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Abstract

BackgroundThe increasing interest over the past few yeartegal performance
enhancement in sports lead to a multitude of rekear focusing on psychological and
physical factors influencing performance and susagase. Of particular interest is mental
toughness, a construct explaining mental stremgtompetition.

PurposeThis is a cross-sectional study comparing seveagbbles between three
groups of female Thai boxing competitors. Main ®dees on the role of mental toughness
and other sports related constructs such as ditya (2D:4D), aggression, sex role identity,
handgrip strength, laterality and maximum punchooger towards achievement level.

Method A questionnaire, an indirect (computer-based) nremsent procedure to
assess aggression (Implicit Association Test: IAAggression), a handgrip strength
dynamometer, a computer-based instrument SCHLAGNMNHEESSNnd hand scans were
performed to acquire data from 87 female Thai b®xail participants were competitors,
divided into groups Newcomer (> 4 fights), Amatédto 10 fights) and Professional (11 or
more fights). Instruments used to assess mentajhtmss were MTQ48, SMTQ and
TROSCI, instruments used to assess aggressionBR&€- Physical Aggression and IAT-
Aggression.

Results Mental toughness and other measured psychologioaktructs had no
significant predictive value towards performancd anccess rate in Thai boxing. Significant
predictors were fighting experience, maximum punghpower of the back hand and
knockout rate. Professionals showed significambsIphysical aggression than Amateurs and
Newcomers. Fair to strong correlations between @uamdstrength, maximum punching

power and flexed biceps circumference were found.
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ConclusionThe findings imply the need for a different meritaighness construct for
Thai boxing or full contact combat sports in gehemanpared to other sports. The only valid
predictors towards success were fighting experiemaximum punching power of the back

hand and the knockout rate, indicating good physicaditioning.
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Introduction

“Champions keep playing until they get it righ{Billie Jean King, n.d.)
Dedication, talent, an extraordinary physique ¢eréess striving to be the best; what does it
take to be a champion? The physical, technical medtal requirements to achieve top
performance rise constantly. There is no room ftakes at the top, the line between being
an average athlete and a champion is razor-thiepikg a cool head, staying focused under
pressure even in the most unpromising of conditiomgld make the difference between
winning and losing. In search of the key to sucaesentists found that successful athletes
seem to have mental toughness (MT), a certain tyaok psychological strategies to deal
with challenging situations (Moesch, 2008). Disaowg those certain psychological
strategies lead to the question whether the resso® people have them and some don't lies
in disposition or the environment, nature or nwetur
“We are what we repeatedly do. Excellence, thennas an act, but a habit”

(Aristotle, n.d.). As important as the right phydicondition is the right mindset, and,
according to Spielberger (2011), such as trainingiuscle the mind needs to be trained
continuously as well. Athletes, coaches and sagenall over the world keep chasing after
the newest, legal performance enhancer, therefgeg traits as self-confidence, faith in
oneself and one’s abilities, dealing with extraoedy pressure and regaining control after
unforeseen events as labile would leave room f@ravement and could make the crucial
difference. The results of Horsburgh, Schermers®i&a and Vermon (2008) suggest that
the environmental influence on MT is crucial andgh®logical strategies can be trained.
The assumption that these traits are considereitk |abised interest in measuring and
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enhancing them. But how is one supposed to meddidr® As an often used but rarely
understood term, sports psychologists gained istenedefining MT not only qualitatively
but also quantitatively (Crust & Swann, 2009).

This thesis discusses the postulated differencevaset successful and mediocre
athletes in MT as well as other psychological ahgisical dimensions in relation to Thai

boxing.
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1.1 Thai boxing — Muay Thali

1.1.1. History

Muay Thai, the combat sport as we know it todayhesd from Muay Boran, an
ancient, unarmed combat method which Siamese seh@uld use in battle in case of losing

their weapons.

In 1767 the kingdom of Ayutthaya was brought downirvading Burmese armies,
burning down the city of Ayutthaya and destroyirg tarchives of Thai history. Every
written source about the origins of Muay Boran haen destroyed. The little sources left
were writings of the Burmese, Cambodian and eankpgean visitors. The first Thai army is
believed to have been created in 1238, the beginmiithe Sukhothai era, as a consequence
of the secession of Sukhothai kingdom from the Khemapire. With the constant threat of
war, young men were trained at training centersMiiy Boran and Krabi Krabong, a
weapon based combat method. At first only requfedpoor and common people, Muay

Boran soon became an obligatory part in the edutcddir the high-class and royalty.

The change of interest in Muay Boran as a spast &ppeared in 1584 under King
Naresuan, who practiced the combat form himsebinfthat time on, Muay Thai was not
only used as a way of self-defense but also inladégd matches, although the most radical
changes did not appear before the early twentiethtucy. In 1920, Muay Thai was
withdrawn from the school curriculum because of ligh injury rate. The first permanent
Muay Thai Arena and also the first boxing ring wérglt in 1921 at Suan Kularp (Rose
Garden) in Bangkok. In the late 1920s boxing glowese introduced to fighters, along with

today’s rules and regulations.
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Interest in Muay Thai began flourishing around wld in the 1970s in conclusion

to the movies of Kung Fu practitioner Bruce Lee.
1.1.2. Thai boxing in Europe

In the 1970s Muay Thai and Japanese Kickboxing (épe first introduced in the
Netherlands by Jan Plas and Thom Harinck, the fexsndf the NKBB (Dutch Kickboxing
Association). The typical Muay Thai style got maelif by Western European combat sports,

even though the most substantial changes wereemiked by Western boxing.
1.1.3. Women in Muay Thai

Traditionally, women were excluded in partakindgvatay Thai contests due to strong
Buddhist beliefs. Superstition and the belief il spirits and ghosts were the main reason to
consecrate every ring. In order to achieve wellmmmegg a monk would undertake several
ceremonies and pray to these spirits. Accordinghi® Buddhist belief, women represent
desire and therefore may not be touched by a monehter a ring, otherwise the spirits may

end up being hostile towards every fighter entetimegring.

Along with the gender movements of the 1960s arkD4%vomen in Thailand found
interest in the sport of Muay Thai and slowly sdrto participate in competitions. Even
though women are still restricted from competingextain stadiums in Thailand and have to
enter a ring below the ring ropes, the interegemale fights around the world continuously

increases.
1.1.4. Techniques

Because of its techniques Muay Thai is also cafiEde Art of Eight Limbs”.

Allowed are punching, elbow strikes, kicking ance&rtechniques to the legs, body or head.
22



Also, setting itself apart from Western boxingnching and neck wrestling are legitimate

techniques in Thai boxing.

1.1.4.1. Punching

Similar to Western boxing, the punching techniguetude straight punches such as
the jab and the cross, hooks and uppercuts. Irtiaddo that the spinning backfist, which is
performed by forming a fist and turning 360°, larglthe punch with the back of the hand, is
a legitimate technique. Punches can be used tdve¢hd or the body, even though body

punches are used less to avoid exposing the attattead to kicks and knee strikes.

1.1.4.2. Elbow strikes

The elbow is used to either finish the fight viaokkout or to cut the opponent’s skin,
so the blood might block the opponent’s vision.dwbstrikes can be executed horizontal,
diagonal-upwards, diagonal-downwards, uppercut, mdeavds, backward-spinning and
flying. EIbows need to be performed in very closgtahce therefore they are often utilized

during the clinch.

1.1.4.3. Kicking

Even though there is a great variety of differemtking techniques, including
spinning kicks, heel kicks and flying kicks, theotimost commonly used are the front kick,
also known as theep, and the roundhouse kick. fidme kick is a foot thrust used mainly to
control distance or block attacks. The roundhousk ks a kick to the opponent’s side,
including the rotation of the attacker’s standiag bnd his hips. Kicks are executed with the
shin to avoid hurting the fine bones in the muclakes foot. Targets are the legs, body or
head. To check a technique, the fighter will blale& kick with his own shin or catch the

attacker’s leg and counterstrike.
23



1.1.4.4. Knee strikes

A knee strike is a very powerful technique, useithezi to the body or the head,
applied from separated or clinching position. Kneas be executed straight, diagonal,
curving, horizontal and flying. Khao loi, which nmreasmall knee, describes a knee strike to

the opponent’s thigh, often used during the clinch.
1.1.4.5. Clinching and throws

Clinching and neck wrestling describes the positigrand holds of fighters engaged
in stand up grappling. Fighters will try to achiesedominant position by grabbing the
opponents head and pulling it down. During theatlithe fighter will try to execute knee and
elbow strikes or throw the opponent. Throwing tegbhas are limited as of Judo and

Wrestling techniques are considered illegal.
1.1.4.6. Fouls

Biting, eye pocking, spitting on the opponent, héadting, continuing to harm a
grounded opponent as well as techniques to the,giloe back of the head or the spine are
considered illegal. The fighters have to obey #feree’s command at all times.

If a fighter accidentally fouls his opponent he Iwbke given either caution or a

warning, fouling on purpose can lead to instanguidification.

1.1.5. Rules and Regulations

1.1.5.1 Weight divisions

Such as in Western boxing, Thai boxing fighters peta in a certain weight category.
There is a great diversity in a division’s range areight limits depending on the association

24



in charge. All associations have the lowest wedihison at 105 Ibs or 47.62 kg in common,
as well as a fighter's minimum weight of 100 Ibsls@ the time of the weigh in is
determined by the event’s organizer, varying betw&ehours up to 3 hours before the fight.

1.1.5.2. Equipment

Amateur fighters are obliged to wear hand bandagjeses, headgear, shin guards,
elbow pads, a mouthpiece, groin protection and, féanale fighters, breast protection.
Professional fighters may not wear anything butdages or tape on the hands, gloves, a
mouthpiece, groin protection and, optionally, btgaetection.

All fighters are obliged to wear shorts no londsrt to the knee, with the addition of
a tight, sleeveless sports top for female fighters.

Female fighters are also obliged to neatly tiertiir without tangling ends, hair
bands may not contain metal or hard plastic.

1.1.5.3. Rounds

The bout originally consists of five rounds of threninutes each, with a resting
interval of two minutes between each round. Arothmel world the number and duration of
rounds vary between two rounds of two minutes eactimum and the original number and
duration of rounds maximum. The most common typbafts in western countries is three
rounds of two minutes each with a one minute bfealamateurs and three rounds of three

minutes each with a resting interval of one mirfateprofessionals.

1.1.5.4. Scoring System, Judges and Referee

A minimum of three judges, sitting at three siddstle ring, score the fight
independently and according to the associationlesriand scoring system. The most

commonly used scoring system is the 10:9 systetthtéfupoints are given to the winner of
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the round, whereas the opponent gets nine or leisssp Every round must be scored right

away, each round’s score will be added to the feale at the end of the fight.

A fighter scores using fists, legs, knees and etbasymuay thai fighting weapons to
hit his opponent powerfully, accurately, unprotdctend according to the rules. Each
technique scores equally, as long as it is exeowitdn the rules and with the intention to

end the fight.

The primary concern of the referee should be tpbtérs’ wellbeing. Some of the
most important duties are to prevent a weaker b&wen receiving undue and unnecessary
punishment, to control that the rules and fair pdag observed at all times, controlling the
start, break and end of a fight, counting to eightase of a knockdown and terminating the

contest at any time in case of one fighter’s ingbib protect himself.
1.1.5.5. Decisions

A fight can result in winning by points, knockougchnical knockout (TKO) and
disqualification, in case both fighters scored shene the fight will result in a draw. For a
win by points, either a majority or a unanimousisiea at the end of the bout is necessary.
In case a fighter is being knocked down and caoontinue to fight, his opponent wins by
knockout. A technical knockout includes the ref&yedecision to stop a fight and or if a

fighter chooses to forfeit.
1.2. Mental Toughness

Long before there was a scientific interest in tmmstruct of MT, coaches and
athletes used the term to describe the qualiti@sabfampion. Experiencing a great amount of

stress during competition, some athletes wouldkotewler the pressure and would not be
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able to perform up to their talents. They weretoagh enough. In the early 1980s, the sports
psychologist James Loehr emphasized the necesdigfine and measure MT, for as athletes
and coaches felt that at least fifty percent ofcess is due to psychological factors (Loehr,
1982, 1986; as cited in Middleton et al., 2003)sdlbehavioral studies indicated a
considerable influence of personality traits tovgasdiccess, athletes seemed more “tough-

minded” than the rest of the population (EysendasN& Cox, 1982).

1.2.1 Definition

Even though the term “tough-minded” was often udedt attempts to define MT
concluded in inadequately phrased, little spedaifinitions without scientific evidence. In
his early work, Loehr (1986) claimed that mentathygh athletes respond to pressure by
remaining calm, relaxed and energized. He postlilsé¥en attributes of MT, which further
researchers found to be empirically unsubstantidtkd first empirically oriented qualitative
studies to analyze the term mental toughness weptemented by Fourie and Potgieter
(2001) and Jones, Hanton and Connaughton (200®pthn studies researchers found MT to
be a multi-dimensional construct and both iderdifizrelve components. Jones et al. (2002,

p. 209) suggested following definition of MT:

Mental toughness is having the natural or develgp®chological edge that enables
you to:

e Generally, cope better than your opponents with tieny demands (competition,
training, lifestyle) that sport places on a perf@amand,
» Specifically, be more consistent and better thamryopponents in remaining

determined, focused, confident, and in control umpdessure.
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This definition implies that mentally tough athlketare generally able to remain

focused and controlled and keep pursuing theirgg@aden in high pressure situations.

Middleton, Marsh, Matrtin, Riches and Perry (200dijcized Jones et al.’s tendency
to confuse what MT allows one to do rather thardéscribe what MT is. After further
research, they suggested their own definition of, Mifiich requires the presence of some or

all of the twelve MT components:

“Mental toughness is defined as an unshakeablegversince and conviction towards

some goal despite pressure or adversi(p.’6)

Furthermore, the authors understood MT not onlg asulti-dimensional but also as a
hierarchical construct. They divided the twelve poments within two main categories,
toughness-orientation, which includes factors #ratpersonal characteristics, and toughness

strategies, whicinclude factors that are actions.

Based on Kobasa's (1979) hardiness theory, Clolggr] and Sewell (2002)
developed a different definition of MT. From thigpeoach mental toughness is being looked
at as characteristics individuals possess, a likait-construct, which consists of four
dimensions and is known as the 4 C’s model. Oftescdbed as the key factors of MT

(Crust, 2008; Jones et al., 2007; Sheard, 20164 @’s are:

» Control describes a person’s tendency to feel in controine’s environment and to
act accordingly. This factor refers to emotionattcol and control of life itself.

* Challengedescribes a person’s tendency to interpret problashan opportunity for
personal growth.

« Commitment describes a person’s ability to successfully ecar@iachieving certain

goals despite obstacles that may occur along tlye wa
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» Confidencedescribes the extent to which a person’s selebeéimains unshakeable
while completing difficult tasks. This factor re¢eto confidence in one’s abilities and

confidence in one-self.

According to AQR (2011, para 1.), mental toughness'the capacity for an
individual to deal effectively with stressors, me®s and challenges and perform to the best
of their abilities irrespective of the circumstasda which they find themselvesVentally
tough people are therefore considered to be cataxed, rarely anxious and with strong
belief in themselves. Resulting from these trapgople with distinctive MT enjoy

interpersonal comparison and are more likely t& seenpetition.

Even though there appears to be a certain consabsusg which abilities a mentally
tough person possesses (Jones et al., 2002), dstiaqu whether there is one construct of
MT, applicable for every situation and sport, offetent forms of MT (Bull, Shambrook,

James, & Brooks, 2005) is yet to be answered.
1.2.2. Developing Mental Toughness

As in many other scientific fields, the question redture vs. nurture is of great
importance. The extent to which MT can be influehbg environmental circumstances plays
a crucial role in psychological research and appigort psychology. Many researchers find
MT to show partially stable characteristics. Joresl. (2002) assume that some traits are
both inherited and influenced by the environmertereas Clough, Earle and Sewell (2002)
propose that the tendency to remain unaffected dmpetitive events is disposition. The
correlations between MT and a higher tolerance tdsv@ain, a better overall performance
(Crust & Clough, 2005) and faster rehabilitatioteafan occurring injury (Levy, Polman,

Clough, Marchant, & Earle, 2006) also indicatetthite attributes.
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On the other hand, Bull et al. (2005) found a fhatton in MT scores over time,
supporting the assumption of MT as a flexible cargdt In a study of Jones et al. (2007)
successful athletes claimed a natural dispositioMD, developing over time and growing
with experience. Gucciardi, Gordon and Dimmock @0@ere able to significantly enhance

MT in youth soccer players using psychologicallgkaining.

MT could therefore be interpreted as a construtienced, but not fully explained by

personality traits.

Looking at MT as a partially stable construct cetisg of dispositions, e.g. coping
style, optimism, etc., and personality traits, exguroticism, dominance, etc., Lazarus and
Folkman (1984) claim that unlike personality traisspositions are situational and highly

susceptible for intervention.

Bull et al. (2005) suggest a long-term developn@nMT, in which environmental
influences appear to be the foundation to threel¢eof MT attributes: tough character, tough
attitude and tough thinking. A tough charactembeihe engine in the hierarchical model
includes personality traits relevant for MT. Thesaits are considered stable. A tough
attitude serves as fuel in the authors’ model aedcdbes habitual patterns, which are
situational and teachable. At the top of the hidrarthere is tough thinking, which describes

desirable mental strategies used directly duringrapetition.
1.2.3. Mental toughness in relation to success ip@ts

As previously mentioned, it is yet to be discovevdtether there is one construct of
MT, applicable for every individual, sport and sition, or several forms of MT (Bull et al.,
2005). Gucciardi et al. (2009) found evidence #taing performing athletes scored higher at

MT questionnaires. In an extensive study includ@ participants, Nicholls, Polman, Levy
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und Backhouse (2009) could not demonstrate the ctegedifferences in MT between
beginners and University athletes. Based on thes&aversial results it is important to keep
in mind that MT might correlate with a strong pen@nce but is only one out of many
factors responsible for success. Physical talenohrtical skills and time invested into training
play a crucial role in an athlete’s performanceu@@®& Azadi, 2010; Gerber, 2011; Nicholls
et al., 2009). Concerning the psychological compgrm@oderating factors might also play a
role. Even though a correlation between MT andrangt performance was established
(Gucciardi et al., 2009), the results regarding 80 success in sports turned out to be little
conclusive (Crust & Azadi, 2010; Nicholls et al.00B). Moderating factors could be
differences in coping strategies, in the perceptidnstress levels and the intensity of

perceived emotion.

1.3. 2D:4D

2D:4D is an acronym for second digit t

fourth digit (Manning, Scutt, Wilson, & Lewis

a0

Jones, 1998) and describes the proportion 73.27

() Dheld LHDIM
12} X3aMI LHDE

length between index finger 2digit) and ring
finger (4" digit). The digit ratio quotient is

determined by dividing the length of second fing i

TIATITTAZ = A5

by the length of the fourth. Early researche

focused on a comparison between male

female digit ratio and found it to be gender- 1 1 2D:4D-Verhaltnis

dimorphic (Manning et al., 1998; Phelps, 195‘2)|;http://www.handresearch.com/news/Menu_best

Sanden/digit—ratio—method Jjpal

for male participants showed lower digit ratig

than female participants. Differences in digit satvere found to be substantially heritable
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(Voracek & Dressler, 2007) and appear to develognamally (Galis, Ten Broech, Van
Dongen, & Wijnaendts, 2010). Between 1998 and 2@bbut 450 studies analyzing the
effects of 2D:4D were published (Voracek, 2011yinty to relate prenatal androgenic

influences to the human brain, body and behavior.

1.3.1. Prenatal testosterone levels in relation @D:4D

The observation of differences in finger lengthiwe®en men and women can be
traced back more than hundred years ago. Eckeb(E&/cited in Reimer, 2009, p. 5) was
the first scientist to mention these differenceggnethough the first scientific evidence,
connecting prenatal testosterone levels and digiv,rwas found by Manning et al. (1998).
The authors’ findings indicate a correlation betwéeh intrauterine testosterone levels and
a low digit ratio, explaining an occurring averatjgit ratio quotient < 1 in males and > 1 in
females. Testosterone was found to stimulate thevthrof the ring finger, whereas estrogen
was found to stimulate the index finger's growthafiviing, 2002a). Biologically responsible
are the homeobox- or hox-genes, which also cottteobevelopment of the gonads (Herault,
Fraudeau, Zakany, & Duboule, 1997; Voracek & Magni2003). Individual and sex
differences in digit ratio start to develop wittine seventh gestational week (Phelps, 1952;
as cited in Manning, 2002a) and are consideredestater time, as the individual ratio stays
the same over puberty and adulthood (Fink, Neawsighton, & Manning, 2006). This
observation made the digit ratio eligible as a kadter to objectify effects of masculinity

through prenatal testosterone for scientific rese@vanning et al., 1998).

1.3.2. 2D:4D ratio in sports

Competitiveness, speed, endurance, strength amba \gsual-spatial judgment are
important abilities high-class athletes must passbkanning and Taylor (2001a) found all

32



these abilities correlating with a low digit ratidlso, both male and female athletes with low
digit ratio were found to be higher involved in qoatitive sport, showing more frequent

training attendance (Manning, Morris, & CaswellQZ]

1.3.3. Relevance of 2D:4D ratio for female athles

Regarding the fact that digit ratio is a biomarkar prenatal testosterone influence,
one could assume that in spite of inter-individdéderences of digit ratio the effect might
not be significant enough for female athletes dugenerally higher intrauterine estrogen
levels. However, former research found female &akléo show higher competitiveness and
aggression than non-athle{g@ooper, 1969; Lenzi et al, 1997; as cited in Paokiy, Rachoo,
Sucheka-Rachoo, & Bitel, 2005), making the assumnptif a negative correlation with digit
ratio very plausible.Pokrywka et al. (2005) found evidence to suppaetitiea of digit ratio
as a correlate of sports potential for female &tsleln their study, the digit ratio of 138
females, non-elite athletes and elite athletes, massured and compared with female
individuals who were not practicing any sport. Tdaghors’ result showed a significantly
lower 2D:4D digit ratio of the left hand in elitéhéetes than the non-practicing control group.
However, differences between elite and non-elitbletgds were too small to reach
significance. HoOnekopp, Manning and Mailler (2006agasured 2D:4D of 77 young
females, finding also only the left hand’s digitioato correlate negatively with physical
fitness. Bescos, Esteve, Porta, Mateu, Irurtia, \dochcek (2009) found a significant effect
of prenatal exposure on success in sports in 8aléenvorld-class fencers, even though a
correlation only appeared for the right 2D:4D raRemarkable is the fact that this effect was
found in a homogeneous group of already world-cédketes, leaving possibilities to predict
sporting ability through digit ratio open. Voracdkeimer and Dressler (2009) found within

their sample of 44 female Austrian fencers a logitdatio to correlate with better national
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rankings, even after controlling salient performariactors such as age, years of training

experience and training intensity.

1.4. Aggression

The Oxford dictionary defines aggression' &selings of anger or antipathy resulting
in hostile or violent behaviour; readiness to akamr confront” (Oxford University Press,
2013). Buss and Perry (1992) found aggression twsisb of four dimensions, physical
aggression, verbal aggression, anger and hostilitye issue of aggression in sports is often
discussed and of great importance. Scientists, hesa@nd athletes agree that assertive
behavior is necessary to achieve certain goalpons but at the same time urge to distance
athletes from the image of the drunken, aggressilikete. Researchers have not yet agreed
on whether sports, in particular contact sportsjlifate hostile behavior or serve as an
accepted way to release hostile emotions (LemiddasKelvie, & Stout, 2002). Social
learning theory (Bandura, 1973) suggests that agie behavior can be learned by
observation and imitation of others or even onesediding to a circular repetition. The fact
that aggressive behavior in contact sports is at@rarded makes the occurrence in different
situations more likely.

An opposing theory is the catharsis theory (BushnBaumeister, & Stack, 1999)
according to which sporting activity serves as althg way to release aggression, a basic
instinctive drive, and therefore decreases aggresbehavior. Lemieux et al. (2002)
investigated the differences in aggression betvaeatact and no contact athletes, including
a control group of non-athletes, using the BussRey’'s (1992) Aggression Questionnaire
(BPAQ). The results were inconclusive, showing kighscores on the Aggression

Questionnaire for contact athletes than for no acinathletes, but also for the matched
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control group, indicating no differences betwedmetes and non-athletes and contradicting
both learning and catharsis theories.

The unsettled question whether aggression playmsiderable role in contact sports
leaves room to speculate the function of aggressia@ombat sports, which will be discussed

in this study.
1.5. Hypotheses

Particular attention of this study’s hypothesed & turned to MT and its correlates.
Next to MT, digit ratio, aggression, laterality apdnching power will be taken into special
consideration. Digit ratio, aggression and latgyadire current subjects of sport psychology
and will be analyzed based on previous studies¢hgng power will be explored as a new
physical component and possible altering factorsioecess in Thai boxing. Eventually this
study will serve to investigate the importance of ,Mligit ratio and several other variables

influencing success in Thai boxing, possibly allogvfuture predictions.
1.5.1. Hypotheses concerning Mental Toughness

Based on controversial findings concerning MT ardfgrmance level in different
sports (Gucciardi et al., 2009; Nicholls et al-09)) the question of the effects of MT on
sporting achievements will be of high importancethis study. MT will be measured by
using the MTQ48 (Clough et al., 2002) and the SMT®pborts Mental Toughness
Questionnaire; Sheard, Golby, & van Wersch, 20B8h questionnaires claim to measure

the same construct of MT hence a strong positiveetadion is expected.

Different psychological factors associated with Eduld alternate results and will be

taken into consideration. Beatie, Hardy, Savagepdkman and Callow (2011) claimed a
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strong correlation between MT and self-confideriberefore a positive correlation between
the MTQs and the TROSCI (Trait Robustness of Selff@ence Inventory; Beattie et al.,
2011) is expected. The willingness to accept higkisizal risks (Crust & Keegan, 2010)
suggests a positive correlation between MT andesggon. Given the fact that Thai boxing is
a full contact combat sport and requests a highngiess to accept physical risks, higher

MT scores for this study’s participants are expg@btecomparison to other female athletes.

In addition to that, a possible correlation betwd€hand digit ratio will be explored.
Both MT (Gucciardi et al., 2009) and digit ratio qMacek et al., 2009) were already

associated with sporting performance and are tbexefxpected to be negatively correlated.
1.5.2. Hypotheses concerning digit ratio (2D:4D)

A low prenatal testosterone level and thereforevadigit ratio have been associated
with achievement levels in several different spditanning & Taylor, 2001; Manning,
Bundred, & Taylor, 2003). These findings provedb® consistent also for female athletes
(Voracek et al., 2009), leading to the assumpti@t tigit ratio can be expected a predictor

of performance level in this study.

A meta-analysis by Voracek et al. (2011) showedavidence to support correlations
between digit ratio and sex role identity. Thisdstwvill investigate the relation between sex

role identity and digit ratio.

Digit ratio was found to highly correlate with haymgb strength (HGS) in males but
not in females (van Anders, 2007; Gallup, WhiteGG&llup, 2007). Even though a significant
correlation in this study seems implausible thatrehship between 2D:4D and HGS will be

analyzed.
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1.5.3. Hypothesis concerning laterality

Many researchers found left-handedness to be aanégatye in several different sports
(Dufour & Moller, 1996; Grouios, Tsorbatzoudis, Aéndris, & Barkoukis, 2000; Holtzen,
2000; Raymond, Pontier, Dufour, & Moller, 1996)daadso found it to be highly represented
in competitive manual sports (Annett, 1985; AzémRipoll, Simonet, & Stein, 1983;
McLean & Ciurczak, 1982; Raymond et al., 1996; \¢etg Reimer, Ertl, & Dressler, 2006).
The most famous southpaw (an official term usedambat sports to describe a fighter’'s
reversed stance) in boxing, Muhammad Ali, left stggs wondering whether the different
stance proves itself beneficial in general. Gurg2§09) found a significant difference in
success rates between left- and right-handed hofestering southpaws. Regarding the fact
that Thai boxers need to master both arms and dsgactive weapons, it is questionable
whether previous findings can be adopted for thislygs combat sport. Common belief is
that southpaws are tougher opponents due to theemess, so left-handed fighters are

expected to be more successful in Thai boxing.
1.5.4. Hypotheses concerning Aggression

Contact sports, especially full contact combat tp@eem to attract people who are
naturally more aggressive than the majority (Lemietal., 2002). Crust and Keegan (2010)
found a positive correlation between MT and physitsk-taking, so it is of great interest
whether athletes practicing Thai boxing are nalyrabre aggressive than controls. Previous
research almost exclusively found females to avoiysical aggression and choose a
different form of aggressive behavior (Hess & Had#06). On this account participants of
this study will be compared to the normal populatiegarding physical aggression using the

physical aggression scale of the BPAQ (Buss & Rar992). In addition to that the Implicit
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Association Test (IAT: Greenwald, McGhee, & Schwart998) will be used to avoid
socially desirable responses and get an insightpontaneous affective (i.e. automatic)
attitudes towards aggression. Common belief suggdsit aggression might interfere
negatively with success in Thai boxing, even thoiigieems plausible that a certain amount
and kind of aggressive behavior is necessary aldbavrewarded with a win. This study will
investigate aggression’s role towards success & Adxing.

By comparing aggression means between grolymyvcomer Amateur and
Professionaland correlating years of practice with both aggms instruments, a step
towards analyzing possible learning effects thropatticipation in full contact combat sports
will be attempted.

Ballerstein (2011) found a positive correlationvie¢n BPAQ- Physical Aggression
and IAT- Aggression, implying that a higher dirgatheasured aggression indicates a higher
implicitly measured aggression. IAT scores rangenfr 2 to + 2, whereat low scores imply
high aggression. For better understanding scorgesalvere reversed in this study, whereby
high IAT scores mean high aggression. Since baitruments claim to measure the same

construct, a positive correlation is expected.

1.5.5. Hypotheses concerning Handgrip Strength

Handgrip strength proved to be a considerable atdicfor physical health, blood
testosterone levels, lean body mass and aggrebsivavior (Gallup et al., 2007), even
though results were found significant only for nsaleut not females. However, previous
research focused mainly on non-athletes, suggestiqgpssible difference in results for
female athletes. On this account this study whlestigate the relation between HGS and

aggression.
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Indicating training status for upper limbs, HGS®igected to correlate with punching
power, flexed biceps circumference (Puts, Apicelfa,Cardenas, 2011), and training

intensity.

1.5.6. Hypotheses concerning Punching Power

Punching power has not yet been analyzed in psgglual research as an alternating
factor on success in martial arts. Common sengks leabelieve that punching power must
have a substantial role in the outcome of a fighting as a factor of intimidation and ending
fights through knockout. Maximum punching powerlviaeé measured with the computer-
based instrument SCHLAGMESSER Basic (see lllustatio 2;
http://www.schlagmesser.de/index.php/de/produkidggmmesser-basic).

Punching power is expected to have a significafiuence on success and the
knockout rate.

As for peak punching power, physical condition fsgeeat importance, therefore a
positive correlation between HGS, flexed bicepsuwinrference, weight and training intensity

is expected.
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lll. 2 SCHLAGMESSER Basic [https://fbcdn-sphotoslakamaihd.net/hphotos-ak-
ash4/424682_362031510547824_358513865_n.jp]

SCHLAGMESSER. ne
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2.1. Design

This study is a cross-sectional study includingedviale Thai boxing/K1 fighters out
of Austria, Germany, the Netherlands and SwitzeklaAll participants included had

experienced at least one fight up to the pointvafugation.

2.2. Procedure

Participants were exclusively found via Facebodks€to 110 fighters were asked in
total, about 100 answered and 87 ended up patigpa the study. Approximately 8000km
of distance, 27 cities in four countries (Germanyrier, Vossenack, Aachen,
Rommerskirchen, Wuppertal, Ratingen, Duisburg, EsBettrop, Gelsenkirchen, Bochum,
Dortmund, Lemgo, Bremen, Hannover, Hamburg, BeMannheim, Heidelberg, Singen and
Munich. The Netherlands: Heerlen, Alkmaar and Rdém. Austria: Vienna and Salzburg.
Switzerland: Zurich) and 46 different gyms weree@®d by this study’s author. The majority
of the fighters were in weight-classes between §lakd 65 kg, consistent with general
promotion of these particular weight categoriesnkRay lists were not considered in this
study given the multitude of organizations in Thaking. Physical tests, which included the
testing of punching power and HGS, were run befoeetice due to rapid loss of maximum
power. The questionnaires, digit ratio and IAT- Aggpion were executed in said order after
physical tests. In most cases no more than twacgaahts were tested at one appointment,
only four training venues hosted several fightémsthese cases group testing was required.
Data were collected in March 2012. All participamgseived information about the study’s
procedure before completion and voluntarily partaokthe process. Approximate testing
duration was 45 minutes, proportionally longer tpoup testing. Paperwork included a
declaration of consent, a demographic survey, tipertSPerformance Questionnaire
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(Manning & Taylor, 2001; multi-stage sport performaa scale, only 7 out of 10 steps were
presented), the Mental Toughness Questionnaire NT(@ough et al., 2002), the Sports
Mental Toughness Questionnaire SMTQ (Sheard e2@09), Buss and Perry’s Aggression
Questionnaire BPAQ Subscale Physical Aggressio®A)l%he Trait Robustness of Self-
Confidence Inventory TROSCI (Beatie et al., 201the Sex Role Identity Scale SRIS
(Storms, 1979) and the subscales hand and footrprefe of the Coren Lateral Preference
Inventory (Coren, 1993) in said order. The dempligi@ survey acquired data about age,
height, weight category for a fight, nationalitygtting record, fighting stance, years of
practice, training intensity (hours per week), picgcof other combat sports and won titles. In
case of ambiguity the test administrator was clysto answer questions. Implicit aggression
scores were acquired through the computer-baseliclhpssociation Test IAT (Greenwald
et al., 1998) Aggression. Maximum punching powes weeasured with the computer-based
instrument SCHLAGMESSER Basic, after a warm-upgaeof no more than five minutes to
avoid inequity in performance. Each fighter wasnggd three punches for each side.
Handgrip strength was measured with a handgrip dgnaeter (Bremshey EH101), twice on
each side. Hands were scanned with the HP phota 580 scanner (gray scale, 300dpi).
Actual weight was measured with the digital scal&Ml261038. Biceps circumference was
measured with a common measuring tape. A clos@rigésn of the testing instruments will
be presented in the chapter Instruments. After detimg paperwork and other tests every

participant was given thanks to.
2.2.1. Description of the sample

This study’s sample consisted of 87 female athlptesticing Thai boxing/K1 with
competition experience. Performance level was maathateurs given the fact that Thai

boxing is a relatively young and unknown sport iarégpe and only a small number of
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athletes continue fighting regardless little betiafi circumstances. The participant’'s ages
lied between 13 and 51 yeaid € 25.8,SD = 6.67). Average height was 166.9 c8D(=
6.28) and average competition weight 59.6 8B € 7.41). Competition experience level lied
between 1 and 66 fight&(= 10.94,SD= 12.87), with 36.7% competing at state level, 22.9
on national level and 35.6% on an internationaéleverage training duration was between
0.5 and 20 yearsV[ = 4.0,SD = 3.17). Average hours spent for training per weeke 7.95

hr (SD = 3.28), with a minimum of 3 hr and a maximum of 20 Participants lived in
Austria, Germany, the Netherlands and Switzerldid5% had a migration background,
59.8% were German, 14.9% Dutch, 10.3% Austrian 8wP6 Swiss. 49.6% of all
participants actively practiced or formerly praetica different combat sport, of which 18.4%
was boxing and 23% light- or full contact kickbogir86.2% had an orthodox stance, using
the left hand/leg as lead hand/leg, 5.7% were gauth, using the right hand/leg as lead
hand/leg and 8% were able to fight in both stanbesombat sports, the term southpaw is
the official term to describe a reversed stanc#.s@uthpaws and fighters using both stances
were left handed or used both hands equally, ghitérs using orthodox stance were right

handed.

2.3. Instrumentation

2.3.1. Mental Toughness

At this point in time the most commonly used instants for standardized MT
research are the Mental Toughness Questionnaire 48T(@lough et al., 2002) and the
Sports Mental Toughness Questionnaire SMTQ (Shetara., 2009), which will both be
applied in this study. A strong positive correlatio = .75) between MTQ48 and SMTQ was

found by Crust and Swann (2010), yet 44% of thestjoenaires’ variance could not be
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explained, leaving the authors with the questioretiver the instruments measure different

aspect of MT.

2.3.1.1. Mental Toughness Questionnaire

The MTQ48 (Clough et al., 2002) consists of 48 gemhich can be categorized into
four dimensions, challenge, commitment, control eofidence. Control and confidence are
divided into two further subscales, control of l@@d emotional control and interpersonal
confidence and confidence in one’s abilities. Kemave to be rated along a 5-point Likert-
scale, ranging from “strongly disagree” (1) to tstgly agree” (5). A total MT score will be
calculated, such as a separate score for everyndiore and dimension’s subscales. High
values signify a high anxiety threshold, a stroalf-selief and confidence in one’s abilities,

resilience against stress and a high competitigenes

2.3.1.2. Sports Mental Toughness Questionnaire

Consisting of 14 items, which can be categorized three dimensions confidence,
constancy and control, the SMTQ (Sheard et al.9P08sembles the MTQ48. Items have to

be rated along a 4-point Likert-scale, ranging ffomt at all true” (1) to “very true” (4).

Confidence Six items of this subscalarfeasure athletedielief in their own

abilities to achieve goals and be better than tlogiponents (Crust & Swann, 2010, p. 2)

Constancy describes an athlete*sletermination, personal responsibility, an

unyielding attitude, and ability to concentrat€Crust & Swann, 2010, p. 2)

Control describes the athlete’pérception that one is personally influential
and can bring about desired outcomes with particukference to controlling emotions”.

(Crust & Swann, 2010, p. 2)
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The SMTQ'’s strong resemblance to the MTQ48 andetbes a high convergent
validity was proven by Crust and Swann (2010), vibond the instruments to correlate
significantly. Sheard et al. (2009) also suppoaimaked discriminant validity through low to
moderate correlations of MT measured by the SMT@h welated, yet distinct concepts.

However, the authors urge the necessity to fuikplore construct validity of the SMTQ.

2.3.1.3. Trait Robustness of Self-Confidence Invemty (TROSCI)

Mentally tough athletes have to be equipped witiergain set of psychological skills,
including an unshakeable self-belief. A high claigdete needs to be able to maintain self-
confident even in the face of inconvenient, unetgecexperiences. This ability can be
measured by the TROSCI (Beatie et al., 2011), gantory consisting out of twelve items
which have to be rated along a 9-point Likert-scélggh scores represent higher levels of

self-confidence in general and more stable levietelf-confidence prior to competition.

2.3.2. Buss and Perry’'s Aggression Questionnaire -Physical

Aggression Scale

Buss and Perry’s Aggression Questionnaire (1992rged out of a pool of 52 items,
which were rated by 1253 psychology students. Udaagor analysis, 29 diagnostically
conclusive items were picked, representing the thorensions physical aggression, verbal
aggression, anger and hostility. Construct valaratvas determined by correlations between
self-assessment and external assessment. In tnly she focus will be on physical

aggression, a dimension consisting of nine itemghvihave to be rated along a 5-point
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Likert-scale reaching from “never or hardly appliesme” (1) to “very often applies to me”
(5). High scores implement a strong readiness tgsipally harm another person. Males

generally show significantly higher scores in pbgbaggression than females.
2.3.3. Implicit Association Test (IAT) — Aggression

The Implicit Association Test (IAT: Greenwald et.,all998) Aggression is a
computer-based measure to assess implicit (i.@gnaiic) aggression. Due to social
desirability humans tend to manipulate test scores questionnaire towards more accepted
or desirable behaviors. This phenomenon can oaaibaltately or subconsciously. To avoid
such tampering implicit measures could be the k&gtivating spontaneous affective
reactions, implicit measures provide informatioro@buncontrolled factors crucial for a
certain behavior rather than informing about rd#dcprocesses (Bluemke & Zumbach,
2007).

To measure implicit aggression, one word stimupiesy at a time on the computer’'s
screen and have to be categorized into either ‘onéhot-me” categories by pushing certain
keys. The next task is to categorize word stimulilte categories “aggression” or “peace”.
These two tasks are part of the rehearsal protessasks presented subsequently serve as
the testing process. Participants have to categ@mpearing terms into merged categories

(i.e., associations) “me or aggression”, “not-meeace” and in reverse. The measure behind
the IAT’s task procedure is response latencies. ratienale behind the IAT is that strong
associations (e.g., “peace” and “me” or “aggressand “not-me”) lead to faster reactions

during the categorization process than weak assaistrengths.

The standard metric used to interpret IAT resutt®i The individual effect size
results by‘dividing the difference between the test block ngehy the standard deviation of

all the latencies in the two test block&3reenwald, Nosek, & Banaji, 2003, p.20D)scores
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can be positive or negative, ranging between —-d2+a@. A score of 0 indicates no preference
for a category. In this study, lof@ scores indicated a participant associating aggressith

herself. For the purpose of better understandicayes were reversed for analysis.
2.3.4. Sex Role ldentity Scale (SRIS)

Storm’s (1979) SRIS consists of three feminine geamd three masculine items,
which have to be rated on a 5-point Likert-scaRISSoverall score results by reversing the
three feminine items’ score and adding the scofeékeothree masculine items. A high score

signifies a highly masculine and little feminindfsmncept.

2.3.5. Coren Lateral Preference Inventory (CLPI)

The Coren Lateral Preference Inventory (Coren, 13@3ves to identify laterality
aspects. Preferences of handedness, footedneskesg and eardness can be detected. For
this study’'s purpose information about handednes$ faotedness only was collected.
Twelve questions identify handedness and an additimur questions footedness, which can
be answered with left (-1), right (+1) or both (Byeference of laterality can be determined

by the overall score, which lies between -12 an? aiid -4 and +4.

2.3.6. 2D:4D Digit Ratio

Measurement of the digit ratio can be made dirgst Manning, 2002a) or via hand
scans or copies. In this study, participants’ hamdee scanned by the test administrator with

the HP Photosmart 5510 scanner. Participants wskedao remove interfering objects like
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watches, rings or tape and lay one hand at a time the scanner, splaying out the thumb
and keeping the remaining fingers closed. To shieloh light and increase picture quality,
crinkled aluminum foil was placed on the back o ttand. Scans were taken in gray scale
mode, 300dpi, checked for errors (too much presstitke palm, wrong finger positioning,
etc.) and saved under each participant’s assignetber.

To determine digit ratio, the computer program Adétric Version 2.2 (DeBruine,
2006) was used. For this purpose length of therse¢mdex) and fourth (ring) finger is
measured from the middle of the fingertip excludnags down to the middle of the skin fold
closest to the palm. 2D:4D ratio is the quotienth&f second divided by the fourth finger. To

assure inter-rater reliability measurement was @eecby two independent individuals.

2.3.7. Handgrip strength

Handgrip strength was found to be a valid predidtor body morphology, past
aggressive behavior, health status, recovery frgury, muscle mass and percentage of body
fat in males, but not in females (Gallup et alQ20 Being a physiological variable, handgrip
strength varies depending on age, sex, weight anght(Koley & Kaur, 2011). Through
muscle contraction of the hand and forearm, hapdgttiength proved to be an objective
indicator of upper limb functionality (Balogun, Akwmlafe, & Amusa, 1991). Data were
acquired using a standardized digital handgrip thoraeter (Bremshey EH101). Participants
had to squeeze the dynamometer as strongly afsdiile standing up straight, shoulders
and arms relaxed, not touching the thighs or figxttre arm in the process. Both hands were

tested alternately, resulting in four scores faheaerson. Scores were presented in kilogram.
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2.3.8. Punching Power

Punching Power describes the amount of momentumrsop can put into a punch
and is required to achieve a knockout. In this wtymbak power was measured with the
computer-based instrument SCHLAGMESSER Basic. Tistrument acquires data about
peak power, impulse and hit damage. Peak poweeirggliransformed by the program for
better understanding and is presented in kilogiamescribes the maximum vertical power
impinging on the pad. The impulse can be describedmass multiplied by speed.
Participants had to stand in front of the pad irthiypical stance and had to perform three
single punches on each side. Between each pungiwire asked to correct their posture to

achieve optimal results.
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2.3.9. Achievement Level

To objectify achievement level, participants wereparated into three equal groups
depending on the number of fights they competeahiil point of inquiry. Approximately a

third had competed in one to three fights, a timrébur to ten and a third in eleven or more
fights. For better understanding groups were lab&lewcomer, Amateur and Professional.
Rankings were discussed but found to be littlerimiative due to the multitude of different

organizations.
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3.1. Data Analysis

Data analysis for the present study was complesaaguhe statistic program SPSS
19.0 for Windows. Demographic data were analyzed ni@ans, standard deviation and

distribution. Internal consistency was determirtedugh reliability analysis.

3.2. Reliability Analysis

3.2.1. Intraclass Correlation

The intraclass correlation (ICC) describes the rexte which two variables measure
the same thing. In present study digit ratio wassneed by two independent individuals,
Livia Plettenberg and Nadine Steinfatt. Independeeasurements for the digit ratio 2D:4D
were found to strongly correlate showing ICCs af add .93. Correspondirigvalues were

significant p < .001,df = 86).

ICC values of .96 and .93 for left and right hamdgstrength were excellent as

expected, as were ICC values of .95 and .94 foaled right peak punching power.
3.2.2. Internal Consistency

To evaluate an instrument’s internal consisten¢gmi homogeneity has to be
analyzed. It is characterized by Cronbaalh'ss coefficient commonly used as an estimate of
the reliability of a psychometric test. Cronbach'sfor MTQ48, SMTQ, BPAQ-Physical
Aggression, TROSCI, SRIS and CLPI — Hand and ¢iweest and highest corrected item -

total correlation of each scale are presented bieTa
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Table 1. Cronbach’e and corrected item — total correlation

Instrument Cronbach a Lowest Corrected Highest Corrected
Item — Total Item — Total
Correlation Correlation

MTQ48-overall .89 .04 (26) .69 (39)
MTQ48-control .66 .07 (26 & 34) .60 (45)
MTQ48-control-life .55 .03 (33) A7 (41)
MTQA48-control-emotion .59 .12 (26) .52 (45)
MTQ48-confidence .80 .18 (24) .63 (8)
MTQA48-confidence-abilities .72 .20 (24) .52 (16)
MTQA48-confidence-interpersonal .78 .39 (28) .61) (20
MTQ48-commitment .67 .19 (22) .54 (39)
MTQA48-challenge .70 .26 (40) .53 (48)
SMTQ-overall .82 .26 (7) .60 (12)
SMTQ-control .59 .23 (7) 49 (4)
SMTQ-confidence .67 .25 (1) .52 (13)
SMTQ-constancy .56 .27 (8) 45 (12)
TROSCI .89 41 (5) 71 (8)
BPAQ - physical aggression .82 .40 (7) .68 (2)
SRIS .87 64 (4) 72 (1)
CLPI - hand 91 41 (11) .86 (7)
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Overall MTQA48 reliability was good at .89, subscedéabilities ranged from .66 to
.80 with MTQA48-control having the least internahsistency. Even though items 3, 26 and
34 reached very questionable corrected item — talelations, elimination would have

affected Cronbach’s to an inconsiderable extent.

Overall SMTQ reliability was good at .82, wheredse tsubscales’ internal

consistencies were relatively low ranging from t&667.

TROSCI, BPAQ — Physical Aggression, SRIS all haddyeliabilities at .89, .82 and
.87. CLPI — Hand had an excellent internal comsisy of .91. Reliabilities would have
remained stable in case of elimination of weak extied item — total correlation items,

therefore all questionnaires remained unchanged.

For analyzing internal consistency of the IAT — Aggsion, split-half reliability was
calculated. After Spearman-Brown correction, aneignt split — half reliability estimate of

.90 was found.

3.3. Results regarding Mental Toughness

3.3.1. Comparing MTQ48, SMTQ and TROSCI

In the present study, MT was measured using thadatdized questionnaires
MTQ48, SMTQ and TROSCI. To identify the relatiortween overall MTQ48 and SMTQ a

product-moment-correlation was calculated.

Pearson‘sr of .82 describes a significant positive correlatioetween these two
instruments. The subscale MTQ48 — Commitment,had subscales of the SMTQ and the
TROSCI did not fulfill the assumption of normalityp further process required Spearman

correlation. All correlation coefficients are prasal in Table 2.
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The subscales’ highest correlations were found &etmMTQ48-control and SMTQ-
control p = .57), MTQ48—confidence and SMTQ-contrelH .48) and MTQ4 —commitment
and SMTQ-constancyp (= .64). SMTQ-confidence did not correlate sigrafidy with any

other scale.

Correlations between TROSCI and MTQ48 or SMTQ veggaificant at .56 and .63,

even though SMTQ-confidence did not correlate $icgmtly with TROSCI.

Table 2 Correlation coefficients MTQ48, SMTQ & TROIS

MTQ48 MTQ48 MTQ48 MTQ48 MTQ48 TROSCI

overall control confidence commitment challenge
SMTQ-overall .82 ar 69 66 65" 63
SMTQ-control 59 57" 48" 37 A4 59"
SMTQ-confidence -.032 -12 .00 12 .02 -.29
SMTQ-constancy .54 38" 42 64" 42 37
TROSCI 56 48" 56" A1 31 1

**Correlation is significant at the 0.01 level (@ied).
* Correlation is significant at the 0.05 level @iked).

3.3.2. Comparing Mental Toughness Means

To compare MT means of this study’s sample with shenple of Nicholls et al.
(2009) and Sheard et al. (2009), independent grotgsts were carried out. Female fighters
showed in both tests significantly higher MT thahes female athlete$(85) = 2.87p < .05

andt(85) = 2.27p < .05).
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Between groups, a significant difference was foamdly for the SMTQ subscale
constancy between Amateurs and Profession@$s)(= 1.05,p < .05). For all other MT

scales, no differences were detected.
3.3.3. Mental Toughness, Aggression and Digit Ratio

Pearson'ss between -.13 and .07 for MTQs and BPAQ- Physicggréssion and

IAT- Aggression indicate no significant correlatsobetween MT and aggression.

Correlation coefficients between -.04 and .11 fagitdratio and MTQs show no

significant correlations.
3.4. Results regarding Digit Ratio

To investigate the relation between digit ratiord asex role identity, a product-
moment-correlation was calculated to examine thes&bles. Consistent with the meta-
analytical results of Voracek et al. (2011), a etation coefficient of -.02 for the left hand
and -.14 for the right hand did not show any sigatiit relation between digit ratio and sex

role identity.

Consistent with the findings of Gallup et al. (2D0Zhowing a strong correlation
between HGS and digit ratio in males but not indésg, no significant correlation was found

(r =.09,r =-.06).
3.5. Results regarding Laterality

To examine whether laterality would make a subgthdtfference in success in Thai
boxing, stance, CLPI — hand and CLPI — foot wemeatated with the outcome variable wins.
Stance significantly correlated with CLPI — hapd=(.36). Stance, CLPI — hand and CLPI —
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foot showed no significant correlation with the @arhe variable winsgp(= .06,p = -.02,p = -

14).
3.6. Results regarding Aggression

In normal populations, women tend to avoid physaggression and choose a more
indirect way to express aggressive emotions (HesdHaen, 2006). Female athletes
practicing full contact combat sports were expectedconsider expressing physical
aggression more often. To test this hypothesistiggzant's means of BPAQ-Physical
Aggression were compared to the norming sampleansmeJsing amdependent samplés
test, resultst(85) = 4.60,p < .05) showed that female Thai boxers were siggifily more
willing to carry out physical aggressioM (= 21.4,SD = 7.0). Compared to men of the
norming sample, female Thai boxers showed sigmifigaless willingness to carry out
physical aggression(85) = 3.32,p < .05).

Correlations between years of practice and BPAQ-®.03) and IAT- Aggressiomn(
= -.02) were insignificant. To compare aggressioeans between groups, independent
groupst-tests were executed. Comparison between NewcomdeAmateur {(85) = -.27,p >
.05) was close to significance, Amateur comparedriofessional t(85) = .732,p < .05)
turned out to be significant for BPAQ- Physical Agssion. There was no significant
difference between groups for IAT-Aggressio@%) = -.42,p < .05;t(85) =-.27p < .05).

To analyze the relation between BPAQ- Physical Aggion and IAT- Aggression, a
product-moment-correlation was calculated. Peassonf .08 was not significant, showing

no correlation between these two instruments.
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3.7. Results regarding Handgrip Strength

In a sample of 61 female college students, Gallugl.e(2007) found no significant
correlation between physical status, aggression H@&. Given the fact that the sample
consisted of non-athletes, HGS was correlated gsemt study with BPAQ- Physical
Aggression, IAT- Aggression, SRIS, biceps circurafere, punching power and training
intensity.

Pearson’s of -.27 between HGS- right hand and implicit aggi@s and .22 between
HGS- right hand and sex role identity were sigiific

The correlation coefficients, controlled for heiglmtd weight, between HGS and
punching power, flexed biceps circumference aniditrg intensity are presented in Table 3.
Height needed to be controlled due to existingeatations between height and HGS — left

after controlling weight effects.

Table 3. Correlation coefficients controlled foidig and weight

Handgrip Handgrip Punching Punching Flexed Biceps Flexed Biceps Training

Strength  Strength Power Power Circumference Circumference Intensity

right left right left left right
Handgrip 1 85" 34 29" 49" 56" 347
Strength
right
Handgrip .85 1 24. 34 46" 48" 21
Strength
left

**Correlation is significant at the 0.01 level (@ied).
* Correlation is significant at the 0.05 level @hed).
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3.8. Results regarding Punching Power

Contrary to expectations, punching power did nghiicantly correlate with weight
(0 tead han= -02; p pack hand= -13). Also, no significant correlation betweeraggeof practice and
punching power was foun@ (eag hand= -17;p vack hani= -08). Correlations between punching
power, HGS, flexed biceps circumference and trgimmensity were significant. Correlation
coefficients of punching power and HGS are presemé able 3. Correlation coefficients of

punching power, flexed biceps circumference anditrg intensity are presented in Table 4.

Table 4. Correlation coefficients punching powrxéd biceps circumference and training intensity

Flexed Biceps Flexed Biceps Training Intensity
Circumference left Circumference right
Punching Power left 31x .28** 22
Punching Power right .30%* 32 39**

**Correlation is significant at the 0.01 level (@ied).
* Correlation is significant at the 0.05 level @hed).

Furthermore, maximum punching power of the lead #&#adk hand correlated

significantly with the knockout rate (cad hand® -49;p back hand= -37).

3.9. Results regarding Achievement Level

The main focus of this study was to investigateithgortance of MT, digit ratio and
other variables determining success in Thai boX@®jore conducting regression analysis the
dependent variable, in this case the number of wies correlated with every gathered

variable. Significant correlations with the depemideariable were found for the number of
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fights in generald = .93), years of trainingp(= .49), training intensityp(= .57), punching
POWEr ead handp = -46), punching poweafck handp = -42), MT o = .22), MT-Commitmentg
=.22), SMT p = .22), heightd = -.23), weight category (= -.31) and actual weighp & -

26).

Due to the samples distribution according to Lagki@w, ordinary linear regression
was ineligible. A generalized linear model was @moto identify predictors of achievement
level. Several options were tried, resulting inaangna distribution showing the best model
fit. Outcome variable was the number of a fightevies. Groups Newcomer, Amateur and
Professional were inserted as a factor, while tméables previously found to correlate with
the number of wins were inserted as covariatesulReare presented in Table 5. The best
model fit resulting in Akaike’s Information Critem AIC of 329.58 was found with all

covariates included.
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Table 5. Generalized linear model (Gamma)

Hypothesis Test

Source B Std. Error Wald Chi- df Sig.
Square
Intercept 6.75 3.09 4.78 .29
Number of fights 46 .07 47.21 >.001
Height -.03 .02 2.60 A1
Weight (actual) -.05 .04 2.25 13
Weight category .04 .04 4 .33
Years of training -.05 .04 2.05 .15
Training intensity .05 .04 1.72 19
Punching powerieaq -.278E-5 .003 .000 .995
hand
Punching powerm,cx .008 .002 10.37 .001
hand
Via KO .61 .23 7.22 .007
MT 44 A7 .86 .36
MT - Commitment 12 .38 .10 .76
SMT -.25 .33 57 .45

Out of all covariates included, only the numbefiglhts, punching power of the back

hand and knockouts could be identified as prediototh significant explanatory value.

Comparing the groups Newcomer, Amateur and Prafeakiapplying repeated

contrasts, no significant differences were foundene though the differences between

Amateur and Professional were substantial. Reatdtpresented in Table 6.



Table 6. Results for group comparions

Repeated Contrast Std. Error Wald Chi- df Sig.
Contrast Estimate Square
Newcomer vs. 15 .35 19 1 .66
Amateur
Amateur VS. 2.43 1.41 2.98 1 .08

Professional

The Omnibus Test, a test to compare the fitted madainst the intercept-only
model, was found significant, which means thatfited model has greater predictive value

than the intercept-only model.
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4.1. Mental Toughness

The results found measuring MT were inconclusiveeraps between subscales
claiming to measure different aspects of MT weranfj at the same time did SMTQ-
confidence lack a significant correlation with alff Q48 scale or the TROSCI. Overall
MTQ48, MTQ48 subscale confidence and overall SMT@Qsthow a significant conformity
with the TROSCI, suggesting that the MTQ subscale&fidence and TROSCI measure the
same construct but also indicating a strong ovebktwveen certain other subscales and the
TROSCI. These findings lead to the conclusion thather research and psychometric

analysis regarding these instruments is necessary.

As expected, female combat sport athletes showgdfisantly higher MT in both
MT questionnaires compared to other female athletedicating that MT influences a
person’s preference for a certain sport. Givenfalee that Nicholls et al. (2009) did not find
any difference in MT between contact and non-cdnggorts, further research including a

possible third-category of full contact combat $p@s suggested.

A willingness to accept high physical risk (Crustk&egan, 2010) is associated with
high MT and was expected to positively correlatehwphysical aggression and implicit
aggression. However, no significant correlation wdetected, implying no coherence

between MT and aggression.

According to previous research both MT (Gucciartliak, 2009) and digit ratio
(Voracek et al., 2009), were already associatet wistrong sporting performance, not only
in males but also in females. The expected corogldietween MT and digit ratio could not

be demonstrated in this study.
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Previous research showed that results about pessibécts of MT on sporting
achievement were inconsistent (Gucciardi et ald92Micholls et al., 2009). An independent
groupst-test showed no significant difference in MT explectt SMTQ- Constancy between
Amateur and Professional. Even though overall Mdres of both instruments correlated
significantly with the outcome variable wins £ .22), MT did not have significant predictive
value. Possible explanation could be the alreaggifstantly higher MT in female fighters
compared to other female athletes, suggestingkadtadistinction for upper range test scores
of MT instruments. Also plausible seems the netgssidifferentiate between several MT
constructs in different sports (Bull et al., 200%)erefore suggesting a lack of appropriately

specific items and subscales in existing MT quesires.
4.2. Digit Ratio

All stated hypotheses in this study concerning tdigtio needed to be rejected.
Consistent with the findings of Voracek et al. (2pho coherence of digit ratio and sex role
identity was found. Also consistent with previoussearch of Gallup et al. (2007), no

correlation between HGS and digit ratio in females detected.

Previous research indicated a significant coher&eteeen digit ratio and success in
several sports (Bescos et al., 2009; Voracek et2809). Pokrywka et al. (2005) found
evidence to support the idea of digit ratio cotratawith sporting achievement, even though
differences between elite athletes and non-elidet®s were too small to be significant.
Since this study’'s participants all actively congpetlifferences between groups were,
consistent with the findings of Pokrywka et al. @3} insignificant. Digit ratio of both hands
did not correlate with the outcome variable winspwing no effect or predictive value

towards success in Thai boxing.
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4.3. Laterality

In several different sports, left-handedness wastifled as a substantial advantage
(Dufour & Moller, 1996; Grouios et al., 2000; Hadtz, 2000; Raymond et al. 1996). Gursoy
(2009) found left-handedness to significantly bérsxers in competition. Given the use of
all limbs in Thai boxing, a significant advantagesouthpaws over orthodox fighters was in

guestion, resulting in no significant beneficidieet of left-handedness towards success rate.

4.4. Aggression

The issue of aggression in sports is of great itapoe, based on the necessity to
compete and possess certain aggressiveness ahd other hand to distance athletes of the
image of an aggressive bully. Previous researafcanclusive whether contact sport athletes
possess greater aggressiveness and certain spamdsirgge aggressive behavior or no
differences between contact sport athletes andraenexist (Lemieux et al., 2002).
Regarding Thai boxing, active physical aggresssondcessary to successfully compete and
was therefore expected to be higher in participdh& in norming sample’s females.
Expectations were met, female fighters showed sagmtly higher willingness to carry out
physical aggression in everyday life than other dl®% however, scores were still
significantly lower than scores of average malese¥iew of Edalati, Redzuan, Mansor and
Talib (2010) showed females to be equally aggressm a physical level as males,
concluding that social desirability leads to unstéd distortion. Female combat sport
athletes deal with physical aggression on a regh&mis and hence might have fewer

reservations declaring the use of physical aggradsian other women.
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Regarding the possible enhancement of aggressientayracticing full contact
combat sports, a correlation between years ofitrgiand aggression was executed. Also, a
comparison in level of aggression between groupwddener, Amateur and Professional
should provide an indication whether social leagnitheories (Bandura, 1973) or catharsis
theories (Bushman et al., 1999) seem more plaushibesignificant correlations between
both aggression instruments and years of trainimgewdetected, suggesting neither an
enhancing nor decreasing effect of participatiofulhcontact combat sports on aggression.
Despite comparison between Newcomer and Amatewgestg) an insignificant enhancement
of aggression through participation in combat spormpetition, comparison between
Amateur and Professionaitdicates a significant decrease in aggressionugiirancreased
participation. Heiny (2012) found similar evideniocg a decrease in aggression of Judoka
participating more often in competition. For theason both learning theories and catharsis
theories seem plausible. Differences between Newcamd Amateur wenasignificant, yet
big enough to claim a temporary learning effect agfgression which transitions into

channeling negative emotions into sports rathar gweryday situations.

Pearson’s of -.08 was insignificant, showing no coherenceveein BPAQ- Physical
Aggression and IAT-Aggression. High scores in dlyemeasured aggression do not imply

high scores in implicitly measured aggression.

4.5. Handgrip Strength

Gallup et al. (2007) found HGS to be a consideratdicator for physical health,
blood testosterone levels, lean body mass and sgjgee behavior in males but not in
females. However, the study’s sample consistedeofafe college students, not athletes.
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Present study’s author suggested a possibly diffesatcome if tested on female athletes.
HGS of the right hand did indeed correlate fairighwmplicit aggressionr(= -.27) and sex
role identity ¢ = .22), implying that a higher HGS correlates witlwéw implicit aggression
scores and a more masculine self-perception. Smpécit aggression does not correlate
with the physical aggression scale of Buss andyRe{t992) questionnaire, HGS cannot be
interpreted as an indicator for physical aggresbeteavior but for aggressiveness in general.
High HGS of the right hand also indicated a maseu$ex role identity. Results of Baucom
et al. (1985) stated that high testosterone lesetselated with a masculine self-perception.
These results lead to the conclusion that HGS cbal@ possible indicator for testosterone

levels in female athletes.

HGS, being an indicator for physical health (Gallipal., 2007) and upper limb
functionality (Balogun et al., 1991) was expectedadrrelate strongly with punching power,
flexed biceps circumference and training intensitgntrolling for height and weight, a fair
coherence between training intensity and HGS, puagcpower and HGS and a strong
relation between flexed biceps circumference and&hi&re found, suggesting HGS of both

hands to be a proper indicator for upper limb fuorality in female athletes.

4.6. Punching Power

Contrary to expectations, physical condition seewfechuch bigger importance than
mere weight or duration of practice. Punching podidrnot correlate with either weight or
years of training, implying that punching poweruies from current physical fitness and

active training. This assumption is supported bylyfadhigh correlations between punching
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power and HGS, flexed biceps circumference anditrgiintensity, which are all indicators

for training status.

Punching Power highly correlated with the outcoragable wins, the connection to

achievement level will be discussed below.

4.7. Achievement Level

So far, previous research was unable to provideleee that there is one MT
construct, applicable for every sport. Gucciardiakt(2009) claimed that MT is of high
importance to successfully perform in competitiatnereas Nicholls et al. (2009) claim to
have found no such connection. In present study, fédily correlated with the outcome

variable wins, although the construct did not Sastaregression analysis.

Out of all variables included in the generalizeteér model, solely the number of
fights a fighter had competed in, punching powethef back hand and knockout rate proved
to be eligible as predictors with explanatory value
Looking at the number of fights and the years @fcpce a fighter had, only the number of
fights turned out to predict success rate. Thisliespthat fighting experience is of greater
importance than training experience and fighteredné& develop a certain routine in

competition to successfully transition previoustgaired skills.

“Everyone has a plan until they get punched in faee.” (Mike Tyson, n.d.)
According to general opinion, punching power iggadat necessity to win a fight, acting as a

factor of intimidation and distraction, if not endia fight via knockout. Punching power of
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the back hand, which is known to be stronger thanléad hand, turned out to significantly

predict the outcome variable wins.

Logically consistent, the knockout rate, endingghtf prematurely, is a significant

predictor towards success.

A comparison between groups Newcomer, Amateur amdegsional revealed no
significant difference regarding predictors and coute variable. However, differences
between Amateur and Professional were substantigdiger than between Newcomers and
Amateurs and close to significance. Since Thai hgx$ a relatively young sport in Europe,

especially for females, bigger differences mightwmver the years.

4.8. Strengths and Weaknesses of this Study / Sugtiens

Considering the low percentage of female competitorThai boxing, the number of
87 participants is a success. Even though a grraeptage of the continental European
Union was covered, more participants and especiallye professional fighters could be
found in Great Britain, given the greater popujaat martial arts. This should be considered

for further research.

The short period of time in which data were cobelctninimized the possibility of
progress for later tested participants. All papasits seemed highly interested and motivated

during testing which certainly can be considered agength.

A weakness turned out to be the long duration eftésting, suggesting the reduction
of variables collected to mental toughness, aggnes$HGS and punching power in the

future. Another weakness appeared to be the diffesetting, given the fact that many female
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athletes were tested alone or in pairs of two,dblers in a group group of up to 14. This was
unavoidable to reduce participants’ expenditurdirag, but might be considered in further

research.

An important suggestion for further research wadoddthe measurement of not only
peak punching power, but punching power over aogeof time. A fight can last up to 15

minutes, indicating the increasing importance cérgjth endurance over time.

Interesting to investigate would be aggression’le i@ male Thai boxers. Heiny
(2012) found a decrease in aggression in more exmad Judoka, an effect especially
pronounced in female Judoka. Both studies’ redelsl to the question if experience in

combat sports reduces aggression in both men antkno

This study could not replicate results concerning ™ former researches, indicating
that full-contact combat sports possibly requimdiféerent form of MT. The long duration of
the MTQ48 was often criticized by participants, wingg also the importance of finding a

shorter version of a MT questionnaire.

This study provides results concerning MT and otimeportant variables in the
unique context of Thai boxing, leading to intenegtquestions yet to be answered. Hopefully
this is a step towards accepting full contact cansparts, in this particular case Thai boxing,

as a complex sport much rather than seeing it as amh of brutality.
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Summary

In the present study, 87 female Thai boxers padted in the measurement of certain
demographical, psychological and physiologicaldextvhich were assumed to play a major
role in achieving success. Athletes from Austriari@any, the Netherlands and Switzerland
partook, having competition experience ranging fibto 66 fights. Participants were divided
into groups Newcomer (one to three fights), Amat@aur to ten fights) and Professional
(eleven or more fights). Groups differed signifitgnin willingness to conduct physical
aggression in everyday life, having Newcomers shsignificantly less physical aggression
than Amateurs, and Professionals showing signifigatess physical aggression than
Amateurs and Newcomers. This finding implies thathbsocial learning theories (Bandura,
1979) and catharsis theories (Bushman, Baumeist&ta&k, 1999) are plausible, learning
theories playing a more important role for amatatinietes and catharsis theories playing a
substantial role for professional athletes. Comgdce normal population, female fighters
showed a significantly higher readiness to conghingtsical aggression, although this result
might be explained by combat sport athletes’ freuentact with physical aggression and a

more casual way to deal with it.

Physical factors had a strong interconnection,ciaitig that punching power, flexed
biceps circumference and HGS share an underlyingssé&y of good physical conditioning

in order to be high.

This study served to investigate the influence ofchological constructs on success
in Thai boxing. However, no coherence between MTamy other psychological construct
and achievement level could be demonstrated, imglthat the items measuring MT might

not be adequate for measuring MT in Thai boxing.
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Zusammenfassung

In der vorliegenden Studie nahmen 87 weibliche Gdrveerinnen an der Erfassung
von demographischen, psychologischen und physstbgn Faktoren, die eine bedeutsame
Rolle in Hinsicht auf den Erfolg im Wettkampf habaollen, teil. Kampferinnen aus
Osterreich, Deutschland, Holland und der Schweihmen teil und wiesen eine
Kampferfahrung von einem bis 66 Kampfen auf. DieillnBamerinnen wurden nach
Erhebung in die Gruppen Newcomer (ein bis drei Ki@&n@mateur (vier bis zehn Kampfe)
und Professional (elf oder mehr Kampfe) unterteBignifikante Gruppenunterschiede
wurden bei der Bereitschaft zur Austbung von ployss Aggression im Alltag entdeckt,
wobei Newcomer weniger physische Aggression als tdora aufzeigten, Professionals
jedoch die geringste. Dies deutet auf die Plaugibivon sozialen Lerntheorien (Bandura,
1979) als auch von Catharsis Theorien (BushmanmBaiter & Stack, 1999) hin, wobei
Lerntheorien im Anfangsstadium der Sportausiibung groRere Bedeutung zuzuweisen ist
und Catharsis Theorien eine gréf3ere Bedeutung fiifegsionelle Sportler aufzuweisen
scheinen. Verglichen mit der Normalpopulation zmigtkadmpferinnen eine significant
hohere Bereitschaft zur Austibung physischer Aggresm Alltag, obwohl dieses Ergebnis
unter Umsténden durch den regelmaRigen Kontaktpmysischer Aggression und einem

freieren Umgang damit erklart werden kann.

Physische Variablen Schlagkraft, angespannter Burefang und HGS wiesen eine
starke gegenseitige Verbindung auf, ein Ergebmis,ainen potentiellen zu Grunde liegenden

Faktor wie hervorragende physische Fitness wahirdatteerscheinen I&sst.

Diese Studie diente der Erforschung von psychotbgis Konstrukten und deren
Einfluss auf den Erfolg im Thaiboxen. Allerdingsf}i sich keine Verbindung zwischen MT

oder anderen psychologischen Konstrukten und ddaigEniveau feststellen, so dass davon
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auszugehen ist, dass die Items der zur Erfassungideverwendeten Instrumente nicht

geeignet sind um MT bei Thaiboxerinnen festzustelle
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