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Inventory (BFI) measures the Big Five dimensions of Conscientiousness, Agreeableness, Neuroticism, Openness,
and Extraversion and the 14-item Sports Mental Toughness Questionnaire (SM'TQ) were applied with Strength,
Power, and Endurance Tests, Pearson and Spearman’s correlations were used to verify the association between BFI,
physical and mental tests, respectively, p<.05. Our results demonstrated that significant and strong correlation How to cite this article
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factors are associated with mental toughness, while the agreeableness factor is related to muscular endurance Mental toughness and physical fitness
capability. Mental toughness and endurance results are associated with boxers’ personalities whose drive motivates tests of boxing athletes associated
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Mental toughness and boxing performance

INTRODUCTION

Boxing is a high-intensity intermittent striking combat sport characterized
by complex skills and tactical key actions with short duration'. Power with the
integration of responses, coordination, and correct timing is necessary for the
useful application of techniques?. Tests conducted to verify the performance of
specific skills within a structural action similar to boxing techniques, such as the
Countermovement jump and Medicine ball throw, have a strong relationship with
athletes’ practical technical-tactical abilities during simulations®*. Nevertheless,
even though previous studies have examined athletes’ physiological attributes?,
little scientific information exists on the psychological demands ofits participants,
primarily associated with personality.

Mental toughness studies describe athletes” personalities whose drive
motivates them relentlessly towards success and promotes thriving in sports
combats or training environments**. However, few investigations in combat
sports have observed mental toughness, which affects performance outcomes*,
or in developing relevant motor units and increasing the efficiency of different
muscular movements in specific tests®’. Despite conceptual variations, most
studies involve anxiety, emotional control, and mood states®*°. For clarity and
consensus, quantitative research is required to support the hypothesized issues
underlying mental toughness, especially concerning keys qualities across striking
combat domains®.

Research in the area outlines mental toughness as a hierarchical construction,
and several conceptual models have been proposed in striking combat*®.
The SMTQ consists of three mental toughness factors (control, constancy, and
confidence), combined into an overall mental toughness score*!'. Research into
the relationship between mental toughness and performance has consistently
shown that better physical fitness performance is associated with higher levels
of mental toughness in kickboxers*. Some studies compare physical and mental
factors between different personalities have reported significant differences
between kickboxers®!2.

The Big Five personality factors demonstrate aspects of personality trait
assessments independent of culture and language and deliver a common
framework. The personality analysis helps to understand dissimilar and diverse
personality systems in combat and team sports’. They represent personality at
the broadest level of abstraction in which each measurement delivers a quantity
of more distinct personality features'. The markers provided for the five
personality dimensions are simple, so a brief description of each factor could
help coaches and psychologists improve athletes’ mental strategies.

Neuroticism contrasts emotional constancy with negative affectivity and
contains traits like experiencing negative emotional states, generating irrational
ideas, and being impulsive and self-conscious'. Extraversion suggests an energetic
approach towards the social and material world; athletes with extraversion
personality present a tendency to experience positive emotions, be outgoing,
cheerful, active, and self-assured'®. Agreeableness distinguishes a prosocial and
communal orientation towards others with antagonism and is connected with
being unselfish, compliant, trusting, modest, and helpful**'*. Conscientiousness
is socially associated with impulse control and assists task- and goal-directed
behaviors®. It contains such features as being purposeful in cognition and
behavior, organized, following rules and norms, strong-mindedness, delaying
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gratification, and being self-disciplined'. Lastly, Openness to Experience refers
to inventiveness, extensiveness, and complexity of an individual’s mental and
experiential life'”. Openness includes traits such as being curious, creative, having
unconventional values, and having a flexible way of thinking"3. Personality has
been considered a contextual factor that could influence each aspect of the
performance process. The Big Five personality dimensions could affect the
mental toughness of high-level athletes of team and combat sports®'3; however,
this is the first time the personality effects are related to mental toughness and
physical fitness performance boxing practitioners. Therefore, attempting to extend
the previous studies, the present study aims to correlate boxing athletes’ mental
toughness and physical fitness performances per each of the Big Five Factors.

METHODS

Participants

Eleven recreational boxers (age: 28.5+6.7 years-old, height: 1.8+0.1m,
wingspan: 1.84+0.4m and 88.1+13.6kg) were selected in a randomized method.
All participants had more than ten months of experience. Inclusion criteria:
We included complete data of athletes, which showed all the results for each
of the tests used in the present study, aged over 18 years, having no cognitive
alterations, no recent surgeries, and no injuries, and having more than ten
months of practice. Exclusion criteria: fighters who were unable to complete the
physical or mental tests, athletes with physical or mental limitations during the
study, mainly for health reasons, being duly certified by doctors. The participants
were also instructed not to intake alcohol or drugs for at least 24 hours before
the measures and were maintaining typical diets. Before the data collection,
all participants attended a briefing meeting and signed an informed consent
document to ensure their understanding of the testing parameters and the risks
and benefits of the study. This study was submitted to and approved by the
Local Committee of Ethics in Research (n. 3.722.914), following the National
Health Council’s rules of resolution and according to the WMA Declaration
of Helsinki.

Procedures

Athletes were familiarized with the test battery during the week before
beginning the experiment to avoid the learning effect during the study’s testing
period. The participants replied to the Big Five and Mental Toughness tests
before the physical fitness tests. The questionnaires were distributed by an
investigator who explained that the study’s purpose was to examine the mental
toughness of the subject after each test. The athletes also completed a consent
form reflecting the confidential and voluntary nature of their involvement
in the study. The investigator was present to clarify doubts. Next, a standard
10-min warm-up, including jogging, dynamic stretching, and jumps, preceded
the physical performance testing. Considering the lack of a specific boxing
performance test in the literature, we required athletes to perform a non-specific
battery of physical performance tests'®. We based our choice on other studies
evaluating combat sports athletes. The validity and feasibility of the tests were
also considered*'®.
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Measures

The 44-item Big Five Inventory (BFI) measures the Big Five dimensions of
Conscientiousness, Agreeableness, Neuroticism, Openness, and Extraversion.
BFO used a 5-point rating scale, ranging from 1-strongly disagree to 5-strongly
agree. The BFI shows good reliability, retest reliability, factor structure, and
convergent and discriminant validity™. The reliability for the five factors
in the present study was satisfactory (Cronbach’s alpha: 0.71 (Openness),
0.77 (Agreeableness), 0.79 (Neuroticism), 0.81 (Conscientiousness), and
0.82 (Extraversion)®. For this study, we linearly transformed the raw metric
data into a percentage of the maximum possible (POMP); therefore, the scores
from the BFI ranged between 0 and 100%.

The SMTQ_was also used to measure M'T. The 14-item SMTQ_provides
an overall measure of MT and the three subscales of confidence, constancy,
and control. Participants respond to items using a 4-point Likert scale ranging
from (1), not true to (4) very true. Sample items include “I have unshakeable
confidence in my ability” (confidence); “I get distracted easily and lose my
concentration” (constancy), and “I get anxious by events I did not expect or
cannot control” (control). The SMTQ includes a conceptualization of mental
toughness from a positive psychology “mindset” perspective. This questionary
focuses on an individual’s ability to overcome adversity and the attributes that
enable them to thrive and grow under all circumstances, including self-belief,
commitment, perseverance, and emotional management®. Reliability and validity
procedures were performed for the SMTQ, with all subscales as >0.70 and are
significantly inter-correlated*.

Abdominal endurance verified muscular resistance, according to the test
described by previous authors". The athlete was in the supine position, with their
arms crossed and knees flexed, and the athletes did the complete movement®’.
The resistance test of upper limbs is important because it helps fighters to
perform defensive actions.

The maximal isometric handgrip (BMS Hydraulic Hand Dynamometer,
Brazil) assessment (dominant hand) verified the maximal strength condition.
Preceding reports have indicated strong test-retest reliability (Intraclass
correlation coefficient - ICC = 0.87)%?!, Athletes were instructed to stand
with their shoulder adducted; elbow flexed at 90°, and their forearm and wrist
in a neutral position. The dynamometer grip was orientated to each athlete’s
metacarpophalangeal joint. Participants were instructed to maintain a maximal
5s isometric contraction during each attempt. Each athlete performed three
maximum trials on each hand, in an alternating manner, with one-minute
recovery between attempts. The peak value from each hand was recorded and
used for further analysis®.

Squat Jump (S]) and Countermovement jump (CM]) were also measured.
Participants performed the SJ with feet parallel and shoulder-width apart, have
a good balance in an upright position with the trunk remaining as vertical as
possible, and hands-on the hips throughout the test knee angle around 90°.
The trial was not considered valid if any movement was perceived with the
increased knee flexion at the start of the jump®. For the CMJ, participants
started from an upright standing position. They made a preliminary downward
movement by flexing the knees and hips with a knee angle around 90” at the end
of the countermovement. The research recorded the best of 3 trials (separated
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with at least 1-min of recovery) for S] and CMJ*. The results of CM] height
are in centimeters (cm). The CM]J test analyzed height using the MyJump app
installed on an iPhone 6, which includes a 120 Hz high-speed camera at a
quality of 720 p. MyJump calculated the time (in ms) between 2 frames selected
by the user and subsequently, JH using the following equation: JH = FT2 x
1.22625 (2). A researcher lay prone on the ground with the iPhone 6 facing
the participant (in the frontal plane) ~1.5 m from the participant and zoomed

in on the fighter’s feet?'.

Statistical analysis

The Kolmogorov-Smirnov test (K-S) determined the normal distribution
of the data. The descriptive parametric data presented by mean+SD. For the
frequencies/non-parametric data, the descriptive data showed median (first
quartile, third quartile). The Kruskal-Wallis test compared personality
categories. Next, the Pearson’s correlation coefficient and Spearman’s rank
correlation coefficient verified the relationship between the five factors of BFI

and physical and mental variables using the classification: .00-.19 “very weak”;
.20-.39 “weak’; .40-.59 “moderate”; .60-.79 “strong,”and; .80-1.0 “very strong.”
The present analysis used a significance level of p < .05 (SPSS 20.0 for Windows).

RESULTS

Figure 1 shows the descriptive analysis of the Big Five Inventory of boxers.
No effects between Big Five Factors frequencies were observed (p>0.05 for all
comparisons).

33 Big Five Inventory Results
32
31
30
29
28

27

26

Extraversion Agreeableness Conscientiousness Neuroticism Openness

Figure 1. Descriptive analysis of personality, separated by Big Five Factors.

Table 1 demonstrates the correlations between personality factors, power, and
strength and endurance measures. There was a significant inverse correlation
between agreeableness and sit-up (r=0.72; p=0.02).

Statistical analysis of SMQT associated with personality factors are presented
inTable 2. There was a significant correlation between neuroticism and control
(r=0.76; p=<0.01), constancy (r=0.84; p<0.01) and total SMQT score (r=0.84;
p=<0.01).

Rev Bras Cineantropom Desempenho Hum 2023, 25: 87135

Brito et al.

5/9



Mental toughness and boxing performance

Table 1. Descriptive analysis of power, strength and endurance measures associated with personality
factors of boxing practitioners.

Brito et al.

Desurlpt_lve Extraversion Agreeableness Conscientiousness Neuroticism Openness
Variables analysis
Mean+SD  R-value p-value R-value p-value R-value p-value R-value p-value R-value p-value
SJ(:::;’M 21.6+7.3 0.13 0.7 0.53 0.09 -0.3 0.37 0.03 0.92 0.23 0.49
GM(:::)ght 23.4+7.7 0.37 0.27 0.32 0.33 -0.14 0.67 0.15 0.65 0.35 0.29
"a('l'(‘;!:)"" 4.2:17  -0.09 0.81 0.59 0.07 03 0.4 0.23 0.52 -0.03 0.93
Sit-up .
i 40.9:12.4 -0.06 0.87 0.72 0.02 -0.3 0.4 -0.09 0.8 -0.05 0.89
(freq./min)
*Strong correlation, p<0.05.
Table 2. Descriptive analysis of mental toughness associated with personality factors of boxing practitioners.
Descrlpt_lve Extraversion Agreeableness Conscientiousness Neuroticism Openness
sMQT analysis
Median(Q1;Q3) R-value  p-value R-value p-value R-value p-value R-value p-value R-value p-value
Confidence 17 (15;17) 0.1 0.78 -0.14 0.69 0.37 0.26 -0.06 0.87 0.29 0.39
Control 10 (9; 12) 0.19 0.57 0.34 0.3 0.01 0.98 0.76* <0.01 0.29 0.39
Constancy 10(9; 12) 0.17 0.61 0.2 0.55 -0.12 0.73 0.84* <0.01 0.48 0.13
Total 37 (34; 37) 0.23 0.5 0.2 0.56 -0.09 0.8 0.84* <0.01 0.53 0.1

SMTQ — Sports Mental Toughness Questionnaire. *Strong correlation, p<0.05.

DISCUSSION

The present study demonstrated that personality could be considered a
contextual factor that influences physical and mental boxing performance.
Our results confirmed a significant and robust correlation between the
agreeableness factor and the sit-ups test and strong correlations between
Neuroticism, Control, Constancy, and Total SMQT scores. These data showed
that neuroticism and endurance results correlate with boxers’ personality whose
drive motivates them relentlessly towards success and promotes thriving in
boxing training environments or during championships.

Sports psychology has rarely examined the effect of personality traits in
understanding mental toughness and Physical responses™. In tackwondo,
personality traits, especially agreeableness and neuroticism, were useful in
understanding arousal responses to the competition®. Preceding authors have
suggested that self-efficacy mediated the relationship between the Big Five
personality traits and self-control in boxing?. Our findings suggest a positive
association between personality, mental toughness, and physical performance®.
These results agree with preceding reports linking physical capabilities with
emotional control»*2 However, previous authors have indicated a relationship
between mental toughness and muscular power in kickboxing, and findings
showed that athletes who had high mental toughness demonstrated greater
muscular strength®. This correlation explained by muscular power gains must
accompany strong brain activation relevant to the intended muscle action. Previous
research has shown a proportional relationship between the magnitude of the
brain-to-muscle signal and voluntary muscle force by young human subjects.
At the same time, another study indicated that greater strength is associated

6,27

with mental training®*”. The ability to regulate emotion and imagery successfully
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shows commitment and determination, possessing an uncontrollable desire to
succeed and unshakeable confidence, which are all particularities of mentally
tough individuals and could differentiate athletes” levels.

The present study presented similar non-professional athletes and lower
values than high-level boxing athletes who showed a high peak and anaerobic
power output®. Therefore, muscle strength in both the upper and lower limbs
is paramount for a fighter’s performance'” and is one of the keys to success in
striking combats®*. As boxing punches are quick and fast actions, high-level
boxing performance requires well-developed muscle power in both the upper
and lower limbs. Findings agree with preceding reports, which reveal that
isometric strength is related to high-level boxing performance and torque
production®. Future investigations into the mental toughness and physical
attributes of boxers are essential to improve the current data set and help create
a suitable training program.

CONCLUSIONS

The present study confirms that personality can be considered a contextual
factor that influences physical and mental boxing performance. Our results
demonstrate a strong association between the agreeableness factor and the sit-ups
test and powerful associations between Neuroticism, Control, Constancy, and Total
SMQT scores. These data indicated that neuroticism and endurance results are
associated with boxers’personalities whose drive persistently encourages them to
succeed and helps them thrive in boxing training situations or during matches.
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