors include the Institutional Review Board or Ethics Committee approval of their
project and appropriate informed consent has been gained. All subject characteristics that are not
dependent variables of the study should be included in this section and not in the RESULTS;
"Procedures," in this section the methods used are presented with the concept of "replication of
the study” kept in mind. After reading this section another investigator should be able to replicate
your study. Under this subheading you can add others but please limit their use to that which
makes the methods clear and in order of the investigation (e.g., Biochemical Assays or EMG
Analyses); "Statistical Analyses," here is where you clearly state your statistical approach to the
analysis of the data set(s). It is important that you include your alpha level for significance (e.g.,
P < 0.03). Please place your statistical power in the manuscript for the n size used and reliability
of the dependent measures with intra-class comrelations JCC Rs). Additional subheadings can be
used but should be limited

C.RESULTS

Present the results of your study in this section. Put the most important findings in Figure or
Table format and less important findings in the text. Do not include data that is not part of the
experimental design or that has been published before. Place descriptive data about subjects in
the METHODS section under the subheading of Subjects. Make sure that you cite each Figure
and Table, and in space between paragraphs indicate roughly where you want each Figure or
Table to appear (e.g., Table 1 about here)

D. DISCUSSION
Discuss the meaning of the results of your study in this section. Relate them to the literature that

currently exists and make sure that you bring the paper to completion with each of your
hypotheses. Limit obvious statements like, "more research is needed."

92



Appendix C

E. PRACTICAL APPLICATIONS

In this section, tell the “coach" or practitioner how your data can be applied and used. It is the
distinctive characteristic of the JSCR and supports the mission of "Bridging the Gap" for the
NSCA between the laboratory and the field practitioner. This section of the paper should speak
directly to this audience and not to the exercise or sport scientist.

5. References

All references must be alphabetized by sumame of first author and numbered. References are
cited in the text by numbers [e.g., (4,9)]. All references listed must be cited in the manuscript and
referred to by number therein. For original investigations, please limit the number of references
to fewer than 40 or explain why more are necessary. The Editorial Office reserves the right to
ask authors to reduce the number of references in the manuscript. Please check references
carefully for accuracy. Changes to references at the proof stage, especially changes affecting the
numerical order in which they appear, will result in author revision fees. Below are several
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Iglarsh, ZA, eds. Philadelphia: Saunders, 1994. pp. 159-199. <BR
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Terminology and Units of Measurement

Per the JSCR Editorial Board and to promote consistency and clarity of communication among
all scientific journals authors should use standard terms generally acceptable to the field of
exercise science and sports science. Along with the American College of Sports Medicine’s
Medicine and Science ins Sport and Exercise, the JSCR Editorial Board endorses the use of the
following terms and units.

The units of measurement shall be Systéme International d’Unités (SI). Permitted exceptions to
ST are heart rate—beats per min; blood pressure—mm Hg; gas pressure—mm Hg. Authors
should refer to the British Medical Journal (1:1334 — 1336, 1978) and the Annals of Internal
Medicine (106:114 — 129, 1987) for the proper method to express other units or abbreviations.
‘When expressing units, please locate the multiplication symbol midway between lines to avoid
confusion with periods; e.g., mL-min™ ¥

The basic and derived units most commonly used in reporting research in this Journal include the
following:

mass—gram (g) or kilogram (kg); force—newton (IN); distance—meter (m), kilometer (km);
temperature—degree Celsius (°C); energy, heat, work —joule (J) or kilojoule (kJ); power—watt
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1 T = 1000 N-m = 0.239 keal = 102 kg-m;

1W=17Js-1=6.118 kg'm-min-1.

‘When using nomenclature for muscle fiber types please use the following terms. Muscle fiber
types can identified using histochemical or gel electrophoresis methods of classification.
Histochemical staining of the ATPases is used to separate fibers into type I (slow twitch), type
Ta (fast twitch) and type IIb (fast twitch) forms. The work of Smerdu et. al (AJP 267: C1723,
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1994) indicates that type IIb fibers contain type IIx myosin heavy chain (gel electrophoresis fiber
typing). For the sake of continuity and to decrease confusion on this point it is recommended that

authors use Ix to designate IIb fibers in theie manuscripts.
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