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THE RELATIONSHIP OF THE MECHANICAL CHARACTERISTICS OF THE HAND
GRIP EXPRESSED IN DIFFERENT MODULES OF ISOMETRIC CONTRACTION AND
PSYCHOLOGICAL CHARACTERISTICS IN ADULTS

ABSTRACT

This dissertation examines the quantitative relationship between handgrip strength
parameters (maximal force, rate of force development, endurance, and time-related variables) and
adults' psychological characteristics (Big Five, mental toughness, dark triad, and empathy). It was
assumed that a higher result on the handgrip tests would be accompanied by a more positive
psychological profile, i.e., a more pronounced presence of characteristics that are desirable from the
point of view of functioning in stressful situations (extraversion, agreeableness, conscientiousness,
openness, mental toughness, interpersonal reactivity), and a lower degree of expression of
undesirable characteristics (neuroticism, positive valence, negative valence, and the dark triad). The
research was conducted on a convenience sample of 205 participants, among whom 93 females and
112 males, students of the Faculty of Sport and Physical Education, University of Belgrade,
University of Criminal Investigation and Police Studies in Belgrade, Academy for National Security
in Belgrade and members of the general student population, as well as the working population of
different professional orientations. The total sample was divided into general adult, police students,
security, and athletic subsamples. Criterion variables of the Big Five personality traits, mental
toughness, the dark triad, and empathy, were assessed by psychological questionnaires Big Five
plus Two, Mental Toughness Index, Dark Triad Dirty Dozen and Interpersonal Reactivity Index.
The predictor variables of maximal force, rate of force development, and endurance in the
manifestation of force were measured using isometric dynamometry. For categorical and control
variables, information was collected on gender, age, education and field of work, years of study and
work experience, sports experience and achievements, as well as body weight and height.
Correlation, multiple regression, and multivariate variance analysis were performed on the collected
data. Numerous significant correlations were obtained between the mechanical characteristics of the
handgrip and psychological characteristics and differences between members of different groups
within the total and subsamples. The MANOVA for factors of mechanical characteristics of
handgrip revealed significant differences in psychopathy on factor maximum rate of force
development, significant interactions of maximal muscular force and maximum rate of force
development with mental toughness and narcissism, as well as maximal muscular force and force
impulse attained in handgrip endurance test with psychopathy. The obtained results also revealed
gender-specific patterns in the research relationships. Numerous effective regression models, which
can explain a significant percentage of the variance of psychological characteristics with mechanical
characteristics of handgrip expressed in both impulse and classical mode of isometric contraction
within general adult population subsample were obtained [initially: aggression (R2=0.95),
extraversion (R?=0.74), neuroticism (R?=0.82), negative valence (R?=0.75), openness (R?=0.62),
positive valence (R?=0.62), mental toughness (R?=0.75), Machiavellianism (R?=0.56), psychopathy
(R?=0.56), narcissism (R?=0.78), Dark triad (R?=0.69]. The results of the canonical discriminant
analysis show the existence of statistically significant (p<0.05) discriminant functions both in
female (Wilks's A=0.44, y%*22=37.67) and male (Wilks's A=0.59, y¥?20=41.18) within athletic
subsample. The resulting models, with 90% accuracy for females and 80% accuracy for males,
recognize participants as well-trained or elite athletes. For the first time, this research establishes the



relationship between the rate of force development and endurance in the manifestation of force with
psychological characteristics. It was concluded that the obtained discriminant models are very
efficient in further use in sports selection. The results affect individualizing training programs and
candidate selection processes for physically demanding and stressful occupations. Also, the
obtained results justify further research on this topic with the aim of better understanding the nature
of the obtained correlations.

Keywords: motor behaviour, maximal force, maximal rate of force development, endurance
in the manifestation of force, force impulse, personality traits, Big Five, mental toughness, dark
triad, interpersonal reactivity, selection

Scientific field: Physical education and sport

Scientific subfield: Science of physical education, sports, and recreation
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POVEZANOST MEHANICKIH KARAKTERISTIKA STISKA SAKE ISPOLJENIH U
RAZLICITIM MODULIMA IZOMETRIJSKOG NAPREZANJA I PSTHOLOSKIH
KARAKTERISTIKA KOD ODRASLIH OSOBA

SAZETAK

Cilj ove doktorske disertacije je bio da se istrazite kvantitativne karakteristike povezanosti
maksimalne sile, brzine razvoja sile, izdrzljivosti u ispoljavanju sile, vremenskih parametara
ispoljavanja zadatih karakteristika sile kao i indeksnih parametara stiska Sake merenih u
izometrijskom rezimu, sa velikih pet osobina li¢nosti, mentalnom ¢vrstinom, tamnom trijadom i
empatijom kod odraslih, kao i odredivanje specifi¢nosti ovih odnosa u razli¢itim populacijama,
zajedno sa metroloskim karakteristikama novoformiranih indeksnih varijabli. Pretpostavljeno je da
¢e vedi rezultat na testovima stiska Sake biti pra¢en pozitivnijim psiholoskim profilom, odnosno
izrazenijim prisustvom karakteristika koje su pozeljne sa stanovista funkcionisanja u stresnim
situacijama (ekstraverzija, saradljivost, savesnost, otvorenost, mentalna ¢vrstina, empatija) odnosno
manjim stepenom izraZzenosti nepoZeljnih karakteristika licnosti (neuroticizam, potitivna valencija,
negativna valencija i tamna trijada). Istrazivanje je sprovedeno na uzorku od 205 ispitanika, medu
kojima 93 Zenskog 1 112 muskog pola, studenata Fakulteta sporta 1 fizickog vaspitanja Univerziteta
u Beogradu, KriminalistiCko-policijskog Univerziteta i Akademije za nacionalnu bezbednost,
pripadnici ops$te studentske populacije, kao i radno aktivno stanovniStvo razli¢itih profesionalnih
orijentacija. Ukupni uzorak je takode podeljen na slede¢e subuzorke: opsta odrasla populacija,
studenti policijiskih studija, bezbednostna populacija kao i sportisti. Kriterijumske varijable velikih
pet crta licnosti, mentalna ¢vrstina, tamna trijada i empatija procenjivane su psiholoskim upitnicima
Velikih 5+2, Inventar mentalne Cvrstine, Prljavih dvanaest tamne trijade i Indeks intrepersonalne
reaktivnosti. Prediktorske varijable maksimalne sile, maksimalne brzine stvaranja sile i izdrzljivosti
u ispoljavanju sile bi¢e merene uz pomoc¢u metode izometrijske dinamometrije. Kao kategoricke i
grupiSuce varijable prikupljene su informacije o: polu, uzrastu, obrazovnom i profesionalnom
usmerenju, godini studija 1 radnom stazu, sportskom iskustvu i postignu¢ima, kao i telesnoj masi i
visini. U obradi podataka koris¢ena je korelaciona analiza, analiza viSestruke regresije i
multivarijantna analiza varijanse. Na osnovu rezultata dobijene su brojne znacajne korelacije
izmedu mehanickih karakteristika stiska Sake i psiholoskih karakteristika, kao i razlike izmedu
pripadnika razli¢itih grupa u ukupnom uzorku kao i u poduzorcima. Rezultati MANOVA za faktore
mehaniCkih karakteristika stistka Sake pokazali su da postoje znacajne razlike u psihopatiji na
faktoru maksimalne brzine razvoja sile, zna¢ajne interakcije maksimalne miSi¢ne sile i maksimalne
brzine razvoja sile sa mentalnom ¢vrstinom i narcizmom, kao i maksimalne miSiéne sile i
postignutog impulsa sile u testu izdrzljivosti stiska Sake sa psihopatijom. Dobijeni rezultati su
takode pokazali rodno specificne obrasce istrazivanih odnosa. Otkriveni su brojni efikasni
regresioni modeli, koji mogu objasniti znaCajan procenat varijanse psiholoskih karakteristika sa
mehani¢kim karakteristike stiska Sake izrazene u pulsnom i klasitnom modusu izometrijske
kontrakcije kod poduzorka opste odrasle populacije [inicijalno: agresivnost (R?=0,95), ekstraverzija
(R?=0,74), neuroticizam (R?=0,82), negativna valencija (R?=0,75), otvorenost (R?>=0,62), pozitivna
valencija (R?=0,62), mentalna ¢vrstina (R?=0,75), makijavelizam (R?=0,56), psihopatija (R?=0,56),
narcizam (R?=0,78), tamna trijada (R?=0,69]. Rezultati kanonske diskriminantne analize pokazuju
postojanje statisticki znacajne (p<0,05) diskriminantne funkcije kod zena (Wilksov A=0,44,



v2(22=37,67) i muskarac (Wilksov A=0,59, y%@20) =41,18) unutar sportskog poduzorka. Rezultirajuci
modeli sa 90% tacnosti za zene 1 80% tacnosti za muskarce prepoznaju ucesnike kao dobro trenirane
ili elitne sportiste. Ovo istrazivanje po prvi put uspostavlja vezu izmedu brzine razvoja sile i
izdrzljivosti u ispoljavanju sile sa psiholoskim karakteristikama. Zaklju¢eno je da su dobijeni
diskriminantni modeli veoma efikasni kada je u pitanju dalja upotreba u selekciji u sportu. Rezultati
imaju implikacije na individualizaciju programa obuke i procesa selekcije kandidata za fizicki
naporna i stresna zanimanja. Takode, dobijeni rezultati opravdavaju dalja istrazivanja na ovu temu
sa ciljem boljeg razumevanja prirode dobijenih korelacija.

Kljuéne reci: motorno ponaSanje, maksimalna sila, maksimalna brzina razvoja sile, izdrzljivosti
u ispoljavanju sile, impuls sile, crte licnosti, velikih pet, mentalna Cvrstina, tamna trijada,
interpersonalna reaktivnost, selekcija

Nauc¢na oblast: FiziCkog vaspitanje i sport
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1 INTRODUCTION

If we consider behaviour as the actions and reactions of living organisms interacting with
each other and their external environment, then understanding, predicting, and modifying human
behaviour is one of the most important goals of the social and humanistic sciences. Faithfully
imitating patterns of human behaviour is an admirable goal for researchers and practitioners across
various technical and technological disciplines.

Motor behaviour, a specific aspect of behaviour, refers to the execution of any movement
involving any part of the body in social contexts (Adolph & Franchak, 2017). The movement of the
body in terms of motor behaviour can ultimately be described by the interaction of external and
internal forces, with a particular focus on the muscular force that a person can consciously control.
However, the functioning of muscular force cannot be explained entirely by biomechanics alone.
Moving the body, even involuntarily, relies on cognitive systems responsible for data collection and
processing. The quality of motor behaviour is primarily determined by the efficiency of these
cognitive systems (Keen, 2011; Latash & Turvey, 1996).

Movement is a crucial element and driving force behind early cognitive development
(Piaget, 1954). Patterns of movement not only enable the formation of broader behavioural patterns,
but these behavioural patterns also influence the establishment and modification of movement
patterns. Therefore, it is both valid and necessary to conduct integrative observations, studies, and
analyses of movement expression and regulation within the broader context of behaviour regulation
and the interplay between the two systems. This assertion is supported by empirical studies that
demonstrate a correlation between essential morphological and psychological characteristics
(Crewther et al., 2024; Faith et al., 2001; Magee et al., 2013; Stefanovic et al., 2021; Stephan et al.,
2022; Sutin & Terracciano, 2016 a,b). Furthermore, evolutionary psychology suggests that
movement is the primary reason for the emergence of the nervous system in organisms, with its
primary function being the control of movement, that is, behaviour (Cosmides & Tooby, 1997).
This assumption implies that the structures and indicators of movement regulation may be linked to
specific behavioural tendencies and attributes.

Based on this premise, it was hypothesized that there is a relationship between the
mechanical characteristics of skeletal muscles and personality traits and attributes. This assumption
has been validated through various empirical studies (Anestis, 2005; Brito et al., 2023; Gallup et al.,
2007; Fink et al., 2016; Frederick & Haselton, 2007; Kerry & Murray, 2018; Leigh et al., 2008;
Mueller et al., 2016, 2018; Stephan et al., 2022; Shuai et al., 2023; Sutin, 2018; Tolea et al., 2012).

In this context, the arms, particularly the hands, are of great significance. Throughout human
evolution, the hands have developed distinct functions, allowing for a wide range of activities,
including communication, hunting, gathering fruits, cultivating land, crafting, working, and fighting.
The human use of hands is exceptional compared to other species, in the same way as the psychic
apparatus. Comprising 27 bones, 27 joints, 34 muscles, and over 100 ligaments and tendons,
innervated by numerous peripheral nerves, the upper limbs—especially the hands—occupy a
significant portion of the sensory and motor cortex (Penfield & Rasmussen, 1950; Grodd et al.,
2001; Saadon-Grosman et al., 2020), nearly equivalent to the rest of the body, excluding the head
(Figure 1).



As a result, it is not surprising that numerous studies have connected various mechanical
characteristics of the hand, as measured through handgrip tasks, with different indicators of lifestyle
and health. For example, handgrip strength provides valuable information about nutritional status
(Norman et al., 2011), the risk of potential heart failure (Chung et al., 2014; Izawa et al., 2009;
Oreopoulos et al., 2010), and postural stability (Trajkov et al., 2018). Additionally, the maximum
force generated during an isometric handgrip test has been found to predict certain behaviours,
including aggressive and sexual tendencies (Gallup et al., 2007) and socially dominant behaviour
(Gallup et al., 2010). Handgrip mechanical characteristics have also been used to assess individuals’
fighting ability (Mufioz-Reyes et al., 2012) and overall formidability (Kerry & Murray, 2018).

Given the unique role of hands in human behaviour, they serve as a key area for research
into the relationship between the mechanical characteristics of skeletal muscles and behavioural
tendencies and attributes. Numerous studies have supported this relationship (Gallup et al., 2007,
2010; Fink et al., 2016; Kerry & Murray, 2018; Mueller et al., 2016; Mufioz-Reyes et al., 2012;
Stephan et al., 2022; Sutin, 2018).

Figure 1. Representation of the body in the sensory cortex (Mpj29, BA312)



Numerous studies have established connections between the mechanical characteristics of
the hand and Big Five personality traits (Fink et al., 2016; Kerry & Murray, 2018; Mueller et al.,
2016; Stephan et al., 2022; Sutin, 2018). However, this area remains underexplored. Many aspects
of handgrip mechanics have not been thoroughly investigated, and specific characteristics of
different populations have not received adequate attention. Furthermore, there is significant
potential for future research to examine the relationship between the mechanical properties of the
handgrip and psychological constructs beyond the Big Five model. This topic has not been widely
addressed in current research practices. Addressing these issues will require an interdisciplinary
approach and collaboration (Momtazmanesh et al., 2021).

The primary objective of the upcoming review is to present the findings of the studies
mentioned, along with their theoretical implications and opportunities for further research in this
field.



2 THEORETICAL APPROACH TO THE RESEARCH PROBLEM

After the introductory considerations, this section will clarify the theoretical foundations of
the research problem. To explore the links between the mechanical characteristics of handgrips and
psychological traits and attributes, we will first present key theories from the psychology of
individual differences and those suggesting a biological basis for personality.

Following this analysis, we will provide an overview of research that has tested hypotheses
regarding the biological foundations of personality. Next, we will connect psychological
characteristics with the mechanical properties of the hand by reviewing studies on the physiological
mechanisms that underlie the mechanical characteristics of skeletal muscles, such as maximal force,
rate of force development, and endurance in force production. Special attention will be directed
toward neural mechanisms that are linked to behaviour regulation.

Furthermore, we will summarize research that validates both the direct and indirect
connections between the mechanical characteristics of skeletal muscles and psychological traits,
explaining the potential mechanisms through which these connections operate. A particular focus
will be placed on studies investigating the mechanical features of muscle force during maximum
handgrip.

Finally, we will consider how the findings from previous research can be practically applied,
expanding the scope of investigation for future studies.

2.1 Psychological Characteristics as a Behaviour Management System

In the following section, we will present, describe, and define key psychological concepts
important for understanding psychological characteristics' role in managing behaviour. This analysis
will be the first step in identifying potential for future research, i.e., posing a research question.

The psychology of individual differences is a branch of psychology that studies the
differences and variations among individuals in tendencies towards behaving, thinking, or feeling
coherently in various situations and over a long period (Ashton, 2013). Studying only specific types
of psychological processes, states, abilities, and even traits is not enough to understand a person's
psychological life as a whole. It is crucial to study their entire behaviour. It is crucial to study their
entire behaviour. By studying the behaviour of each individual, it is possible to observe regularity or
consistency in behaviour. Individuals exhibit consistent behaviors, allowing identification of
characteristics such as laziness, diligence, cheerfulness, or withdrawal. The psychology of
individual differences examines behavior patterns and their broader organizational structures.
Broader organizational structures that manifest through similar tendencies in behaviour are called
traits or personality traits, while the overall organizational characteristic of the behaviour of each
individual is called personality. More precisely, “[p]ersonality is the dynamic organization within
the individual of those psychophysical systems that determine his characteristic behavior and
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thought” (Allport, 1961, p. 28). It is important to note that the founders of the theory of personality
traits, in their initial definition in the first half of the last century, also studied the physical
component of the personality.

The psychology of individual differences is one of the most prolific branches of psychology
in terms of theory development. Within this framework, various personality theories have been
created to describe personality in terms of its structure, dynamics, and development. Based on the
answers to these questions, personality theories can be classified into several influential schools of
thought: psychodynamic, social-psychological, self-theories, and trait theories.

In modern practice, particularly in the assessment of personality and the use of test results
for purposes such as selection, education, and management, trait theories have emerged as the most
influential (Ashton, 2013). The fundamental assumption of personality trait theory is that a limited
number of key traits can represent the vast range of human behavioural tendencies. These traits
reflect the specific functioning of the body and organs, primarily the nervous system (Rush, 1992).

Hans Eysenck was one of the pioneers who explained this hypothesis (Eysenck, 1967). The
co-authors of the influential theory pertaining to the Big Five personality traits also support this
viewpoint. However, they do not delve into the details as extensively as Eysenck does. They assert
that the five factors represent basic dimensions of personality for several reasons: “(a) longitudinal
and cross-sectional studies indicate that all five factors are enduring traits that manifest in behaviour
patterns; (b) traits associated with each factor can be found across various personality systems and
correspond to natural language descriptors; (c) the factors are present in diverse age, gender, racial,
and linguistic groups, even though they may be expressed differently across cultures; and (d)
evidence of heritability suggests a biological basis for all five factors” (Costa & McCrae, 1992, p.
653).

These theoretical propositions are supported by classic empirical studies (Eysenck &
Eysenck, 1967) as well as more recent research (Brumbaugh et al., 2013; Brito et al., 2023).

In the theoretical part of our work, emphasis will be placed on hypotheses and research on
biological aspects of personality. This fact does not dispute the importance of environmental factors
or the individual's experience in building personality traits, motor abilities, and skills. This
procedure can be justified if we consider, first of all, the peculiarities of the subject of interest of
this dissertation and the necessity of an interdisciplinary approach in its research. Namely, the
theoretical concepts will be simplified, reducing them to the simplest shared content to keep the
focus of the research in sports sciences and motor behaviour.

However, before presenting theoretical concepts and research results concerning the
biological basis of personality, one must familiarize oneself with several basic concepts from the
psychology of individual differences, which will be important for this work.

2.1.1 Basic concepts: The Big Five, Mental Toughness, Dark Triad and Empathy

About the described breadth of the study of the psychology of individual differences, that is,
the study of the role of personality characteristics in the management of human behaviour, in this
part, only some of the influential concepts of this field will be selected to establish the focus of the
research.

One of the fundamental questions of the psychology of individual differences is the basic
structure of the personality that is, identifying the essential elements that can be used to describe and
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predict an individual's behaviour validly. The answer to this question depends on the theoretical
approach from which it is approached, that is, its epistemological and methodological frameworks
(Colovié et al., 2014). The Big Five personality traits model is currently one of the most influential
answers to this question (Saucier & Srivastava, 2015).

The Big Five model outlines the range of traits that a comprehensive personality assessment
should evaluate, identifying them as neuroticism, extraversion, openness, agreeableness, and
conscientiousness (Costa & McCrae, 1992). Neuroticism represents a general tendency to
experience adverse effects, that is, a degree of emotional stability. Extraversion refers to the degree
of sociability. Openness determines the degree to which a person is open to new experiences.
Agreeableness is the tendency to be cooperative and compassionate, while conscientiousness
represents the degree of discipline and spontaneity.

While often linked to the foundational work of Costa & McCrae (1992), the Big Five model
emerged from diverse lines of research that consistently identified similar dimensions characterizing
human personality (Digman, 1990). When the model was validated across various linguistic and
cultural contexts, researchers found that while it remained robust, many identified five dimensions
of personality that closely aligned with the Big Five yet also proposed alternative frameworks or
additional traits. Consequently, this has led to the emergence of nuanced models such as the big
4+1, 5+1, and 5+2. In a notable study involving a Serbian sample, the traditional Big Five model
was further enriched by incorporating dimensions of positive and negative valence (Colovié et al.,
2014). Here, positive valence encapsulates a favorable self-image and narcissistic tendencies, while
negative valence reflects a detrimental self-image coupled with manipulative behaviors. These
findings, while largely supporting the Big Five model, illuminate the opportunity to extend the
personality assessment domain. It has been suggested that although the Big Five is widely
recognized as one of the most effective models for explaining personality (Saucier & Srivastava,
2015), it may fall short in capturing the intricate variations of human behavior and experience.
Critics argue it is too broad, lacking specificity when it comes to predicting a range of phenomena
(Boyle et al., 2008). Consequently, scholars have proposed extensions to this model that aim to
provide deeper insights, especially in predicting stress-related behaviors and emotional responses
(Papageorgiou et al., 2019). The first construct proposed to enhance the Big Five models for
predicting stress reactions is mental toughness, which will be defined and elaborated on in the
following text.

There is currently no consensus on the description and definition of mental toughness. One
perspective, presented by Clough and Stricharczik (2012), views mental toughness as a personality
trait that determines how individuals respond to challenges, stress, and pressure. According to this
viewpoint, mental toughness is combined with the ability to consistently achieve optimal results,
utilizing one's maximum capabilities, regardless of the circumstances at hand (Clough et al., 2002).
Thus, mental toughness is considered a vital aspect of understanding personality functioning in
stressful situations.

Conversely, some authors emphasize the development of mental toughness through
individual activity. In this context, mental toughness is defined as a psychological construct, akin to
a state, that equips individuals with the skills necessary to pursue their goals despite difficulties
(Gucciardi et al., 2015; Gucciardi, 2017). This perspective suggests that mental toughness can be
cultivated over time and enhanced through specific intervention programs (Gucciardi et al., 2015;
Stamatis et al., 2016 a). This thesis will primarily explore mental toughness from this developmental
perspective, which aligns with the experiences of master strength and conditioning coaches
(Stamatis et al.,, 2021b). Furthermore, a series of studies have provided empirical evidence
supporting the theoretical perspective of mental toughness (Gucciardi et al., 2015). These studies
challenge the conceptualization of mental toughness as a multidimensional construct, especially
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highlighting that direct assessments often outperform indirect approaches (Clough et al., 2002),
where individual facets of mental toughness are evaluated. This method has become a prevalent
research practice in subsequent years (Cowden, 2017; Gucciardi et al., 2016, 2017; Giles et al.,
2018; Milosevi¢ et al., 2022; Stamatis et al., 2016 a, 20213, b; Van der Mark et al., 2020).

Although the nature of mental toughness continues to be a topic of debate, most researchers
agree that it is a psychological resource that enables individuals to perform optimally despite
various stressors (Gucciardi et al., 2015; Hardy et al., 2014; Stamatis et al., 2016 a). Mental
toughness has been shown to predict academic and professional outcomes (Lin et al., 2017).
Additionally, it is associated with perceived stress (Papageorgiou et al., 2019), which helps in
understanding and predicting the effects and reactions to chronic stress (Gershon et al., 2009).
Research indicates that individuals with higher levels of mental toughness tend to demonstrate
better stress-coping mechanisms (Gerber et al., 2013). In sports studies, it was shown that mental
toughness is linked to differences in indicators of performance (Cowden, 2017). Among many
others, positive correlation with 800-meter distance running speed (Cooper et al., 2020),
perseverance in a specific aerobic test (Gucciardi et al., 2016 b; Giles et al., 2018) and even
placement in elite sports events (Van der Mark et al., 2020) were reported.

All of the above points to the conclusion that more profound research into mental toughness
in its relationship to the mechanical properties of skeletal muscle is justified. One could hypothesize
a direct link to those characteristics related to muscular endurance and stamina, as well as an
indirect one through the tendency to develop superior mechanical characteristics through rigorous
training. These assumptions align with results from previous studies (Crust, 2005; Nabilpour &
Agababa, 2018).

The dark triad was the second construct proposed in addition to the Big Five model to
increase its efficiency in predicting stress reactions. We will briefly describe and define it in the
following text.

The dark triad, consisting of the personality traits of narcissism, Machiavellianism, and
psychopathy, is defined as a tendency towards a lack of empathy, manipulation and exploitation of
others, absence of morals, antisocial behaviour, impulsiveness, selfishness and the like (Paulhus &
Williams, 2002). The dark triad represents the dark core of the personality (Moshagen, 2012), a
propensity for malicious behaviour. "Narcissism is characterized by a grandiose sense of self,
entitlement, dominance, and superiority; Machiavellianism by manipulativeness, callous affect,
strategic planning, and superior impulse regulation; and psychopathy by thrill-seeking, lack of
empathy and remorse, superficial charm, low anxiety proneness, and a lack of long-term goals"
(Dini¢ et al., 2018, p. 18). Aspects of the dark triad share many common traits (Gordon & Platek,
2009) and overlap (Paulhus, 2014), so they should also be studied as a whole.

Empathy plays a crucial role in positive outcomes and the functioning of groups and teams.
Broadly defined, empathy involves how individuals react to the perceived experiences of others
(Davis, 1983) or the ability to view situations from another person's perspective (Baron-Cohen et
al., 2015). It encompasses both affective and cognitive responses to the emotions of others (Hawk et
al., 2013).

The cognitive aspect of empathy includes two components: perspective-taking, which is the
ability to understand others' viewpoints, and fantasy, which involves identifying with fictional
characters in media or the arts (Davis, 1983). In contrast, the affective dimension consists of
empathic concern, which is feeling sympathy for those in need, and personal distress, a self-oriented
adverse emotional reaction to others' suffering (Davis, 1983).



Although Davis established this framework in the 1980s, it continues to receive widespread
support (Baker-Eck et al., 2020; Davis, 1983; Inzunza et al., 2022; McLellan & McKinlay, 2013;
Millie & Hirschler, 2023). Empirical research has shown that empathy provides essential
information that enhances existing models, assisting in the prediction of various behaviours and
events (MiloSevi¢ et al., 2024; Risti¢ & Milosevi¢, 2019; Pepping & Timmermans, 2012).

Studies on collective creativity indicate that, in highly creative but selectively chosen
groups, the quality of the final product is influenced by the level and quality of interaction and
communication among members (Risti¢ et al., & Mandi¢, 2016). Furthermore, empathy is crucial
for effective communication and collaboration in group work (Sawyer & DeZutter, 2009).
Therefore, it is unsurprising that empathy is a more reliable predictor of group creativity than
evaluations of individual members' creative abilities (Risti¢ & MiloSevi¢, 2019).

For the same reason, empathy can be a unique asset for young theatre artists during the
educational process at the academies. Although high creativity is a prerequisite for success in
artistic work, highly developed empathy is necessary to actualize this ability in a group setting.
Things are similar in team sports such as basketball. A high level of technical-tactical skills and
physical abilities are prerequisites for achieving high results; empathy is necessary for the abilities
and skills to be maximally manifested on the court. This conclusion is drawn from the significant
review study "Oxytocin and the biopsychology of performance in team sports” (Pepping &
Timmermans, 2012), which shows that oxytocin is involved in stimulating bio-psychological
processes associated with more excellent team performance in sports, among which empathy has a
key role. These assumptions were validated in the recent empirical study (MiloSevi¢ et al.,
2024).For our research, it is important to note that the existence of correlations between Big Five
personality traits, mental toughness, dark triad and interpersonal reactivity is very well documented
(for instance: Baker-Eck et al., 2020; Colovi¢ et al., 2014; Dini¢ et al., 2018; Millie & Hirschler,
2023; MiloSevi¢ et al.,, 2024; Papageorgiou, 2019) The reasons why exactly these theoretical
concepts of the psychology of individual differences were chosen for this dissertation, even though
they are sketched and indicated here, will be elaborated in more detail in the final segment of the
theoretical part of the work, when the needs and possibilities for expanding previous research on
this topic as well as their possible theoretical and practical implication will be analyzed. Once we
have familiarized ourselves with the basic terms, we can move on to a deeper analysis of the
assumption about the biological basis of personality characteristics and traits.

2.1.2 Hypothesis on the Biological Basis of Personality Characteristics and Traits

As already mentioned, the biological basis of personality is only one of the possible
theoretical explanations, which was chosen as the theoretical basis of this research due to the
specificity of the topic. In this part, these theories will be presented in more detail.

When considering the hypothesis that different tendencies in behaviour are actually an
expression of the biological peculiarities of people, the differences in the functioning of the nervous
system are the first thing that comes to mind. However, at the very beginning of development of
such idea, the nervous system was not given much importance in the control of human behaviour ,
which would have been reflected in the peculiarity of temperament. Around the fourth century BC,
the Greek philosopher Hippocrates of Kos put forward a theory about the four temperaments, which
are an expression of the excess or deficiency of some of the bodily fluids (Hall & Lindsey, 1998).

According to Hippocrates' typology, the first type of temperament is called choleric, it is
characterized by strong emotions, quickness to action, and frequent excitement. With this
temperament, reactions are sudden and strong, and characteristic moods are anger and rage. An
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imbalance of body fluids in this temperament causes bile. The second type is sanguine, which is
characterized by a quick reaction to feelings that are not strong and do not last long. Cheerful moods
are characteristic, while the manifestations of character are expressive. In this type, the behaviour is
caused by an imbalance associated with the blood. The third type of temperament according to
Hippocratic theory is the melancholic temperament, whose behaviour is associated with a bodily
fluid called black bile. A melancholic rarely reacts, but when he does, it does so with intense
feelings that last a long time. Characteristic moods include sadness and worry. In the fourth type,
the phlegmatic temperament, behaviour is associated with the amount of phlegm in the body. In this
type, reactions are rare, slow, and weak. Characteristic moods include calmness and composure.
Although later research did not lead to the validation of the assumption about the connection
between the levels of bodily fluids and personality traits, Hippocrates' typology of the description of
temperaments influenced future thinkers and researchers for a long time, to the extent that numerous
similarities with many more modern typologies of personality traits can be observed (Ruch, 1992).

The Russian physiologist Ivan Pavlov, known for his research on the conditioned reflex,
proposed a theory at the beginning of the twentieth century on three basic properties of the nervous
system that cause typical differences in behaviour between people (Ashton, 2013). These include
strength, balance, and mobility of the process of excitation and inhibition of the nervous system. In
this theory (Strelau, 1983), the strength of excitation refers to the functional capacity of the central
nervous system. This property refers to the ability to endure intense or long-lasting stimulation
without transitioning into transmarginal inhibition®. On the other hand, the strength of inhibition
represents the ability to maintain a state of conditioned inhibition in situations where the
unconditioned stimulus is delayed, or it needs to be differentiated from related stimuli and the like.
In individuals with weak inhibition power, it is impossible to maintain conditioned inhibitions for a
longer period of time. Balance as a property of the nervous system represents the ratio of the power
of excitation and the power of inhibition in each individual. Functionally, this feature represents the
ability to inhibit excitations, which enables the adaptation of reactions to the moment and the
environment. The mobility of nervous processes represents the ability to adequately respond to
continuous changes in the environment. Manifest forms of combinations of these features of the
nervous system, according to Pavlov (Ruch, 1992) can also be classified into four types of
character. The first type is a weak character, who is inhibited, anxious, and easily upset. The second
type is strong, unbalanced, characterized by excitability, hyperactivity, and irritability. The third
type is strong, balanced, static and calm, consistent, and difficult to get excited, while the fourth is
strong, balanced, mobile, lively, quick, and full of desires and old age. In the description of these
characters, it is possible to find many similarities with Hippocrates' typology, which was the subject
of later empirical studies (Ruch, 1992).

The British psychologist Hans Eysenck developed his well-known theory of personality
dimensions based on observations of individuals in military hospitals during World War Il. He
termed these dimensions extraversion and neuroticism (Eysenck, 1947). Later, through his
observations of patients in psychiatric hospitals, he revised this theory and introduced a third
dimension known as psychoticism (Eysenck & Eysenck, 1985).

According to Eysenck's theory, the fundamental differences among individuals stem from
the strength of their nervous system's reactions to stimulation—that is, the information received
from the senses. He referred to this trait as the excitability of the nervous system. Those with high
sensitivity to stimulation often experience discomfort in highly stimulating environments, leading
them to withdraw from or avoid such situations. In contrast, individuals with low sensitivity may

! Transmarginal inhibition is a phenomenon in classical conditioning when a conditioned reaction caused by a conditioned stimulus
due to long-term and intense stimulation can lead to a paradoxical reduction of the conditioned reaction.
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feel bored when there is a lack of stimulation, resulting in a constant desire for new and intense
experiences.

People who are sensitive to stimulation tend to shy away from large groups, social events,
and crowded environments, preferring quieter activities and settings. Eysenck named these
individuals as introverts. Conversely, those with low sensitivity actively seek out new situations
characterized by high levels of people and noise; Eysenck referred to these individuals as extroverts.

Eysenck also believed that the differences in levels of extraversion were linked to a specific
part of the brain that he called the ascending reticular activating system. Additionally, he observed
varying reactions to stress among individuals. Some people show weak responses to stressful
stimuli and situations, which allows them to maintain emotional stability.

On the other hand, some people are far more sensitive to stressful stimuli and are
characterized by increased anxiety. Eysenck called this dimension of personality neuroticism and
believed that the structures of the limbic system were responsible for individual differences in
neuroticism. Finally, Eysenck noticed differences in people's tendency toward aggressive, cruel
behaviour versus compassion and concern for others. He called this personality dimension
psychoticism and believed that testosterone levels were responsible for its manifestation. Even with
this typology, it is not difficult to find similarities with previously described personality typologies
(Ruch, 1992). Eysenck’s detailed and explicit biological assumptions make his theory easy to test
experimentally. Because of this, it has been the subject of numerous studies, the results of which
have supported it to some extent, which will be discussed in more detail soon. However, most
research today indicates that the necessary number of dimensions to describe personality is five,
rather than three (Digman, 1990; Goldberg, 1990; John, 1990; Costa & McCrae, 1992; Wiggins,
1996; McCrae & Costa, 2003). Two of Eysenck's factors, extraversion and neuroticism, are among
the Big Five, and the third factor, psychoticism, appears to be a combination of the remaining three
factors (Griggs, 2010).

Personality trait theories, often referred to as factor theories, derive the fundamental
dimensions of personality from a list of adjectives that describe human behaviours through
statistical methods, particularly factor analysis. The number of dimensions identified in this analysis
depends on the level of abstraction chosen.

Gordon Allport initially condensed a list of about 18,000 words into 200 clusters (Allport &
Odbert, 1936). Raymond Cattell further refined personality description using 16 distinct factors
(Cattell, 1965). Eysenck employed a similar methodology but identified only three factors, which
can be viewed as higher-order factors compared to Cattell's 16 (Digman, 1990).

By the end of the last century, there was a broad consensus around the five-factor model.
This model has been extensively tested across various social contexts, and its structure appears
consistent, with only minor variations reflecting local specificities and methodologies (McCrae &
Costa, 1997, 2001). Notably, the Serbian model of the Big Five was enriched by including
dimensions of positive and negative valence (Colovi¢ et al., 2014), showcasing one such localized
adaptation.

It is also important to note that the heritability of approximately 50% of the variance in the
Big Five traits has been empirically validated (Loehlin et al., 1998), indicating a biological basis.
Despite this consensus, the discussion over the number of personality dimensions remains open,
with recent research (DeYoung, 2006; DeYoung, 2013) suggesting potential for further abstraction
of the Big Five model, which will be explored shortly. In addition to the aforementioned theories
that were chosen for a detailed review because of their historical role, as well as their impact on the
psychology of individual differences and the practice of assessing personality characteristics and
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traits, numerous other hypotheses and theories about their biological basis exist. William Sheldon
assumed the connection between somatotype (mesomorph, ectomorph, and endomorph) and
temperament. Robert Cloninger assumed the connection between neurotransmitters (serotonin,
dopamine, and norepinephrine) and personality dimensions (novelty seeking, punishment avoidance
and reward dependence). Jeffrey Gray, in his theory of sensitivity to reinforcement, assumed that
certain regions of the brain were responsible for behaviour al control (behaviour al activation
system, behaviour al inhibition system, the fight or flight system), and that personality traits and the
like depend on their activity. However, as will soon be seen, many of the aforementioned
assumptions did not fully pass the test of empirical validation.

2.1.3 Validation of the Assumption on the Biological Basis of Personality Characteristics and
Traits

Of course, the theories presented in previous part of the text also have their empirical
validation through the results of previous studies, which will be presented in more detail in this part.

Hippocrates' idea, which was later elaborated by Galen, that the typical behaviour s of
certain characters are related to the system of bodily fluids, remained influential and popular until
the Middle Ages, after which it was rejected in scientific circles (Ashton, 2013). As for Pavlov, his
theory was largely based on experiments on dogs, while validation of these hypotheses on humans
was absent. What was the subject of research was the similarity of the three-character typologies of
Hippocrates, Pavlov, and Eysenck. Using the negative personality inventories created on the basis
of these theories, a relative similarity of the three typologies, i.e., the high correlation between
individual types was confirmed (Strelau, 1983; Strelau et al., 1990; Ruch, 1992).

In a classic experiment called the Lemon Juice Test (Eysenck & Eysenck, 1967), the
hypothesis about the sensitivity of the nervous system as the basis of introverted and extraverted
behaviour was tested. The researchers put a few drops of lemon juice on the subject's tongue and
measured the amount of saliva that the subject produced in response. The assumption that those who
were more sensitive to stimulation, that is, subjects who produced more saliva in such an
experiment, would be those who leaned towards introverted patterns of behaviour , has been
confirmed.

Similar results were obtained in Geen's (Russell Geen) study (1984) with the preferred
level of noise and the body's response to it. Geen not only demonstrated that extroverts preferred
higher environmental noise levels than introverts, even in learning tasks, but also that they
responded to the same noise levels with a lower heart rate and lower psychogalvanic reflex than
introverts, regardless of whether the noise was raised or lowered.

On the other hand, Gray (1970) believed anxiety and impulsivity to be more fundamental
traits than Eysenck's neuroticism and extraversion because they have a clearer biological basis.
Carrying out laboratory research on rats, he came to important findings that contributed to the
understanding of the role of the hypothalamus and the septohippocampal system in the regulation of
emotions (Mitrovi¢ et al., 2008). Although both Eysenck's and Gray's personality theories are
considered to be controversial at the very least, they are still the subject of empirical studies (e.g.,
LeBlanc et al., 2004; Mitrovi¢ et al., 2008; Kiissner, 2017), while Eysenck alone was cited nearly
2,500 times in 2022 (over 16,000 citations in the last 5 years)?.

2 https://scholar.google.com/citations?user=FZzaeRsAAAAJ&hl=en. Retrieved March 1, 2023.
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Technological advancements have provided new opportunities for empirical validation of
hypotheses regarding the biological basis of personality characteristics and traits. A recent study
(LeBlanc et al., 2004) investigated the relationship between stress reactions and Eysenck's
dimensions of extraversion and neuroticism. Participants were subjected to physical stress and
discomfort by being exposed to strong, cold winds directed at their faces. During this time, the
autonomic nervous system's response was measured by monitoring heart rate and catecholamine
levels in blood plasma before, during, and after the experimental exposure.

The results indicated that individuals with higher levels of extraversion experienced
increased heart rates and more significant responses to noradrenaline, as well as intensified feelings
of discomfort. In contrast, neuroticism was found to have a negative correlation with these
variables, aligning with Eysenck's theoretical framework. Interestingly, extraverted individuals
would respond more strongly to the stimulation of the wind, as it could be viewed as a form of
enhancement rather than merely a stressor. However, the findings suggest that introverts, who
generally have reduced sensitivity to stimulation, reacted with less discomfort and showed lower
autonomic responses, supporting Eysenck's assumptions. The biological and physiological bases of
the influence of the Big Five personality traits on the quality and intensity of emotional reactions
have also been the subject of empirical research (Brumbaugh et al., 2013). Heart rate,
psychogalvanic reflex, and breathing rate were measured in response to watching different
emotionally colored video clips. Although general patterns of response to the emotional tone of the
scenes were observed, personality traits were associated with the intensity of these responses.
Extraversion and neuroticism were positively related to the strength of the autonomic arousal
response, although neuroticism to a lesser extent. These line results were also obtained in the
previously described study.

Structural magnetic resonance imaging (SMRI) was used to verify the association between
the size of brain parts and the Big Five personality traits (DeYoung et al., 2010). The results showed
that there is such a connection for as many as four out of five traits from the model, namely:
extraversions with the volume of the brain region involved in the processing of reward information
(medial orbitofrontal cortex), neuroticism with the volume of the brain regions associated with
threat, punishment, and negative feelings, agreeableness with volume in regions that process
information about the intentions and mental states of others, and conscientiousness with volume
regions involved in planning and voluntary control of behaviour (lateral prefrontal cortex). The two
mentioned neural structures, and especially the lateral prefrontal cortex, play an important role in
motor learning as well as in the control of voluntary movements (Lee et al., 2020).

Suppose the intercorrelations of the factors of the Big Five model are taken into account.
In that case, it is possible to extract two higher-order factors: a - stability (cooperativeness,
conscientiousness, and neuroticism) and 3 - plasticity (extraversion and openness), which are also
assumed to be biologically conditioned (DeYoung, 2006). Namely, individual differences in the
functioning of the serotonergic system, which regulates the stability of emotions and behaviour, are
expressed through the o factor, while individual differences in the functioning of the dopaminergic
system, which governs research behaviour and cognitive flexibility, refer to the B factor. Research
by Jang et al. (1998) and DeYoung (2006, 2013) has confirmed the functioning of a system
involving two neurotransmitters and the genetic inheritance of o and f factors. However, this theory
does not dismiss the existence of the Big Five personality traits, nor does it simplify all biological
mechanisms of behaviour regulation to just these two systems. The assumption is, in fact, that
peculiarities in the functioning of serotonin and dopamine, which act very broadly in the brain as
neuromodulators, are responsible for the mutual correlations of the Big Five personality traits
(DeYoung, 2006) and, therefore, represent broad targets of personality traits. After nearly a century
of research into personality traits and their biological basis, it seems as if the circle is closed, i.e., the
new model of two meta-factors is very similar to Eysenck's original idea of two dimensions of
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personality. At this point, for the topic of this paper, it is important to recall the role of serotonin and
dopamine in the management and coordination of movement, as well as their activation during
strenuous physical and mental actions (Sesboué & Guincestre, 2006; Korchounov et al., 2010;
Spencer & Hu, 2020). Regarding the biological basis of mental toughness, the dark triad, and
empathy, although not studied in nearly as much detail as the Big Five model, it appears to be at
least partially confirmed in inheritance studies (Vernon et al., 2009; Horsburgh et al., 2009; Warrier,
et al., 2018).

However, recent studies are not completely unanimous when it comes to the biological
basis of personality characteristics and traits. Studies in which the connections between personality
traits and the level of arousal of different brain segments were examined gave rather complex
results, which can only be partially explained by the presented theories of personality traits
(Zuckerman, 2005; Canli, 2006). Research aimed at a better understanding of this topic is still
needed, and likely new theories into which their findings will fit in a valid way.

After all that has been stated, it seems that, nowadays, the biological and physiological
basis of personality, although insufficiently known, remains, nevertheless, unquestioned.
Furthermore, numerous structures that are associated with the manifestations of personality
characteristics and traits have their role in learning, performing, initiating, and controlling
movement. This conclusion provides grounds for supposing that some mechanical characteristics of
movement could be related to personality characteristics and traits. Moreover, it could be assumed
that, through the study of these connections, something more could be learned about the very nature
of the biological basis of personality characteristics and traits.

2.2 Mechanical Characteristics of Skeletal Muscles as an Indicator of the Quality of Control
and Execution of Movements

When we got acquainted in more detail with psychological characteristics and their role in
managing behaviour , it is time to get acquainted with the mechanical characteristics of skeletal
muscles. In this part of the text, mechanical characteristics will be presented and defined through the
prism of different dimensions of muscle force. Due to the specificity of the researched topic, these
characteristics will be considered as indicators of the quality of control and execution of
movements.

The mechanical characteristics of skeletal muscles represent those properties that can be
measured and described by mechanical quantities, such as force, speed, power, and the like
(Zatsiorsky, 2000). The mechanical properties of muscles are a complex subject of study in
numerous scientific disciplines, with the aim of understanding the structure and function of the
neuromuscular system, as well as describing and predicting the level of muscle abilities. The subject
of interest of this paper is specific in relation to most research that deals with the mechanical
characteristics of muscles. Namely, the focus will be on an attempt to understand better the
relationships and the place of the movement control system on the broader behaviour control system
through the research of mechanical characteristics. In this sense, two basic mechanisms are
observed: the force level control mechanism (Latash & Gottlieb, 1991) and the time control
mechanism in which the force is created (Goodbody & Wolpert, 1998). Muscle contraction is a
condition for movement of the body (in terms of motor behaviour ) or its parts. Under natural
conditions, in order for muscle contraction to occur, it is necessary for nerve impulses to reach the
muscle through the nerve fibers of the motor neuron. After the arrival of the nerve impulse, motor
units whose muscle fibers begin to produce force are recruited. The muscle force produced is
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directly proportional to the frequency of nerve impulses arriving in the muscle, as well as the
number of active (recruited) motor units (Bartlett, 2005).

When it comes to the relationship between the muscle and the external force that the
muscle opposes, it is possible to distinguish between concentric, eccentric, and isometric
contractions, in which the muscle creates force by the exact mechanism (at the molecular level).
However, its length is shortened, lengthened, or unchanged depending on whether it is a force
produced greater than, less than, or equal to an external force. Regardless of the type of contraction,
force-length relations (dependence of muscle force on muscle length), force-speed (dependence of
muscle force on the speed of muscle shortening), and force-time (dependence of muscle force on the
degree of muscle activation) represent mechanical relations that describes the mechanism of muscle
contraction (Bartlett, 2005). However, in the isometric mode of muscle contraction, in which the
muscle force is equal to the external force, and its length does not change, force-length and force-
speed ratios are constant. They can be abstracted, which significantly facilitates the research
process. Although this is by no means the most common case in actual conditions of movement, this
approach to studying the mechanical properties of muscles makes it much easier to measure and
find out the fundamental mechanisms that have not yet been sufficiently explored. In contrast,
research in dynamic conditions should follow as the next step. When it comes to the mechanical
properties of the hand, it should be emphasized that numerous important functions of the hand in
real life are performed in isometric (or at least approximately isometric) mode. For example, when it
comes to fighting or handling aids and body extensions (such as props, aids, tools, implements,
weapons, etc.), the primary function of the hand is to provide a solid striking surface (fist) or
fixation (either the opponent or the tool), while the rest of the body provides the necessary force
through eccentric and concentric contractions. Because of this, the research approach described
earlier is additionally justified when it comes to researching the mechanical properties of the hand.

The maximal force will serve as an indicator of the force control mechanism, while the
maximal rate of force development and endurance in the manifestation of force will serve as
indicators of the time control mechanism, the basics of which will be briefly presented, primarily
from the point of view of the interest of this work, i.e., the discovery of possible relationships with
the behaviour control system.

For our research is important to note that, the existence of correlations between the
mechanical characteristics of maximal force, maximal rate of force development and endurance of
hand-grip is very well documented (for instance: Gerodimos et al, 2017; Dopsaj et al, 2018, 2019,
2021, 2022; Innes, 1999; Ivanovi¢ & Dopsaj 2012; Trajkov et al, 2018).

2.2.1 Maximal Force

The first, from the point of view of this research, the key mechanical characteristic that will
be presented in this part of the text is the maximal force.

As explained earlier, under the influence of nerve impulses, muscles generate force.
However, the creation of force is not instantaneous; instead, it develops over time, which is
explained by the force-time relation. Put (according to Feher, 2012), the action potential that passes
from the nerve to the muscle causes a twitch and then relaxation in the muscle fiber. Nevertheless,
the action potential in the nerve fiber does not cause a twitch in the muscle immediately, but with a
delay of about 10 ms, which is necessary for biochemical processes to take place. If the next action
potential reaches the muscle before complete relaxation has occurred, the next twitch in the nerve
fiber will follow, which will manifest itself as the sum of the produced force of the two twitches.
Through this process, an increase in muscle strength can be obtained by increasing the frequency of
nerve impulses that reach the muscle. Another mechanism is an increase in the number of active
muscle fibers that produce force at the same time. Activation is achieved by the mechanism of
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strengthening the nerve signal - simultaneous delivery of a more significant number of nerve
impulses to the muscle. The resulting muscle force will again be the sum of the forces produced in
the simultaneously active muscle fibers. However, this process cannot last forever. At one point,
the voluntary maximal force is reached, followed by its decline. Maximal force is actually the
highest point that force intensity can reach in the described time cycle of muscle contraction.

What is interesting about the topic of this paper is that both described mechanisms by
which muscle force is produced have an important neural basis. Furthermore, the amount of nerve
impulses that the central nervous system sends to the muscles is approximately equal to only one-
third of the nerve impulses that actually reach the muscles under regular conditions in which a
person is trying to produce maximal force. This fact is explained by inhibitory mechanisms that,
among other things, are carried out by the Golgi tendon organ and Rensch cells, protecting the body
from injury.

The most commonly used variable for assessing the maximum intensity of the handgrip
force in isometric conditions is the maximal force. The maximal force in the handgrip test is reached
up to about a maximum of 3 seconds of contraction duration, on average about 1.5 seconds,
regardless of hand dominance (Dopsaj et al., 2022). Its validity is based on the assumed similarity
with the maximal force that the muscle can exert in different activities (Dopsaj et al., 2021). The
force of the handgrip is the result of the adequate flexion of the joints of all fingers with the
voluntary maximum strain that a person can apply in normal biokinetic conditions.

Over 50% of the variance in maximal handgrip strength can be attributed to hereditary
factors (Frederiksen et al., 2002), while the rest can be explained by general body condition,
lifestyle, or training adaptations. Maximum muscle force is generally directly proportional to the
cross-sectional size of the muscle (Jari¢ et al., 2005; Dulac et al., 2016). The findings of recent
studies suggest a possible role of serotonin in the growth of skeletal muscles (Chandran et al.,
2012), the role of nerve stimulation in muscle hypertrophy (Alix-Fages, 2020), and the modulatory
role of neural motor control in relation to muscle compared to hypertrophy and strength, are
important for the topic of this paper (Reggiani & Schiaffino, 2020). The assessment of the intensity
of the handgrip force is applied in various areas of research activity, which will be discussed in
more detail soon.

2.2.2 Maximal Rate of Force Development

The second, from the point of view of this research, the key mechanical characteristic that
will be presented in this part of the text is the maximal rate of force development.

When the time dimension is added to muscle force as a mechanical characteristic, we get,
among other things, the rate of force development. The rate of force development is a term that is
widely used in scientific literature in the broadest possible sense of the field of sports and human
movement sciences. It represents the ability of the neuromuscular system to increase the level of
contractile force when there is an intention or need to activate the muscles as quickly as possible.
This is why it is one of the most important abilities when it comes to movements in which time for
force production is limited (Rodriguez-Rosell et al., 2018). Of course, sports and sports
competitions abound in such situations. However, in everyday life, especially in crises, a higher rate
of force development can be the key to successful reaction, adaptation and, therefore, survival.

In an influential overview study of the physiological aspects of the rate of force development
from 2018 (Rodriguez-Rosell et al., 2018), the most important neural factors upon which this ability
depends stand out: motor unit discharge rate, the appearance of doublet discharges, and the
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synchronization of motor units. Motor unit discharge rate refers to the number of action potentials
produced by motor neurons per unit of time. Duplicated discharge represents the appearance of a
pair of action potentials at an interval of less than 5 ms, which probably arises as a result of delayed
depolarization in the dendrites of spinal motoneurons. Synchronization of the operation of motor
units refers to the level of coordination of the production of action potentials of simultaneously
active motor units. In addition to the aforementioned neural factors, numerous structural factors, in
addition to movement characteristics, are mentioned as important for the rate of force development.
Moreover, depending on the time interval in which the force is produced, numerous factors listed
will be decisive for the speed of the individual's force generation. Although the rate of force
development is insufficiently investigated for now, the results of previous studies lead to the
conclusion that the relative contribution of neural versus muscle properties may vary during the
time course of force growth, where the early phase of force generation is dominated by neural
stimulation. In contrast, maximal muscle forces influence the late phase more. However, there is a
simultaneous neural influence in that phase.

Analyzing the aforementioned factors that determine the rate of force development (Del
Vecchio et al., 2019) suggests that, although previous research has shown that the recruitment and
increase in the discharge rate of motor units determines the speed of force change (MiloSevi¢ et al.,
2014; 2020), it is not known until the end whether the properties of the motor units determine the
individual variability among individuals in the maximal rate of force development. Therefore, the
question arises: Are human movements as fast as the motor neurons that drive them? The starting
assumption in this study is that the rate of recruitment and the total maximal rate of discharge of
motor neurons will determine the maximal rate of force generation in humans. Before this study,
there was much circumstantial evidence that pointed to this assumption. Namely, when external
electrical stimulation is performed, the rate of force development really depends on the stimulation
frequency (Deutekom et al., 2000).

Furthermore, after several months of ballistic training, the increase in the rate of force
generation was accompanied by an increase in the discharge rate of motor units (Van Cutsem et al.,
1998). Moreover, the finding that ageing reduces the discharge rate of motor neurons and, at the
same time, the rate of force generation should be taken as evidence (Klass et al., 2008) and similar.
By applying a new approach for precisely identifying the activity of motor neurons using high-
resolution electromyography decomposition while simultaneously measuring the rate of force
development, the behaviour of relatively large (10 and 20 times larger than in previous similar
studies) populations of motor neurons was recorded during rapid contractions. The obtained results
show that the peak of the discharge rate of the motor unit occurs before the very moment of force
generation. Meanwhile, after this moment, the discharge rates decrease, which is why they are
significantly higher during the initial phase of the contraction compared to the plateau of the
explosive contraction. The maximum discharge rate of the motor unit was related to the force
generation rate variables (R?=0.72, p=0.001).

Furthermore, supraspinal drive, i.e., the cortical input of impulses to motor neurons during
the initial phase of the motor task, which was measured as the speed of recruitment of motor units
until the moment of generating an afferent feedback reaction, was significantly related to both the
rate of force development and the speed of discharge of the motor unit. As such, for the first time,
the connection between the nerve drive of the muscles and the maximal rate of force development is
explicitly demonstrated. It is concluded that the results obtained in this study show that the
variability of the maximal rate of force development in human muscle is determined by the neural
activation that precedes force generation.

However, the presented study and its results had a significant limitation. Namely, due to the
unknown variance in the speed of individual motor unit contractions among the subjects, it was not
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possible to assess the relative importance of nervous and contractile parameters when it comes to
the rate of force development. Therefore, the same group of researchers is launching a study with
the aim of investigating the neural and muscular determinants of maximal force generation velocity
using a realistic computational model of ballistic isometric contraction (Dideriksen et al., 2020).
This model allowed for systematic variation of motor unit discharge rate (including the possibility
of doublets), motor unit recruitment rate, and single motor unit contraction time. The analysis
showed that the effective neural drive to the simulated muscle had a lower bandwidth than the
contraction range of the average motor unit. This fact indicates that the bandwidth of the motor
output, and thus the capacity for the rate of force generation, is limited mainly by neural properties.
The simulated rate of force development increased by 1,050% from the longest to the shortest
recruitment interval. This effect was more than four times greater than the effect of increasing the
discharge rate, more than five times greater than the effect of increasing the chance of doublets, and
more than six times greater than the effect of decreasing single contraction time. The simulation
results suggest that the physiological variation in the rate at which motor units are recruited during
ballistic contractions is a significant determinant of the variability in the rate of force generation
between humans.

The studies presented so far have provided much information about the neurological basis of
the rate of force development (Del Vecchio et al., 2019; Dideriksen et al., 2020; Rodriguez-Rosell et
al., 2018; Van Cutsem et al., 1998). They also provide evidence that fast muscle contractions allow
insight into the maximal rate of recruitment, as well as the maximal rate of discharge of motor units
in vivo. What remains unknown is the origin of the input impulses that underlie the maximal rate of
recruitment and discharge of motor units.

A study from Baudry and Duchateau (2021) seeks to answer these questions. By using
transcranial magnetic stimulation and peripheral nerve stimulation, an attempt is made to compare
the specific modulation of the cortex and spinal cord excitability during the preparatory phase (the
last 500 ms before the onset of contraction) of fast (ballistic) and gradual contractions. The results
indicate that changes at the cortical level occur earlier than at the spinal level during the preparatory
phase of both types of contractions. However, these adjustments occur later in fast (last 200-100 ms)
compared to slow contractions (last 300-200 ms). These results also suggest a higher rate of rise in
the excitatory input before the onset of fast contractions. In addition, an apparent increase in the
excitability of spinal cord motor neurons was recorded, starting at 200 ms before the gradual
contraction.

In comparison, only a very moderate increase was recorded in the last 100 ms during the fast
contraction. The obtained data indicate that the recorded early increase in the change in neuromotor
excitability during fast contractions reflects changes at the level of the cortex and not at the level of
neurons of the spinal cord. In conclusion, this study clearly demonstrates that the time course of
changes in cortical and spinal cord excitability during the preparatory phase of a voluntary
contraction is specific to the planned rate of force development of the upcoming movement.

Complementary results, when it comes to the role of the cortex and subcortical centres in the
rate of force development were offered by recently published studies (Skarabot et al., 2022;
Colomer-Poveda et al., 2023) with the use of sudden and startling stimuli as cues for the initiation of
fast movements. Namely, although the exact mechanism and reason are not yet known, it has been
known for a long time (Valls-Solé et al., 1999) that startling stimuli lead to a shortening of reaction
time and an increase in muscle force output. This phenomenon is thought to represent the
involuntary realization of a pre-planned movement stored in subcortical centres, probably in the
pontomedullary reticular formation. Therefore, responses to startling stimuli are suitable for
investigating reticulospinal contributions to human locomotion. Similar to the previously presented
studies, the activity of motoneurons was monitored with the help of high-resolution
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electromyograms. The obtained results showed that the reaction time was significantly shorter in
response to startling stimuli compared to visual and visual-auditory stimuli. The startling stimulus
further elicited faster neuromechanical responses, including a higher motor unit discharge rate and a
higher maximal rate of force generation. No differences were noted between the other two types of
stimuli. Consequently, it was also explicitly demonstrated for the first time that the increase in the
rate of force development could be, at least partially, initiated by subcortical structures. As such, the
contribution of subcortical pathways to the maximum output of a motoneurons in humans is
suggested, which results in faster recruitment and higher discharge rates of motor units.

Taking all the presented results into account, the role of the primary motor cortex in the
performance of fast contractions was clearly demonstrated (Baudry et al., 2021). Additionally, it has
been observed that there is a wide network of cortico-reticular connections (Skarabot et al., 2022) so
that, in response to a startling stimulus, a cortical input of impulses is likely to be enhanced by
signals from reticulospinal neurons, leading to greater output in motoneurons. The presented data
suggest that different neural pathways and mechanisms, both cortical and subcortical, probably act
synergistically, and contribute to the rapid recruitment and high discharge rate of motor units during
the performance of fast movements.

Taking everything into account, one can observe the peculiarity of the physiological
mechanism of the maximum rate of force development in relation to the maximal force, which
justifies its further study. Moreover, from the point of view of the interest of this paper, the rate of
force development acts as a more relevant parameter than the maximal force.

2.2.3 Endurance in the Application of Force

The third, from the point of view of this research, the key mechanical characteristic that will
be presented in this part of the text is the endurance in the application of force.

Similar to the mechanism of the rate of force development described just now, by adding a
time component to the force, but with the aim of making that time last as long as possible and not as
short as possible, we gain endurance in the manifestation of force. This property is also fundamental
from the point of view of the possibility of connecting psychological and mechanical characteristics.
Questions are raised about the limits of human endurance: How are they determined, and what is the
nature of fatigue that leads to cessation of activity? Numerous studies describe the physiological
limits of the human body, after which physical activity is stopped (Allen al., 2008; Amann & Calbe,
2008), while those in the field of sports endurance research primarily refer to muscle fatigue and
limits (Quarta et al., 2009). However, recent research suggests that the physiological exhaustion of
the nervous system (Morales-Alamo et al., 2015) should be taken into account when researching
this topic, and that means at all levels, from sensory input through the spinal cord and brain to
autonomic functions and effector output. (Taylor et al., 2016). Mental fatigue is defined as a mental
state caused by prolonged, demanding cognitive activity (Van Cutsem et al., 2017). It refers to the
physiological changes caused by the activity, as well as to the psychological interpretation (Giboin
et al., 2017). The negative influence of both of these components of mental fatigue on the ability to
exercise has been documented (Pires et al., 2018a).

An increase in the range of theta waves in the prefrontal cortex (mentioned earlier in
connection with the conscientiousness personality trait) is an indicator of the onset of mental fatigue
(Wascher et al., 2014). It is assumed that mental fatigue is associated with reduced activation of the
prefrontal cortex due to an increase in ATP hydrolysis and adenosine concentration in the brain
(Brietzke et al., 2020; Pires et al., 2018a), which impairs the ability to tolerate aversive stimuli
(Latini et al., 2001). This occurrence ultimately leads to the inhibition of activity. However, the

20



finding that mentally exhausted athletes improved their performance after caffeine intake did not
affect the change in activity in the prefrontal cortex (Franco-Alvarenga et al., 2019), even in placebo
sessions (Pires et al., 2018b; Brietzke et al., 2020), shows that, when explaining the phenomenon of
activity inhibition due to mental fatigue, the psychological component must also be taken into
account. Theoretical assumptions that explain mental fatigue with emotional processes, whose role
is to protect the body and preserve homeostasis (Noakes, 2012), and cognitive processes of self-
control (Giboin et al., 2019) can explain the aforementioned controversial findings, as well as the
phenomenon that athletes do not provide their maximums, that is, they give up on a strenuous task
even when physiological limits have not been reached (Morales-Alamo et al., 2015).

Studies on the effects of direct transcranial stimulation (tDCS) represent a new
experimental method that should enable the elucidation of the neuroanatomical and
neurophysiological bases of conative abilities and processes, as well as the causal links between
them and sports achievement (Quarta et al., 2020). After anodal stimulation of the primary motor
cortex in experimental conditions on healthy adult subjects, a significant increase in endurance was
obtained, which was associated with increased corticospinal excitability of the knee extensor
muscles and reduced effort perception (Angius et al., 2018). Similar findings were obtained in
studies on athletes (Vitor-Costa et al., 2015). The finding that after direct transcranial stimulation of
the temporal and insular cortex, which are connected to the autonomic nervous system and
responsible for awareness of information from the body related to emotions, also occurred as a
validation of the modulatory role of the psychological component of mental fatigue in the regulation
of activity duration, leading to changes in the perception of effort in subjects and better results on
endurance tasks (Okano et al., 2015).

Another important theoretical model is related to endurance in physical tasks. Based on the
findings of empirical studies that show that limits in energy production cannot fully describe the
limits of human capacity for endurance (Calbet et al., 2003), the central control theory postulates the
role of subconscious processes taking place in the brain in limiting human performance through
adjusting the number of active motor units (Noakes et al., 2005).

Moreover, when it comes to persistence in activities, most of the concepts and theoretical
assumptions come from the corpus of personality traits theories. Resistance to stress, vulnerability,
resilience, and mental toughness are some of the most influential theoretical concepts from this
field, which share a relatively permanent predisposition of the personality to cope with problems,
threats, and challenges, i.e., acute and chronic stress to a greater or lesser extent. It was found that
the primary physiological mediators of mental toughness and resistance to stress versus
vulnerability are resistance to depletion of catecholamines in the brain, increased peripheral
availability of catecholamines, and increased sensitivity of beta receptors, which is manifested by a
low general level of physiological arousal. In contrast, in stressful situations, it manifests through an
intense but short-term response of the autonomic nervous system via catecholamines and the
suppression of responses via cortisol (Dienstbier, 1989). These physiological parameters are related
not only to the efficiency of functioning under stress but also to characteristics of temperament and
the immune system. The hippocampus also plays a role in the described processes, through which
the described responses of the autonomic nervous system to stress are inhibited through a feedback
loop. A study in rats showed that hippocampal brain-derived neurotrophic factor (BDNF) plays a
crucial role in resistance to chronic stress. At the same time, its reduced expression in youth induces
prolonged corticosteroid secretion (Taliaz et al., 2011). A recent study in mice showed that GABA
(B1) but not GABA (B2) receptor activity within the infralimbic cortex in the medial prefrontal
cortex plays an important role in resilience and vulnerability to stress (Zou al., 2021). All described
mechanisms can be interpreted as somatic adaptations to environmental conditions, which are
primarily determined through genetic predisposition (Dienstbier, 1989). However, the role of
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environmental influence and personal experience as a potential for systematic positive influence can
also be clearly observed.

From the domain of cognitive learning theories comes the aforementioned Gray's theory of
sensitivity to reinforcement, which can also be linked to resistance to stress and persistence in
physically demanding tasks. According to this model, the initiation and termination of behaviour are
influenced by two systems: the reward sensitivity system and the punishment sensitivity system
(Gray, 1970). The reward sensitivity system is a neurological system of the dopamine reward
pathway that involves sending impulses from the substantia nigra and ventral tegmental area (VTA)
to the dorsal and ventral striatum and then to the prefrontal cortex (McNaughton & Corr, 2004). The
punishment sensitivity system is further divided into two subsystems: the anterior cingulate and
prefrontal ventral pathways (Corr, 2004), which are activated during threat perception, and the
septo-hippocampal, posterior cingulate, and prefrontal dorsal pathways (Gray & McNaughton,
2000), which are activated when approaching aversive charms and stimuli. There is ample, albeit
circumstantial, evidence that greater sensitivity to rewards leads to more excellent resistance to
stress and mental toughness, while increased sensitivity to punishments has the opposite effect
(Bell, 2012). Possible relationships between the mechanical properties of skeletal muscles and
personality characteristics and traits, as well as their common physiological basis can be most
clearly observed when it comes to endurance in the exercise of force. Therefore, further study into it
is more than justified.

2.2.4 Classic and Impulse Mode of Muscle Contraction

Mechanical characteristics presented so far have different characteristics and
manifestations depending on the modality of muscle contraction. In this chapter, they will be
presented in more detail classic and impulse mode of muscle contraction which have not received
much attention in previous research, but they represent a promising avenue for future research.

An interesting phenomenon related to the mode of muscle contraction has been observed in
recent empirical studies. The values of the mechanical characteristics of maximum muscle force and
maximum rate of force development can be changed depending on the content of the verbal
instructions given to the subjects. In the flexor muscles in the elbow joint and the flexors in the knee
joint, the instruction Perform the test as fast as you can result in higher values of the maximum rate
of force development (F =40.8, p<0.001) compared to the instruction Perform the test as hard and as
fast as you can (Bemben et al., 1990; Sahaly et al., 2001). Differences in the neural activation
pattern could explain this phenomenon, typical of the two contraction modalities (Mirkov et al.,
2004; Holtermann et al., 2007; Suzovi¢ & Nedeljkovi¢, 2009).

Although the initial validation studies on the mechanical characteristics of skeletal muscles
during impulse contraction did not yield satisfactory results due to moderate generalization across
different muscle groups (Suzovi¢ & Nedeljkovi¢, 2009), recent findings (Koznic et al., 2022)
suggest that using impulse contraction is valid for the handgrip test (Dopsaj et al., 2021). This
approach demonstrates high reliability, and by varying the verbal instructions, significantly different
mechanical properties were observed between the two types of contractions (Graphs 1 and 2).
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Graph 1. Record of the force-time curve in the classical modality of isometric muscle
contraction of the hand (Dopsaj et al., 2021)
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Graph 2. Record of the force-time curve in the impulse modality of isometric muscle
contraction of the hand (Dopsaj et al., 2021)
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In comparison to the classic contraction method, the impulse contraction produced both
lower maximal force and a higher maximal rate of force development (Dopsaj et al., 2021; Koznic
et al., 2022). The time taken to reach maximal force was drastically different; it required over 400%
less time achieving maximal force with the impulse contraction. Considering the mechanisms
involved, particularly the rate of force development, these differences seem to primarily reflect
variations in the speed of motor unit recruitment and the firing rate of motoneurons. The described
differences suggest that, behind the manifestation of the mechanical characteristics of the hand in
different contraction modes, lie somewhat different (in quantitative terms) physiological processes,
therefore, further research into the mechanical characteristics manifested in different modes of
isometric contraction in the light of the topic of this work is also justified.

2.3 Relationships of the Mechanical Characteristics of the Handgrip with Psychological
Characteristics and Behaviour al Patterns

After a more detailed introduction to the basic theoretical concepts, we will
directly address our topic relationships of the mechanical characteristics of the handgrip with
psychological characteristics and behavioural patterns.

As mentioned earlier, the use of the hand and its functions in the human species are unique
in the living world, similar to psychological functioning. The importance of the hand for daily life
and the survival of humankind are reflected in its neural representation, wherein the motor and
sensory cortex centres associated with the control of the hand occupy approximately the same place
as the rest of the body (excluding the head).

The isometric handgrip test is a useful predictor of various life outcomes, including
postoperative complications, the length of recovery periods, and decline in physical functionality,
the likelihood of requiring social care, and mortality rates (Bohannon, 2001). Although these
findings primarily pertain to clinical and elderly populations, the test also correlates with total body
strength in adults (Markovi¢ et al., 2020) as well as in children and adolescents (Wind et al., 2010).
Additionally, the handgrip test is valuable in the assessment and selection of athletes (Ivanovi¢ &
Dopsaj, 2012). For police officers, this test holds particular significance in specific job-related
scenarios, such as precise pistol shooting (Kaihan et al., 2013) and evaluating fitness readiness and
the risk of injury while performing police duties (Tomes et al., 2020). It should be emphasized that
isometric handgrip strength is both a highly sexually dimorphic and a lateralized measurement
(Gallup et al., 2007; Kamarul et al., 2006), a reflection of muscular force and neural activity (i.e.,
neuromuscular characteristics) (Innes, 1999; Liu et al., 2005). It is influenced by personal and
training history, that is, environmental influences and individual activities (Gallup et al., 2007;
Innes, 1999; Kamarul et al., 2006). Also, since we talk about muscle force and its influences, it
should be noted that force produced in handgrip, as well as any other muscular force under the
influence of body dimensions (Dulac et al., 2016; Jari¢ et al., 2005; Trajkov et al., 2017).

The relationship between hand characteristics and personality has been a focus of research
since its inception. Eysenck (1947) reported a correlation between handwriting and personality
traits, suggesting that it is possible to distinguish between the dimensions of neuroticism and
extraversion based on handwriting analysis. Building on Eysenck's work, Roush (1950) conducted a
study using handgrip strength and endurance tests to examine the effects of hypnosis on these
personality traits. Roush concluded that subjects demonstrated increased strength and endurance
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when under hypnosis, attributing this enhancement to the absence of inhibitory mechanisms during
the hypnotic state.

In the male population, in recent research, the handgrip test is a predictor of the aggression
and sexual behaviour of students (Gallup et al., 2007), as well as socially dominant behaviour
(Gallup et al., 2010). Given that, in the aforementioned studies, correlations were found only in
men, the obtained results could be explained by previously observed relationships between
testosterone levels and handgrip strength (Alibhai et al., 2010; Hansen et al., 1999).

A study on women showed that handgrip strength, paired with voice pitch, also predicted
reproductive success in women from African tribes (Atkinson, 2012). This study can also be
interpreted as a validation of the assumptions of evolutionary psychology where, with the
elimination of the influence of modern society, the connections between biological characteristics
and behavioural characteristics can be more clearly observed.

Research on the relationship between handgrip strength and levels of sensation seeking
suggests that the demonstrated relationships can be extended to the personality domain (Fink et al.,
2010). Namely, maximum handgrip force correlates positively with the total score on the sensation-
seeking scale (SSS-V) and the thrill and adventure-seeking subscale. Such results support the
assumption that physically stronger men display physical and social characteristics that women
prefer (Gallup, White & Gallup, 2007; Frederick & Haselton, 2007).

The results of the presented studies were the reason for a deeper investigation into the
relationship between maximum handgrip strength and personality traits, specifically the Big Five
model (Costa & McCrae, 1992). In a sample of 160 British women and men aged 18-42, maximum
handgrip strength correlated negatively with neuroticism, positively with extraversion in men, and
negatively with cooperativeness in women (Fink et al., 2016). The correlation with neuroticism in
men remained significant even after partializing age and body mass index influences.

Starting from the documented connection of physical strength with the dynamics of
everyday social interactions, as well as the occurrence of social behaviour disorders in mammals
(Anestis, 2005; Leigh et al., 2008), the hypothesis of the existence of such a connection in humans
was tested (Kerry & Murray, 2018). In two samples of about 500 American students, negative
correlations were found between maximum handgrip strength and neuroticism in both men and
women. Other dimensions of the Big Five personality model were not significantly related to
maximum handgrip force.

Handgrip strength is widely recognized as a reliable indicator of physical strength and
overall health (Vaara et al., 2012; Wind et al., 2010). Additionally, numerous studies have
established connections between personality traits, health outcomes, and life expectancy (Chapman
et al., 2007; Mroczek & Spiro, 2007; Ziegler, 2015). This result suggests a potential relationship
between the mechanical characteristics of hand muscles and psychological traits.

Guided by this premise, a study was conducted involving 1,232 participants aged 65 to 88
(Mueller et al., 2016). The findings revealed that individuals with higher morbidity and lower
maximal handgrip strength exhibited higher levels of neuroticism. Furthermore, lower maximal
handgrip strength was associated with less openness, diminished positive changes in extraversion,
decreased cooperativeness, and a more pronounced age-related decline in conscientiousness.

In a subsequent study, the same research team (Mueller et al., 2018) used auto- and cross-
effects continuous time course models to analyze 13 years of longitudinal data from the Berlin
Aging Study, which included 516 subjects aged 70 to 103. This study examined the relationships
between personality traits and indicators of functional health, mainly focusing on maximum
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handgrip strength. The results indicated that neuroticism had a more significant predictive effect on
functional health in younger individuals compared to older ones. Additionally, changes in health
status could be used to predict shifts in neuroticism. The decrease in extraversion was also found to
predict declines in functional health.

Using continuous time models, the researchers demonstrated that the magnitude of these
effects varies based on the time interval analyzed. Overall, the findings highlight a close interplay
between personality traits and functional health. While the above-described studies had an older
population as their subject, the question arises of the existence of similar relationships in other
populations. It is known that personality traits and conscientiousness contribute to better health
through behavioural (Turiano et al., 2015) and physiological (Friedman et al., 2014) mechanisms. A
similar relationship was obtained in a study with 12,188 participants (Sutin, 2018), where four out
of the six aspects of conscientiousness (self-control, organization, diligence, and responsibility)
were positively associated with nearly all health markers: lower body fat percentage, healthier
metabolism, cardiovascular and inflammatory markers, as well as a higher maximal force of the
handgrip.

The studies that examine the relationship between handgrip strength and the Big Five
personality traits (Fink et al., 2016; Kerry & Murray, 2018; Mueller et al., 2016, 2018; Sutin, 2018)
present somewhat inconsistent results. Several studies found a negative correlation between
neuroticism and maximum handgrip strength (Kerry & Murray, 2018; Mueller et al., 2016, 2018).
However, one study indicated that this correlation was only valid for men (Fink et al., 2016).

Additionally, some studies observed a positive relationship between greater extraversion and
higher maximal handgrip strength (Mueller et al., 2016, 2018), while others found this association
only applicable to men (Fink et al., 2016; Kerry & Murray, 2018). Some findings suggest a positive
correlation between openness and maximal handgrip strength (Mueller et al., 2016), but other
studies refute this (Fink et al., 2016; Kerry & Murray, 2018).

Agreeableness shows a positive correlation with maximum handgrip strength in some
studies, but this is observed only in women, whereas other studies show no significant relationship
(Kerry & Murray, 2018). Conscientiousness also demonstrates a mixed association; some studies
report a positive relationship with handgrip strength (Mueller et al., 2016; Sutin, 2018), while others
do not support this finding (Fink et al., 2016; Kerry & Murray, 2018).

Due to these inconsistencies, a comprehensive metastudy was conducted in 2022, analyzing
data from various national databases. This study processed measures of maximum handgrip strength
and Big Five personality traits for over 40,000 adults of all ages (Stephan et al., 2022). The results
of this extensive study confirmed relationships between personality traits and maximal handgrip
force exerted under isometric conditions: neuroticism exhibited a negative correlation, while
extraversion, openness, and conscientiousness demonstrated positive associations with maximum
handgrip strength.

Moreover, these findings align with the earlier results of the Baltimore longitudinal study
involving 1,220 participants (Tolea et al., 2012). The study found that the maximal force of knee
muscles exerted in isometric conditions was negatively correlated with neuroticism and almost all
its aspects. Simultaneously, it identified a positive association with extraversion and its components,
such as warmth, action, and positive emotions, independent of age, sex, race, or body mass index.
The presented results provide the basis for the assumption that the research into other mechanical
characteristics of the handgrip, such as maximal rate of force development, force impulse, time for
which maximal force is manifested, time of maximal rate of force development, maximum
endurance in force, as well as various indices, could be associated with the psychological

26



characteristics of adults. Understanding the importance of such research will be greater after
consideration of the possible nature of the aforementioned relationships.

2.3.1 The Nature of the Relationship between Mechanical Characteristics of the Hand and
Psychological Characteristics

After reviewing research results suggesting a connection between the mechanical and
psychological characteristics of skeletal muscles, we will explore possibilities for a deeper
explanation of the nature of the observed relationships.

Although it is clear from the previous presentation that there is a well-documented
connection between the mechanical characteristics of the handgrip, primarily the maximum
strength, and the psychological characteristics of adults (Fink et al., 2016; Kerry & Murray, 2018;
Mueller et al., 2016, 2018; Stephan et al., 2022; Sutin, 2018), the question arises: what is the nature
of the obtained connections? First of all, it should be noted that this is still a new research area,
which is why the description of the nature of the aforementioned connections is more in the domain
of speculation and less based on unequivocal results of empirical studies.

One possible explanation for the obtained and hypothesized connections is the
evolutionary paradigm. Masculine qualities that make men attractive to women as partners for
making and rearing offspring, i.e., prolonging the species, can be seen as a combination of
numerous interconnected components. At the same time, maximum handgrip strength is one such
component (Fink et al., 2016). Namely, maximum handgrip strength in men is positively associated
with sensation seeking (Fink et al., 2010) and negatively with neuroticism (Fink et al., 2016; Kerry
& Murray, 2018; Mueller et al., 2016, 2018). It can be assumed that women prefer men who show
more excellent sensation-seeking and low neuroticism as partners (Fink et al., 2016), while the
maximum handgrip strength is expressed precisely in people with both traits. As such, the described
connections between the mechanical characteristics of the handgrip and psychological
characteristics could be explained by evolutionary mechanisms of adaptation and natural selection.

The documented relationship between personality traits and physical health outcomes
(Brenes et al., 2005; Krueger et al., 2006) can be understood through models that explain the
development of pathology and disability (Nagy, 1965; Verbrugge & Jette, 1994). According to these
models, particularly Nagy's (1965) model, the development of disability occurs progressively: active
pathology leads to impairment, which then leads to functional limitation and ultimately to disability.
Damage, identified as the second step in this process, refers to an abnormality or loss in one of the
body's systems, such as the musculoskeletal system. A decrease in muscle strength during
contractions further limits mobility and reduces the range of activities that can be performed,
impacting one's ability to maintain health (Rantanen, 2003).

Personality can influence the development of movement-related pathology in two key ways
(Verbrugge & Jette, 1994). First, personality traits can affect the likelihood of developing chronic or
acute diseases, which may trigger a process leading to musculoskeletal damage. Second, if
pathology is already present, personality can either accelerate or slow down the progression from
pathology to disability. Empirical studies provide support for these notions, showing that traits like
neuroticism, extraversion, and conscientiousness are reliable indicators of physical activity levels,
making them at least as significant as other external factors (Rhodes & Smith, 2006). Specifically,
aspects of extraversion, particularly activity and sensation-seeking, are positively correlated with
higher levels of physical activity (De Moor et al., 2006). On the other hand, a meta-analysis of
conscientiousness and health-related behaviour studies on a sample of 194 studies shows that it and
some of its aspects are strongly positively related to the level of physical activity (Bogg & Roberts,
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2004). Therefore, the connection between specific personality characteristics and traits and level of
physical activity could explain the already-described connections between the mechanical
characteristics of skeletal muscles (primarily maximal force) and psychological characteristics. This
assumption was tested in the aforementioned Baltimore longitudinal empirical study (Tolea et al.,
2012), in which a partial mediating effect of the level of physical activity on the association between
mechanical characteristics of skeletal muscles and psychological characteristics was confirmed.

The assumption that the psychological, behavioural, and biological profiles of individuals
with specific personality traits can explain their connection to handgrip strength was examined in a
previously presented meta-analysis (Stephan et al., 2022). The results of this study indicate that the
relationship between neuroticism and maximum handgrip strength is primarily influenced by
psychological factors, particularly the presence of depressive symptoms. Conversely, individuals
who are extraverted, open, and conscientious tend to exhibit fewer depressive symptoms and higher
levels of physical activity, which may help explain the link between these traits and maximum
handgrip strength.

Additionally, the biological profile of conscientious individuals may also contribute to the
association between this trait and maximum handgrip strength, as they tend to have lower levels of
C-reactive protein (CRP). The research also found that body mass index (BMI) mediates the
relationship between conscientiousness and maximum grip strength. Specifically, greater
conscientiousness is associated with lower BMI, which in turn is linked to lower handgrip strength.
However, the psychological, behavioural, and biological factors studied only partially mediate the
relationship between personality traits and the mechanical properties of skeletal muscles, indicating
that further research is needed in this area.

Previous studies have established correlations between handgrip strength and psychological
characteristics, but further research is needed to explore potential physiological mechanisms that
may contribute to these relationships. Here, first of all, we should emphasize the observed similarity
of some neural structures responsible for the manifestation of both motor behaviour and personality
characteristics. In this sense, the role of the lateral prefrontal cortex should be highlighted, which
plays an important role in both motor learning and the control of voluntary movements, while its
volume positively correlates with the presence of dimensions of the Big Five personality traits
(DeYoung et al., 2010; Lee et al., 2020). Furthermore, the role of individual differences in the
functioning of the serotonergic and dopaminergic systems should be highlighted, both in the
manifestation of o (agreeableness, conscientiousness and neuroticism) and B (extraversion and
openness) personality meta factors, as well as in the management and coordination of movement
(DeYoung, 2006, 2013; Jang et al., 1998; Korchounov et al., 2010; Sesboiié & Guincestre, 2006;
Spencer & Hu, 2020).

If the presented physiological peculiarities of the mechanical characteristics of skeletal
muscles are considered, the assumed hypothetical connections with the psychological characteristics
could be explained by several more hypothetical physiological mechanisms. The connection with
the rate of force development could be interpreted by the peculiarities of the neuro-muscular
mechanism underlying the manifestation of this characteristic and, above all, the speed of
recruitment of motor units, as well as the speed of discharge of motoneurons (Baudry et al., 2021;
Del Vecchio et al., 2019; Dideriksen et al., 2020; Rodriguez-Rosell et al., 2018; Van Cutsem et al.,
1998). This hypothesis could be further tested through the analysis of the connection between the
mechanical characteristics of the handgrip manifested in the impulse and classical modalities of
muscle contraction (Mirkov et al., 2004; Holtermann et al., 2007; Suzovi¢ & Nedeljkovi¢, 2009;
Dopsaj et al., 2021; Koznic et al., 2022). Endurance in the exercise of force could be interpreted as a
central resistance to the physiological exhaustion of the nervous system (Morales-Alamo et al.,
2015), which is manifested through the strategies of turning on and off motor units (Calbet et al.,
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2003; Noakes et al., 2005). As such, the role of the prefrontal cortex (Wascher et al., 2014), the
primary motor cortex (Quarta et al., 2020), and the dopamine reward pathway system (McNaughton
& Corr, 2004) should be singled out.

The contribution of the muscular and nervous components of the enumerated mechanical
characteristics of the handgrip could be further analyzed by analyzing the time dimension of the
manifestation of the given characteristics. In this way, the variability in the manifestation of
mechanical characteristics could be positioned closer to the neural or muscular component,
depending on whether the analyzed measure relies more on force or time. The contribution of
genetics to the external component(environmental influences, training, lifestyle, and similar) could
be analyzed in more detail through the different ratios of manifestation of the mechanical
characteristics of the handgrip with the dominant and non-dominant hand. Finally, analyzing the
mediating and moderating effect of gender, age, field of work, and level of physical activity will
contribute to more precise insights into the nature of the analyzed connections.

One can see the space for further research by analyzing the studies and possible theoretical
explanations. First of all, it is imperative to check the replicability of the obtained results, that is, to
check the external validity of the relationship between the mechanical characteristics of the
handgrip and the psychological characteristics in the local Serbian context.

Next, it is possible to expand the subject of research, both in the domain of mechanical as
well as psychological characteristics.

First of all, all reported studies researched handgrip mechanical properties as one solid
variable, i.e. handgrip strength, which primarily concerns the force exerted by the flexor and
extensor muscles of the hand on the measuring device. However, since force is produced in time, it
can be analyzed according to the force-time curve produced in the handgrip strength task. This
method is promising and reliable (Innes, 1999), and with the decrease in the cost of the equipment
required for its use, it has been used more and more frequently in research (Cronin et al., 2017).
Analyzing the force-time curves produced in the handgrip strength task, parameters of the maximal
force, maximum rate of force development, the time needed for achieving maximal force, and the
time needed for achieving the maximum rate of force development can be obtained. Moreover,
indexes of dimorphism and excitation, which are important for athletic success (Dopsaj et al., 2019;
Ivanovi¢ & Dopsaj, 2012; Markovi¢ et al., 2020), can be calculated and researched from those
measures. All of this is important for research because different physiological mechanisms are
responsible for the manifestation of different neuromuscular characteristics (Baudry & Duchateau,
2021; Del Vecchio et al., 2019; Dideriksen et al., 2020; Rodriguez-Rosell et al., 2018). Since studies
of the effect of immobilization showed non-uniform loss of isometric muscle strength and
neuromuscular characteristics, with different outcomes between upper and lower limbs, attributed to
higher degrees of central neural control of upper limb musculature (Campbell et al., 2019), the
proposed additional analysis seems justified.

Second, although an important mechanical characteristic of the handgrip, isometric grip
endurance, which measures the ability to sustain muscle contraction of finger flexors at 50% of
maximal force and the stability of contraction (i.e., oscillations around 50% of maximal force
(Ivanovic & Dopsaj, 2012; Trajkov et al., 2018) it has not yet been linked to psychological
characteristics in research. An exception is the study on police officers, which shows the existence
of a correlation between isometric grip endurance and mental toughness (Hegerstad et al., 2019),
which points to additional space for the expansion of previous research on the relationship of the
mechanical characteristics of the handgrip and psychological characteristics.

In the end, the impulse mode of isometric testing, where the emphasis is on the speed of
force production, proves to have excellent metric characteristics (Dopsaj et al., 2021) and
29



advantages when it comes to assessing mechanical characteristics related to the rate of force
development (Sahaly et al., 2001; Suzovi¢ & Nedeljkovi¢, 2009), also was not researched in the
context of a relationship with psychological characteristics. Furthermore, comparing the rate of
force development obtained in impulse and the classical mode of isometric contraction, we can
assess another important mechanical characteristic of the handgrip, i.e. the ability to generate more
force in less or the same time in impulse compared to the classical mode, which can also be
interpreted as an indicator of the possibility of creating more nerve impulses when needed but also
efficient execution of the movements. This fact justifies expanding the investigation of links
between psychological and mechanical characteristics manifested in classical and impulse muscle
contraction modes.

While the mechanical properties, in addition to the maximal force, can be further
complemented by the maximal rate of force development, endurance in the manifestation of force,
the time in which the mentioned force characteristics are manifested, different index indicators of
laterality and the relationship of the essential characteristics, as well as different modules of the
manifestation of force, the possible expansion of the research subject about the psychological
characteristics will be analyzed below from the aspect of possible applicability of the obtained
results, which primarily refer to the different populations in which the research can be conducted.

2.4 The Importance of the Relationship between Mechanical and Psychological
Characteristics in Different Populations

The previous part pointed out the well-documented relationship between the mechanical
characteristics of the skeletal muscles, especially the handgrip, and the psychological
characteristics. However, all prior research had been conducted on the general population. It is
unknown whether these relationships exist or whether they are specific in strictly- selected
populations characterized by a long-term and strenuous process of physical exercise, such as
athletes, tactical athletes and similar. In other words, since physical activity, exercise, and training
affect the mechanical characteristics of skeletal muscles, would the relationships between HGS and
psychological characteristics still be present among the population of well-trained, elite or tactical
athletes?

Moreover, physically demanding jobs, such as police, military and similar, and sports, are
vivid examples where research into the relationship between the mechanical characteristics of
skeletal muscles and psychological characteristics, in addition to the theoretical, could have
important practical implications. These jobs are characterized by exposure to extreme physical
efforts, tasks dangerous to life and health, and criticism from superiors and the public, which
represent risk factors for the negative impact of stress both on the efficiency of performing tasks and
on physical and mental health and behaviour as a whole (Ili¢ et al., 2018; Kuki¢ et al., 2021, 2022).
Due to all of the above, an extensive and rigorous prevention system has been developed, from
selection through training to regular monitoring of health status, as well as work quality (MiloSevi¢
& Milosevi¢, 2014), which includes the analysis and monitoring of both physical and psychological
conditions and characteristics.

When it comes to the mechanical characteristics of skeletal muscles, what should be
considered is that the aforementioned jobs require a high level of physical preparation (MiloSevi¢ et
al., 2014, 2020; Maupin et al., 2018). Previous studies have demonstrated that some police
departments (e.g., the Special Forces) have a much higher level of physical fitness than elite athletes
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(Aharoni et al., 2008). Several tests provide valuable information about physical fitness (Marins et
al., 2019; Maupin et al., 2018), including the handgrip test (Orr et al., 2021).

However, despite the rigorous selection, training and monitoring of police officers,
maladaptive reactions and stress-related behaviours are rare (Alang et al., 2020; Grassi et al., 2019).
In general, the level of occupational stress has a different effect on the performance of individuals
(Gutshall et al., 2017; Nisar & Rasheed, 2020; Regehr et al., 2008), while the results of studies
suggest a connection between the level of physical preparation and stress response (Anderson et al.,
2002; Gershon et al., 2009). In order to analyze this topic in more detail, it is important to find all
available relationships between these components.

Moreover, when it comes to sport, sport-specific movements determine which mechanical
characteristics will play a decisive role in sports performance (Cronin et al., 2017). This fact gives
the basis for the assumption that a more detailed investigation of the relationship between
mechanical and psychological characteristics in different populations of athletes could find a
practical application in their selection.

Although the relationship between mechanical and psychological characteristics has been
the subject of numerous studies, as already mentioned, this relationship within a specific police-
security or athletic population has not been sufficiently researched so far.

Mental toughness enables individuals to cope and thrive under stress and pressure (Clough
& Strycharczyk, 2012; Gucciardi et al., 2014). Also, empirical studies in athletes validate such
conceptualization by revealing positive correlations with self-confidence and negative with
cognitive and somatic anxiety (Mojtahedi, 2023). Physical fitness levels play a similar role
(Neumann et al., 2022). That is why a positive correlation between mental toughness and
mechanical characteristics of handgrips can be expected. Nevertheless, studies on tactical athletes
do not fully support this assumption (Beitia et al., 2022).

Closely related to the above is the possibility of expanding the research domain on the
relationship between the mechanical characteristics of handgrip and the psychological
characteristics, not only to specific groups and populations but also in the domain so far not
sufficiently in this context investigated psychological characteristics. Namely, in order to better
understand and predict the prolonged stress reaction, based on the results of empirical studies, the
proposal was made to expand the domain of personality assessment to date with the most
widespread personality models, such as the Big Five, by adding the assessment of mental toughness
and the dark triad (Papageorgiou et al., 2019). Both mental toughness and the dark triad have also
been shown to help predict important life outcomes, such as income and academic performance (Lin
et al., 2017) or, on the other hand, plagiarism, aggression following threats to the ego, bullying
others, and retaliatory acts, fantasy (Furnham et al., 2013). Both mental toughness and the dark triad
play a significant role in coping with stress, stress tolerance, and stress responses (Gerber et al.,
2013; Lyons et al., 2019). Furthermore, mental toughness and the dark triad carry valuable
information about perceived stress (Papageorgiou et al., 2019), which is crucial for understanding
and predicting the effects and reactions to prolonged exposure to stress (Gershon et al., 2009).

Since mental toughness and the dark triad directly influence an individual's ability to cope
with cumulative life stressors and can contribute to the development of mental distress (Lyons et al.,
2019), the cumulative impact of both the mental toughness and the dark triad constructs, as
behavioural determinants, can exert a significant influence on the stress levels experienced by
police-security officers, athletes and similar, and ultimately become determinants of their decision-
making processes. In line with this perspective, higher levels of mental toughness combined with
lower levels of dark triad may characterize individuals who are more resilient to stress and possess
stronger moral values, ultimately resulting in enhanced job performance, wellbeing, and overall
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health. This fact is the reason why the inclusion of mental toughness and dark triad in this study as
job performance and overall wellbeing predictors is justified. A recent study investigating the
impact that perceived stress has on handgrip muscle strength and endurance (Bhattacharjya, 2023)
shows another possibility of connecting mental toughness and the dark triad with the mechanical
characteristics of the hand grip since all of them are associated with perceived stress.

In the previous text, we have shown a relationship between the mechanical characteristics
of skeletal muscles and psychological characteristics. Previous studies showed that the mechanical
characteristics of the hand, expressed in handgrip tasks, are of particular interest to researchers on
this topic. Possible physiological, evolutionary and life experience-related mechanisms behind the
described relationships are also presented and analyzed in detail. We also presented studies that
showed the connection between mental toughness and the dark triad with other psychological
characteristics, behaviours, and habits. Their role in experiencing and responding to stress has also
been shown. They have even been shown to be linked to sports performance. Due to all of the
above, one can see the possibility of a relationship between mental toughness, the dark triad, and the
mechanical characteristics of the handgrip.

Taking into account the accelerated social changes in the twenty-first century, which bring
with them the changed role and way of performing the duties of the police and security structures,
as a mandatory part of the selection of members of these structures, the assessment of empathic
capacities and characteristics is proposed (Kammersgaard, 2021). Empathy has been widely
theorized as one of the most important abilities in professions characterized by frequent conflict
situations and interpersonal contacts (Inzunza et al., 2022), such as police or security. It is important
to interact with the public under challenging circumstances (Skogan, 2006) to understand others'
perceptions of complex situations and, at the same time, regulate one's perception (Inzunza, 2015),
which is necessary for acting professionally. Also, empathy is a necessary ability when working
with crime victims (Inzunza et al., 2022) for establishing and maintaining rapport during interviews
(Baker-Eck et al., 2020), which is crucial for successful information-gathering. Furthermore,
empathy, as one of the foundations of successful communication, is necessary for successful
teamwork (MiloSevi¢ et al., 2024). Police students consider empathy to be the most important
ability in gaining tremendous respect and engagement, as well as the most excellent moral value of
police work (Millie & Hirschler, 2023). For similar reasons, Danish police emphasized empathy in
the process of selection and training of police officers, which resulted in more significant support
and trust of the community and more efficient police work while strengthening democratic
traditions (Bloksgaard & Prieur, 2021).

Nevertheless, although there is agreement on the importance of empathy for the performance
of police and similar jobs, it has not been sufficiently empirically examined in the police and similar
populations to date. In order to successfully fit empathy into the existing system of selection and
training of future police and security officers, it is necessary to research the relationships of
empathy with the basic dimensions of the current selection system of police and security workers
(Koropanovski et al., 2022; Papadakis et al., 2021), that is psychological and mechanical
characteristics.

Considering the robustness of the aforementioned mechanical and psychological
characteristics, attempts to integrate these two principles with the aim of improving selection,
training, and performance in physically demanding tactical professions have been on the rise
(Pynes, 2001; Gnacinski et al., 2015; Bloksgaard & Prieur, 2021; Beitia et al., 2022). One of the
underlying ideas of such an approach is that the relationship between mechanical characteristics and
behavioural tendencies may be used as indicators of personality suitable for both job performance in
stressful environments and coping with chronic stress. To that end, it is necessary to investigate the
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relations as well as possible effects between indicators and mechanisms of mechanical
characteristics, namely handgrip characteristics and behavioural tendencies.

Based on everything presented, it is reasonable to expect documentation of numerous
relationships between mechanical and psychological characteristics in this research. In this way, our
research deepens the existing knowledge on this topic, as well as the possibility of its use. Handgrip
variables can prove to be an effective predictor of some psychological characteristics or at least an
informative supplement to existing predictive models. This result is especially anticipated for the
population already selected according to mechanical characteristics of skeletal muscles and
psychological characteristics. The observation and description of the specifics of the connection
between mechanical and psychological characteristics in different subsamples can also be
interpreted in the light of the nurture vs. nature debate. Although the boundary cannot be drawn
clearly, when it comes to the muscular component, the influence of environment and activity is
more significant than that of the neural component of muscle contraction, where hereditary factors
have a more significant influence. The different mechanical characteristics that will be examined
have different levels of influence on the muscular and neural components in their manifestation. The
same can be said for the athletic and security population; in their case, the influence of the
environment and the individual's activity in building the mechanical characteristics of skeletal
muscles should obviously have a more significant influence than in the general population. In
this way, this research could have important practical implications for training and the selection
system for different physically demanding professions and sports. Therefore, it can have a direct
positive impact on the wellbeing of future police officers, soldiers, and athletes, as well as the
corporate selection system and similar.

On the other hand, this research has more profound theoretical implications. For the
psychology of individual differences, this research can be interpreted as an indirect checking of the
assumption about the physiological basis of personality characteristics and traits and the expansion
of knowledge on this topic. The obtained results could also be interpreted as a contribution to the
verification of the central regulation model. In this way, aspects of motor behaviour and control
could be positioned more precisely within the broader scope of behaviour. Due to all of the above,
this research represents a step forward towards the greater integration of police, sports, and physical
activity studies with psychology.

2.5 Explication of theoretical assumptions

In this closing section of the theoretical framework for our research, we will summarize and
clarify our theoretical assumptions before moving on to the methodological considerations.

Our research utilizes a cross-sectional design and has primarily exploratory objectives. It
serves as an extension of existing studies in the field that examine the relationships between bodily
functions and psychological characteristics. Specifically, this research expands upon a substantial
body of work focused on the connections between the mechanical properties of skeletal muscles and
personality traits, particularly in relation to handgrip strength.

The relationship between the mechanical characteristics of handgrip and personality traits is
well-documented. Existing research primarily explains this connection through evolutionary
mechanisms and through personal histories of behavior and development, which influence the
manifestation of both mechanical and psychological characteristics. Additionally, we consider the
possibility of shared physiological mechanisms that may account for the expression of both
domains.
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In our study, we aim to investigate these known relationships within specific groups and to
broaden the scope of personality traits examined by introducing concepts that have not yet been
explored in this context. The correlations among these psychological concepts, as well as their
linkages to specific mechanical characteristics of skeletal muscles, particularly handgrip strength,
provide a theoretical foundation for this expansion. Moreover, previous research will help extend
our understanding of the domain of mechanical characteristics as well.

Our primary objective will be to identify whether existing relationships are present or absent
among the groups studied, along with their specific nature. While our findings will shed light on
these relationships, providing definitive answers regarding their nature will be speculative and
beyond the scope of this research.

Once we have thoroughly described and justified the novelty of this research compared to
prior studies, and outlined the expansions on existing work, we will then determine the
methodological solutions that are appropriate for this type of research based on the preceding
theoretical exposition.
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3 PROBLEM, SUBJECT, GOAL AND RESEARCH TASKS

3.1 The Problem of Research

Relationship between the mechanical characteristics achieved during the handgrip and the
psychological characteristics has not been sufficiently investigated to date. Based on this, it is
possible to formulate the problem of this research as follows. Are there and, if so, what is the nature
of the relationship between the mechanical characteristics of the handgrip and psychological
characteristics in adults?

Moreover, in relation to the stated problem, there is the problem of the existence of
differences in the mentioned relations in different populations, that is, the problem of their
specificity in strictly selected and homogeneous populations, such as the athletic, police and
security, when compared to the general population.

3.2 Research Subject

The subject of this doctoral dissertation was investigation of the relationship between
mechanical characteristics, specifically maximal force, rate of force development, endurance in the
manifestation of force, time parameters of manifestation of given force characteristics, as well as
index parameters of handgrip measured in isometric contraction with psychological characteristics,
specifically the Big Five personality traits, mental toughness, dark triad and empathy in adults.
Furthermore, the subject of this research is the determination of the specificity of these relationships
in different populations of adults, more precisely, in the athletic, police-security and general
population.

3.3 Research Goals

The goal of this doctoral dissertation were to explore the quantitative characteristics of the
association of maximal force, rate of force development, endurance in the manifestation of force,
time parameters of manifestation of given force characteristics, as well as index parameters of
handgrip measured in isometric contraction, with the Big Five personality traits, mental toughness,
dark triad, and empathy in adults, then determining the specificity of these relationships in different
populations, as well as the metrological characteristics of the newly formed index variables.
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3.4 Research Tasks

In order to fulfill the set goals of the research, it is necessary to fulfill the following tasks:

1. Define the sample selection criteria and form the sample and subsamples of participants
based on them.

2. Collect information on the socio-demographic status of the participants.

3. Collect information on the sports and training history, experience, level of achievement
and performance as well as status of the participants.

4. Assess the psychological characteristics of the Big Five personality traits, mental
toughness, dark triad, and empathy of the participants.

5. Perform an assessment of the morphological status of the examinee, i.e., the measurement
of body height and weight.

6. Measure force and time parameters in the impulse and classic modality of isometric
contraction of the hand for both the dominant and the non-dominant hand.

7. Based on the measured parameters, determine the maximal force, the maximum rate of
force development, the time required for the production of maximal force and the maximum rate of
force development.

8. Determine 50% of the maximal force.

9. Measure the maximum endurance in force, i.e., the maximum time in which the force can
be maintained at 50% of the maximal force of the hand.

10. Based on the measurement of endurance in force, calculate the force impulse.
11. Normalize force parameters for body mass.

12. Based on all measured and calculated parameters, form new index indicators.
13. Perform data processing.

14. Perform a statistical analysis of the obtained data.

15. Present and interpret findings.

16. Draw conclusions; analyze the possibility for practical application of the obtained
findings as well as further research of the treated topic.
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4 RESEARCH HYPOTHESES

Based on the results of previous research on this topic, as well as the observed problem, the
chosen subject, the set goals, and objectives of the research, it is possible to put forth the following
hypotheses.

4.1 Central Hypothesis

H: There are associations between the mechanical characteristics of the handgrip
and psychological characteristics, and which are specific to the different populations of adults.
It is assumed that a higher result on the handgrip tests will be accompanied by a more positive
psychological profile, i.e., a more pronounced presence from the point of view of functioning in
stressful situations of desirable ones (extraversion, aggression, conscientiousness, openness, mental
toughness, interpersonal reactivity), i.e., a lower degree of expression of undesirable personality
characteristics (neuroticism, positive valence, negative valence and dark triad). It is also expected
that these relationships are more pronounced among the athletic, police and security population
compared to the general population.

4.2 Auxiliary Hypotheses

hl: There is an association between the characteristics of the maximum handgrip force and
the psychological characteristics of the participants.

h2: There is an association between the characteristics of the maximum rate of force
development of handgrip and the psychological characteristics of the participants.

h3: There is an association between the characteristics of endurance in the manifestation of
handgrip force and the psychological characteristics of the participants.

h4: The association between the mechanical characteristics of the handgrip and the
psychological characteristics of the participants follow the same trend in different subsamples, but
are more intense in the athletic and police-security group compared to the general population.
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h5: Mechanical characteristics of handgrip are predictors of psychological characteristics.

h6: There are moderating effects of belonging to a certain subpopulation and the factor of
the manifestation of the mechanical characteristics of the handgrip as well as the interaction of these
factors on the psychological characteristics of the participants.
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) RESEARCH METHODS

5.1 Sample of Participants

The research was conducted on a convenience sample of 205 participants, among whom
93 females and 112 males. 12 participants were left handed and 1 ambidexter while all others where
right-handed. Participants were students of Faculty of Sport and Physical Education, University of
Belgrade, University of Criminal Investigation and Police Studies i Belgrade, Academy for National
Security in Belgrade. This population is strictly selected based among others on superior physical
abilities and level of physical fitness (Dopsaj et al., 2019b; Koropanovski et al., 2022; Papadakis et
al., 2021). In order to successfully finish their studies, maintaining hi level of physical fitness is
demanded. Rests of the sample were members of the general student population, as well as the
working population of different professional orientations. Descriptive parameters of the sample are
presented in Table 1.

The criteria for participation were voluntary registration and the absence of any health
problems before and during the study. Any history of arm injury was exclusion criteria. Taking into
account that this was exploratory research, such a sample enabled both the observation and
description of the basic relationships of the researched variables, as well as the comparison of
different populations.

Convenience sampling is more of necessity in low financed research such this one than
choice which can be justified. However, by dividing the sample into subpopulations, providing
sufficiently large groups and subgroups, power analysis, we tried to compensate to some extent this
obvious limit of our study. Thus, some subgroups, primarily athletic (such as elite athletes or
tactical athletes), have reached a number rarely seen in fundamental research such as this. Also, a
number of other techniques were applied to control for grouping and confounding variables and
effects, which will be discussed in more detail later.

The total sample was divided into subsamples according to gender (female-male) and
occupation (the general adult population, police students, security, and athletes). The division into
sub-samples was also caused by the limited resources for this research, so only part of the
measurements and assessments were done for the whole sample (Big Five, mental toughness, dark
triad and handgrip in classical mode of isometric contraction), while individual sub-samples also did
additional measurements (empathy, handgrip endurance and handgrip in impulse mode of isometric
contraction).

The general adult population subsample included 25 participants [age = 30.4 + 10.1 years,
body high (BH) = 177.1 + 9.9 cm, body weight (BW) = 77.4 £ 13.5 kg, and body mass index (BMI)
= 24.5 £ 2.8], from which 10 were females and 15 males.

The police students subsample included 65 cadets from University of Criminal Investigation
and Police Studies i Belgrade, among who were 32 males (Age = 19.9 + 0.8 years, BH = 181.4 £ 4.6
cm, BM = 78.9 + 6.3 kg; mean = SD) and 33 females (Age = 19.5 + 0.8 years, BH = 171 £ 6 cm,
BM = 63.2 £ 5.8 kg; mean = SD).
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The security subsample included 136 participants, students of University of Criminal
Investigation and Police Studies i Belgrade, Academy for National Security in Belgrade, from
which 54 were females (Age = 19.6 + 0.8 years) and 82 males (Age = 19.9 £ 0.7 years). Other
descriptive parameters of the subsamples are presented in Table 19.

The athletes subsample included 155 participants, students from all levels of study on the
Faculty of Sport and Physical Education, University of Belgrade, University of Criminal
Investigation and Police Studies i Belgrade, Academy for National Security in Belgrade, from
which 60 were females (Age = 20.7 + 3.2 years, BH = 171.4 £ 6.8 cm, BM = 64.7 + 8.9 kg, BMI =
22.2 + 2.8) and 94 males (Age = 22.2 £ 6.2 years, BH =182.9 £ 7.3 cm, BM = 79.5 + 8.2 kg, BMI =
24.1 £ 2.0). Female subsample has 5.8 + 5.7 years of athletic experience, while subsample sample
have 8.63 + 6.3 years of athletic experience. Among participants were 46 national champions and
members of national selections (13 females and 23 males) who constitute elite athletes subsample,
while rest of the sample constitute well-trained athletes subsample. Among athletic disciplines the
most frequent were track and fields (6), basketball (14), dancing (6), gymnastics (5), handball (4),
football (33), combat sports and martial arts (23), tennis (5), swimming (6), volleyball (20) as well
as body building and weight lifting (12).

All participants voluntarily participate in the research. They were informed in advance about
the tasks and procedures, that the data were used exclusively anonymously, and that they can
withdraw from the research at any time without any consequences. Participants provided written
consent for their voluntary participation. The study was conducted in accordance with the European
Commission's General Data Protection Regulation, and the American Psychological Association-
prescribed Ethical Principles and Code of Conduct. The study design was approved by the Ethical
Board (number 484-2) of the Faculty of Sport and Physical Education, University of Belgrade.

The total samples as well as subsamples sizes were determined using power analysis.

For two-tail t-test - Correlation: with probability of making a type 1 error o= 0.05, power 1-
B = 0.80 and medium effect size p = 0.30, the sample size should include at least 82 participants.
For two-tail t-tests - Correlation: Point biserial model, with o = 0.05, power 1-B = 0.80, and effect
size p = 0.50, the sample size should comprise at least 26 participants. For two-tail t-tests -
Correlation: Point biserial model, with o = 0.05, power 1-p = 0.80, and effect size p = 0.55, the
sample size should comprise at least 21 participants.

For t-test - Linear multiple regression: with probability of making a type 1 error a = 0.05,
power 1- B = 0.80, expected effect size (f? = 0.15), the sample size should be at least 56 subjects.

For two-tails t tests - Means: Wilcoxon-Mann-Whitney test, with Parent distribution:
logistic, a = 0.05, power 1-p = 0.80, effect size d = 0.55, and Allocation ratio N2/N1 = 1.5, the
sample size should be 122 participants at least.

For f tests - ANOVA: Fixed effects, omnibus, one-way, with a = 0.05, power 1-f = 0.80,
effect size f = 0. 4 and 2 groups the sample size should be 52 participants at least. For two-tail t-tests
— Linear multiple regression, with o = 0.05, power 1- = 0.80, effect size 2 = 0.50, and 18
predictors the sample size should comprise at least 25 participants.

For f tests - MANOV A special effects and interactions, with o = 0.05, power 1- B =0.80 and
medium effect size (2 = 0.06), 4 groups, 3 predictor variables and 15 outcome variables, the sample
size should be at least 165 participants. For f tests - MANOVA: special effects and interactions,
with a = 0.05, power 1-B = 0.80, effect size f2 = 0.14, 3 groups, 3 predictors, and 5 response
variables the sample size should be 50 participants at least. For f tests - MANOVA: Repeated
measures, within factor, with a = 0.05, power 1-f = 0.80, effect size f = 0.25, 2 groups, 2
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measurement and correlation among repeated measurement 0.7 the sample size should be 22
participants at least.

Power analyses were performed using G-power 3.1.9.6 (Franz Faul, Univesitat Kiel,
Germany).

5.2 Variables

All the measured and assessed variables used in this research can be divided into three
groups: the mechanical characteristics of the handgrip are the predictor variables, the psychological
characteristics are the criterion variables, while the control and grouping variables are related to the
socio-demographic characteristics and morphological characteristics of the participants.

5.2.1 Predictor Variables

The mechanical characteristics of the handgrip in classical mode of isometric contraction
were measured through:

* FmaxD — maximal force of the dominant hand [N]

* FmaxND — maximal force of the non-dominant hand [N]

* FmaxS — the sum of the maximal force of the dominant and non-dominant hand [N]

* FraD — maximal force of the dominant hand normalized for body weight [N/kg?”]

* FraND — maximal force of the non-dominant hand normalized for body weight [N/kg??]

* FreiS — the sum of the maximal force of the dominant and non-dominant hand normalized
for body weight [N/kg??]

* tFmaxD — time required to reach the maximal force of the dominant hand [s]
* tFmaxND — time required to reach the maximal force of the non-dominant hand [s]

* tFmaxS — the sum of the time required to achieve the maximal force of the dominant and
non-dominant hand [s]

* RFDmaxD — maximal rate of force development of the dominant hand [N/s]
* RFDmaxND — maximal rate of force development of the non-dominant hand [N/s]

* RFDmaxS — the sum of the maximal rate of force development of the dominant and non-
dominant hand [N/s]
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* RFDreD — maximal rate of force development of the dominant hand normalized for body
weight [N/s/kg??]

* RFDrelND — maximal rate of force development of the non-dominant hand normalized for
body weight [N/s/kg??]

* RFDreiS — the sum of the maximal rate of force development of the dominant and non-
dominant hand normalized for body weight [N/s/kg?®]

* tRFDmaxD — the time required to achieve the maximal rate of force development of the
dominant hand [s]

* tRFDmaxND — the time required to reach the maximal rate of force development of the non-
dominant hand [s]

* tRFDmaxS — the sum of the time required to achieve the maximal rate of force development
of the dominant and non-dominant hand [s]

* Fimpb0%D — force impulse for maximum endurance at 50% of the maximal force of the
dominant hand [Ns]

* Fimpd0%ND — force impulse for maximum endurance at 50% of the maximal force of the
non-dominant hand [Ns]

* Fimp50%S — the sum of force impulse for maximum endurance at 50% of the maximal
force of the dominant and non-dominant hand [Ns]

* Fimp50%SDyel —force impulse for maximum endurance at 50% of the maximal force of the
dominant hand normalized for body weight [Ns/kg®?]

* Fimpb0%SNDye —force impulse for maximum endurance at 50% of the maximal force of the
non-dominant hand normalized for body weight [Ns/kg??]

» Fimp50%Sre — the sum of force impulse for maximum endurance at 50% of the maximal
force of the dominant and non-dominant hand normalized for body weight [Ns/kg®®]

* tFimp50%D —the maximum time for which the force can be maintained at the level of 50%
of the maximal force of the dominant hand [s]

* tFimp50%ND —the maximum time for which the force can be maintained at the level of
50% of the maximal force of the non-dominant hand [s]

* tFimp50%S — sum of the maximum time for which the force can be maintained at the level
of 50% of the maximal force of the dominant and non-dominant hand [s]
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The mechanical characteristics of the handgrip in impulse mode of isometric contraction
were measured through:

* IFmaxD — maximal impulse force of the dominant hand [N]

* IFmaxND — maximal impulse force of the non-dominant hand [N]

* IFmaxS — the sum of the maximal impulse force of the dominant and non-dominant hand [N]

« IFreiD — maximal impulse force of the dominant hand normalized for body weight [N/kg?*]

« IFrND — maximal impulse force of the non-dominant hand normalized for body weight [N/kg??]

* IFelS — the sum of the maximal impulse force of the dominant and non-dominant hand
normalized for body weight [N/kg?°]

* ItFmaxD — time required to reach the maximal impulse force of the dominant hand [s]
* ItFmaxND — time required to reach the maximal impulse force of the non-dominant hand [s]

* ItFmaxS — the sum of the time required to achieve the maximal impulse force of the
dominant and non-dominant hand [s]

* IRFDmaxD — maximal impulse rate of force development of the dominant hand [N/s]
* IRFDmaxND — maximal impulse rate of force development of the non-dominant hand [N/s]

* IRFDmaxS — the sum of the maximal impulse rate of force development of the dominant
and non-dominant hand [N/s]

* IRFDreiD — maximal impulse rate of force development of the dominant hand normalized
for body weight [N/s/kg?®]

* IRFDeIND — maximal impulse rate of force development of the non-dominant hand
normalized for body weight [N/s/kg?°]

* IRFDyeiS — the sum of the maximal impulse rate of force development of the dominant and
non-dominant hand normalized for body weight [N/s/kg??]

* ItRFDmaxD — the time required to achieve the maximal impulse rate of force development
of the dominant hand [s]

* [tRFDmaxND — the time required to reach the maximal impulse rate of force development
of the non-dominant hand [s]

* ItRFDmaxS — the sum of the time required to achieve the maximal impulse rate of force
development of the dominant and non-dominant hand [s]
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Derived index variables:

» Maximal force dimorphism index (ratio of the maximal force of the dominant and non-
dominant hand):

DIF= FmaxD/FmaxN D
DI Frelz FreID/FreIN D

* Dimorphism index of maximal rate of force development (ratio of maximum rate of force
development of dominant and non-dominant hand):

DIRFD=RFDmaxD/RFDmaxND
DI RFDreIZRFDreID/RFDreIND

« Excitation index (the ratio between maximal force and maximal rate of force development)
for dominant and non-dominant hand as well as sum.

EID=FmaxD/RFDmaxD
EINDszaxND/RFDmaxND
EIS=EID+ EIND
EIDreIzFreID/RFDreID
EIND=F;iIND/RFDeIND
EISre|= EIDreI+ EINDreI

* Neural reserve index (the ratio between the maximum rate of force development in
classical and impulse mode of isometric contraction) for dominant and non-dominant hand as well
as sum:

NRID=RFDaxD/IRFDmaxD
NRIND=RFDnxND/IRFDmaxND
NRIS= NRID+ NRIND
NRID/ei=RFD/eiD/IRFD/eiD
NRIND=RFDND/IRFDND
NRIS= NRIDrei+ NRINDye
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5.2.2 Criterion Variables

Psychological characteristics were assessed through:

* Nrt — neuroticism

* Ext - extraversion
 Opn - openness

 Agr —aggression

+Cns — conscientiousness
* PV — positive valence

* NV- negative valence

* MT — mental toughness
» Mch - Machiavellianism
* Psc — psychopathy

* Nrc — narcissism

* PT — perspective taking
* Fnt — fantasy

» EC — empathic concern

 PD — personal distress

5.2.3 Categorical and Control Variables

The variables whose potential influence were investigated or controlled are the following:
sgender

sage

« faculty or field of work

* year of study or work experience
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* level of physical activity
* BW - body weight [kg]
* BH - body height [cm]

* BMI - body mass index [kg/m2]

5.3 Design and Procedures

A cross-sectional design was used to investigate maximal force, maximal rate of force
development, endurance in the exercise of force, time parameters of exercise of given maximal
force characteristics as well as index parameters of handgrip measured in isometric contraction,
along with the Big Five personality traits, mental toughness, dark triad, and empathy in different
student populations.

A device that measures the isometric force of the finger flexors, standardized by the
manufacturer, was used to measure the predictor variables of handgrip strength (Dopsaj et al., 2018;
Markovi¢ et al., 2020). A standard tensiometric probe with a measurement accuracy of + 0.01 N
was connected to the force reader. A specially designed software-hardware system (Isometrics Lite,
ver. 3.1.1, Isometrics SMS, Belgrade) was used for data collection and processing. The force-time
signal was sampled at 1,000 Hz and low-pass filtered (10 Hz) using a fourth-order Butterworth
filter. The onset of contraction was defined as the moment at which the first derivative of the force-
time curve exceeded the baseline by 3% of its maximum value. The measured force was instantly
calculated, after which the rate of force development was found as a measure of the maximal force
development in a certain period of time (F/t). The maximum duration of the handgrip was defined as
50% of the maximal force sustained during the time period [N e s]. Predictor variables were
measured separately for the dominant hand, the non-dominant hand, and the sum of the dominant
and non-dominant hand values were also presented. Furthermore, predictor variables were measured
in the classical and impulse modality of muscle contraction. On the basis of the obtained
parameters, index values were further calculated: index of maximal force dimorphism (ratio of
maximal force of dominant and non-dominant hand), index of dimorphism of maximal rate of force
development (ratio of maximal rate of force development of dominant and non-dominant hand),
index of dimorphism of endurance of force expression (ratio of endurance of exercise dominant and
non-dominant hand forces), neural reserve index (ratio between the maximal rate of force
development in classical and impulse stress modules), excitation index (ratio between maximal
force, and maximal rate of force development).

The Interpersonal Reactivity Index (IRI), version of Big Five Plus Two (BF+2), Mental
Toughness Index (MTI), Dark Triad Dirty Dozen test (DTDD) questionnaire was used to assess
Psychological characteristics. In order to make it easier to compare the scores on different
questionnaires and subscales, they were calculated as average values of respondents' answers to all
items concerning one questionnaire or subscale. These procedures prove to be valid in previous
studies (Hawk et al., 2013).

Criterion variables of the Big Five personality traits were assessed by the Serbian short
version of BF+2 questionnaire (Colovi¢ et al., 2014), which consists of 70 statements on which the
degree of agreement is expressed using a five-point Likert-type rating scale. BF+2 assess five
standard personality traits: Aggressiveness, Openness, Conscientiousness, Extraversion, and
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Neuroticism, with the addition of positive and negative valences. Scores are expressed as the
arithmetic mean of the scores on each subscale, and range from a minimum of 1 (poorly developed)
to a maximum of 5 (extremely developed). BF+2 is widely used in scientific research and clinical
practice (Tasi¢ et al., 2020; Vukmirovi¢ et al., 2020), due to its sound psychometric characteristics
(Colovi¢ et al., 2014).

The criterion variable mental toughness were assessed with the Serbian version of a
Mental Toughness Index - MTI questionnaire (Gucciardi et al., 2015), which provides a reliable
one-dimensional assessment of mental toughness. The instrument consists of eight items, and the
level of agreement with the participants' statements is expressed by seven-point Likert-type
evaluation scales. The total score is calculated as the average value of the responses and can vary
from a minimum of 1 (poorly developed) to a maximum of 7 (extremely developed). The Mental
Toughness Index has solid psychometric properties that have been empirically confirmed (Gucciardi
et al., 2015, Stamatis et al., 2021a, MiloSevi¢ et al., 2022), and is widely used in psychological
testing (Cowden, 2016; Gucciardi et al., 2016 a,b).

Criterion variables of the dark triad were assessed with the Dirty 12 test of the dark triad -
DTDD (Dini¢ et al., 2018; Jonason & Webster, 2010), which consists of 12 statements answered
using seven-point Likert-type rating scales. The questionnaire assesses an individual's dark triad
traits through three socially undesirable traits: Machiavellianism, psychopathy, and narcissism. The
results are calculated as the average value of the responses on the subscales and on the entire
questionnaire in total, and vary from a minimum of 1 (weakly present) to a maximum of 7
(extremely present). This questionnaire is also widely used in scientific research and clinical
practice (Jonason & Davis, 2018; Sabouri et al., 2016), due to its good psychometric characteristics
(Dini¢ et al., 2018; MiloSevi¢ et al., 2022).

Criterion variables of empathy were assessed with the questionnaire Interpersonal
Reactivity Index - IRI (Davis, 1980), which consists of 25 items answered with the help of five-
point Likert-type assessment scales. It assesses the individual's empathy through four sub
dimensions: taking another's perspective, fantasy, empathic care, and personal concerns. Scores are
expressed as the arithmetic mean of the scores on each subscale, and range from a minimum of 1
(poorly developed) to a maximum of 5 (extremely developed). The questionnaire was constructed
and validated in 1980 (Davis) and, due to its sound metric characteristics, is widely used in
scientific research and clinical practice (Bonfils et al., 2017; Ristic & Milosevi¢, 2019).

For categorical and control variables, the impact of which were investigated and controlled
through sample selection and statistical data processing procedures, information were collected on:
gender, age, field of work, year of study, work experience, sports experience, sports achievements,
as well as body weight and height. All the mentioned information, except for body height and
weight, were collected using a questionnaire with open and closed questions.

The measurement of anthropometrics characteristics (body height and body weight) were
performed according to the principles of the International Biological Program (Weiner & Lourie,
1981). Body height was measured with a Martin anthropometer (Seca Instruments Ltd., Hamburg,
Germany). During the measurement, the subject, barefoot and in underwear, stand in an upright
position on a firm surface. The examinee's head was in such a position that the Frankfurt plane is
horizontal. The subject arched back as far as possible while bringing his feet together. The examiner
stood on the left side of the subject and controlled whether the anthropometer was placed directly
vertically along the back of the body, then lowers the metal ring so that the horizontal bar comes to
the top of the head. Then he read the result on the scale at the height of the upper side of the
triangular ring. The result was read within an accuracy of 0.1 cm.
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Body weight was measured using an electronic scale placed on a horizontal surface
following the built-in spirit level on the left side. The barefoot subject in underwear, stand still in
the upright position in the middle of the scale. The body weight value was read on the display. The
result was recorded within an accuracy of 0.1 kg.

Based on body height and body weight, body mass index were calculated according to
standardize procedure of the International Biological Program (Weiner & Lourie, 1981).

5.4 Method of Data Collection and its Analysis

The research was conducted in two phases in the amphitheaters, sports hall, and motor
research laboratory of the University of Criminal Investigation and Police Studies, Academy for
National Security and the Faculty of Sports and Physical Education at the University of Belgrade. In
the first phase, body height and body weight were measured, and then each participant was asked to
fill out a questionnaire consisting of items related to socio-demographic status, sports experience,
and four psychological questionnaires. The psychological questions were given in randomized
order. Filling out the questionnaires were carried out without time limit.

In the second phase, participants performed handgrip tests. Before the test begins,
participants completed a general warm-up of 10 minutes, a practice test to familiarize themselves
with the test procedure, after which each participant was complete two trials with a 2-minute break
in between before data is recorded. Both the maximal force and the maximum rate of force
development were recorded for both the dominant and non-dominant hand twice, while the order of
the dominant and non-dominant hand was random. The better score for each hand was used for data
analysis. The subjects repeated the entire procedure twice, once in classical and once in impulse
mode of muscle contraction (Vukadinovi¢ et al, 2024), while the order of classical and impulse
mode was randomized.

After this measurement, there was a 24-hour rest, during which time the subjects are
suggested to refrain from training and strenuous physical work. After the rest, in the same space,
using the same equipment, a test of the maximum duration of the handgrip was conducted. Subjects
were asked to maintain handgrip force for as long as possible at 50% of the maximal force
previously achieved with each hand, in random order, as previously described. Throughout the
duration of the test, the examinees had visual feedback on the computer screen both about the
current force level and about the set force level that needs to be maintained. Due to possible fatigue,
only one handgrip endurance test was recorded.

After collection, with the goal of performing further analysis, the data were coded and
transformed into a numerical matrix. The data from the first part of the questionnaire was
transformed into nominal and ordinal scales according to the participants' answers. Answers to
statements from psychological questionnaires were converted into total scores and scores on
subscales according to the participants' answers. Data on morphological status and handgrip tests
were added to this data.

Since the results of Fmax, RFDmax and Fimp increase by 50% with body size, allometric
partialization was performed for the mentioned variables by dividing by body weight scaled to 2/3
(Jari¢ et al., 2005; Dulac et al., 2016; Trajkov et al., 2017). In this way we try to put under control to
some extent subpopulation differences regarding gender and body dimensions.
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Division in to the subsamples, statistical testing of smaller but also larger groups too, as well
as compering various groups of participants, enable to some degree control of population
differences but also analyzing their effect on our topic.

The collected and processed data in the manner described so far, were subjected to further
statistical analyses.

All statistical analyses were performed using SPSS 20 (IBM Corp., Armonk, N.Y., USA)
and JAMOVI 1.2 (The jamovi project, 2020. Retrieved from https://www.jamovi.org). Statistical
significance was defined at the level of 95% probability, for the value of p < 0.05 and at the level of
99% probability, for the value of p < 0.01 s well as 99.9% probability, for the value of p < 0.001.
Descriptive statistical analysis was performed, including mean (M), standard deviation (SD),
minimal (Min) and maximal (Max) values. The Kolmogorov—Smirnov test was used to assess the
normality of distribution. In the case of normality violation non parametric statistical methods were
used. Also, normalization (square, cube root, logarithmic transformation) of the variable was
performed. In case that after applying statistical methods for scores distribution normalization
normality of the distributions still was violated, those variables were not used for further analyses
where parametric statistical methods were used.

To discover the relationship between handgrip neuromuscular characteristics and behaviour
al determinants, Pearson’s and Spearman’s correlation analysis was performed. The effect size of
correlation coefficients was defined as weak = 0.20-0.49, moderate = 0.50-0.80, or strong > 0.80
(Sullivan & Feinn, 2012).

In order of evaluating potential of handgrip neuromuscular model in predicting psychological
characteristics multiple linear regression analysis, backward stepwise selection, with criterion:
probability of F to remove > 0.10, was performed. To address concerns about model overfitting,
outlier analysis adjusted R2 were used to determine if extreme values are skewing results and verify
model stability. Due to the small sample, cross-validation was performed on 75% of randomly
selected respondents (n=19) to confirm the model's reliability.

For the purpose of evaluating potential of recognizing well-trained and elite athletes
according to the handgrip neuromuscular, morphological and psychological characteristics
canonical discriminant analysis was performed.

In order to reveal gender as well as occupational and athletic level differences, non-parametric
Mann-Whitney U-Test was performed. Effect size was calculated according to the formula:

r=|zJAN

where r is effect size, z is z statistic, and N is number of the observations. The criterion for
evaluation of the effect size was: r < (0.2) — small effect, (0.2) <r < (0.8) — medium effect, and r >
(0.8) — large effect (Sawilowsky, 2009).

In order to determine the differences between the classical and impulse regime isometric
characteristics repeated measurements MANOV A was used. Partial eta squared (np?) was calculated
for the MANOVA effect size. The criterion for evaluation of the effect size in MANOVA was: 1?
(0.01) = small, n2 (0.06) = medium, n? (0.14) = large (Sawilowsky, 2009).
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In order to reveal the effects and interactions of mechanical characteristics of handgrip on
psychological characteristics, multiple analysis of variance (MANOVA) was performed. For this
purpose, participants were allocated to three equal groups using the 33" and 66" percentiles as cut-
off points. Accordingly, participants were allocated to High, Average, and Low groups. Variables
entering the MANOVA were tested for homogeneity of variance and non-multicollinearity
assumptions. In a case of significant main effects, Bonferroni pairwise post-hoc test with mean
difference (MD) calculation was applied. Partial eta squared (n,%) was calculated for the MANOVA
effect size. The criterion for evaluation of the effect size in MANOVA was: n? (0.01) = small, n?
(0.06) = medium, n? (0.14) = large (Sawilowsky, 2009).
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6 RESULTS

For the sake of easier review, comparison, but also more valid drawing of conclusions, the
results will be presented through sub-chapters concerning the results of both the entire sample and
sub-samples.

6.1 Total Sample

Descriptive statistical analysis of age, morphological and psychological characteristics for the
whole sample is presented in Table 1. The nonparametric Kolmogorov—-Smirnov test showed
significant deviations from the normal distribution for Age, Nrt, NV, Cns, MT, Mch and Psc.

Table 1. Descriptive statistical analysis of age, morphological characteristics and psychological
characteristics

M SD cv Min Max KS Z
Age 22.91 7.41 0.32 18.1 65 3.88***
BH 1.76 0.09 0.05 151 1.97 1.03
BW 73.02 13.04 0.18 42.5 136.7 0.54
BMI 23.47 291 0.12 15.71 37.08 0.75
Agr 2.22 0.76 0.35 1 4.3 1.34
Ext 4.08 0.61 0.15 14 5 1.39
Nrt 1.67 0.72 0.43 1 4.3 2.50%**
NV 1.43 0.49 0.34 1 3.7 2.70%**
Opn 4.06 0.56 0.14 2.2 5 1.33
PV 3.56 0.75 0.21 13 5 0.82
Cns 4.27 0.67 0.16 24 5 2.06***
MT 6.21 0.62 0.1 3.75 7.13 1.39*
Mch 2.04 1.09 0.54 1 6.17 2.45%**
Psc 2.13 11 0.52 1 7 2.18***
Nrc 3.13 1.45 0.46 1 6.25 1.26
DT 2.38 0.97 0.41 1 6.17 1.34

Note: *p<0.05, **p<0.01, ***p<0.001

According to CV sample is heterogeneous on variables: Age, Agr, Nrt, NV, Mch, Psc, Nrc,
and DT.

Descriptive statistical analysis of mechanical characteristics of the handgrip for the whole
sample is presented in Table 2. The nonparametric Kolmogorov-Smirnov test showed significant
deviations from the normal distribution for FmaxND, RFDmaxND, tFmaxND, tRFDmaxND, F™D,
tFmaxD, tRFDmaxD, Fmaxs, RFDmaxS, tRFDmaxS, EID, FreIND, and EIDrel.

According to CV sample is also heterogeneous on variables: FnaxND, RFDmaxND, tFmaxND,
FmaXD, RFDmaXD, tFmaXD, tRFDmaXD, FmaXS, RFDmaXS, and tFmaXS.
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Table 2. Descriptive statistical analysis of mechanical characteristics of the handgrip

M SD Cv Min Max KS Z
FmaxND 394.27 131.81 0.33 180 721 1.79**
RFDmaxND 2596.44 924.96 0.36 950 4819 1.38*
tFmaxND 0.88 0.43 0.48 0.24 2.42 1.53**
tRFDmaxND 0.12 0.02 0.15 0.09 0.24 2.13%**
FmaxD 419.25 133.45 0.32 206 735 1.40*
RFDmaxD 2715.35 962.16 0.35 957 5215 1.35
tFmaxD 0.94 0.48 0.51 0.22 3.59 1.58*
tRFDmaxD 0.12 0.03 0.22 0.09 0.33 2.91%**
FmaxS 813.52 261.32 0.32 392 1427 1.52**
RFDmaxS 5311.79 1840.96 0.35 2277 9779 1.42*
tFmaxS 1.83 0.76 0.42 0.58 5.66 1.21
tRFDmaxS 0.24 0.04 0.16 0.19 0.46 2.51%**
DIF 1.08 0.13 0.12 0.75 1.8 1.06
DIRFD 1.06 0.17 0.16 0.65 1.59 0.72
EIND 0.15 0.02 0.13 0.11 0.25 1.22
EID 0.16 0.03 0.16 0.11 0.31 1.39*
EIS 0.31 0.04 0.13 0.24 0.5 1.23
FraND 22.24 5.78 0.26 11.63 36.67 1.56*
RFDrND 146.34 41.76 0.29 68.45 248.86 1.24
FrelD 23.73 571 0.24 13.42 38.67 1.09
RFDyeiD 153.29 43.32 0.28 61.79 279.34 1.14
FrelS 45.96 11.21 0.24 26.46 73.02 1.19
RFDrelS 299.63 81.99 0.27 149.31 520.02 1.08
DIFre 1.08 0.13 0.12 0.75 1.8 1.06
DIRFDre 1.06 0.17 0.16 0.65 1.59 0.71
EINDre 0.15 0.02 0.13 0.11 0.25 1.21
EIDre 0.16 0.03 0.16 0.11 0.31 1.39*
ElSre 0.31 0.04 0.13 0.24 0.5 1.23

Note: *p<0.05, **p<0.01, ***p<0.001
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Descriptive statistical analysis of age, morphological and psychological characteristics
according to gender for the whole sample is presented in Table 3.

Table 3. Descriptive statistical analysis of age, morphological characteristics and psychological
characteristics according to gender

Female (n=93) Male (n=112)

M SD Min Max M SD Min Max
BH*** 1.69 0.06 1.51 1.85 1.82 0.06 1.65 1.97
BW*** 64.25 9.76 425 104 80.3 10.76 51.6 136.7
BMI*** 22.51 3.07 15.71 36.85 24.27 2.53 18.73 37.08
Agr** 2.38 0.72 1 4.1 2.08 0.78 1 4.3
Ext 4.04 0.57 2.5 5 4.12 0.64 1.4 5
Nrt 1.71 0.72 1 4.3 1.64 0.72 1 3.8
NV 1.34 0.33 1 2.3 151 0.58 1 3.7
Opn 4.05 0.54 25 5 4.07 0.58 2.2 5
PV 3.53 0.76 1.3 5 3.59 0.75 1.6 5
Cns 4.26 0.6 2.4 5 4.28 0.72 2.4 5
MT** 6.07 0.65 3.75 7 6.32 0.57 3.88 7.13
Mch 1.87 0.9 1 4.75 2.17 1.21 1 6.17
Psc** 1.88 0.88 1 45 2.34 1.22 1 7
Nrc 3.03 14 1 6 3.22 15 1 6.25
DT 2.21 0.78 1 4.33 2.52 1.08 1 6.17

Note: *p<0.05, **p<0.01, ***p<0.001

The non-parametric Mann-Whitney U test reveals significant differences between the female
and male participants in: BH (U=810.5, z=-10.4, p<0.001), BW (U=1172, z=-9.5, p<0.001), BMI
(U=2960, z=-5.3, p<0.001), Agr (U=3885, z=-3.1, p<0.01), MT (U=4019, z=-2.8, p<0.01), and Psc
(U=4029, z=-2.8, p<0.01) which are illustrated in the Graphs 3, 4, 5, 6, 7 and 8.
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Descriptive statistical analysis of mechanical characteristics of the handgrip according to
gender for the whole sample is presented in Table 4.
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Table 4. Descriptive statistical analysis of mechanical characteristics of the handgrip according to

gender
Female (n=93) Male (n=112)

M SD Min Max M SD Min Max
FraxND*** 280.63 51.3 180 460 488.63 99.72 192 721
RFDmaxND***  1807.81 390.35 1037 2938 3251.29 701.64 950 4819
tFmaxND 0.84 0.37 0.31 2.42 0.92 0.46 0.24 2.39
tRFDmaxND** 0.12 0.02 0.09 0.19 0.12 0.02 0.09 0.24
FraxD*** 305.02 54.68 206 503 514.1 101.21 242 735
RFDmaxD*** 1922.04 443.26 957 3483 3374.07 757.24 1472 5215
tFmaxD 0.94 0.4 0.25 2.33 0.94 0.54 0.22 3.59
tRFDpmaxD*** 0.13 0.03 0.09 0.28 0.12 0.03 0.09 0.33
FrmaxS*** 585.66 99.63 392 963 1002.73 194.04 434 1427
RFDmaxS*** 3729.85 782.14 2277 6421 6625.37 1372.55 2422 9779
tFmaxS 1.78 0.63 0.72 4.75 1.86 0.86 0.58 5.66
tRFDmaxS*** 0.25 0.04 0.19 0.43 0.24 0.04 0.19 0.46
DIF 11 0.15 0.76 1.8 1.07 0.11 0.75 1.42
DIRFD 1.07 0.17 0.65 1.59 1.06 0.17 0.73 1.56
EIND* 0.16 0.02 0.12 0.23 0.15 0.02 0.11 0.25
EID* 0.16 0.03 0.11 0.31 0.15 0.02 0.12 0.25
EIS* 0.32 0.04 0.24 0.5 0.31 0.04 0.24 0.42
FreaND*** 17.55 2.86 11.63 26.3 26.13 4.57 13.83 36.67
RFDND*** 112.95 21.73 68.58 173.69 174.07 33.23 68.45 248.86
FreD*** 19.05 2.93 13.42 28.76 27.61 4.4 16.68 38.67
RFDyeD*** 119.68 23.29 61.79 199.12 181.19 35.6 91.92 279.34
FraiS*** 36.6 5.33 26.46 55.05 53.74 8.55 31.27 73.02
RFDyeS*** 232.63 41.24 149.31 367.08 355.26 63.73 171.46 520.02
DIFe 11 0.15 0.76 1.8 1.07 0.11 0.75 1.42
DIRFDyel 1.07 0.17 0.65 1.59 1.06 0.17 0.73 1.56
EINDye* 0.16 0.02 0.12 0.23 0.15 0.02 0.11 0.25
ElDrer* 0.16 0.03 0.11 0.31 0.15 0.02 0.12 0.25
ElSeer* 0.32 0.04 0.24 0.5 0.31 0.04 0.24 0.42

Note: *p<0.05, **p<0.01, ***p<0.001

The non-parametric Mann-Whitney U test reveals significant differences between the female
and male participants in: FmaxND (U=374.5, z=-11.4, p<0.001), RFDmaxND (U=458, z=-11.2,
p<0.001), tRFDmaxND (U=3899.5, z=-3.1, p<0.01), FmaxD (U=351.5, z=-11. 5, p<0.001), RFDmaxD
(U=467, z=-11.2, p<0.001), tRFDmaxD (U=3148, z=-4.9, p<0.001), FmaxS (U=323, z=-11.5,
p<0.001), RFDmaxS (U=378, z=-11.4, p<0.001), tRFDmaS (U=3348.5, z=-4.4, p<0.001), EIND
(U=4276, z=-2.2, p<0.05), EID (U=4290, z=-2.2, p<0.05), EIS (U=4229, z=-2.3, p<0.05), FIND
(U=653, z=-10.8, p<0.001), RFDIND (U=758, z=-10.5, p<0.001), FreD (U=543, z=-11, p<0.001),
RFDreD (U=734, z=-10.6, p<0.001), FraS (U=513, z=-11.1, p<0.001), RFD:S (U=591, z=-10.9,
p<0.001), EINDre (U=4301, z=-2.1, p<0.05), EIDre (U=4290, z=-2.2, p<0.05), and EISre (U=4243,
z=-2.3, p<0.05) which are illustrated in the Graphs 9, 10, 11, 12, 13 and 14.
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hand normalized for body weight according to gender

59



fermale

gender

>F

male -

0.10 0.15 0.20 0.25 0.30
tRFDmaxD

Graph 13. Density histogram of differences in the time required to achieve the maximal rate of
force development of the dominant hand according to gender

T

male -

0.10 0.15 0.20 0.25 0.30
ElDrel

Graph 14. Density histogram of differences in excitation index of the dominant hand normalized
for body weight according to gender



Descriptive statistical analysis of age, morphological and psychological characteristics
according to professional orientations (security-civilians) for the whole sample is presented in Table 5.

Table 5. Descriptive statistical analysis of age, morphological characteristics and psychological
characteristics according to professional orientations

Civilians (n=69)

Security (n=136)

M SD Min Max M SD Min Max
BH* 1.74 0.11 1.51 1.97 1.77 0.08 1.62 1.94
BW 72.26 15.11 42.5 103 73.41 11.9 51 136.7
BMI 23.76 3.25 15.71 30.53 23.33 2.73 18.89 37.08
Agr** 243 0.66 1.3 4.1 211 0.79 1 4.3
Ext** 3.94 0.5 25 4.8 4.16 0.65 1.4 5
Nrt*** 1.93 0.68 1 3.8 1.54 0.7 1 4.3
NV* 1.45 0.38 1 3.1 1.42 0.53 1 3.7
Opn* 3.93 0.59 2.2 5 4.13 0.54 2.6 5
PV* 3.37 0.75 1.3 4.8 3.66 0.74 1.6 5
Cng*** 4.08 0.59 25 5 4.36 0.68 2.4 5
MT*** 5.9 0.65 3.88 7 6.36 0.55 3.75 7.13
Mch 2.09 0.83 1 4 2.01 1.21 1 6.17
Psc 2.02 0.85 1 4.25 2.19 1.21 1 7
Nrc 3.13 1.39 1 6 3.13 1.49 1 6.25
DT 2.3 0.74 1 242 1.06 1 6.17

Note: *p<0.05, **p<0.01, ***p<0.001

The non-parametric Mann-Whitney U test reveals significant differences between the civilians
and security population of participants in: BH (U=4605, z=-2.3 , p<0.05), Agr (U=3331, z=-3.4 ,
p<0.01), Ext (U=342.5, z=-3.2, p<0.01), Nrt (U=2792.5, z=-4.8, p<0.001), NV (U=3840, z=-2.1,
p<0.05), Opn (U=3772, z=-2.3, p<0.05), PV (U=3730.5, z=-2.4, p<0.05), Cns (U=3175, z=-3.8,
p<0.001), and MT (U=2697, z=-4.9, p<0.001) which are illustrated in the Graphs 15, 16, 17, 18, 19,
20, 21, 22, and 23.
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Graph 18. Box plot of differences in neuroticism according to professional orientation
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Descriptive statistical analysis of mechanical characteristics of the handgrip according to

professional orientations for the whole sample is presented in Table 6.

Table 6. Descriptive statistical analysis of mechanical characteristics of the handgrip according to
professional orientations

Civilians (n=69)

Security (n=136)

M SD Min Max M SD Min Max
FrmaxND** 364.75 140.23 180 689 409.25 125.21 188 721
RFDmaxND* 2393.17 1017.14 950 4789 2699.57 860.16 1283 4819
tFmaxND 0.81 0.39 0.24 1.99 0.92 0.44 0.24 2.42
tRFDmaxND 0.12 0.02 0.09 0.19 0.12 0.02 0.09 0.24
FmaxD* 397.43 153.57 206 735 430.32 121.1 242 706
RFDmaxD 2657.38 1166.77 964 5215 2744.76 842.97 957 5107
tFmaxD*** 0.78 0.36 0.25 1.72 1.02 0.52 0.22 3.59
tRFDmaxD 0.12 0.02 0.09 0.18 0.12 0.03 0.09 0.33
FrmaxS* 762.19 290.63 392 1409 839.57 242.11 456 1427
RFDmaxS 5050.55 2148.52 2277 9779 5444.33 1656.38 2390 9507
tFmaxS*™* 1.6 0.6 0.58 2.97 1.94 0.81 0.62 5.66
tRFDmaxS 0.24 0.03 0.19 0.36 0.24 0.04 0.19 0.46
DIF 1.1 0.12 0.88 1.43 1.07 0.13 0.75 1.8
DIRFD** 1.12 0.18 0.7 1.59 1.03 0.16 0.65 1.56
EIND 0.16 0.02 0.11 0.21 0.15 0.02 0.12 0.25
EID* 0.15 0.02 0.13 0.24 0.16 0.03 0.11 0.31
EIS 0.31 0.04 0.24 0.41 0.31 0.04 0.24 0.5
FreaND** 20.65 5.85 11.63 33.61 23.04 5.59 12.26 36.67
RFDeND** 135.09 44,23 68.45 220.48 152.05 39.4 78.38 248.86
FraD** 22.46 6.32 135 38.67 24.37 5.29 13.42 37.71
RFDiD 149.42 50.16 61.79 274.07 155.25 39.45 65.45 279.34
FraS** 43.11 11.95 26.6 72.28 47.41 10.58 26.46 73.02
RFDiS* 28451 91.84 149.31 458.33 307.3 75.72 163.45  520.02
DIF 11 0.12 0.88 143 1.07 0.13 0.75 1.8
DIRFDe** 1.12 0.18 0.7 1.59 1.03 0.16 0.65 1.56
EINDye 0.16 0.02 0.11 0.21 0.15 0.02 0.12 0.25
EIDrer™* 0.15 0.02 0.13 0.24 0.16 0.03 0.11 0.31
ElSre 0.31 0.04 0.24 0.41 0.31 0.04 0.24 0.5

Note: *p<0.05, **p<0.01, ***p<0.001

The non-parametric Mann-Whitney U test reveals significant differences between the civilians
and security population of participants in: FmaxND (U=3634.5, z=-2.6, p<0.01), RFDmaxND
(U=3678.5, z=-2.5, p<0.05), FmaxD (U=3786, z=-2.2, p<0.05), tFmaxD (U=3352, z=-3.3, p<0.001),
FraxS (U=3690.5, z=-2.4, p<0.05), tFmaxS (U=3514, z=-2.9, p<0.01), DIRFD (U=3463, z=-3,
p<0.01), EID (U=3877, z=-2, p<0.05), FraND (U=3508, z=-2.9, p<0.01), RFDIND (U=3542, z=-
2.8, p<0.01), FraD (U=3630, z=-2.6, p<0.01), FaS (U=3552, z=-2.8, p<0.01), RFDS (U=3797,
z=-2.2, p<0.05), DIRFDe (U=3498.5, z=-2.9, p<0.01), and EIDye (U=3877, z=-2 p<0.05) which are
illustrated in the Graphs 24, 25, 26, 27, 28.

67



wa

C

e

E /\4\
C

o

S civilians -

W

C

o

i

L7

£

o

0O

security i i i i
200 400 600 800
FmaxD

Graph 24. Density histogram of differences in maximal force of the dominant hand according to
professional orientation

civilians =

professional orientations

security -

10 20 30 40
FrelD

Graph 25. Density histogram of differences in maximal force normalized for body weight of the
dominant hand according to professional orientation



wa
C
e
© /\
C
o
S civilians -
W
C
o
i
L7
£
o
0O
security 1-— i i - -
0 1 2 3 4
tFmaxD

Graph 26. Density histogram of differences in time required to reach the maximal force of the
dominant hand according to professional orientation

civilians -

professional orientations

security 7 ; i . i i -
0.50 0.75 1.00 1.25 1.50 1.75

DIRFDrel

Graph 27. Density histogram of differences in dimorphism index of maximal rate of force
development normalized for body weight according to professional orientation

69



civilians =

professional orientations

security

0.10 0.15 0.20 0.25 0.30
ElDrel

Graph 28. Density histogram of excitation index of the dominant hand normalized for body weight
according to professional orientation

70



Results of the non-parametric Spearman's rank correlation analysis of mechanical
characteristics of the handgrip with psychological characteristics for whole sample are presented in
Tables 7 and 8.

Table 7. Correlation analysis of absolute values of mechanical characteristics of the handgrip with
psychological characteristics

Agr Ext Nrt NV  Opn PV Cns MT Mch Psc Nrc DT

FrraxND 012 001 -009 011 004 010 009 0200 005 014 012 015
RFDmND  -0.08 -006 -0.03 014 005 010 008 017" 008 020" 013 019
tFrmaND 002 007 -009 003 009 007 008 011 -003 -003 -0.02 -0.01
tRFDmND 003 003 -0.04 -0.07 -0.07 -0.05 -0.06 001 -0.14° -0.15" -0.09 -0.17"
FmaxD 010 001 -008 012 007 014° 011 022" 005 018" 011 0.15
RFDmD  -0.07 -005 -0.02 013 003 011 007 015 011 023 015 021"
tF D 011 012 -006 000 018 000 005 014° -004 -008 -0.13 -0.08
tRFDmD 002 005 -004 -013 005 003 002 004 -0.25" -016" -0.15" -0.21"
FrnaxS 011 000 -0.08 012 006 012 010 021* 005 016" 011 0.15"
RFDmaxS -0.07 -0.06 -0.03 013 004 011 008 017 009 022° 014" 021"
tFmexS -0.08 013 -0.09 002 015 003 007 015 -003 -005 -010 -0.05
tRFDmS ~ -0.01 005 -0.06 -0.12 000 -0.01 -002 005 -0.21" -0.18" -0.14" -0.22"
DIF 007 -005 004 003 00L 007 000 -002 000 004 -001 -0.02
DIRFD 004 002 006 001 -006 000 -005 -009 010 003 006 003
EIND -0.07 018" -0.09 -0.08 -0.04 -002 -0.06 003 -008 -0.19" -007 -0.17"
EID -0.06 013 -0.14" -0.07 008 004 003 016" -0.16° -015" -0.15" -0.19"
EIS -0.08 019" -0.15" -0.09 004 002 001 012 -0.16" -020" -0.15" -0.23"

Note: *p<0.05, **p<0.01, ***p<0.001

Numerous although statistically significant (p<0.05) correlations with very weak effect
(p<0.2) were obtained. Also weak negative correlation of Mch with tRFDmaxD and tRFDmaxS; Psc
with EIS; DT with tRFDmaxD, tRFDmaxS and EIS; as well as weak positive correlation of MT with
FmaxND and FmaxD; Psc with RFDmaxND, RFDmaxD and RFDmaxS; and DT with RFDmaxS; were
obtained when it comes to absolute values of mechanical characteristics of handgrip.

Something similar happened when it comes to the correlation analysis of allometricly
partialized values of mechanical characteristics of the handgrip with psychological characteristics.
Also numerous although statistically significant (p<0.05) correlations with very weak effect (p<0.2)
were obtained. In addition, weak negative correlation of Psc with EINDye and EISre; and DT with
EISrl; as well as weak positive correlation of MT with FreND, and FreD; Psc with RFDIND,
RFDreiD, and RFDrelS; and DT with RFDreiND, RFDrelD, and RFDreiS; were obtained.
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Table 8. Correlation analysis of allometricly partialized values of mechanical characteristics of the
handgrip with psychological characteristics

Agr Ext Nrt NV  Opn PV Cns MT Mch Psc Nrc DT
FraND -0.14* 0.01 -0.08 0.08 0.08 0.07 007 0.207 0.03 0.12 0.11 0.14"
RFDrIND -0.08 -0.08 0.00 013 0.09 007 0.07 0.16 0.08 020" 014" 0.217
FraD -0.13 001 -0.06 011 010 010 0.08 0.22" 0.04 0.16" 0.11 0.15"
RFDyeiD -0.08 -0.06 0.02 013 0.05 0.07 006 012 011 021" 016" 0.227
FraS -0.14 0.00 -0.07 010 0.09 009 0.08 0217 0.03 014" 011 0.14"
RFDreiS -0.08 -0.08 0.00 013 0.07 007 0.07 0.15 0.10 022" 016" 0.227
DIFe 0.06 -0.05 0.04 003 001 007 001 -0.02 0.00 0.03 -0.01 -0.02
DIRFDye 0.03 0.02 0.06 0.01 -0.06 0.00 -0.05 -0.09 0.09 0.02 0.05 0.03
EINDyel -0.08 0.18" -0.09 -0.08 -0.04 -0.02 -0.06 0.03 -0.09 -0.20" -0.08 -0.18"
EIDre -0.06 0.13 -0.14" -0.07 0.08 004 0.03 016" -0.16" -0.15" -0.15" -0.19"
ElSre -0.08 0.19" -0.15° -0.10 0.04 002 001 012 -0.16" -0.20" -0.15" -0.23"

Note: *p<0.05, **p<0.01, ***p<0.001

6.2 General Adult Population Subsample

Descriptive statistical analysis of psychological characteristics for the general adult population
subsample (n=25) is presented in Table 9. The nonparametric Kolmogorov—Smirnov test didn’t
showed significant deviations from the normal distribution for any variable.

Table 9. Descriptive statistical analysis of psychological characteristics

Agr Ext Nrt NV Opn PV Cns MT Mch Psc Nrc DT
M 2.34 3.88 1.98 1.43 4.19 3.42 4.06 5.94 1.94 1.82 3.13 2.21
SD 0.59 0.46 0.69 0.32 0.42 0.7 0.61 0.63 0.76 0.88 1.51 0.72
Min 1.6 3.1 1 1 3.4 2.2 2.5 4.13 1 1 1 1
Max 3.9 4.6 3.2 2.2 5 4.8 5 6.88 3.33 3.75 6 3.42

Results of descriptive statistical analysis of mechanical characteristics of the handgrip

expressed in classic and impulse mode of isometric contraction for the general adult population
subsample are presented in Table 10. The nonparametric Kolmogorov—Smirnov test didn’t showed
significant deviations from the normal distribution for any variable.

Outlier analysis revealed that only one out of 750 scores was outside the scope of M+3*SD
(tRFDmaxND=0.19) but didn't significantly skew the distribution.
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Table 10. Descriptive statistical analysis of mechanical characteristics of the handgrip expressed in
classic and impulse mode of isometric contraction

Fre|ND RFDre|ND tFmaxN D tRFDmaxND Fre|D RFDre| tFmaxD tRFDmaxD NRI D
M 22.86 152.02 0.85 0.12 24.71 163.09 0.77 0.12 0.95
SD 5.62 44.81 0.4 0.02 6.29 48.07 0.27 0.02 0.08
Min 14.6 77.62 0.34 0.09 15.71 82.84 0.37 0.09 0.73
Max 32.59 220.48 1.88 0.19 36.27 249.93 1.39 0.17 1.1
IFre|ND IRFDre|ND ItFmaxND ItRFDma_xND IFre|D IRFDre|D ItFmaxD ItRFDmaxD NRI ND
M 21.27 160.39 0.27 0.11 22.75 171.32 0.26 0.11 0.94
SD 4.92 38.33 0.06 0.01 6 43.88 0.08 0.01 0.1
Min 13.5 100.11 0.2 0.09 11.45 94.89 0.15 0.1 0.71
Max 29.91 219.68 0.41 0.13 31.54 241.57 0.43 0.14 1.14

Analysis of variance revealed significant differences with large effect size between classic

and impulse mode of isometric contraction for FaND (F=22.3, p<0.001, 1y°=0.48), RFDND
(F=10.1, p<0.01, np*=0.30), tFmaxND (F=52.8, p<0.001, ny?=0.69), FeD (F=20.6, p<0.001,
Mp?=0.46), RFD«ND (F=10.3, p<0.01, np?=0.30), tFmaxND (F=74.5, p<0.001, 1,?=0.76) which are
illustrated in the Graphs 29, 30, 31, 32, 33, and 34.
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Graph 29. Density histogram and box plot of differences in maximal force normalized for body

weight of the non-dominant hand according to mode of isometric contraction
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Graph 30. Density histogram and box plot of differences in maximal rate of force development
normalized for body weight of the non-dominant hand according to mode of isometric contraction
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Graph 31. Density histogram and box plot of differences in time required to reach the maximal
force of the non-dominant hand according to mode of isometric contraction
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Graph 32. Density histogram and box plot of differences in maximal force normalized for body
weight of the dominant hand according to mode of isometric contraction
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Graph 33. Density histogram and box plot of differences in maximal rate of force development
normalized for body weight of the dominant hand according to mode of isometric contraction
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Graph 34. Density histogram and box plot of differences in time required to reach the maximal
force of the dominant hand according to mode of isometric contraction

Results of the parametric Pearson correlation analyses of mechanical characteristics of
handgrip with psychological characteristics for classical mode of isometric contraction is presented
in table 11; while for impulse of isometric contraction is presented in table 12.
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Table 11. Correlation analysis of mechanical characteristics of the handgrip with psychological
characteristics for classical mode of isometric contraction

Agr Ext Nrt NV Opn PV Cns MT Mch Psc Nrc DT

FraND -0.42* -036 011 047 -001 -029 -0.03 020 033 045 026 0.39

RFDrND -0.48* -0.40* 0.12 043* -001 -026 005 022 023 044 021 032

tFmaxND -0.10 013 -033 -010 020 004 014 019 -014 -016 -0.28 -0.25

tRFDmaxND 0.19 020 -022 -019 -016 -0.01 -0.13 0.12 0.03 -0.15 -0.14 -0.10

FreD -0.36 -042* 014 050* -005 -023 001 015 015 049 014 031
RFDyeiD -036 -035 012 041* -006 -024 005 012 012 054 019 0.32
tFmaxD -0.09 -013 007 008 020 -013 -0.01 -0.24 -0.08 -0.05 0.00 -0.04
tRFDmaxD 0.14 036 -0.06 -0.18 010 023 -0.20 0.07 -0.14 -033 -0.07 -0.12

Note: *p<0.05, **p<0.01

The correlation analysis (Tables 11 and 12) revealed a weak positive association of NV with
FreND, RFDriND, and RFDeD; Psc with FreND, RFDrIND, FrelD, and IFeD and DT with
IFeIND, and NRID; as well as weak negative association of Agr with FreND RFDND, IFrelND,
IRFDeIND, NRIND; Ext with RFDIND, FreiD, IFeND, and IFeD. The correlation analysis also
revealed strong positive association of NV with FreD, IFeIND, IRFDrND; and Psc with RFDyelD,
IFreIND, IRFDreIND, and IRFDreID.
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Table 12. Correlation analysis of mechanical characteristics of the handgrip with psychological
characteristics for impulse mode of isometric contraction

Agr Ext Nrt NV Opn PV Cns MT  Mch Psc Nrc DT

IFraND -0.42* -0.42* 018 0.53** -0.02 -0.26 -0.07 019 025 0.52** 0.26 0.40*

IRFDrND -0.41* -0.38 018 0.50* -0.01 -0.20 0.00 020 026 050 026 0.39

ItFmaxND 0.20 0.25 0.18 0.20 0.10 0.13 -009 0.09 007 -0.08 -0.03 -0.01

ItRFDmaxND 0.10 036 -015 -024 005 013 001 -012 -022 -019 -0.09 -0.17

IFreiD -0.36  -041* 0.14 039 -009 -029 002 018 014 047 012 025
IRFDeiD -0.40* -0.36 0.12 039 -015 -028 003 015 010 0.50* 010 0.25
[tFmaxD -0.12  -0.06 0.15 0.07 0.10 -006 001 022 -009 -0.00 -0.07 -0.10

ItRFDmaxD 0.31 0.28 013 -023 022 034 -012 006 006 -022 008 0.01

NRIND -0.48* -035 -0.13 0.09 -003 -0.35 014 023 0.07 0.16 0.02 0.03

NRID 0.03 -0.17  0.09 0.29 030 001 0.08 -0.09 0.20 0.37 0.40 0.41*

Note: *p<0.05, **p<0.01
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Table 13. The starting models of multiple linear regression analysis of mechanical characteristics of
the handgrip as predictors of psychological characteristics

R? Adjusted R? F
Agr 0.95 0.80 6.28*
Ext 0.74 -0.34 0.57
Nrt 0.82 0.29 1.54
NV 0.76 0.20 1.03
Opn 0.62 -0.53 0.86
PV 0.62 -0.51 0.55
Cns 0.66 -0.35 0.65
MT 0.75 0.01 1.01
Mch 0.56 -0.78 0.42
Psc 0.56 -0.76 0.43
Nrc 0.78 0.14 1.21
DT 0.69 -0.24 0.74

Note: *p<0.05, **p<0.01, ***p<0.001

The multiple linear regression analysis (Table 13) started with all handgrip neuromuscular
variables as predictors for Agr (R?=0.95), Ext (R?=0.74), Nrt (R?=0.82), NV (R?=0.75), Opn
(R?=0.62), PV (R?=0.62), MT (R?=0.75), Mch (R?=0.56), Psc (R?=0.56), Nrc (R®=0.78), DT
(R?=0.69), where only a Agr model was significant (p<0.05). Performing backward stepwise
selection resulted with more efficient models (Table 14, 15 and 16).

Table 14. The resulting models of multiple linear regression analysis of mechanical characteristics
of the handgrip as predictors of psychological characteristics

R? Adjusted R? F
Agr 0.94 0.90 23.10***
Ext 0.18 0.14 5.01*
Nrt 0.74 0.58 4.48*
NV 0.71 0.47 2.96*
Opn 0.46 0.19 1.71
PV 0.46 0.32 0.28
Cns 0.14 0.06 1.78
MT 0.46 0.35 4.24*
Mch 0.44 0.21 1.9
Psc 0.29 0.26 9.34*
Nrc 0.7 0.55 4.63*
DT 0.55 0.40 3.64*

Note: *p<0.05, **p<0.01, ***p<0.001
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Resulting models of regression analyses had significant predictors both for Big Five (Table
15) psychological characteristics.

Table 15. Standardized coefficients for the resulting models of multiple linear regression analysis of

mechanical characteristics of the handgrip as predictors of Big Five psychological characteristics

Agr Eks Nrt NV Opn PV Cns
FraND 1.4%*>* - - - -0.9 -1.5%* -
RFDND -4, 1%** - -2.3%* - 5.8 - -
tFnaeND 0.3%* : O Y 03 : :
tRFDmaxND - - -0.4 0.3 - - 11
FraD - - - 3.0** - - -
RFDeiD 0.7** - - -7.2* -1.1* 1.3 -
tFmaxD 0.3* - 0.9** 0.6 - - -
tRFDmaD -0.6*** - - - - - -
IFraND - -0.4* 2.1%* - - - -1.1
IRFDRELND 0.7* - - - -3.1 1.7* -
[tFmaxND 0.1 - 0.4* 0.4* - - -
ItRFDmaxND -1.4%%* - -0.7* - - - -
IFrelD _ - - -2.4*% - -1.4* -
IRFDriD _ - - 4.5*% - - -
[tFmaxD _ - - 0.5 0.3 - -
ItRFDmaxD 0.8*** - 0.5** -0.3 - 0.8** -
NRIND _ - - - -1.9 - -
NRID - -0.3 1.1* 0.9** - -

Note: *p<0.05, **p<0.01, ***p<0.001

Similar, resulting models of regression analyses had significant predictors both for MT as

well as DT (Table 16) psychological characteristics.

79



Table 16. Standardized coefficients for the resulting models of multiple linear regression analysis of
mechanical characteristics of the handgrip as predictors of MT and DT psychological characteristics

MT Mch Psc Nrc DT
FreND - 0.7 - - -
RFDND - - - -1.5* -1.3
tFmaxND 0.4* - - - -
tRFDmaxND 0.5* 0.6 - - -
FraD - - - -2.7** -1.4*
RFD D - -4.6 0.53** 8.1** 2.8**
tFmaxD -0.6** - - - -
tRFDmaxD - - - - -
IFND - - - - -
IRFDRELND - - - 3.5%** 2.5%*
ItFmaxND - 0.2 - -0.3 -
ItRFDmaxND - -0.5 - - -
IFeiD - - - - -
IRFDwD - 3.5 - -6.2* -1.9*
ItFmaxD - - - - -
ItRFDmaxD - - - 0.7** 0.5*
NRIND 0.7** - - -
NRID - 1.4 - -1.2 -

Note: *p<0.05, **p<0.01, ***p<0.001

Cross-validation on 75% of randomly selected respondents revealed the following models Agr
(R2=0.96), Ext (R2=0.41), Nrt (R2=0.79), NV (R2=0.76), MT (R2=0.45), Psc (R2=0.37), Nrc
(R2=0.78), DT (R2=0.70), where Agr, Ext, Nrt, Psc, Nrc, and DT models were significant (p<0.05).

6.3 Police Students Subsample

Descriptive statistical analysis of mechanical characteristics of handgrip as well as MT and
DT psychological characteristics for the police students subsample is presented in in Table 17. The
Kolmogorov—Smirnov test showed that there were no significant deviations from the normal
distribution of any of the variables except Mch. Analyses of Histogram and QQ plot of Mch (Graph
35) lead to similar conclusion.
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Graph 35. Q-Q plot of Machiavellianism for the police students subsample

More than 50% of subjects have a minimal score of 1 on Mch. After applying statistical
methods for scores distribution normalization, normality of Mch was not improved. That is why it
was not included in further analyses.
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Table 17. Descriptive statistical analysis of mechanical characteristics of the handgrip with MT and
DT psychological characteristics

Variables M SD CVv Min Max Skewness Kurtosis
FrelS 47.2 10.49 0.22 31.37 73.02 0.53 -0.51
RFDeiS 302.36 80.19 0.27 163.45 520.02 0.55 -0.21
Fimp50%Siel 1766., 488.56 0.28 697.06 2937.72 -0.02 -0.25
MT 6.27 0.49 0.08 5.13 7 -0.24 -0.97
Mch 1.59 0.91 0.57 1 4.5 1.73 2.32
Psc 2.03 1 0.49 1 4,75 0.76 -0.2
Nrc 3.16 1.45 0.46 1 6.25 0.32 -0.65
DT 2.26 0.89 0.39 1 4.5 0.81 0.02

Results of the parametric Pearson correlation analysis revealed a weak positive association
of FrelS with Psc and moderate positive association of RFDyeS with Psc and DT (Table 18). The
Fimp50%Sre was not significantly associated with investigated behaviour al determinants.

Table 18. Correlation analysis of mechanical characteristics of the handgrip with MT and DT
psychological characteristics

MT Psc Nrc DT
FreiS 0.09 0.26" 0.09 0.16
RFDyelS 0.02 0.38™ 0.2 0.30"
Fimp50%Srel -0.21 0.03 -0.04 0.03

For the purpose of performing MANOVA, participants were allocated to three equal groups
using the 33" (FraS = 40.97, RFDrelS = 258.21, Fimp50%Srel = 1605.62) and 66th (FraS = 52.25,
RFDreiS = 333.77, Fimp50%Sre = 1970.89) percentiles as cut-off points. Accordingly, participants
were allocated to High, Average, and Low FrelS; High, Average, and Low RFDS; and High,
Average, and Low Fimp50%Srel groups. This allowed investigation the interactions of mechanical
characteristics of handgrip on psychological characteristics. The MANOVA for neuromuscular
characteristics factors revealed significant (p < 0.05) differences with large effect sizes in Psc [F
(2,46) = 3.86; p = 0.03 n2 = .14] on factor RFDS. The Bonferroni post-hoc test revealed
significant differences in Psc between high and low RFDS group (MD = .84; p = .01) as well as
high and average RFDrS group (MD = 0.81; p = 0.01). The MANOVA also revealed following
significant (p < 0.05) interactions of FrelS and RFDeS with MT (Graph 36) and Nrc (Graph 37) as
well as interactions of FreS and Fimp50%Sre with Psc (Graph 38), whereby the effect of FralS on MT
and Nrc depended on the level of RFDreS and Fimp50%Srel, respectively.
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Graph 36. Interactions of FrelS, RFDS on MT

Considering the interactions of mechanical characteristics with MT (Graph 36), in the low
RFDrel group, those with average Fre had also had higher MT. In the average RFDye group, those
with low and average Frel showed similar MT, while those with high Fre showed the highest MT. In
contrast, lower MT occurred in group that had high RFDye and high Frel.
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Graph 37. Interactions of FreiS, RFDrelS on Nrc

Considering the interactions of mechanical characteristics and Nrc (Graph 37), the Nrc was
higher among those with average than in those with low Frel, in low RFDye group. In average RFDrel
group, the highest Nrc could be observed in low Fre group, while it remained the same among those
with average and high Fre. Among those with high RFDye, the Nrc was high in group who had
average Frel compared to group who had high Frei.
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Graph 38. Interactions of FreS and Fimp50%Sre on Psc

Considering the interaction of Fre and Fimp50%rer With Psc (Graph 38), participants with low
Fimp50%rel Showed the lowest Psc if their Fmax was low and the highest Psc if their Frel was average.
Among groups with average Fimp50%rel, those with low Fret showed somewhat higher Psc compared
to those with average and high Frei. Among those with high Fimp50%:el, the lowest Psc was shown in
group with low Fre, the highest Psc was in average Fr group, while those with high Fre showed
somewhat lower Psc. Note that, the Psc was relatively low for average and high Fimp50%re groups,

regardless of their Frel.

6.4 Security Population Subsample

Descriptive statistical analysis of psychological, morphological and mechanical
characteristics for male and female groups of security population subsample is presented in Table
19. The Kolmogorov—Smirnov test showed that there was significant deviations from the normal
distribution for Nrt, NV, Mch in females as well as Nrt, NV, Cns, PD, MT, Mch, DT, tRFDmaS in
males. According to CV both subsamples shoved high variability on the Fnt, PD, Agr, Nrt, NV,

Mch, Psc, Nrc, DT and tFmaxS.
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Table 19. Descriptive statistical analysis for male and female group of security subsample

Female (n=54) Male (n=82)

M SD CV Min Max KSZ M SD CV Min Max KSZ
Fnt* 3.23 1.05 0.33 1 5 0.62 2.84 0.84 0.3 1 5 1.04
PT 3.89 0.66 0.17 2 5 0.62 3.8 066 0.17 2 5 0.83
EC** 3.71 0.75 02 157 5 0.77 3.37 071 021 157 5 0.57
PD* 1.76 0.67 0.38 1 457 0.97 1.5 053 035 1 357 1.75**
Agr* 2.28 0.77 0.34 1 41  0.79 1.99 0.79 0.4 1 4.3 1.16
Ext 4.13 0.6 015 25 5 1.08 4.17 069 017 14 5 1.21
Nrt 1.59 0.74 047 1 43 156 151 0.68 0.45 1 34 2.13%**
NV 1.32 036 0.27 1 23 154* 148 0.62 042 1 3.7  1.97**
Opn 4.1 053 0.13 49 079 4.15 055 013 26 5 1.14
PV 3.69 0.74 02 18 5 0.77 3.64 0.74 02 16 5 0.81
Cns 4.39 061 014 24 5 1.15 4.35 073 017 24 5 1.78**
MT* 6.21 0.6 0.1 375 7 0.69 6.46 049 0.08 538 713 1.68**
Mch 1.75 099 057 1 475 1.64* 218 1.31 0.6 1 6.17 1.67**
Psc* 1.86 096 052 1 45 137 24 132 0.55 1 7 1.29
Nrc 3.07 141 0.46 1 6 0.85 3.18 155 049 1 6.25 0.87
DT 2.21 0.85 0.38 1 4.33 1 2.55 1.17  0.46 1 6.17  1.38*
BH*** 1.71 006 004 162 185 0.68 1.81 0.06 003 165 194 0.77
B 65.05 868 013 51 104 097 7891 1046 0.13 546 136.7 0.88
BMI*** 22.3 289 0.13 1896 36.85 1.22 24 241 0.1 1889 37.08 1.13
FrmaxS*** 60531 819 014 45 791 092 993.83 180.65 0.18 602 1427 0.49
RFDmaS*** 3811  653.26 0.17 2390 5674 0.32 6519.94 1159.18 0.18 3870 9507 0.57
tFmaxS 1.88 067 036 075 475 0.68 1.98 0.9 045 0.62 5.66 1.08
tRFDmaxS***  0.25 004 016 019 043 1.28 0.24 004 017 02 046 2.16***

Note: *p<0.05, **p<0.01, ***p<0.001

The non-parametric Mann-Whitney U test reveals significant differences between the female
and male subsample with medium effect size in Fnt (U=1756.50, Z=-2.03, p<0.05, r=0.27), EC
(U=1692.50, Z=-2.60, p<0.01, r=0.35), PD (U=1649.50, Z=-2.53, p<0.05, r=0.22), which are
illustrated in the graphs 39, 40 and 41, Agr (U=1705.50, Z=-2.26, p<0.05, r=0.30), MT (U=1655.50,
Z=-2.50, p<0.05, r=0.33), Psc (U=1649.50, Z=-2.54 p<0.05, r=0.33), BMI (U=1080.00, Z=-5.04,
p<0.001, r=-.71) and tRFDmaxS (U=1388.00, Z=-3.67, p<0.001, r=0.51), as well as with large effect
size in BH (U=514.00, Z=-7.57, p<0.001, r=1.03), BW (U=504.50, Z=-7.60, p<0.001, r=1.03),
FmaxS (U=93.50, Z=-9.43, p<0.001, r=1.30), RFDmaxS (U=72.00, Z=-9.53, p<0.001, r=1.29).
Significant differences with medium effect size was revealed between the police and security
students in Mch (U=918.50, Z=-5.82, p<0.001, r=0.64), BW (U=1689.50, Z=-2.21, p<0.05, r=0.24),
and tRFDmaxS (U=1080.50, Z=-4.94, p<0.001, r=0.54), illustrated in Graphs 39, 40, and 41.
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Table 20. Correlation analysis of IRI subscales with morphological and mechanical characteristics
for male and female group of security subsample

Female (n=54) Male (n=82)
Fnt PT EC PD Fnt PT EC PD

BH -0.05 -0.04 -0.15 -0.08 -0.01 -0.11 0.00 -0.17
BW -0.20 -0.08 -0.36** -0.06 -0.11 -0.25* -0.11 -0.12
BMI -0.24 -0.06 -0.35* -0.03 -0.18 -0.19 -0.13 -0.07
FrmaxS -0.25 -0.13 -0.34* -0.09 0.05 -0.10 -0.14 -0.05
RFDmaxS -0.28* -0.31* -0.45%* -0.03 0.09 -0.13 -0.11 -0.05
tFmaxS -0.08 0.08 0.04 -0.08 0.02 0.07 0.03 -0.22
tRFDmaxS 0.20 0.34* 0.18 -0.09 -0.02 0.10 -0.08 -0.03

Note: *p<0.05, **p<0.01
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Results of the non-parametric Spearman's rank correlation (Tables 20 and 21) revealed a
weak positive association of PT with Ext, Opn, MT, and tRFDmaxS; and EC with Opn among
females, as well as Fnt with Agr, Nrt, and NV; PT with Ext, Opn, Cns, and MT; EC with Ext; and
PD with NV, Mch, Nrc and DT; among males. Weak negative association of Fnt with RFDmaxS; PT
with Agr, and RFDmaxS; EC with Psc, DT, BW, BMI, FmaxS and RFDmaxS; and PD with Ext, Opn,
PV; among females, as well as Fnt with Cns; PT with NV, Psc, DT, and BW; EC with Mch, Psc,
and DT; and PD with Opn, PV, Cns, and MT; among males were also revealed. In the end, strong
positive correlations were revealed in PD with Nrt among females and males, as well as strong
negative correlations in PD with Cns, and MT among females, and PD with MT among males.

Table 21. Correlation analysis of IRI subscales with psychological characteristics for male and
female group of security subsample

Female (n=54) Male (n=82)
Fnt PT EC PD Fnt PT EC PD
Agr 0.03 -0.37** -0.25 0.04 0.33** -0.21 -0.14 0.12
Ext 0.17 0.31* 0.26 -0.33* -0.04 0.29** 0.29** -0.12
Nrt 0.25 -0.26 0.06 0.62** 0.38** -0.10 0.08 0.50**
NV 0.12 -0.17 -0.23 0.26 0.30** -0.22* -0.18 0.33**
Opn 0.41** 0.40** 0.34* -0.37** 0.19 0.31** 0.11 -0.32**
PV 0.16 0.19 -0.03 -0.43** 0.21 0.08 0.01 -0.23*
Cns -0.22 0.29* 0.01 -0.66** -0.24* 0.24* 0.11 -0.46**
MT -0.06 0.42** 0.02 -0.59** 0.01 0.25* 0.02 -0.55**
Mch -0.02 -0.11 -0.25 0.20 0.11 -0.17 -0.32** 0.25*
Psc -0.07 -0.20 -0.36** -0.06 -0.01 -0.37** -0.32** 0.13
Nrc -0.14 -0.08 -0.23 -0.07 0.19 -0.14 -0.10 0.29**
DT -0.12 -0.13 -0.37* -0.03 0.16 -0.24* -0.26* 0.26*

Note: *p<0.05, **p<0.01
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6.5 Athletic Subsample

Descriptive statistical analysis for the female group of athletic subsample is presented in Tables 22
and 23.

Table 22. Descriptive statistical analysis morphological and psychological characteristics for female
group of athletic subsample

Well-trained (n=47) Elite (n=13)

M SD Ccv Min Max KSz M SD cVv Min Max  KSZ
Agr 2.24 0.75 3371 1 4.1 0.78 2.58 0.77  29.75 1.6 3.8 0.43
Ext 4.1 0.62 15.2 25 5 0.95 3.92 054  13.65 2.9 4.5 0.85
Nrt 1.76 0.85 48.12 1 4.3 1.41* 149 059 3931 1 2.9 0.83
NV 1.35 037  27.39 1 2.3 1.60*  1.33 0.36  27.16 1 2.1 1
Opn 4.17 053 1271 3 4.9 0.75 4.02 0.58 14.32 2.7 5 0.67
PV 3.61 0.78 21.54 1.8 5 0.68 3.97 049 12.23 3.1 5 0.59
Cns 4.31 0.62 14.36 24 5 0.92 4.55 0.4 8.72 3.7 5 0.78

BH* 171 0.07 4.16 1.58 2 0.94 1.74 0.05 3.16 1.65 185 0.62
BW* 63.65 878 13.79 44 104 0.96 68.9 8.69 12.61 53 82 0.49
BMI 2203 289 1311 1763 3685 121 22.7 2.19 9.65 1932 2583 0.46

Note: *p<0.05, **p<0.01

Table 23. Descriptive statistical analysis of mechanical characteristics of handgrip for female group
of athletic subsample

Well-trained (n=47) Elite (n=13)

M SD cVv Min Max KSzZ M SD Ccv Min Max KSZ

FrmaxND 291.74 4492 154 188 387 057 31392 6052 19.28 220 460 0.74
RFDmaxND  1910.85 352.3 18.44 1283 2654 0.6 2073  429.24 20.71 1374 2938 0.61
tFmaxND 0.83 032 3873 031 175 0.75 1.06 059 5578 04 242 087
tRFDmaxND 0.12 0.01 1204 009 016 0.85 0.11 001 1083 01 014 0.59

FmaxD** 31251 4412 1412 231 427 052 359.69 61.03 1697 274 503 0.51
RFDmaxD*  1970.43 364.19 18.48 1203 3118 0.54 2298.46 526  22.88 1468 3483 0.68

tFmaxD 0.99 037 3749 025 179 057 1.05 051 4838 04 233 055
tRFDmaxD 0.13 0.03 2406 009 0.28 168** 0.12 001 767 011 014 051
DIF* 1.08 0.13 1185 0.86 143 1.02 1.15 008 686 103 131 0.59
DIRFD 1.04 0.16 15.02 0.65 15 0.35 111 0.08 7.62 1 1.24 09
EIND 0.15 0.02 1299 0.12 0.2 0.47 0.15 0.02 1011 0.13 0.17 0.59
EID 0.16 0.03 1887 0.11 031 1.39* 0.16 001 944 014 019 049
EIS 0.32 004 139 024 0.5 0.63 0.31 0.03 889 026 035 054

Note: *p<0.05, **p<0.01
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The nonparametric Kolmogorov—Smirnov test showed significant deviations from the normal
distribution for the variables Nrt, NV, tRFDmxD and EID in the well-trained athletes subsample.
According to CV both subsamples shoved high variability on the Agr, Nrt, tFmaxND and tFmaxD.

Results of descriptive statistical analysis for the male sample are presented in Table 24 and
25.

Table 24. Descriptive statistical analysis morphological and psychological characteristics for male
group of athletic subsample

Well-trained (n=72) Elite (n=23)

M SD Ccv Min Max KSz M SD cVv Min Max KSz
Agr*  2.02 0.72 35.8 1 4.1 1.16 2.46 0.9 36.51 1.1 4.3 1.28
Ext 4.05 0.7 17.37 1.4 5 0.85 4.22 0.44  10.47 3.3 5 0.64
Nrt 1.61 0.69  42.83 1 34 1.96*** 177 081 4571 1 3.3 0.9
NV 1.47 0.54  37.03 1 35 1.66**  1.73 0.74 4272 1 3.7 1.1
Opn 4.02 055 1379 2.6 5 0.84 4.26 053 1249 2.9 5 0.95
PV 3.56 0.74  20.67 1.6 5 0.66 3.83 0.7 18.28 2.2 4.9 0.93
Cns 4.28 0.75  17.58 24 5 1.55* 4.18 0.66  15.77 2.9 5 0.93
BH 1.82 0.08 4.17 1.65 2 1.01 1.85 0.06 3.18 1.75 2 0.59

BwW 7849  7.83 9.98 60.4 97 0.39 8255 874 10.59 68 101 0.49
BMI 2396 1.85 772 19.99 28 0.55 2434 225 9.26 1986 27.16 0.75

Note: *p<0.05, **p<0.01, *** p<0.001

Table 25. Descriptive statistical analysis of mechanical characteristics of handgrip for male group
of athletic subsample

Well-trained (n=72) Elite (n=23)
M SD CV  Min Max KSz M SD CV Min Max KSz
FmaxND 492.86 9166 186 284 702 0.5 505.61 9253 183 283 704 0.74
RFDmaxND  3285.22 628.76 19.14 1782 4734  0.62  3379.96 668.83 19.79 1767 4789 0.8
tFmaxND 0.92 046 49.66 0.27 213 1.24 0.83 049 591 024 239 071

tRFDmaxND 0.12 002 1631 01 024 147* 0.12 0.02 1492 0.09 0.18 1.16

FmaxD 520.65 96.95 18.62 294 735 0.52 517.09 88.28 17.07 349 720 0.57
RFDmaxD  3432.26 775.14 2258 2011 5215 0.72  3395.65 632.78 18.64 1990 4990 0.44

tFmaxD 0.99 0.61 6149 022 359 1.34* 0.81 0.36 4435 0.34 148 0.66
tRFDmaxD 0.12 003 2694 01 033 228~ 011 001 1175 009 015 0.7
DIF 1.07 0.11 1056 0.83 142 0.68 1.03 0.11 1099 0.75 129 0.56
DIRFD 1.06 0.16 1488 0.73 149 0.39 1.02 0.16 1535 0.83 156 1.04
EIND 0.15 0.02 1054 012 0.21 0.92 0.15 0.03 1811 0.12 0.25 0.99
EID 0.15 0.02 157 012 0.25 1.19 0.15 001 952 013 0.18 0.61
EIS 0.31 0.04 1162 025 042 0.83 0.31 0.03 1103 026 04 091

Note: *p<0.05, **p<0.01, *** p<0.001
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The nonparametric Kolmogorov—Smirnov test showed significant deviations from the
normal distribution for the variables Nrt, NV, tRFDmaxND, tFmaxD, tRFDmaxD and EIND in the well-
trained athletes subsample. Similarly to women, according to CV both the well-trained and elite
male athletes shoved high variability on the Agr, Nrt, tFmaxND and tFmaxD.

Results of the non-parametric Spearman's rank correlation analyses are presented in tables
26 and 27.

Table 26. Correlation analysis of mechanical characteristics of handgrip and psychological
characteristics for female group

Well-trained (n=47) Elite (n=13)

Agr  Ext Nrt NV Opn PV Cns Agr Ext Nrt NV Opn PV Cns

FmaxND 016 -0.16 0.04 0.13 -0.11 -009 -0.16 -0.2 -0.04 -0.36 -0.27 0.67* 0.82** 0.58*

RFDmaxND  0.26  -0.37*  0.20 023 -021 -017 -0.2 -018 0.16 -0.08 -0.09 O0.57* 0.63* 0.65*

tFmaxND ~ -0.01  0.09 0.10 001 -008 -0.09 0.03 -0.13 0.55* -037 -0.17 0.21 0.18 0.3

tRFDmaxND  -0.02 0.12 -029 -0.06 0.03 016 015 -025 -0.07 -011 -03 -014 019 -0.29

FmaxD 015 -0.12 -003 -002 -01 -015 0.04 -013 -0.13 -0.22 -0.15 0.62* 0.77** 0.53

RFDmaxD  0.17  -0.24  0.14 001 -024 -016 001 -028 02 -014 -0.09 0.55 054 0.67*

tFmaxD -0.06  0.03 0.13 016 001 -0.09 -0.05 0.56* -001 -002 041 031 -002 0.16

tRFDmaxD  -0.07 015 -020 005 013 016 -005 013 -034 -0.21 -0.14 003 -0.06 -0.3

DIF -0.03 003 -011 -020 0.00 -0.08 025 028 -021 033 038 -023 -0.23 -0.16

DIRFD -0.11 015 -0.07 -0.31* -0.03 -0.04 032 -047 032 -0.01 -0.02 -0.20 -0.25 -0.06

EIND -0.18 0.32* -023 -014 0.06 012 -0.01 -042 005 -024 -03 -027 -0.26 -0.39

EID -0.07 016 -0.28 -0.07 0.06 -002 -001 024 -04 -014 007 -0.04 -019 -0.3

EIS -0.18 028 -0.32* -0.14 011 009 004 0.05 -027 -0.17 -0.08 -0.10 -0.27 -0.27

Note: *p<0.05, **p<0.01
92



The correlation analysis (Table 26) revealed a weak positive association of Ext with EIND
and Cns with DIRFD as well as weak negative association of Ext with RFEDMAXND; Nrt with EIS
and NV with DIRF; among the well-trained female athletes. When it comes to the elite female
athletes, positive strong correlation of PV with FnaxND, as well as positive moderate correlations of
Agr with tFmaxD; Ext with BMI and tFmaxND; Opn with FmaxND, RFDmaxND and FmaxD; PV with
FmaxND, RFDmaxND and FmaxD; FmaxND and RFDmaxND, are also revealed.

Table 27. Correlation analysis of mechanical characteristics of handgrip and psychological
characteristics for male group

Well-trained (n=72) Elite (n=22)

Agr Ext Nrt NV Opn PV Cns Agr Ext Nrt NV  Opn PV Cns

FmaxND 0.31**  -0.23* 0.13 010 -0.16 003 -0.03 -0.07 -0.09 0.27 0.39 0.17  -0.18 -0.24

RFDmaxND 0.30*  -0.32**  0.17 008 -013 000 -0.02 0.07 -0.42* 0.56**  0.46* 011 -022 -0.42*

tFmaxND 0.06 -0.06 -0.07 006 0.00 005 -0.01 0.8 -0.04 -0.1 0.38 0.21 0.12 0.03

tRFDmaxND 0.16 -0.06 0.13 013 -004 001 -005 -0.26 0.25 -0.2 -0.42* -0.14 -0.08 0.14

FmaxD 0.32**  -0.26* 0.14 015 -0.08 0.1 -0.06 -0.01 0.4 0.47* 0.38 004 -027 -041

RFDmaxD 0.31** -0.32** 0.26* 015 -0.08 -0.02 -0.14 0.08 -0.41 0.32 0.34 0.07  -0.09 -0.3

tFmaxD -0.26* 0.15 012 005 016 -004 0.02 0.11 0.27 -0.15 0.27 0.46*  0.22 -0.01

tRFDmaxD 0.06 0.07 -0.02  -0.04 0.06 0.20 010 -0.18 0.15 0.19 -0.32 -0.04  -0.07 0.14

DIF -0.05 0.03 -0.02 0.13 0.06 012 -009 033 -0.52* 0.38 0.11 0.03 0.06 -0.24
DIRFD -0.02 0.05 0.13 0.14 006 -0.02 -018 0.05 -0.12 0.07 -0.08 0.04 0.11 -0.01
EIND -0.04 0.19 -0.03 0.04 0.04 0.08 -0.01 -019 0.30 -0.10 -0.02 -0.01 0 0
EID -0.03 0.16 -0.14  0.05 0.05 0.18 0.06 -0.03 -0.09 0.37 0.09 -0.04 -0.23 -0.28
EIS -0.07 0.22 -0.12 0.05 0.09 0.15 0.06 -0.18 0.19 0.02 0 -0.03  -0.17 -0.01

Note: *p<0.05, **p<0.01
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The results of correlation analysis (Table 27) revealed a weak positive association of Agr
with FmaxND, RFDmaxND, FmaxD and RFDmaxD; as well as weak negative association of Agr with
tFmaxD; EXt FmaxND, RFDmaxND, FmaxD and RFDmaxD; among the well-trained male athletes. When
it comes to the elite male athletes, positive moderate correlations of Nrt with RFDmaxND and FmaxD;
NV with RFDmaxND and Opn with tFmaxD, as well as, negative moderate correlations of Ext with
RFDmaxND; NV with tRFDmaxND; and Cns with RFDmaxND, are also revealed.

The non-parametric Mann-Whitney U test reveals significant differences between the female
well-trained and elite athletes in, BH (U=177.5, z=-2, p=0.049), BW (U=163.5, z=-2.2, p=0.026),
FmaxD (U=160.5, z=-2.6, p=0.009), RFDmaxD (U=178.5, z=-2.3, p=0.023) and DIF (U=169, z=-2.4,
p=0.014). In male sample the non-parametric Mann-Whitney U test reveals significant differences
between the well-trained and elite athletes only in Agr (U=562.0, z=-2.3, p=0.021). When it comes
to gender differences, the non-parametric Mann-Whitney U test didn’t revile significant differences
between the male and female well-trained, the male and female elite athletes when it comes to
psychological characteristics.

After applying statistical methods for scores distribution normalization, normality of Nrc
and tRFDmaxD in female as well as NV in male sample was not improved. That is why they were not
included in further analyses. The results of the canonical discriminant analysis shows the existence
of a statistically significant discriminant functions both in female (Wilks’s A=0.44, ¥?2=37.67,
p=0.020) and male sample (Wilks’s A=0.59, y?20=41.18, p=0.004). Canonical correlations are 0.75
for female and 0.64 for male sample. The resulting models with 90% accuracy for female and 80%
accuracy for male recognized participants as well-trained or elite athletes. Discriminant function for
female sample has the largest relationship with FmaxD, RFDmaxD, BW and DIF, while discriminant
function for male sample has the largest relationship with Agr, BW, NV, Opn and PV (Table 28,
Graphs 42, 43, 44, and 45).
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Table 28. The structure matrix of the discriminant functions for female and male group of athletic

subsample
Female Function Male Function
FrmaxD -0.34 Agr 0.35
RFDmaxD -0.28 BW 0.27
BW -0.22 NV -0.24
DIF -0.22 Opn 0.21
tRFDmaxND 0.19 PV 0.2
BH -0.17 BH 0.19
PV -0.17 Cns -0.17
DIRFD -0.17 DIF -0.17
Agr -0.16 tFmaxD -0.14
tRFDmaxD -0.16 Ext 0.11
Opn 0.16 DIRFD -0.11
tFmaxND -0.16 BMI 0.11
FrmaxND -0.15 tFmaxND -0.1
RFDmaxND -0.14 RFDmaxND 0.09
Cns -0.14 tRFDmaxND 0.08
Nrt 0.11 FmaxND 0.08
Ext 0.1 EIND -0.03
BMI -0.09 EIND 0.03
tFmaxD -0.06 RFDmaxD -0.01
EINS 0.04 EIS 0
EIND 0.03 FmaxD 0
EIND 0.02
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7 DISCUSSION

This study primarily aimed to explore the quantitative characteristics of the association of
maximal force, rate of force development, endurance in the manifestation of force, time parameters
of manifestation of given force characteristics, as well as index parameters of handgrip measured in
isometric contraction, with the Big Five personality traits, mental toughness, dark triad, and
empathy in adults. This study also aimed to determine the specificity of these relationships in
different populations and the metrological characteristics of the newly formed index variables.

Our findings have revealed numerous significant associations between the mechanical
characteristics of handgrip strength and all the psychological characteristics assessed, thereby
supporting our first, second, and third auxiliary hypotheses. The patterns of relationships are
broadly similar across all investigated subgroups, with a few notable exceptions related to the
specific characteristics of the groups studied. This fact also applies to the anticipated intensity of
correlations, meaning that the interpretation of the results in relation to auxiliary hypothesis 4 is not
unanimous.

Additionally, we documented several effective regression models in which the mechanical
characteristics of the handgrip serve as predictors. These models can explain a significant
percentage of the variance in psychological characteristics, thus supporting our fifth auxiliary
hypothesis. However, it is important to note the limitation of this part of the study, which pertains to
the sample size, and caution should be exercised when interpreting these findings.

Furthermore, we observed moderating effects of various factors related to the manifestation of
mechanical handgrip characteristics, as well as interactions with these factors, on the psychological
characteristics of the participants, which supports our sixth auxiliary hypothesis. Overall, our
research supports the central hypothesis: there are associations between the mechanical
characteristics of handgrip strength and psychological characteristics that are specific to different
adult populations. As for the second aim, the newly derived index parameters have good metric
characteristics and can be recommended for further research.

However, not all results are unanimous when confirming the research hypotheses, so their
deeper contextualization is necessary. As with the presentation, the results will first be discussed
partially, with the entire sample and sub-samples, and then the discussion of all presented results
will follow. Study limitations will be listed and discussed in closing on the overall findings.

7.1 Total Sample
In this section, we will analyze and interpret the findings of the total sample of respondents.

For a valid interpretation of the results obtained from the total sample of participants, it is
crucial to take a close look at the characteristics of the sample shown through descriptive statistics
(Tables 1 and 2). Comparing the morphological characteristics with the general population (Dopsaj
et al., 2018; 2021; Rakic et al., 2019), as well as mechanical characteristics of handgrip (Dopsaj et
al., 2018; 2019a; 2019b; Ivanovi¢ & Dopsaj, 2012) it is visible that our sample represents above
average healthy and physically prepared group. Comparing the psychological characteristics of the
sample to the general population (Dini¢ et al., 2018b; Tasic et al., 2020; Vukmirovic et al., 2020),
even to the athletes (Milosevic¢ et al., 2024; Zari¢ et al.,2021) our sample also represent above
average stress resilient group, which should be primarily attributed to the large number of young
active and tactical athletes in the sample, which can be seen in the tables 6 and 7. If we add to this
the fact that there is a large number of sports students and elite athletes in the civil group, a clear
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picture of the sample structure can be obtained. The mentioned specificities will be further analyzed
in more detail through analyses of sub-samples, which will be presented in the following
subsections.

When analyzing the characteristics of the total sample, one should also note the significant
heterogeneity (Tables 1 and 2) in terms of numerous characteristics. Such heterogeneity will have
implications for understanding the relationships that are obtained. First of all, this resulted in a
deviation from the normal distribution of some psychological variables (Table 1), which
demonstrated good discriminativeness through numerous previous validation studies (Colovié et al.,
2014; Dini¢ et al., 2018; Gucciardi et al., 2015; Jonason & Webster, 2010; Stamatis et al., 2021a;
Milosevi¢ et al., 2022). Deviation from the normal distribution of handgrip mechanical
characteristics when considering the total sample (Table 2) is expected because it is highly
dimorphic according to gender (Gallup et al., 2007a; Kamarul et al., 2006). When it comes to the
force parameters, at the level of the total sample, we have two relatively normal distributions (male
and female) that overlap to some extent in male minimum and female maximum values (Table 4,
Graphs 9, 10, 11, 12, 13, 14) resulting in normality deviated total distribution. With this in mind, it
is observable that applied allometric partialisation improved the metric characteristics of these
indicators. Its use when observing gender heterogeneous samples can be recommended for further
research.

Analysis of the variance of the total sample revealed differences in the manifestation of all
groups of variables between the genders as well as the security population and civilians (Tables 3, 4,
5 and 6 as well as Graphs 3, 4,5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, and 28).

Comparing women and men reveals expected differences in both the morphological and
mechanical characteristics of handgrip strength (Dopsaj et al., 2018; 2019a; 2019b; 2021; Gallup et
al., 2007a; Ivanovi¢ & Dopsaj, 2012; Kamarul et al., 2006; Raki¢ et al., 2019). Women tend to be
smaller and, consequently, exhibit less force than men. Notably, allometric partialization did not
eliminate these differences, suggesting its effectiveness for future research. This finding indicates
that men's advantage in producing force is not solely due to greater muscle mass but also involves
differences in muscle structure and composition. While a comprehensive discussion of this finding
is beyond the scope of this dissertation, it highlights the potential for further investigation.

Interestingly, there are areas where gender does not affect the expression of handgrip
mechanics. For instance, the time required to generate maximum force and the dimorphism indexes
show no differences based on gender. It can be posited that, although male muscles may generate
more force per unit of time, the nervous systems of both men and women require the same duration
to achieve maximum contraction force. Additionally, the way force is manifested, as indicated by
the relationship between the dominant and non-dominant hands, appears to be a universal human
characteristic that is independent of gender. Similarities in the manifestation of psychological
characteristics are also in line with expectations (Colovi¢ et al., 2014; Dini¢ et al., 2018; Gucciardi
et al., 2015; Jonason & Webster, 2010; MiloSevic¢ et al., 2022; Stamatis et al., 2021a, b), except that
the greater aggressiveness of women is surprising. This finding could be explained as a peculiarity
of the security subsample, about which more will be said soon.

The differences observed between the security and civilian groups can be understood, in
part, as a result of the selection process that members of the security population undergo
(Koropanovski et al., 2022; Milosevi¢ & Milosevi¢, 2014; Papadakis et al., 2021). However, the
intensity of these differences also suggests that the civilian sample demonstrates good physical
fitness.
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It is particularly interesting to analyze areas where no differences exist between the two
groups. Notably, the absence of variation in the dark triad personality traits and their dimensions is
quite surprising. This finding highlights the need to enhance the current system for selecting
members of the security population.

A similar conclusion can be drawn regarding the mechanical characteristics of the handgrip
(see Table 6). The security population exhibits superior mechanical characteristics of the handgrip,
which are more dependent on muscle strength. In contrast, the differences are minimal or
nonexistent in characteristics that rely more on neural components.

When we consider the job profiles and challenges faced by future workers in the security
sector (Amanovi¢ & MiloSevi¢, 2022; MiloSevi¢ & MiloSevi¢, 2014), it becomes apparent that there
is a need to improve the current selection and training systems to address these issues. Finally, when
it comes to the relationship of mechanical characteristics of the handgrip with Big Five personality
traits (Tables 7 and 8), obtained relationship is according to expectation (Atkinson et al., 2012;
Crust & Clough, 2005; Fink et al., 2016; Gallup et al., 2010; Goldberg et al., 2017; Hegerstad et al.,
2019; Kerry & Murray, 2018; Mueller et al., 2016, 2018; Stephan et al., 2022), but they are weaker
than assumed. Namely, although the magnitude of the recorded correlation is in line with previous
studies, we expected more pronounced correlations since we introduced a more pronounced nervous
part of the handgrip's mechanical characteristics in our research. This finding can be interpreted as a
peculiarity of the sample and the influence of categorical and grouping variables that interfere with
the investigated relationships between the mechanical characteristics of the handgrip and
psychological characteristics. Even the application of allometric partialization (Table 8) did not
improve much. This influence of gender, personal history, physical fitness and professional
orientations as interfering variables is expected (Cronin et al., 2017; Gallup et al., 2007; Kamarul et
al., 2006; Innes, 1999; Liu et al., 2005); the division of the sample into more homogeneous sub-
samples seems justified and will give a clearer picture of the investigated relationships of the
mechanical characteristics of the handgrip and psychological characteristics.

On the other hand, this research revealed new relationships with the psychological variables
of MT and DT, which have not been examined in previous research. With these variables, a positive
correlation with force parameters can be observed, while with time parameters, we have a positive
correlation with MT and a negative connection with DT. This finding is in line with the findings of
studies dealing with the relationship between MT and DT (MiloSevi¢ et al., 2022; Papageorgiou et
al., 2019; Sabouri et al., 2016), which show the existence of common variance in the expression of
two groups of characteristics. Similarly, the maximal force to the maximal rate of force
development ratio positively correlates with MT and negatively with DT. This finding is also in
accordance with the findings of previous studies (MiloSevi¢ et al., 2022; Papageorgiou et al., 2019;
Sabouri et al., 2016), which also show the diametrically opposite manifestation in behaviour. All
these findings could be interpreted as the muscular component being crucial for correlation with MT
and the neural component playing a more significant role concerning DT. Namely, the tendency to
engage in physical exercise and training accompanies the subjects with higher MT. In contrast, a
greater tendency towards antisocial behaviour accompanies the innate speed of generating nerve
impulses. These theses also support previous research about the nature of the relationship between
MT and DT and physical exercise (Beitia et al., 2022; Brito et al., 2023; Cooper et al., 2020;
Coswig et al., 2023; Crust& Clough, 2005; Hegerstad et al., 2019; Milosevi¢ al., 2024;
Papageorgiou al., 2019; Sabouri et al., 2016; Stamatis et al., 2016 a; Van Cutsem et al., 2017 ). This
finding could also fit into the neurocognitive model of sensitivity to reward and punishment (Bell,
2012; Hardy et al., 2014), which is assumed to underlie primarily MT but could also be extended for
DT. Furthermore, this finding could be interpreted as a validation of theoretical assumptions about
MT as a characteristic that can develop (Gucciardi et al., 2015; Stamatis et al., 2016 a; Weinberg et
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al., 2011) more than it is an innate personality trait. However, an experimental design is needed to
prove such a claim, which was not the case in our research.

In this part of the research, there was no control for confounding variables, so one should be
careful in concluding the nature and intensity of the obtained correlations. The reason for this was
the desire to further analyze this external influence by comparing the results obtained on an
uncontrolled and controlled sample. The only control was for body mass through allometric
partialization, which has proven to be a good methodological choice for future research.

After we have presented the overall results, we can proceed to a further analysis by
subsamples in which, on the one hand, there will be fewer respondents, but on the other hand,
confounding and grouping variables will be put under a greater degree of control.

7.2 General Adult Population Subsample — Classical and Impulse Mode of Isometric
Contraction

In this section, we analyze the findings in the smallest group of subjects, the general adult
population subsample, focusing on the role of isometric contraction modalities when it comes to the
correlation of mechanical characteristics of handgrip and psychological characteristics.

Before a deeper discussion of relationships, which are the focus of this dissertation, it is
necessary to analyze the characteristics of the researched group (Tables 9 and 10). Comparing the
morphological characteristics with the general population (Dopsaj et al., 2018, 2021; Raki¢ et al.,
2019), it could be noticed that participants come from average or slightly above-average physically
prepared and healthy populations. According to descriptive indicators (Table 9), all handgrip
mechanical variables are also near average (Dopsaj et al., 2018, 2019a, 2019b; Ivanovi¢ & Dopsaj,
2012). Similar can be concluded by comparing the psychological characteristics of the sample
compared to the general population (Dini¢ et al., 2018b; Tasic et al., 2020; Vukmirovic et al., 2020).

The results of the MANOVA confirm the findings of previous studies (Dopsaj et al., 2021;
Sahaly et al., 2001; Suzovic & Nedeljkovic, 2009) about the manifestation of mechanical
characteristics in the classic and impulse mode of isometric contraction (Graphs 29, 30, 31, 32, 33,
and 34), which supports the assumptions of the difference in physiological mechanisms responsible
for their manifestation.

Obtained correlations (Tables 11 and 12) also mainly align with prior research (Fink et al.,
2016; Goldberg et al., 2017; Kerry & Murray, 2018; Stephan et al., 2022; Sutin et al., 2018) when it
comes to the existence and direction of relationships of mechanical characteristics of handgrip and
psychological characteristics. The most significant deviation is a negative correlation with Ext,
which could be explained by the documented inconsistency of findings of previous studies (Stephan
et al,, 2022). Namely, the difference in correlations is documented when they are examined
separately for women and men or altogether. It should be taken into account that the researched
subsample is composed of persons of both sexes, but unlike the previous research, allometric
partialization enabled, to some degree, the removal of the effect of body mass on the production of
muscle force (Jaric et al., 2005; Dulac et al., 2016). Therefore, the obtained correlations are valid
descriptions of the researched relationship, not the sampling artefact. However, repeating the
findings obtained on only male or female samples is necessary for future research to ensure these
claims are valid.

As another novelty to previous findings, this dissertation reveals the absence and existence
of the relationships between handgrip mechanical characteristics with MT and DT dimensions.
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Namely, while MT, Mch and Nrc (similar to Opn, Nrt, Cns and PV) do not significantly correlate
with mechanical characteristics of the handgrip, Psc positively correlates with Fmax and RFDmax
(similar to NV). This result is consistent with the findings of previous studies that examined the
relationship between MT and DT both among themselves and with the Big Five (Brito et al., 2023;
Coswig et al., 2023; Milosevi¢ et al., 2022; Papageorgiou et al., 2019; Sabouri et al., 2016). DT
positively correlates with FreyND and the ability to generate more force in less or the same time in
impulse compared to the classical mode of isometric contraction for the dominant hand (NRID).
NRID can also be described as an indicator of the possibility of creating more nerve impulses when
needed and efficiently executing the movements while maintaining neural reserve. This link
between the lack of ability to efficiently execute movements and tendencies of antisocial behaviour
can be described as a lack of impulse control in both the sense of motor control and behaviour in
general. Adding to this negative correlation of Agr and Ext with Fmax and RFDmax, the psychological
profile of persons able to generate a large amount of force quickly (and vice versa) can be described
as openly non-aggressive introverts with a negative self-image prone to antisocial behaviour,
emotional coldness, and impulsive and manipulative behaviour.

On the other hand, the ability to control impulses and maintain neural reserve could be a
corrective mechanism which prevents the manifestation of the listed tendencies through physical
aggression. In line with this conclusion is the finding of the regression analysis, which will be
presented in more detail soon, that NRI is the main predictor of MT. According to this, a more
remarkable ability to control impulses is also a characteristic of a person with a more developed
MT. Such description is in accordance with MT conceptualisation and behavioural expressions
(Bell, 2012; Clough et al., 2002; Giles et al., 2012; Gucciardi et al., 2015, 2016 a,b, 2017; Hardy et
al., 2014; Horsburgh et al., 2009; Stamatis et al., 2021a).

When it comes to observed correlations, it should also be noted that although there is a
similarity in the intensity and direction of the correlations from one psychological variable to
another, the difference can be observed when comparing the non-dominant to the dominant hand,
RFDmax t0 Fmax, as well as the impulse mode to the classical mode of isometric contraction. This
observation is also a novelty of this dissertation compared to the previous research, which opens
new possibilities for explaining the relationships obtained. Although all mentioned variables
represent a complex neuromuscular characteristic, because of its dependence on the speed of
recruitment of motor units, RFDmax primarily reflects the ability of the nervous system to produce
and transport impulses quickly (Baudry & Duchateau, 2021; Del Vecchio et al., 2019; Dideriksen et
al., 2020; Rodriguez-Rosell et al., 2018), this is especially true for non-dominant hand in impulse
mode of contraction. The possibility that some relationship between the mechanical characteristics
of handgrip and psychological characteristics can be additionally explained by the peculiarities of
the functioning of the nervous system and not exclusively with the muscular strength factors is
worth additional studies. However, these are only correlations, and care should be taken that our
research cannot serve as a basis for concluding causality.

Similar to the total sample, there was no control for confounding variables in this part of the
research. The reason for this was the sample size. The only control was allometric partialization,
which made it possible to obtain significant relationships by analyzing a very heterogeneous
sample.

Obtained regression models (Tables 13, 14, 15, 16), have surprisingly high coefficient of
determination. This raises concerns about over fitting. Outlier analysis showed that this can't be
attributed to skewed distributions of the scores due to extreme values. Adjusted R? scores showed
that initial models are mainly unsteady. The exception is the Agr model, which initially showed
good stability. After performing stepwise regression analyses, models gained much more stability
regarding adjusted R2. Regarding cross-validation, the total sample that is too tiny limits its
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performance. Therefore, one should not rush to say that even six models have been validated.
Namely, although some models showed similarity in the total sample and on a sample of 75% of
randomly selected respondents, cross-validation still showed that there is model instability and that
some of the original models were not statistically significant in the repeated procedure. At this
moment, it is difficult to judge whether any of the arguments mentioned above represent the reality
of things and which are artefacts of sampling. Such findings call for caution in the interpretation of
the obtained models. However, they also show that new research on this topic is justified.
Furthermore, the obtained results show that conducting this research was justified and that the
relationship between the handgrip and psychological characteristics was not exhausted by previous
research.

Obtained regression models point out a promising possibility that the results of similar
studies in the future will bring numerous opportunities for practical application in addition to the
theoretical value. What regression analysis adds to the correlation is primarily a synergistic effect of
subtle differences in the manifestation of the handgrip's measured mechanical characteristics when
predicting the psychological factors in question. Here, the duration of the excitation has its share in
explaining the variance of some psychological factors, not only the intensity of the excitation, as it
could be concluded based on correlation analysis. Regression analysis also showed unique
connection patterns with the mechanical characteristics of handgrips that were specific to individual
psychological characteristics. This further means that, in fact, the relations of different
psychological characteristics are linked to other physiological mechanisms responsible for the
manifestation of different mechanical characteristics of the handgrip. As if each of these
physiological mechanisms, in turn, explains a unique part of the variance in psychological traits. We
assume that this is the main reason why high coefficients of determination were obtained. In this
way, a more explicit connection of motor behaviour with a broader domain of behaviour
government is established. However, it should be noted once again that this is only a pilot attempt to
investigate the already insufficiently investigated relationships between mechanical and
psychological characteristics in different isometric contraction modalities. The sample size, which
did not allow for control of outliers, could have contributed significantly to the magnitude of the
coefficients of determination. Therefore, it is reasonable to fear that their magnitude may have been
overestimated in this study and that they will be smaller when the analysis is conducted on a larger
group of subjects. In any case, these results show that further investigation of this topic is justified
and necessary.

When all of the above is taken into account, regardless of methodological limitations and
necessary caution, the handgrip test, as used in this study, represents a promising method for
screening various personality traits, including mental toughness, aggressiveness, and the dark triad.

7.3 Police Students Subsample — Endurance in Force

In this section, we will analyze the findings of the group of police students who performed
the task of handgrip endurance, thereby giving impetus to expanding research on our topic.

Once again, before a deeper discussion of relationships, which are the focus of this
dissertation, descriptive indicators of the subsample should be looked at (Table 17). As expected,
the participants in this group represent an exceptionally physically and mentally healthy and
developed population compared to the results of previous studies (Dopsaj et al., 2018, 2019a,
2019b, 2021; Ivanovi¢ & Dopsaj, 2012; Markovi¢ et al., 2018; Raki¢ et al., 2019). Similar results
are obtained when it comes to psychological characteristics. The MT of the group can be described
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as highly developed, even if compared to elite athletes (MiloSevic et al., 2024: Zari¢ et al., 2021),
while the DT is extremely weak (Mch and Psc) and weakly present (Nrc). This observation is
especially true when compared to the results of the general population (Dini¢ et al., 2018; Jonason
& Webster, 2010). It also should be noted that a limited range of manifestations of all researched
characteristics impacted the obtained relationships.

Regarding the direction of relationships (Table 18) it should be remembered that the obtained
trend is valid only for a group of highly selected individuals. On the other hand, finding a specific
correlation between the mechanical characteristics of handgrip and the psychological characteristics
of police students contributes to the applied goals of the dissertation. Therefore, it is reasonable to
assume that repeating this research on a broader sample of candidates for police schools instead of
on a specified sample would show even more pronounced links between the mechanical
characteristics of handgrip and psychological characteristics, which could be used to improve the
selection process. In support of these assumptions, the results obtained on the extended security and
athletic sample (Tables 20, 21, 26 and 17) also speak.

The findings of correlation analysis are in line with the findings of earlier research (Crust &
Clough, 2005; Fink et al., 2010, 2016; Goldberg et al., 2017; Stephan et al., 2022) in which the
handgrip strength was associated with various psychological characteristics and behavioural
indicators. Unlike the previous studies that used strength, i.e. Fri, as the only mechanical
characteristic of the handgrip indicator, we found that RFDr has a more intense relationship with
MT and DT. Surprisingly, the direction of correlations between the mechanical characteristics of
handgrip measures and DT was opposite to what was hypothesized, as well as to the findings of the
previously mentioned studies (Dini¢ et al., 2018; Fink et al., 2016; Goldberg et al., 2017;
Papageorgiou et al., 2019). A similar thing happened with the total sample (Tables 7 and 8), but the
relationship was too weak to discuss. The findings could partially explain the positive association
with DT variables that the maximal force of handgrip correlates with aggressive, sexual and socially
dominant behaviour (Atkinson et al., 2012; Gallup et al., 2007, 2010). The selection bias (i.e.,
healthy subject bias) (Delgado-Rodriguez, 2004) could further explain the positive association of
HGS with DT as all participants are selected from the normal population based on age, their
cognitive capabilities, physical abilities, and psychological characteristics and traits (Koropanovski
et al., 2022). Considering this, the only thing that can be sure of is that the obtained direction of
associations is valid only for this group of specifically selected individuals. Given the specificity of
the police job and the selection process to become an officer, this provides practical value to this
study as a base ground for further development of profiles of police officers based on mechanical
characteristics of handgrip and psychological characteristics. While these correlations exist, caution
IS necessary as our research does not establish causality.

Contrary to expectations based on studies linking MT to persistence in work and training
(Beitia et al., 2022; Cooper, et al., 2020; Crust& Clough, 2005; Giles et al., 2018; Gucciardi et al.,
2016 b), no significant relationship with Fimp50% was obtained. A similar thing happened in the
study of police college students (Hegerstad et al., 2019). We assume that this finding is primarily an
artefact of the selection of candidates for police colleges, as well as the lack of control for the
influence of gender, rather than an expression of the absence of studied relationships in the
population. Also, contrary to expectations, MT did not show any significant relationship with either
Maximal Force or Rate of Force Development. This kind of finding has already been obtained in
earlier studies on highly physically fit and selected groups. Namely, no connection between MT and
hand grip strength was found among firefighters either (Beitia et al., 2022). We assume that this
finding should be interpreted in the same way as the previous one and that greater control of
confounding variables is needed, first of all, gender, which was not the case here.
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The results of MANOVA (Graphs 36, 37, and 38) demonstrated the complex interplay of the
mechanical characteristics of handgrip and psychological characteristics among police students. The
results showed that the interplay between Fre as a reflection of neuromuscular strength and RFDyej
as a reflection of neuromuscular quickness may reflect in students' MT and Nrc, while Fre and
FimpD0%re as a reflection of neuromuscular strength and stable neuromuscular endurance may
reflect in students' Psc. This finding suggests two possible specific mechanical profiles of handgrip
variables related to psychological characteristics. The first profile, which consists of high Fr and
high RFDrel with low Fimp50 % rel, reflects a low MT, moderate Nrc, and increased Psc. With higher
FimpD0%re and lower RFDrel, such tendencies disappear (Psc is falling) or are controlled to a greater
extent with increased MT. The second spotted profile of average Fr, high RFDre and low
Fimp50%rel, Which are characterized by high MT, high Nrc, and high Psc, have psychological
characteristics scores much closer to police work. This observation is especially true because
previous studies show that Nrc associated with MT predicts positive outcomes in various domains
(Milosevic et al., 2024; Papageorgiou et al., 2019; Sabouri et al., 2016). Also, findings that indicate
the association of MT with better stress management (Gerber et al., 2013; Mojtahedi et al., 2023;
Nabilpour et al., 2018; Papageorgiou et al., 2019) support our assumptions. This assumption also
aligns with previous studies that found Nrc to be the bridge between pro and antisocial behaviour
(Papageorgiou et al., 2019). The obtained results could provide a higher level of individualization of
the training process to improve both the physical and mental characteristics of police students.

Nevertheless, whether the results support the need to improve the selection process of
candidates already undergoing psychological testing arises. Do the results show that among the
selected candidates are those with the potential for maladaptive responses to stress or malevolent
behaviour? While answers to these questions require a longitudinal study, our results suggest that
these questions could be worth exploring. The results show that the selection process could be
improved to be more sensitive to tendencies for benevolent behaviour and impulse control.
Obtained profiles (Graph 35, 36, and 37) show the mechanism of occurrence of undesirable
reactions and behaviour even if all descriptive indicators (Table 17) are good. Such an occurrence
could be prevented by supplying an already existing selection process with additional data that is
easy and convenient to collect, and that could be tracked longitudinally with minimal effort and
resources.

In this part of the research, in addition to the influence of body mass on force production, the
level of physical fitness and professional orientation were also controlled. On the other hand,
members of both sexes were analyzed simultaneously, which certainly had an impact on the final
results. This fact should be taken into account when drawing conclusions about the generalizability
of the findings.

7.4  Security Population Subsample — Empathy

In this section, we will analyze the findings in the group security subsample, which is
composed of students of police, national security, and workers in these fields. As a contribution to
previous research and the application of this thesis's results in practice, the interpersonal reactivity
questionnaire in this group is highlighted.

Regarding descriptive indicators (Table 20), everything is the same for this group as for the
previous one. Comparing it with the general population and previous research (Dini¢ et al., 2018;
Dopsaj et al., 2018, 2019a, 2019b, 2021; Ivanovi¢ & Dopsaj, 2012; Jonason & Webster, 2010;
Markovi¢ et al., 2018; MiloSevi¢ et al., 2024; Raki¢ et al., 2019; Zari¢ et al., 2021) we can define it
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as above-average physically prepared, and mental and physically healthy as well as stress resilient
population. These findings also prove that the researched population is strictly selected based on
superior physical abilities, level of physical fitness, and psychological profile (Dopsaj et al., 2019;
Koropanovski et al., 2022; Papadakis et al., 2021). Moreover, once again, this fact must be
considered when discussing the results obtained and making conclusions. Since the Big Five, MT
and DT, have already been discussed in detail, and we expect more discussions about them when
the athletic subsample is taken into account to avoid unnecessary repetition of similar findings, this
section will emphasize empathy.

When it comes to the level of empathy development and the presence of empathy among
police and security students, based on the descriptive indicators (Table 19), one can observe the
average presence of EC and PT, slightly below the average presence of Fnt as well as a weak
presence of PD. Although this seems like a desirable ratio of empathy dimensions in future police
and security officers and agents, comparing the obtained results with the general population (Davis,
1983; De Corte et al., 2007; Hawk et al., 2013), it can be concluded that the subsample does not
stand out in this regard, as one might expect from a strictly selected population. A similar
conclusion can be drawn when comparing our participants with Swedish police students (Inzunza et
al., 2022). Although a large proportion of the sample exhibits exceptional characteristics when it
comes to empathy, there is also a considerable proportion of the sample with average or below-
average empathy scores. This claim is especially valid for men. In general, the scope for
improvement of the existing selection system has been again shown, especially if the shift toward
social skills (Bloksgaard & Prieur, 2021) is to be achieved. Nevertheless, the results can be the
foundation for setting reference selection standards for police and security students.

When comparing different groups within this subsample, first of all, it can be noticed that
police and security students have a reasonably similar selection profile when it comes to
psychological, morphological and mechanical characteristics of handgrip. Security students have
something more pronounced Mch, BW and something less tRFDmax. Although there is quite a
similarity between the jobs these students prepare for, public and national security represent specific
domains. Therefore, a more significant difference in the obtained profiles of the two groups was
expected. Again, this result also represents space for more profound research and analysis to
improve the two selection systems.

Contrary to the previous one, the obtained differences between women and men both in
empathy (Graphs 38, 39, 40) and in other measured characteristics are in complete accordance with
the previous results (Davis, 1983; De Corte et al., 2007; Dopsaj et al., 2018, 2019, 2021; Hawk et
al., 2013; Ivanovi¢ & Dopsaj, 2012; Raki¢ et al., 2019). Women have smaller bodies than men, so
they are physically weaker than men. They are also more empathetic and have less present
tendencies towards behaviour; on the other hand, men are physically more potent and have a more
developed MT. The only surprise is the greater aggressiveness obtained in women, which is a
novelty compared to previous studies. Since it was mentioned in the introduction, when the total
sample was discussed, it seems this data is a specific property of the security population. Although
it can be interpreted as the specificity of the sample and the selection system of police and security
students, further research is needed to understand and explain why this is happening.

The correlation between empathy and other psychological characteristics (Table 21) aligns
with expectations. MT represents a certain novelty in this context. Previous studies have shown
existing positive correlations between MT and self-compassion (Stamatis et al., 2016 b) among
athletes. This result indicates that a relationship between MT levels and empathic potential should
be expected. In our study, we obtained MT's positive connection with the cognitive aspects of
empathy and its negative connection with the emotional one. When we compare this finding with
DT, where the relationship is in the opposite direction, that is, positive with the emotional aspect
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and negative with the cognitive aspect, we can conclude not only that greater MT is present in
members of the security population with more significant empathic potential, but also lower
tendencies towards antisocial behaviour due to lack of empathy. Such claims are supported by the
findings of studies dealing with the relationship between MT, DT and empathy (Milosevi¢ et al.,
2022; Papageorgiou et al., 2019; Sabouri et al., 2016), as well as the conceptualisation and
expression of these characteristics in behaviour.

On the other hand, when it comes to the relationship between empathy and morphological as
well as mechanical characteristics of handgrip (Table 20), based on the results of prior research
(Crust & Clough, 2005; Faith et al., 2001; Fink et al., 2010, 2016; Goldberg et al., 2017; Magee et
al., 2013; Stefanovic et al., 2021; Stephan et al., 2022; Sutin & Terracciano, 2016) which has
established associations between BMI and handgrip strength with various behavioural indicators,
similar relationships were expected when it comes to empathy. Nevertheless, expectations came
trustworthy above all among women, while for men, the only significant was a negative relationship
between BW and PT. In general, physical strength, ability, and fitness indicators were negatively
associated with empathy in women. In this regard, the RFDmax Stood out in particular. Although
RFDmax is @ complex neuromuscular characteristic, as explained a few times earlier, it primarily
reflects the ability of the nervous system to produce and transport impulses quickly (Baudry &
Duchateau, 2021; Del Vecchio et al., 2019; Dideriksen et al., 2020; Rodriguez-Rosell et al., 2018).
Another possibility worth additional studies is whether this property causes a lack of empathy.
Nevertheless, it seems that the described gender specifics speak in favor of women as more suitable
for the role of police and security officer when from the position of proclaimed policing by social
skills (Bloksgaard & Prieur, 2021). Although these correlations are present, it is important to
exercise caution, as our research does not demonstrate causality.

In this group, control was established for gender, level of physical fitness, and professional
affiliation. Therefore, allometric partialization was not performed because the groups were already
reasonably homogeneous.

7.5 Athletic Subsample — Possibilities for Application

Before synthesizing all the obtained results, in this part, we will deal with the last subgroup
characterized by long-term physical exercise and training, regardless of whether it was followed by
achieving sports success. Nevertheless, athletic success was the basis for further segmentation of
this group so that confounding variables would be put under greater control and the results of this
dissertation would have a more significant practical impact on the selection process of elite athletes.

For the last time, before discussing relationships, according to descriptive indicators (Tables 22,
23, 24, and 25), comparing the morphological characteristics, all handgrip mechanical variables, as
well as psychological characteristics of the general population (Dopsaj et al., 2018, 2019a, 2019b,
2021; Ivanovi¢ & Dopsaj, 2012; Raki¢ et al., 2019), it could be stated that participants come from
above-average or at least in line with average physically prepared, and healthy population. Regarding
psychological indicators, all four subsamples are characterized by weakly present Nrc and NV,
moderate Agr, moderately high PV, and highly present Ext, Opn, and Cns. Compared to the general
population (Dini¢ et al., 2018; Tasic et al., 2020; Vukmirovic et al., 2020), the obtained psychological
profile can be described as healthy and stress-resilient.

The observed correlations (Tables 26 and 27) mainly align with prior research (Fink et al.,
2016; Goldberg et al., 2017; Kerry & Murray, 2018; Stephan et al., 2022; Sutin et al., 2018) when it
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comes to the existence and direction as well as gender specificity of relationships of mechanical and
psychological characteristics. The only contrary to expectation is the negative correlation of
RFDmaxND and Cns in male elite athletes. This finding is the first specificity of the male elite
athletes subsample compared to the general population and the other subsamples of this research
regarding researched relationships. Adding to this numerous positive correlations of handgrip
mechanical characteristics with Agr only in the male well-trained subsample, some gender specifics
in the athletic population are unfolded. A similar link between HGS and aggressive behaviour
(Gallup et al., 2007b) as well as HGS and testosterone levels (Page et al., 2005), testosterone levels
and Cns (Crewther et al., 2024) only in males was found in previous studies. How do we interpret
the obtained link of high mechanical characteristics with high Agr and insufficiently developed Cns
in males? The described relationship points to the possibility that the inheritance of superior
mechanical characteristics of handgrip in male elite athletes hinders the development of the Cns
because high results can be achieved with less effort. It can be further hypothesized that since
women are traditionally not expected to have physical strength, in order to reach the high level of
physical fitness demonstrated by our participants, they had to go through more rigorous training and
even a lack of understanding of the environment, which contributed to the development of Cns.
Moreover, women did not associate their AGR with physical strength since they were weaker than
men. However, these are just speculations; our research only provides us with information about
correlations, and a new experimental study is needed to draw causal conclusions.

Correlation analyses (Tables 26 and 27) also show that relationships between handgrip
mechanical and psychological characteristics are stronger among elite than well-trained athletes.
Compared with previous studies results (Fink et al., 2016; Kerry & Murray, 2018; Stephan et al.,
2022), a trend can be observed that with the level of physical fitness and abilities as well as sports
success, the researched relationships become more vigorous. In other words, physical exercise
affects not only the body but also the character. Suppose we add to this the observed superiority of
RFDmax over Fmax When describing the relationship of handgrip mechanical with psychological
characteristics, by what this dissertation diverges from previous similar research. In that case, some
new possibilities can be seen in explaining the relationships that were obtained. As mentioned
before, although RFDmax is @ complex neuromuscular characteristic, it primarily reflects the ability
of the nervous system to quickly produce and transport impulses (Baudry & Duchateau, 2021; Del
Vecchio et al., 2019; Dideriksen et al., 2020; Rodriguez-Rosell et al., 2018). The possibility that
features of the nervous system related to the speed of impulse generation and transport can be
somewhat related to or even responsible for psychological characteristics development is worth
additional studies. Again, it should be emphasized that this is primarily about correlations, not
causality.

Further analysis revealed additional differences between well-trained and elite athletes, which
are mainly in line with the findings of previous studies (Cronin et al., 2017). A higher BH, BM,
FmaxD and RFDmaxD characterize female elite athletes. In contrast, male elite athletes are
characterized by more Agr counter to the whole sample and security subsample findings. Although
such a finding indicates that it is not easy to differentiate well-trained and elite athletes, especially in
the male sample, with the help of the examined characteristics, results of discriminant analyses
convincingly show that this is not true. On the contrary, the synergistic effect of the observed
characteristics and connections enables accurate recognition of well-trained and elite athletes among
female and male samples. Considering the economy of the performed measurements and
assessments and the sample includes athletes from different sports disciplines, compared to similar
earlier studies (Robertson et al., 2022), the obtained discriminant models can be marked as very
effective. When it comes to gender differences, it can be seen (Table 28, Graphs 41, 42, 23, and 44)
that recognition of female athletes relies primarily on mechanical characteristics of handgrip;
recognition of male athletes relies mainly on psychological characteristics, while morphological
characteristics are equally important in both models. This finding represents this study's most
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important applied contribution because it paves the way for quick and economical selection of elite
athletes.

In this part of the research, in addition to controlling for gender, the level of control for
physical fitness was raised to an even higher level than in previous analyses. This was done by
distinguishing between well-trained and elite athletes. In this way, a high degree of control over
external influences on the relations investigated was established. On the other hand, we also
obtained some too-small groups, which do not fully satisfy the criteria for rigorous statistical
inference.

7.6 Overall Findings

In the final part of the discussion chapter, all the findings presented so far will be considered
and compared to gain more information and deeper insights into our topic.

Taking all the results obtained into account, it can be seen immediately that numerous
correlations between all the psychological and mechanical characteristics of the handgrip were
found. With this, the expansion of previous research from the relationship of maximal force into the
detailed analysis of the force-time curve found its justification, and numerous theoretical and
practical implications can be drawn from it.

When it comes to correlations, only Fimp50% did not reveal the existence of a statistically
significant correlation. In this regard, a small number of respondents performed this test. The
correlation with MT was on the edge of statistical significance. This finding was contrary to
expectations based on studies linking MT to persistence in work and training (Beitia et al., 2022;
Cooper et al., 2020; Crust& Clough, 2005; Giles et al., 2018; Gucciardi et al., 2016 b), jet already
happened in the study of police college students (Hegerstad et al., 2019). With the increase of the
sample size and its differentiation into men and women, as well as with the expansion of the sample
of psychological characteristics, the emergence of statistically significant relationships should be
expected. Also, Fimp50% demonstrated through the analysis of variance the existence of specific
relationships with psychological characteristics. With this, further research in the context of a
relationship with psychological characteristics is justified.

Since the correlation of psychological characteristics with Fmax is already known (Fink et al.,
2016; Goldberg et al., 2017; Kerry & Murray, 2018; Stephan et al., 2022; Sutin et al., 2018),
obtained relationships with RFDmax should be highlighted as an exciting novelty brought by this
dissertation. Everything presented so far speaks in favor of accepting the first three auxiliary
hypotheses that there is an association between the characteristics of the maximum handgrip force
(H1), maximum rate of force development (H2) and endurance in the manifestation of handgrip
force (H3) with the psychological characteristics of the participants.

The intensity of relationships is smaller in the total sample than in subsamples. When the
interfering variables of gender, body dimensions, personal, professional, training as well as sports
history are brought under control to a greater extent, the observed relationships are strengthened
(Tables 7, 8, 11, 12, 18, 20, 26, and 27). When it comes to comparing more and less physically fit
populations, results of previous studies on genera population (Fink et al., 2016; Goldberg et al.,
2017; Kerry & Murray, 2018; Stephan et al., 2022; Sutin et al., 2018), police students, well-trained
and elite athletes it is possible to determine the trend of strengthening relationships with increasing
levels of physical fitness, which confirms auxiliary hypothesis (H4) that the association between the
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mechanical characteristics of the handgrip and the psychological characteristics of the participants
follow the same trend in different subsamples, but are more intense in physically more fit
population (Tables 26, and 27). Exceptions, to a certain extent, are some robust correlations in our
general population subsample; however, given its size, this should not affect the conclusion of the
hypothesis. Another exception is the positive relationship with Agr only in elite male athletes, but
most relationships have similar direction in different subsamples.

Investigating relationships in the impulse mode of isometric contraction proved to be the
most significant innovation. It resulted in the most substantial obtained relationships between the
mechanical characteristics of the handgrip and the psychological characteristics, thus confirming the
auxiliary hypothesis (H5) that mechanical characteristics of the handgrip are predictors of
psychological characteristics.

Research in the police students subsample revealed the existence of numerous profiles of
students related to the psychological and mechanical characteristics of handgrip. This finding
confirmed the last auxiliary hypothesis (H6) that there are moderating effects of belonging to a
specific subpopulation and the factor of the manifestation of the mechanical characteristics of the
handgrip as well as the interaction of these factors on the psychological characteristics of the
participants. Also, this finding in an obvious way shows that the results of this research could be
applied for improving the existing system of selection of future police students.

All said so far justifies accepting the central hypothesis (H) of this research that there are
associations between the mechanical characteristics of the handgrip and psychological
characteristics, which are specific to the different populations of adults. In detail, most findings
agree with the assumption that more pronounced mechanical characteristics have a positive
relationship with desired or preferred psychological characteristics. The most apparent counter-
example is the positive relationship with Agr in elite male athletes. Positive links with Psc among
police students and the general adult population show similar things. On the one hand, this shows
that it is not possible to include all the obtained connections of mechanical and psychological
characteristics with one explanation, as in the conclusions of previous studies, but it also confirms
previous criticisms of the Big Five model that it is too narrow when it comes to assessing numerous
outcomes (Boyle et al., 2008; Papageorgiou et al., 2019; Saucier & Srivastava, 2015).

In addition to the emergence and direction, the question of the intensity of the obtained
connections also arises. Namely, the vast majority of the correlations found, although statistically
significant, could be described as moderate or weak. However, it should be borne in mind that in the
research on this topic so far, the highest obtained correlations ranged from 0.30 to 0.32 (Fink et al.,
2016; Goldberg et al., 2017; Kerry & Murray, 2018; Stephan et al., 2022; Sutin et al., 2018), so that
our study brings a previously unrecorded high intensity of connections. Also, in the area of
individual differences, only 25% of the highest correlation coefficients exceed 0.3 (Gignac &
Szodorai, 2016), which places the results of our study at the very top regarding the intensity of the
obtained connections in the whole research field. This finding is primarily a consequence of the
complexity of the observation and research methodology of this topic that was applied in this study.

In this way, the primary goal of this research to explore the quantitative characteristics of the
association of maximal force (Fmax), maximal rate of force development (RFDmax), endurance in the
manifestation of force (Fimp50%), time parameters of manifestation of given force characteristics, as
well as index parameters of handgrip expressed in different modes of isometric contraction, with the
Big Five personality traits, mental toughness, dark triad, and empathy in adults, then determining
the specificity of these relationships in different populations is fulfilled. When it comes to the
metrological characteristics of the newly formed index variables (DIF, DIRFD, EIS and NRIS), it
should be pointed out that they performed pretty well (Tables 2, 4, 6, 10, 23, 25, 26), that they
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brought much new information about the investigated relationships (Tables 7, 8, 12, 15, 16, 27, 28
and Graphs 14, 27, 28), and that their further research in connection with the topic of this work is
justified.

Before we proceed with further analyses, we must pay closer attention to potential biases or
external influences on the findings. The variables whose potential influence were investigated or
controlled were gender, professional orientation, level of physical activity, and body dimensions.
The primary method of controlling the impact of body dimensions on force production was
allometric partialization. This method proved to be effective, as it did not change the subsample's
relationships to force parameters but contributed to metric characteristics (Tables 2, 4, 6, 10, 17 and
Graphs 9, 10, 11, 12, 24, 25). When it comes to the relationship between the mechanical
characteristics of the handgrip and psychological factors, this method contributed to a more precise
insight and understanding of these relationships (Tables 8, 11, 12, 15, 16, 18 and Graphs 36, 37, 38).
Gender, professional orientation, and level of physical fitness were controlled primarily by division
into sub-samples. In this way, it was observed that in heterogeneous groups, the relations between
mechanical and psychological characteristics are mainly obscured by external influences. On the
other hand, in homogeneous groups, when confounding variables are controlled to a greater extent,
these relations gain strength. In addition to the above, a detailed descriptive analysis of all indicators
by all subgroups was also performed (Tables 1, 2, 3, 4, 5, 6, 9, 10, 17, 19, 22, 23, 24, 25, and
Graphs 3, 4,56, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 39, 40, 41). These indicators were also analyzed in detail and linked to indicators
from various previous studies on different populations. In this way, each specificity of the sample
and subsamples are described in detail, which provides information about any limitations that exist
when it comes to generalizing the findings.

As far as future research is concerned, it should also be noted that researching the dominant
versus non-dominant hand as opposed to investigating the sum of the dominant and non-dominant
hand has advantages and disadvantages. The effectiveness of laying sums should take precedence
while showing the results of the dominant and non-dominant hands is more informative. There will
be more to say about this soon. As far as allometric partialization is concerned, it proved to be
superior to raw force measures because it has more excellent discrimination and does not change the
obtained patterns of relationships. Its further use in the research on this topic is recommended. Also,
when it comes to impulse or classical mode of isometric contraction, although the subsample size is
far too small to draw definite conclusions, it is a promising method of exploring our topic.
Differences in mechanisms responsible for obtaining relationships in classic and impulse modes
were observed. In future research, both modalities of isometric contraction should be the subject of
study.

The nature of the researched mechanical characteristics should also be considered for a
deeper theoretical interpretation of the results. As mentioned earlier, handgrip strength (expressed
through Fmax) has relatively high heritability; a significant part of its manifestation also depends on
environmental factors (Frederiksen et al., 2002). Training adaptations which contribute the most to
the increase in Fmax relate primarily to muscle hypertrophy (Coffey & Hawley, 2007), while RFD max
increases mainly through enhancement of the speed of recruitment of motor units (Van Cutsem et
al., 1998). Regarding Fimp50%, the important role of supraspinal factors is recorded (Gandevia,
2001). These findings could be roughly summarized as follows: Although all three mechanical
characteristics represent complex neuromuscular features, Fmax is the component which the most
reflects training adaptations of muscles; RFDmax primarily reflects the inherent ability of the nervous
system to quickly produce and transport impulses, while Fims50% reflects the centrally governed
ability of perseverance in effort. As results show, all three mechanical characteristics have their
unique relationship with the psychological characteristics. Our research implies that the specificities
of the nervous system are one of the possible mechanisms by which research relationships can be
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explained. However, this is only an implication because our research is correlative, and
experimental studies are needed for causal inference.

In order to be able to claim with certainty that the obtained relationships are, to a greater
extent, a consequence of the nervous about the muscular component of mechanical characteristics of
the handgrip, as suggested by the comparison of Fmax, RFDmax and time for obtaining forces,
impulse and classical modalities of muscle contraction as well as the comparison of the dominant
and non-dominant hand, it is necessary to conduct new research in which the RFD would be
measured in different time intervals from the beginning of the contraction, since RFD obtained from
the early phase of force development predominantly depend upon the level of neural excitation
(Knezevic et al., 2014). Until then, one could further assume that the relationships between the
obtained mechanical and psychological characteristics can be direct and indirect and that there can
be three mechanisms to explain them. The ability to move in a certain way can lead to choosing and
consolidating different styles and behaviour patterns. On the other hand, the common physiological,
first of all, neural basis enables the ability to move in a certain way, as well as the choices and
consolidation of styles and patterns of behaviour. The return influence of behaviour tendencies on
the development of mechanical characteristics can also be assumed, thus closing the circle of mutual
interdependence. In this sense, the interdependence of physical fitness and MT is the most obvious.
Indeed, a higher MT accompanies individuals who engage in physical training more often and last
longer in it (Beitia et al., 2022; Cooper, et al., 2020; Crust& Clough, 2005; Giles et al., 2018;
Gucciardi et al., 2016 b). Also, the results of our study and previous ones (Papadakis et al., 2021;
Stamatis 2020, 2021 a,b) show the possibility of a feedback loop and the building of MT through
physical training (Gucciardi et al., 2015; Stamatis 2020, 2021b; Weinberg et al., 2011). This
reciprocal causality between the system components is a well-known phenomenon in psychological
literature, for example, short-term memory and the development of cognitive strategies (Siegler &
Alibali, 2005) or language and cognition (Pinker, 1994). However, this research is only a small step
towards establishing and validating such a model.

Related to what was previously said, the results of this research can be interpreted from the
perspective of the nature vs nurture debate. Since it was concluded that the relationships between
mechanical and psychological characteristics are more substantial in a more physically active
population, such as athletes or police students, this finding could be interpreted as the influence of
personal activity and the environment on the development of the investigated relationships.
However, the correlations are weak when the trained and untrained populations are mixed. This
finding can be interpreted as the training affects the mechanical characteristics and less the
psychological ones, whereby the training history masks the existence of relationships. Also, the
connection patterns are similar in all investigated subsamples, and the size of the correlations in
general population is an argument supporting the nature (heredity) thesis. Moreover, in this sense,
RFD is interesting for further research.

Along with all just presented is the interpretation of the overall findings as a validation of the
assumption that MT is a psychological characteristic that can be built through personal
development, in our case, primarily physical exercise and training (Gucciardi et al., 2015; Stamatis
et al., 2016 a, 2021b; Weinberg et al., 2011). Namely, in our research, a higher level of MT was a
characteristic of more physically fit groups, and its connection was more substantial with muscular
than with neural components. At this point, we should also mention the results of studies in which
no correlation between MT and physical fitness was found in strictly selected groups known for
their high level of physical fitness (Beitia et al., 2022; Cooper, et al., 2020; Crust& Clough, 2005;
Giles et al., 2018; Gucciardi et al., 2016 b). Considering all our results, the absence of these
relations in such groups, similar to the findings we obtained comparing the total sample and the
selected sub-samples, is an artefact of the selection process. Namely, only highly developed
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individuals in both domains are selected for tactical athlete groups. This finding further affects the
blurring of the existing relationships if the total population is observed.

In our study, it has also been shown that MT can be one of the corrective factors in the
behaviour and control of aggressive impulses in populations that use physical force in their work,
such as police officers, national security and the like, which is similar to results of prior studies
(Bell, 2012; Clough et al., 2002; Giles et al., 2012; Gucciardi et al., 2015, 2016 a,b, 2017; Hardy et
al., 2014; Horsburgh et al., 2009; Stamatis et al., 2021a). These findings lead us to the practical
implications of the results of this dissertation.

The question arises of how coaches and trainers can apply this research in athletic training.
Weather conditions and strength exercises can help athletes to build their personality, character, and
mental toughness. What kind of specific exercise program should they use for particular personality
changes? Or, vice versa, can psychological intervention help athletes build mechanical properties of
skeletal muscles? Being cross-sectional and correlation, our research cannot specifically answer
these questions. We examined correlation but no causalities. What we know from previous research
is that a physical training-only approach is not effective (Stamatis et al., 2016 a) and that building
MT requires a carefully planned psychological intervention (Ajilchi et al., 2019). Also, the
development of MT is a long-term process (Stamatis et al., 2016 a) that should be taken into account
in the planning of interventions; that is, it should be understood that the expectation of significant
results in this field in a short period is doubtful. Furthermore, the coaching style should be adapted
to the needs and characteristics of each athlete because what can be tolerable or even motivate
athletes with high MT can act as a disincentive or even be harmful to others (Gucciardi et al., 2017).
Insisting on MT and neglecting self-compassion in this sense can lead to impairment of mental
health (Stamatis et al., 2016 b). Unfortunately, this is a frequent case, especially in sports and
physically demanding occupations. Because of all the possible risks that this approach can bring, an
interdisciplinary approach to sports training is needed, as is the education of coaches process
(Stamatis et al., 2018).

Regarding the results of our study, both approaches, physically and psychologically, seem
plausible and justified. Our research shows that physical exercise and personality development are
positively correlated. However, taking a unilateral approach to this problem would not be effective.
Our study shows that an interdisciplinary approach makes sense when it comes to training.
Personality, character, and mental toughness are not built only through hard work or physical
exercise but also through the adoption of cognitive strategies and habits, possibly reshaping the
entire mindset, which allows for healthy reactions to stressful situations and their management.
Having such a mindset helps us endure hard work and training, not fear it and eventually more
easily engage in it. Therefore, the first step is a detailed assessment of the current state, not only of
physical but also of mental characteristics—analysis of potential threats, strengths and weaknesses,
as well as opportunities for improvement. Then, design an individual program for both physical
exercise and counseling, as well as therapeutic work, with the aim of achieving progress in both
fields - mechanical and psychological characteristics. To make this possible, further research is
needed.

The results have many other implications for practical application. First of all, the
implication for the individualization of training programs to enhance both the physical and mental
attributes of police and security students, which could, with additional research, be extended to
adults engaged in physically demanding and stressful occupations (police officers, firefighters,
soldiers, national security, and similar) as well as to athletes. Our research also prompts questions
regarding the refinement of candidate selection processes. Findings suggest the potential value of
exploring candidates' proclivity for maladaptive stress responses or malevolent behaviours. This
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exploration could be facilitated by augmenting the existing selection process with additional easily
obtainable data, allowing for longitudinal tracking with minimal resources.

Since personality assessments are often based on self-assessment inventories, this practice
relies heavily on two assumptions. The first refers to the ability of the respondents to provide valid
self-assessments, and the second refers to the motivation of the respondents to provide honest
answers about their insights. In competitive situations like entrance exams or job interviews, this is
questionable. Police work, one of the most stressful occupations (Kuki¢ et al., 2021), is a vivid
example of this problem. Having in mind the circumstances of prolonged chronic stress and the
potential of harming themselves, citizens, and even the whole society, a rigorous system of selection
and monitoring of the work and health of current and future police officers has been established
(Dopsaj et al., 2019b; Koropanovski et al., 2022; Milosevic & Milosevic, 2014; Papadakis et al.,
2021). Despite that, we frequently witness maladaptive and malevolent behaviour of police officers
(Alang et al., 2020; Grassi et al., 2019). As a possible solution, with the aim of better understanding
and predicting prolonged stress reactions, broadening the domain of personality assessment with the
most widespread personality models, such as the Big Five with the mental toughness and the Dark
triad, was proposed (Papageorgiou et al., 2019; Weinberg et al., 2011). However, it is even less
likely that honesty will be obtained in answering these questionnaires, which are pronounced by
which and what kind of answers recommend or disqualify a candidate for police or similar work.
So, mechanical and physiological characteristics correlations can be used to improve the selection
procedure. Also, it is reasonable to expect even stronger correlations between researched variables
to be found in future research with a broader population participating in entrance exams.
Furthermore, this research shows potential for widening this investigation with various protocols for
measuring and calculating different mechanical characteristics of handgrip until the “golden
standard” is established when applying handgrip tests for the mentioned purposes.

Although our results do not support the idea that personality traits and characteristics can be
accurately assessed with a handgrip strength test, the potential for using such parameters for
screening purposes is obvious. Handgrip strength tests have often been used to assess physical
fitness levels and overall body strength and health in athletes and the general population. With a few
additional adjustments, the handgrip strength test can mark individuals with high, moderate and low
expressions of numerous psychological characteristics. Such characteristics are, for example,
aggression, mental toughness, or dimensions of the dark triad. Also, our study showed that the
adjustments mentioned were not expensive or difficult to make.

Conversely, the obtained results also hold implications for further research on empathy in
police and security populations. It further prompts an already raised question regarding the
refinement of candidate selection processes. While conclusive answers necessitate longitudinal
investigations, our findings suggest the potential value of exploring candidates' empathy, job
performance, and responses to stress to raise the level of police and security work and the health of
those who performed it.

This study has certain limitations that should be considered when making conclusions. A
convenience sampling method instead of a random one represents a limitation of its
representativeness when generalizing findings. Also, although it meets the criteria of a power
analysis, some subsamples are too small to claim that the findings can apply to other samples or
even the general population. This claim is significant to remember when it comes to regression
analysis results. The deliberate selection of specific cohorts in this study also introduces limitations
related to the generalizability of findings. The findings may not readily apply to other police,
security or athletic cohorts or broader populations due to the focused nature of the sample. This fact
restricts the ability to make sweeping conclusions about behaviours in the broader context, mainly
when influenced by socio-demographic factors. At this point, most of our sample is from the athletic
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and physically fit population, so the obtained differences in genders do not reflect general
differences but rather differences of these selected groups. By applying stepwise regression, an
attempt was made to increase the generability of the obtained results, but the scope of this method is
still limited. The influence of confounding variables of training and sports history, as well as the
level of physical fitness, should also be taken into account. In some segments of this dissertation, it
has been brought under control to a certain extent. However, this fact should be taken into account
when interpreting the obtained results and when thinking about their generability. Also, in order to
get a more accurate picture of the researched relationships, their greater control is needed.

Furthermore, psychological surveys open the door to response bias, as participants may not
always provide accurate or candid responses. The participants, who were police, national security,
and sports students, might have been inclined to offer responses that aligned with social and
academic norms, potentially introducing a skew in the results. Lastly, since this study was
correlational, it is crucial to note that no causal relationships between the examined variables can be
deduced, as correlation does not imply causation. These considerations are important for
contextualizing the findings and understanding the scope of their applicability beyond the specific
cohort studied. For this purpose, new experimental longitudinal studies are required. The good news
is that the obtained results justify the investment of additional funds to repeat this research on a
larger and more population-representative sample, even as experimental longitudinal studies.
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8 CONCLUSION

This dissertation was conducted to explore the quantitative characteristics of the association
of maximal force, rate of force development, endurance in the manifestation of force, time
parameters of manifestation of given force characteristics, as well as index parameters of handgrip
measured in isometric contraction, with the Big Five personality traits, mental toughness, dark triad,
and empathy in adults, then determining the specificity of these relationships in different
populations, as well as the metrological characteristics of the newly formed index variables.

In relation to the first auxiliary hypothesis which reads: there is an association between the
characteristics of the maximum handgrip force and the psychological characteristics of the
participants, based on the results of this dissertation, it can be concluded that it is fully confirmed
because the existence of a statistically significant correlation (p<0.05) with Agr (p=-0.14), PV
(p=0.14), MT (p=0.22), Psc (p=0.18), DT (p =0.15) in total sample (Table 7 and 8), Agr (r=-0.42),
NV (r=0.50), Psc (r=0.49) in classic mode of isometric contraction in general population subsample
(Table 11), Agr (r=-0.42), Ext (r=-0.42), NV (r=0.53), Psc (r=0.52), DT (r=-0.40) in impulse mode
of isometric contraction in general population subsample (Table 12), Psc (r=0.26) in police students
subsample (Table 18), EC (p=-0.34) in security population subsample (Table 20), Opn (p=0.67), PV
(p=0.82), CNS (p=0.58) in female athletic sub sample (Table 26), Agr (p=0.32), Ext (p=-0.26), Nrt
(p=0.47) in male athletic subsample (Table 27).

In relation to the second auxiliary hypothesis which reads: there is an association between
the characteristics of maximum rate of force development and the psychological characteristics of
the participants, based on the results of this dissertation, it can be concluded that it is fully
confirmed because the existence of a statistically significant correlation (p<0.05) with MT (p=0.17),
Psc (p=0.23), Nrc (p=0.15), DT (p=0.22) in total sample (Table 7 and 8), Agr (r=-0.48), Ext (r=-
0.40), NV (r=0.43), Psc (r=0.54) in classic mode of isometric contraction in general population
subsample (Table 11), Agr (r=-0.41), NV (r=0.50), Psc (r=0.50) in impulse mode of isometric
contraction in general population subsample (Table 12), Psc (r=0.38), DT (r=0.30) in police
students subsample (Table 18), Fnt (p=-0.28) , PT (p=-0.31) , EC (p=-0.45) in security population
subsample (Table 20), Ext (p=-0.37), Opn (p=0.57), PV (p=0.63), Cns (p=0.67) in female athletic
sub sample (Table 26), Agr (p=0.31), Ext (p=-0.42), Nrt (p=0.56), NV (p=0.46), Cns (p=-0.42) in
male athletic subsample (Table 27).

About the third auxiliary hypothesis, which reads: there is an association between the
characteristics of endurance in the manifestation of handgrip force and the psychological
characteristics of the participants, based on the results of this dissertation, it can be concluded that it
is mainly confirmed because lack of significant correlation but (Table 18) but at the same time
existence of a statistically significant (p <0.05) interactions of FreiS and Fimp50%Srel with Psc (Graph
38).

Concerning the fourth auxiliary hypothesis, which reads: the association between the
mechanical characteristics of the handgrip and the psychological characteristics of the participants
follow the same trend in different subsamples but are more intense in the athletic and police-security
group compared to the general population based on the results of this dissertation, it can be
concluded that it is mainly confirmed because the direct comparison of correlation intensity in
trained and elite athletes (Table 26, table 27) but also a few exceptions when correlations in
different subsamples are indirectly compared (Tables 7, 8, 11, 12, 18, 20, 26, and 27).

About the fifth auxiliary hypothesis which reads: mechanical characteristics of handgrip are
predictors of psychological characteristics, based on the results of this dissertation, it can be
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concluded that it is fully confirmed because the existence of a statistically significant (p<0.05)
regression models of Agr (R?=0.94), Eks (R?=0.18), Nrt (R?=0.74), NV (R?=0.71), MT (R?=0.46),
Psc (R?=0.29), Nrc (R?=0.70), and DT (R?=0.55), in general population subsample (Tables 13, 14,
15, 16).

In relation to the sixth auxiliary hypothesis which reads: there are moderating effects of
belonging to a specific subpopulation and the factor of the manifestation of the mechanical
characteristics of the handgrip as well as the interaction of these factors on the psychological
characteristics of the participants, based on the results of this dissertation, it can be concluded that it
is fully confirmed because the existence of significant (p < 0.05) differences with large effect sizes
in Psc [F (2,46) = 3.86; p = 0.03 n2 = .14] on factor RFDyelS, interactions of FraS and RFDreS with
MT and Nrc as well as interactions of FrelS and Fimp50%Srel with Psc in police students subsample
(Graphs 36, 37, 38), differences in in the intensity and even direction of correlations between
members of different groups within the subsample (Tables 7, 8, 11, 12, 18, 20, 26, and 27), as well
as the manifestation of mechanical and psychological characteristics of members of different groups
within the subsample (Tables 1, 2, 3, 4,5, 6, 9, 10, 17, 19, 22, 23, 24, 25, and Graphs 3, 4,56, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18 , 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 39,
40, 41).

Concerning the central hypothesis, which reads: there are associations between the
mechanical characteristics of the handgrip and psychological characteristics, which are specific to
the different populations of adults, it can be concluded that it is confirmed because the existence of
statistically significant correlations (Tables 7, 8, 11, 12, 18, 20, 26, and 27), regression models
(Tables 13, 14, 15, 16), differences (Tables 1, 2, 3, 4, 5, 6, 9, 10, 17, 19, 22, 23, 24, 25, and Graphs
3,4,56,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 39, 40, 41) and interactions (Graphs 36, 37, 38).

This dissertation confirmed the existence of so far known but also numerous unknown
correlations (Tables 7, 8, 11, 12, 18, 20, 26, and 27) between handgrip mechanical with
psychological characteristics, both in the total sample and numerous subsamples. Occupational and
gender-specific patterns were also revealed (Tables 1, 2, 3, 4, 5, 6, 9, 10, 11, 12, 17, 18, 19, 20, 22,
23, 24, 25, 26, and 27 as well as Graphs 3, 4,56, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 36, 37, 38, 39, 40, 41). Analyzing force-time
curve parameters in handgrip tasks and different modes of isometric contraction, a novelty
compared to previous similar research, proved to be a promising method, bringing numerous new
insights about the researched relationships.

The results confirm the previous research and provide additional possibilities and
explanations of the observed relationships. Attention was drawn to the potential peculiarities of the
nervous system as a possible explanation for the obtained correlations. The potential of interpreting
the obtained results was also shown in the light of the nature vs. nurture debate regarding the
relationship between mechanical and psychological characteristics. In this way, the connection of
motor behaviour and control with the broader context of behaviour was additionally established and
illuminated.

The dissertation highlights the complex interplay between the mechanical and psychological
characteristics of handgrips among different populations of adults. This investigation identifies
intricate relationships that lead to distinct profiles of handgrip mechanical characteristics associated
with behavioural determinants. These findings underscore the need for a critical reevaluation and
refinement of candidate selection processes in police, national security, and similar professions.
They also emphasize the importance of adopting a more nuanced approach considering physical and
psychological factors in recruitment. Furthermore, our study brings to light a unique and noteworthy
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observation — a positive correlation between desirable physical attributes, represented by
mechanical characteristics of the handgrip, and undesirable behavioural determinants in some
populations, which is particularly important for future police and security students and workers.
This intriguing relationship warrants in-depth exploration and careful examination within the
broader context of occupational health and well-being. It poses important questions about the
intricacies of human behaviour and the potential implications for training and professional
development strategies in physically demanding and stressful occupations (law enforcement,
firefighting, military, national security, and similar) and sports.

Regarding instant practical application, the obtained discrimination models (Table 28 and
Graphs 42, 43, 44, 45) represent an effective tool for selection in sports.

Also, the results of this dissertation have relevant theoretical implications in understanding
the nature of mental toughness, which further suggests the need to improve the recruitment process
of tactical athletes and the possibility of training to improve the mental toughness of already
selected candidates and workers in this field.

This dissertation has provided additional evidence for a link between skeletal muscles'
mechanical and psychological characteristics. However, it also extends existing knowledge in
several ways. We have uncovered new insights into the relationships stemming from an expanded
understanding of these characteristics, which have not been previously explored. Specifically, we
have identified the nuances of these connections within distinct populations. Our findings indicate
that, under conditions that control for interfering variables, the relationships observed so far appear
with significantly greater intensity. Therefore, this study has achieved its objectives and provides a
strong foundation for future research.

We have outlined the directions and approaches for further investigation of this topic. The
experiences gained from this study will help in the effective design of upcoming studies, as
numerous methodological solutions have been tested, compared, and evaluated. This will ease the
work for future researchers. In addition to its theoretical and research implications, this study
demonstrates clear avenues for practical application of the results, some of which can be
implemented immediately. At the same time, most still require additional research in order to be
able to implement them in practice.

This research highlights, once again, the essential connection between movement and
psychological well-being. A modern lifestyle that restricts physical activity poses significant risks
not only to individual development but also to society as a whole. It is imperative for all
professionals in the field of physical culture to engage in further research, prevention efforts, and to
combat these concerning trends.

118



9 ACKNOWLEDGMENTS

| want to express my sincere and immense gratitude to the Faculty of Sport and Physical
Education, the University of Criminal Investigation and Police Studies and the Academy for
National Security for supporting these ideas and for the selfless sharing of equipment and
infrastructure. Also, | am expressing my gratitude to all the participants who participated in the
research on understanding, support, and cooperation.

Also, | owe deep gratitude to the mentor and members of the committee who, with their
knowledge and patience, are responsible for the fact that this research was realized in this form.

Furthermore, | owe special thanks to my colleagues Nenad Koropanovski, Filip Kukic,
Vladimir Kitanovi¢ and Branislav Bozovi¢, as well as the whole researcher's crew of the Motor
Research laboratory of the Faculty of Sports and Physical Education, who worked hard with great
dedication to carry out such an extensive study and without whom | would certainly never have
managed to collect this amount of data.

This dissertation was created during a time of great struggle for truth and justice by all my
colleagues. | owe a large part of the inspiration and energy to persevere in this work to them.

Ultimately, | thank the family who had the patience and support for their life to go on
without my participation during the preparation and execution of this research, which represents my
most significant personal sacrifice.

Milos§ MiloSevi¢

119



10

10.

11.

12.

13.

14.

REFERENCES

Adolph, K. E. & Franchak, J. M. (2017). The development of motor behaviour . Wiley
interdisciplinary reviews. Cognitive science, 8(1-2):10.1002/wcs.1430.
https://doi.org/10.1002/wcs.1430.

Aharony, S., Milgrom, C., Wolf, T., Barzilay, Y., Applbaum, Y. H., Schindel, Y., Finestone, A.
& Liram, N. (2008). Magnetic resonance imaging showed no signs of overuse or permanent
injury to the lumbar sacral spine during a Special Forces training course. The Spine Journal,
8(4), 578-583. https://doi.org/10.1016/j.spinee.2007.01.001.

Ajilchi, B., Amini, H. R., Ardakani, Z. P., Zadeh, M. M., & Kisely, S. (2019). Applying
mindfulness training to enhance the mental toughness and emotional intelligence of amateur
basketball players. Australasian psychiatry: bulletin of Royal Australian and New Zealand
College of Psychiatrists, 27(3), 291-296. https://doi.org/10.1177/1039856219828119

Alang, S., McAlpine, D. D. & Hardeman, R. (2020). Police Brutality and Mistrust in Medical
Institutions. Journal of Racial and Ethnic Health Disparities, 7(4), 760—768.
https://doi.org/10.1007/s40615-020-00706-w.

Alibhai, S. M., Breunis, H., Timilshina, N., Johnston, C., Tomlinson, G., Tannock, I., Krahn,
M., Fleshner, N. E., Warde, P., Canning, S. D., Klotz, L., & Naglie, G. (2010). Impact of
androgen-deprivation therapy on physical function and quality of life in men with
nonmetastatic prostate cancer. Journal of clinical oncology : official journal of the American
Society of Clinical Oncology, 28(34), 5038-5045. https://doi.org/10.1200/JC0.2010.29.8091.
Alix-Fages, C., Del Vecchio, A., Baz-Valle, E., Santos-Concejero, J. & Balsalobre-Fernandez, C.
(2022). The role of the neural stimulus in regulating skeletal muscle hypertrophy. European
journal of applied physiology, 122(5), 1111-1128. https://doi.org/10.1007/s00421-022-04906-6.
Allen, D. G., Lamb, G. D. & Westerblad, H. (2008). Skeletal muscle fatigue: cellular
mechanisms. Physiological reviews, 88(1), 287-332.
https://doi.org/10.1152/physrev.00015.2007

Allport, W. G. (1937). Personality: A psychological interpretation. New York: Holt, Rinehart
& Winston.

Allport, G. W. & Odbert, H. S. (1936). Trait-names: A psycholexical study. Psychological
Monographs, 47 (Whole No. 1).

Allport G. W. (1961). Pattern and Growth in Personality. Fort Worth TX: Harcourt College
Publisher.

Amann, M. & Calbet, J. A. (2008). Convective oxygen transport and fatigue. Journal of applied
physiology (Bethesda, Md. : 1985), 104(3), 861-870.
https://doi.org/10.1152/japplphysiol.01008.2007

Amanovi¢, D., & Milosevi¢, M. (2022). 3Hama, ClToCOOHOCTH W BEMITHHE HEOTIXOIHE 32
YCIEIHO 00aBJbame MOIHUIHMCKUX OCI0Ba 00e30eheHe crenujatHuM GU3NUIKUM
obpazoBameM. bezoennoct, 64(1).108-124. https://doi.org/10.5937/bezbednost2201108A
Anderson, G. S., Litzenberger, R., & Plecas, D. (2002). Physical evidence of police officer
stress. Policing: An International Journal of Police Strategies & Management, 25(2), 399-420.
https://doi.org/10.1108/13639510210429437.

Anestis, S. F. (2005). Behaviour al style, dominance rank, and urinary cortisol in young
chimpanzees (Pan troglodytes), Behaviour, 142(9-10), 1245-1268. doi:
https://doi.org/10.1163/156853905774539418.

120



15.

16.
17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Angius, L., Mauger, A. R., Hopker, J., Pascual-Leone, A., Santarnecchi, E. & Marcora, S. M.
(2018). Bilateral extracephalic transcranial direct current stimulation improves endurance
performance in healthy individuals. Brain stimulation, 11(1), 108-117.
https://doi.org/10.1016/j.brs.2017.09.017

Ashton, C.M. (2013). Individual Differences and Personality. Cambridge: Academic Press.
Atkinson, J., Pipitone, R. N., Sorokowska, A., Sorokowski, P., Mberira, M., Bartels, A. &
Gallup, G. G., Jr (2012). Voice and handgrip strength predict reproductive success in a group of
indigenous African females. PloS one, 7(8), e41811.
https://doi.org/10.1371/journal.pone.0041811

Baker-Eck, B., Bull, R., & Walsh, D. (2020). Investigative empathy: A strength scale of
empathy based on European police perspectives. Psychiatry, Psychology and Law, 27(3), 412—
427. https://doi.org/10.1080/13218719.2020.1751333

Bartlet R. (2005). Sports biomechanics — reducing injuries and improving performance. New
York: E & FN Spon publishers.

Baron-Cohen, S., Bowen, D. C., Holt, R. J., Allison, C., Auyeung, B., Lombardo, M. V., Smith,
P., & Lai, M.-C. (2015). The “Reading the Mind in the Eyes” Test: Complete Absence of
Typical Sex Difference in ~400 Men and Women with Autism. PLOS ONE, 10(8), e0136521.
https://doi.org/10.1371/journal.pone.0136521.

Baudry, S., Duchateau, J. (2021). Changes in corticospinal excitability during the preparation
phase of ballistic and ramp contractions. The Journal of Physiology, 599(5):1551-1566.
https://10.1113/JP281093.

Beitia, P., Stamatis, A., Amasay, T., & Papadakis, Z. (2022). Predicting Firefighters’ Physical
Ability Test Scores from Anaerobic Fitness Parameters & Mental Toughness Levels.
International Journal of Environmental Research and Public Health, 19(22), 15253.
https://doi.org/10.3390/ijerph192215253.

Bell, J. (2012) Preliminary evidence for a neuro-cognitive model of mental toughness. Bangor:
Bangor University.

Bemben, M. G,, Clasey, J. L. & Massey, B. H. (1990). The effect of the rate of muscle
contraction on the force-time curve parameters of male and female subjects. Research quarterly
for exercise and sport, 61(1), 96-99. https://doi.org/10.1080/02701367.1990.10607484.
Bhattacharjya, J., Barua, P., Goswami, B. (2023). Impact of Perceived Stress on handgrip
muscle strength and Endurance in healthy young adults. Journal of Cardiovascular Disease
Research, 14(17):19-25.

Bloksgaard, L., & Prieur, A. (2021). Policing by social skills: The importance of empathy and
appropriate emotional expressions in the recruitment, selection and education of Danish police
officers. Policing and Society, 31(10), 1232-1247.
https://doi.org/10.1080/10439463.2021.1881518.

Bohannon, R.W. (2001). Dynamometer Measure ments of Hand Grip Strength Predict Multiple
Outcomes. Percept Motor Skills, 93:323-328.

Bonfils, K. A., Lysaker, P. H., Minor, K. S. & Salyers, M. P. (2017). Empathy in
schizophrenia: A meta-analysis of the Interpersonal Reactivity Index. Psychiatry research, 249,
293-303. https://doi.org/10.1016/j.psychres.2016.12.033.

Bogg, T. & Roberts, B. W. (2004). Conscientiousness and health-related behaviour s: a meta-
analysis of the leading behaviour al contributors to mortality. Psychological bulletin, 130(6),
887-919. https://doi.org/10.1037/0033-2909.130.6.887.

Boyle, G., Matthews, G., Saklofske, D., (2008). The SAGE Handbook of Personality Theory
and Assessment: Volume 1 — Personality Theories and Models. London: SAGE Publications.
https://doi.org/10.4135/9781849200462.

Brenes, G. A., Guralnik, J. M., Williamson, J. D., Fried, L. P., Simpson, C., Simonsick, E. M.
& Penninx, B. W. (2005). The influence of anxiety on the progression of disability. Journal of
the American Geriatrics Society, 53(1), 34—39. https://doi.org/10.1111/j.1532-
5415.2005.53007.x.

121



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Brietzke, C., Franco-Alvarenga, P. E., Canestri, R., Goethel, M. F., Vinicius, I., Painelli, V. S.,
Santos, T. M., Hettinga, F. J. & Pires, F. O. (2020). Carbohydrate Mouth Rinse Mitigates
Mental Fatigue Effects on Maximal Incremental Test Performance, but Not in Cortical
Alterations. Brain sciences, 10(8), 493. https://doi.org/10.3390/brainsci10080493

Brito, C. J., Chagas, A. L. dos S., Brito, M. A. de ., Miiller, V. T., Noronha, A. S.,

Broodryk, A., Pienaar, C., Edwards, D. & Sparks, M. (2017). The psycho-hormonal influence
of anaerobic fatigue on semi-professional female soccer players. Physiology & behaviour , 180,
8-14. https://doi.org/10.1016/j.physbeh.2017.07.031.

Brito, CJ., Chagas, ALS., Brito, MA., Muller, VT., Noronha, AS., Coswig, V., Teixeira, FG.,
Soto, DAS., & Miarka, B. (2023). Mental toughness and physical fitness tests of boxing
athletes associated with Big Five personality factors. Revista Brasileira de Cineantropometria e
Desempenho Humano, 25:e87135. https://doi.org/10.1590/1980-0037.2023v25e87135

Brumbaugh, CC., Kothuri, R., Marci, C., Siefert, C., Pfaff, DD. (2013). Physiological Correlates
of the Big 5: Autonomic Responses to Video Presentations. Applied Psychophysiology and
Biofeedback. 38(4), 293-301. https://doi.org/10.1007/s10484-013-9234-5

Calbet, J. A., De Paz, J. A., Garatachea, N., Cabeza de Vaca, S. & Chavarren, J. (2003).
Anaerobic energy provision does not limit Wingate exercise performance in endurance-trained
cyclists. Journal of applied physiology (Bethesda, Md. : 1985), 94(2), 668—676.
https://doi.org/10.1152/japplphysiol.00128.2002.

Campbell, M., Varley-Campbell, J., Fulford, J., Taylor, B., Mileva, K. N., & Bowtell, J. L.
(2019). Effect of Immobilisation on Neuromuscular Function In Vivo in Humans: A Systematic
Review. Sports Medicine, 49(6), 931-950. https://doi.org/10.1007/s40279-019-01088-8.
Canli, T. (2006). Biology of Personality and Individual Differences. New York City: Guilford
Press.

Cattell, R. B. (1965). The scientific analysis of personality. Baltimore: Penguin.

Chandran, S., Guo, T., Tolliver, T., Chen, W., Murphy, D. L. & McPherron, A. C. (2012).
Effects of serotonin on skeletal muscle growth. BMC Proceedings, 6(Suppl 3), O3.
https://doi.org/10.1186/1753-6561-6-S3-03.

Chapman, B. P., Duberstein, P. R., Sorensen, S. & Lyness, J. M. (2007). Gender Differences in
Five Factor Model Personality Traits in an Elderly Cohort: Extension of Robust and Surprising
Findings to an Older Generation. Personality and individual differences, 43(6), 1594-1603.
https://doi.org/10.1016/j.paid.2007.04.028.

Chung, C. J., Wu, C., Jones, M., Kato, T. S., Dam, T. T., Givens, R. C., Templeton, D. L.,
Maurer, M. S., Naka, Y., Takayama, H., Mancini, D. M. & Schulze, P. C. (2014). Reduced
Handgrip Strength as a Marker of Frailty Predicts Clinical Outcomes in Patients With Heart
Failure Undergoing Ventricular Assist Device Placement. Journal of Cardiac Failure, 20(5),
310-315. https://doi.org/10.1016/j.cardfail.2014.02.008

Clough, P., Earle, K. & Sewell, D. (2002). Mental toughness: The concept and its
measurement. In I. Cockerill, Solutions in sports psychology (pp. 32-43). London: Thomson.
Clough, P. & Strycharczyk, D. (2012). Developing Mental Toughness: Improving
Performance, Wellbeing and Positive Behaviour in others. London:Kogan Page Publishers.
Coffey, V. G., & Hawley, J. A. (2007). The molecular bases of training adaptation. Sports
Medicine (Auckland, N.Z.), 37(9), 737-763. https://doi.org/10.2165/00007256-200737090-
00001.

Colomer-Poveda, D., Lopez-Rivera, E., Hortobagyi, T., Marquez, G. & Fernandez-Del-Olmo,
M. (2023). Differences in the effects of a startle stimulus on rate of force development between
resistance-trained rock climbers and untrained individuals: Evidence for reticulospinal
adaptations?. Scandinavian Journal of Medicine & Science in Sports, 10.1111/sms.14351.
Advance online publication. https://doi.org/10.1111/sms.14351.

122



47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

Cooper, K. B., Wilson, M. R., & Jones, M. I. (2020). Fast talkers? Investigating the influence
of self-talk on mental toughness and finish times in 800-meter runners. Journal of Applied
Sport Psychology, 33(5), 491-509. https://doi.org/10.1080/10413200.2020.1735574
Cosmides, L. & Tooby, J. (1997). Evolutionary Psychology: A Primer. Center for evolutionary
psychology: http://www.cep.ucsbh.edu/primer.html. Pristupljeno 01.03.2023.

Costa, P. T. & McCrag, R. R. (1992). Four ways five factors are basic. Personality and
Individual Differences, 13(6), 653-665. https://doi.org/10.1016/0191-8869(92)90236-1
Coswig, V., Teixeira, F. G., Soto, D. A. S. & Miarka, B.. (2023). Mental toughness and
physical fitness tests of boxing athletes associated with Big Five personality factors. Revista
Brasileira De Cineantropometria & Desempenho Humano, 25. https://doi.org/10.1590/1980-
0037.2023v25e87135.

Cowden, R. G. (2017). On the mental toughness of self-aware athletes: Evidence from
competitive tennis players. South African Journal of Science, 113(1-2), 1-6. https://doi.org/10.
17159/sajs.2017/20160112

Crewther, B. T., Obminski, Z., Turowski, D., Szczepanska, B., & Mroczkowska, H. (2024).
Associations between the Big Five personality traits, testosterone, and cortisol in adolescent
male athletes. Biology of Sport, 41(1), 279-286. https://doi.org/10.5114/biolsport.2024.127390
Cronin, J., Lawton, T., Harris, N., Kilding, A., & McMaster, D. T. (2017). A Brief Review of
Handgrip Strength and Sport Performance. Journal of Strength and Conditioning Research,
31(11), 3187-3217. https://doi.org/10.1519/JSC.0000000000002149.

Crust, L., & Clough, P. J. (2005). Relationship between mental toughness and physical
endurance. Perceptual and motor skills, 100(1), 192—-194.
https://doi.org/10.2466/pms.100.1.192-194

Colovié, P., Smederevac, S. & Mitrovi¢, D. (2014). Velikih pet plus dva: validacija skra¢ene
verzije. Primenjena Psihologija, 7(3-1), 227. https://doi.org/10.19090/pp.2014.3-1.227-254
Davis, M. H. (1980). A multidimensional approach to individual differences in empathy. JSAS
Catalog of selected documents in psychology, 10, 85.

Dienstbier R. A. (1989). Arousal and physiological toughness: implications for mental and
physical health. Psychological Review, 96(1), 84-100. https://doi.org/10.1037/0033-
295x.96.1.84.

Digman, J. M. (1990). Personality structure: Emergence of the five- factor model. Annual
Review of Psychology, 41, 417-440. https://doi.org/10.1146/annurev.ps.41.020190.002221
De Moor, M. H., Beem, A. L., Stubbe, J. H., Boomsma, D. I. & De Geus, E. J. (2006). Regular
exercise, anxiety, depression and personality: a population-based study. Preventive Medicine,
42(4), 273-279. https://doi.org/10.1016/j.ypmed.2005.12.002

DeYoung C. G. (2006). Higher-order factors of the Big Five in a multi-informant sample.
Journal of Personality and Social Psychology, 91(6), 1138-1151. https://doi.org/10.1037/0022-
3514.91.6.1138.

DeYoung C. G. (2013). The neuromodulator of exploration: A unifying theory of the role of
dopamine in personality. Frontiers in Human Neuroscience, 7, 762.
https://doi.org/10.3389/fnhum.2013.00762.

DeYoung, C. G., Hirsh, J. B., Shane, M. S., Papademetris, X., Rajeevan, N. & Gray, J. R.
(2010). Testing predictions from personality neuroscience. Brain structure and the Big Five.
Psychological Science, 21(6), 820-828. https://doi.org/10.1177/0956797610370159.

Del Vecchio, A., Negro, F., Holobar, A., Casolo, A., Folland, J. P., Felici, F. & Farina, D.
(2019). You are as fast as your motor neurons: speed of recruitment and maximal discharge of
motor neurons determine the maximal rate of force development in humans. The Journal of
Physiology, 597(9), 2445-2456. https://doi.org/10.1113/JP277396.

Delgado-Rodriguez, M. (2004). Bias. Journal of Epidemiology & Community Health, 58(8),
635-641. https://doi.org/10.1136/jech.2003.008466.

Deutekom, M., Beltman, J. G., de Ruiter, C. J., de Koning, J. J., & de Haan, A. (2000). No
acute effects of short-term creatine supplementation on muscle properties and sprint

123



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.
78.
79.

80.

performance. European Journal of Applied Physiology, 82(3), 223-229.
https://doi.org/10.1007/s004210050675.

Dideriksen, J. L., Del Vecchio, A., & Farina, D. (2020). Neural and muscular determinants of
maximal rate of force development. Journal of Neurophysiology, 123(1), 149-157.
https://doi.org/10.1152/jn.00330.2019.

Dini¢, B. M., Petrovi¢, B. & Jonason, P. K. (2018). Serbian adaptations of the Dark Triad Dirty
Dozen (DTDD) and Short Dark Triad (SD3). Personality and Individual Differences,
134(June), 321-328. https://doi.org/10.1016/j.paid.2018.06.018.

do Nascimento, M. G., Gomes, S. A., Mota, M. R., Aparecida, R. & de Melo, G. F. (2016).
Psychological profiles of gender and personality traces of Brazilian professional athletes of
futsal, and their influence on physiological parameters. Psychology Research and Behaviour
Management, 9, 41-51. https://doi.org/10.2147/PRBM.S77402.

Dopsaj, M. & Ivanovi¢, J. (2011). The analysis of the reliability and factorial validity in the
basic characteristics of isometric F-t curve of the leg extensors in well trained Serbian males
and females. Measurement Science Review, 11(5), 165-172. https://doi.org/10.2478/v10048-
011-0027-9.

Dopsaj, M., Mijalkovski, Z., Vasilovski, N., Copié, N., Brzakovi¢, M. & Markovi¢, M. (2018).
Morphological parameters and handgrip muscle force contractile characteristics in the first
selection level in water polo: Differences between U15 water polo players and the control
group. Human Sport Medicine, 18(3), 5-15. https://doi.org/10.14529/hsm180301.

Dopsaj, M., Valdevit, Z., Vuckovic, G., Ivanovi¢, J., & Bon, M. (2019). A Model of the
Characteristics of Handgrip Muscle Force Based on Elite Female Handball Players of Various
Ages. Kinesiologia Slovenica, 25(1), 14-26.

Dopsaj, M., Klisari¢, D., Kapeleti, M., Ubovi¢,M., Rebi¢, N., Piper, N., Trikos. B., Stan¢i¢, D.,
Samardzi¢, N., Rajkovi¢, A., Nikoli¢, D., Nikoli¢, M., Vasiljevi¢, M., Bozovi¢, B. (2021).
Pouzdanost i razlike izmedu klasicnog i impulsnog modela izometrijskog testiranja u funkciji
ispoljavanja maksimalne i eksplozivne jacine: pilot istrazivanje. Fizicka Kultura - Beograd,
75(2): 1-12. https://doi.irg/10.5937/fizkul75-39013.

Dopsaj, M., Andraos, Z., Richa, C., Mitri, A.A., Makdissi, E., El Zoghbi, A., Dandachi, R.,
Erlikh, V.V., Cherepov, E.A., Masiulis, N., Nenasheva, A.V., Zuoziene, 1.J., Markovi¢, S., &
Fayyad, F. (2022). Maximal and explosive strength normative data for handgrip test according
to gender: international standardization approach. Human Movement, 23(4), 77-87.
https://doi.org/10.5114/hm.2022.108314.

Dopsaj, M., Pajic, Z., Kocic, A., Erak, M., Pajkic, A., Vicentijevic, A., Milosevic, M., &
Bozovic, B. (2021). Profile for Body Fat Percentage of Serbian Working Population, Aged
from 18 to 65, Measured by Multichannel Bioimpedance Method. International Journal of
Morphology, 39(6), 1694-1700.

Dulac, M., Boutros, G. E., Pion, C., Barbat-Artigas, S., Gouspillou, G. & Aubertin-Leheudre,
M. (2016). Is handgrip strength normalized to body weight a useful tool to identify dynapenia
and functional incapacity in post-menopausal women?. Brazilian Journal of Physical Therapy,
20(6), 510-516. https://doi.org/10.1590/bjpt-rbf.2014.0184

Eysenck, H. J. (1947). Dimensions of personality. London: Routledge and Kegan Paul.
Eysenck, H.J. (1967). The biological basis of personality. Thomas: Spring-field.

Eysenck, H. J. & Eysenck, M. W. (1985). Personality and individual differences: A natural
science approach. New York: Plenum.

Eysenck S.B.G. & Eysenck H.J. (1967). Salivary response to lemon juice as a measure of
introversion. Perceptual and Motor Skill. 24, 1047-1053.

Faith, M. S., Flint, J., Fairburn, C. G., Goodwin, G. M., & Allison, D. B. (2001). Gender
Differences in the Relationship between Personality Dimensions and Relative Body Weight.
Obesity Research, 9(10), 647-650. https://doi.org/10.1038/0by.2001.86

124



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Faul, F., Erdfelder, E., Lang, A.G. & Buchner, A. (2007). G*Power 3: A flexible statistical
power analysis program for the social, behaviour al, and biomedical sciences. Behaviour
Research Methods, 39(2).

Feher, J. (2012). "Chapter 3.4: Skeletal muscle mechanics". Quantitative Human Physiology:
An Introduction. Academic Press Series in Biomedical Engineering (1st ed.). New York, NY:
Academic Press. pp. 239-248.

Fink, B., Hamdaoui, A., Wenig, F., & Neave, N. (2010). Hand-grip strength and sensation
seeking. Personality and Individual Differences, 49, 789—793.
https://doi.org/10.1016/j.paid.2010.06.032.

Fink, B., Weege, B., Pham, M.N., Shackelford, T.K. (2016). Handgrip strength and the Big
Five personality factors in men and women. Personality and Individual Differences, 88 : 175—
177. https://doi.org/10.1016/j.paid.2015.09.013.

Franco-Alvarenga, P. E., Brietzke, C., Canestri, R., Goethel, M. F., Hettinga, F., Santos, T. M.
& Pires, F. O. (2019). Caffeine improved cycling trial performance in mentally fatigued
cyclists, regardless of alterations in prefrontal cortex activation. Physiology & Behaviour , 204,
41-48. https://doi.org/10.1016/j.physbeh.2019.02.009.

Frederiksen, H., Gaist, D., Petersen, H. C., Hjelmborg, J., McGue, M., Vaupel, J. W. &
Christensen, K. (2002). Handgrip strength: a phenotype suitable for identifying genetic variants
affecting mid- and late-life physical functioning. Genetic Epidemiology, 23(2), 110-122.
https://doi.org/10.1002/gepi.1127

Friedman HS, Kern ML, Hampson SE & Duckworth AL (2014). A new life-span approach to
conscientiousness and health: Combining the pieces of the causal puzzle. Developmental
Psychology, 50, 1377-1389. https://doi.org/10.1037/a0030373.

Furnham, A., Richards, S. C., & Paulhus, D. L. (2013). The Dark Triad of Personality: A 10
Year Review: Dark Triad of Personality. Social and Personality Psychology Compass, 7(3),
199-216. https://doi.org/10.1111/spc3.12018.

Gallup, A.C., White, D.D., Gallup, G.G. Jr. (2007). Handgrip strength predicts
bodymorphology, aggression, and sexual behaviour in males. Evolution and Human Behaviour
, 28:423-429. https://doi.org/10.1016/J.EVOLHUMBEHAV.2007.07.001.

Gallup, A. C., O'Brien, D. T., White, D. D. & Wilson, D. S. (2010). Handgrip strength and
socially dominant behaviour in male adolescents. Evolutionary Psychology, 8(2), 229-243.
https://doi.org/10.1177/147470491000800207

Gandevia S. C. (2001). Spinal and supraspinal factors in human muscle fatigue. Physiological
Reviews, 81(4), 1725-1789. https://doi.org/10.1152/physrev.2001.81.4.1725

Gerber, M., Brand, S., Feldmeth, A. K., Lang, C., Elliot, C., Holsboer-Trachsler, E., & Plhse,
U. (2013). Adolescents with high mental toughness adapt better to perceived stress: A
longitudinal study with Swiss vocational students. Personality and Individual Differences,
54(7), 808-814. https://doi.org/10.1016/j.paid.2012.12.003.

Gerodimos, V., Karatrantou, K., Psychou, D., Vasilopoulou, T. & Zafeiridis, A. (2017). Static
and Dynamic Handgrip Strength Endurance: Test-Retest Reproducibility. Journal of Hand
Surgery, 42(3), e175-e184. https://doi.org/10.1016/j.jhsa.2016.12.014.

Gershon, R. R. M., Barocas, B., Canton, A. N., Xianbin Li, & Vlahov, D. (2009). Mental,
Physical, and Behaviour al Outcomes Associated With Perceived Work Stress in Police
Officers. Criminal Justice and Behaviour , 36(3), 275-289.
https://doi.org/10.1177/0093854808330015.

Giboin, L. S., Gruber, M., Schiler, J. & Wolff, W. (2019). Investigating Performance in a
Strenuous Physical Task from the Perspective of Self-Control. Brain Sciences, 9(11), 317.
https://doi.org/10.3390/brainsci9110317

Gignac G. E., & Szodorai E. T (2016). Effect size guidelines for individual differences
researchers. Personality and Individual Differences, 102, 74—78.
https://doi.org/10.1016/j.paid.2016.06.069

125



97. Giles, B., Goods, P. S., Warner, D. R., Quain, D., Peeling, P., Ducker, K. J., Dawson, B., &
Gucciardi, D. F. (2018). Mental toughness and behavioural perseverance: A conceptual
replication and extension. Journal of Science and Medicine in Sport, 21(6), 640—645.
https://doi.org/10.1016/j.jsams.2017.10.036

98. Gnacinski, S. L., Meyer, B. B., Cornell, D. J., Mims, J., Zalewski, K. R., & Ebersole, K. T.
(2015). Tactical Athletes: An Integrated Approach to Understanding and Enhancing the Health
and Performance of Firefighters-In-Training. International Journal of Exercise Science, 8(4).
https://digitalcommons.wku.edu/ijes/vol8/iss4/4.

99. Goldberg, L. R. (1990). An alternative “description of personality”: The big-five factor
structure. Journal of Social and Personality Psychology, 59, 1216-1229.

100. Gordon, D. S. & Platek, S. M. (2009). Trustworthy? The brain knows: Implicit neural
responses to faces that vary in dark triad personality characteristics and trustworthiness. Journal
of Social, Evolutionary, and Cultural Psychology, 3(3), 182-200.
http://dx.doi.org/10.1037/h0099323

101. Grassi, C., Antonio Del Casale, Petri Cuce, Georgios D. Kotzalidis, Andrea Pelliccione,
William Marconi, Fabio Saccente, Rita Messina, Roberto Santorsa, Chiara Rapinesi, David
Lester, Anna Maria Giannini, Roberto Tatarelli, Paolo Girardi & Maurizio Pompili. (2019).
Suicide among Italian police officers from 1995 to 2017. Rivista Di Psichiatria, 2019January-
February. https://doi.org/10.1708/3104.30936

102.Gray, J.A., (1970). The psychophysiological basis of introversion-extraversion.
BehaviourResearch and Therapy, 8:249-266.

103. Gray, J.A., McNaughton, N. (2000). The Neuropsychology of anxiety: an enquiry into
thefunctions of the septo-hippocampal system. Oxford: Oxford University Press.

104. Griggs, R.A. (2010). Psychology: A Concise Introduction. New York: Worth Publishers.

105. Grodd, W., Hulsmann, E., Lotze, M., Wildgruber, D. & Erb, M. (2001). Sensorimotor mapping
of the human cerebellum: fMRI evidence of somatotopic organization. Human Brain Mapping,
13(2), 55-73. https://doi.org/10.1002/hbm.1025

106. Gucciardi, D. F., Hanton, S., Gordon, S., Mallett, C. J. & Temby, P. (2015). The Concept of
Mental Toughness: Tests of Dimensionality, Nomological Network, and Traitness. Journal of
Personality, 83(1), 26—-44. https://doi.org/10.1111/jopy.12079

107. Gucciardi, D. F., Zhang, C. Q., Ponnusamy, V., Si, G., & Stenling, A. (2016). Cross-Cultural
Invariance of the Mental Toughness Index Among Australian, Chinese, and Malaysian
Athletes: A Bayesian Estimation Approach. Journal of Sport & Exercise Psychology, 38(2),
187-202. https://doi.org/10.1123/jsep.2015-0320.

108. Gucciardi, DF., Peeling, P., Ducker, K. (2016). When the going gets tough: mental toughness
and its relationship with behavioural perseverance. Journal of Science and Medicine in Spor,
19(1):81-86. http://dx.doi.org/10.1016/j.jsams.2014.12.005

109. Gucciardi D. F. (2017). Mental toughness: progress and prospects. Current Opinion in
Psychology, 16, 17-23. https://doi.org/10.1016/j.copsyc.2017.03.010.

110. Gucciardi, D. F., Stamatis, A., & Ntoumanis, N. (2017). Controlling coaching and athlete
thriving in elite adolescent netballers: The buffering effect of athletes’ mental toughness.
Journal of Science and Medicine in Sport, 20(8), 718-722.
https://doi.org/10.1016/j.jsams.2017.02.007

111. Gutshall, C. L., Hampton, D. P., Sebetan, I. M., Stein, P. C. & Broxtermann, T. J. (2017). The
effects of occupational stress on cognitive performance in police officers. Police Practice and
Research, 18(5), 463-477. https://doi.org/10.1080/15614263.2017.1288120.

112. Goodbody, S.J.,Wolpert, D.M.(1998). Temporal and amplitude generalization in motor
learning, Journal of Neurophysiology, 79: 1825-1838.

113.Hansen, L., Bangsbo, J., Twisk, J., & Klausen, K. (1999). Development of muscle strength in
relation to training level and testosterone in young male soccer players. Journal of Applied
Physiology (Bethesda, Md. : 1985), 87(3), 1141-1147.
https://doi.org/10.1152/jappl.1999.87.3.1141.

126



114.Hardy, L., Bell, J., & Beattie, S. (2014). A Neuropsychological Model of Mentally Tough
Behaviour . Journal of Personality, 82(1), 69-81. https://doi.org/10.1111/jopy.12034.

115.Hawk, S. T., Keijsers, L., Branje, S. J. T., Graaff, J. V. D., Wied, M. D., & Meeus, W. (2013).
Examining the Interpersonal Reactivity Index (IR1) Among Early and Late Adolescents and
Their Mothers. Journal of Personality Assessment, 95(1), 96-106.
https://doi.org/10.1080/00223891.2012.696080.

116.Hegerstad, C., Dillern, T., Giske, R., & Shalfawi, S. (2019). BASES Conference 2019 —
Programme and Abstracts, The relationship between mental toughness and physical
performance test in police college students. Journal of Sports Sciences, 37(supl), 27.
https://doi.org/10.1080/02640414.2019.1671688.

117.Hol, K. & Lindzi, G. (1998). Teorije licnosti. Beograd: Plato.

118. Holtermann, A., Roeleveld, K., Vereijken, B. & Ettema, G. (2007). The effect of rate of force
development on maximal force production: acute and training-related aspects. European
Journal of Applied Physiology, 99(6), 605-613. https://doi.org/10.1007/s00421-006-0380-9.

119.Horsburgh, V. A., Schermer, J. A., Veselka, L., & Vernon, P. A. (2009). A Behavioural
Genetic Study of Mental Toughness and Personality. Personality and Individual Differences,
46, 100-105. http://dx.doi.org/10.1016/j.paid.2008.09.009.

120.11i¢, R., Popovic J., Markovi¢ V., Nemec V., Milosevi¢, M. (2020). Work-related stress among
primary healthcare workers. Vojnosanitetski Pregled, 77(11): 1184-1191.
https://doi.org/10.2298/\VVSP181228020I

121.1nnes, E. (1999). Handgrip strength testing: A review of the literature. Australian Occupational
Therapy Journal, 46(3), 120-140._https://doi.org/10.1046/j.1440-1630.1999.00182.x.

122.Inzunza, M. (2015). Empathy from a police work perspective. Journal of Scandinavian Studies
in Criminology and Crime Prevention, 16(1), 60-75.
https://doi.org/10.1080/14043858.2014.987518

123.Inzunza, M., Brown, G. T. L., Stenlund, T., & Wikstrom, C. (2022). The relationship between
subconstructs of empathy and general cognitive ability in the context of policing. Frontiers in
Psychology, 13, 907610. https://doi.org/10.3389/fpsyg.2022.907610.

124.Ivanovi¢, J. & Dopsaj, M. (2012). Functional dimorphism and characteristics of maximal
handgrip force in top level female athletes. Collegium Antropologicum, 36(4), 1231-1240.

125.1zawa, K. P., Watanabe, S., Osada, N., Kasahara, Y., Yokoyama, H., Hiraki, K., Morio, Y.,
Yoshioka, S., Oka, K. & Omiya, K. (2009). Handgrip strength as a predictor of prognosis in
Japanese patients with congestive heart failure. European Journal of Preventive Cardiology,
16(1), 21-27. https://doi.org/10.1097/HJR.0b013e32831269a3

126.Jang, K. L., McCrag, R. R., Angleitner, A., Riemann, R. & Livesley, W. J. (1998). Heritability
of facet-level traits in a cross-cultural twin sample: support for a hierarchical model of
personality. Journal of Personality and Social Psychology, 74(6), 1556-1565.
https://doi.org/10.1037//0022-3514.74.6.1556.

127.Jaric, S., Mirkov, D. & Markovic, G. (2005). Normalizing physical performance tests for body
size: a proposal for standardization. Journal of Strength and Conditioning Research, 19(2),
467-474. https://doi.org/10.1519/R-15064.1

128.John, O. P. (1990). The “Big Five” factor taxonomy: Dimensions of personality in the natural
language and in questionnaires. In L. A. Pervin (Ed.), Handbook of personality: Theory and
research (pp. 66-100). New York:Guilford.

129.Jonason, P. K. & Davis, M. D. (2018). A gender role view of the Dark Triad traits. Personality
and Individual Differences, 125(November 2017), 102-105.
https://doi.org/10.1016/j.paid.2018.01.004

130.Jonason, P. K. & Webster, G. D. (2010). The dirty dozen: A concise measure of the dark triad.
Psychological Assessment, 22(2), 420-432. https://doi.org/10.1037/a0019265

131. Kammersgaard, T., Sggaard, TF., Haller, MB. Kolind, T., Hunt. G. (2021) Community policing
in Danish “ghetto” areas: Trust and distrust between the police and ethnic minority youth.
Criminology & Criminal Justice, online first. https://doi.org/10.1177/14732254221104632.

127



132.Kamarul, T., Ahmad, T., & Loh, W. (2006). Handgrip Strength in the Adult Malaysian
Population. Journal of Orthopaedic Surgery, 14(2), 172-177.
https://doi.org/10.1177/230949900601400213.

133. Kayihan, G., Ersoz, G., Ozkan, A. & Koz, M. (2013). Relationship between efficiency of pistol
shooting and selected physical-physiological parameters of police. Policing, 36(4), 819-832.
https://doi.org/10.1108/P1JPSM-03-2013-0034

134.Keen R. (2011). The development of problem solving in young children: a critical cognitive
skill. Annual Review of Psychology, 62, 1-21.
https://doi.org/10.1146/annurev.psych.031809.130730.

135. Kerry, N., Murray, D.R. (2018). Strong personalities: Investigating the relationships between
grip strength, self-perceived formidability, and Big Five personality traits. Personality and
Individual Differences, 131: 216— 21. https://doi.org/10.1016/j.paid.2018.05.003.

136.Klass, M., Baudry, S., & Duchateau, J. (2008). Age-related decline in rate of torque
development is accompanied by lower maximal motor unit discharge frequency during fast
contractions. Journal of Applied Physiology (Bethesda, Md. : 1985), 104(3), 739-746.
https://doi.org/10.1152/japplphysiol.00550.2007.

137.Knezevic, O. M., Mirkov, D. M., Kadija, M., Nedeljkovic, A., & Jaric, S. (2014). Asymmetries
in explosive strength following anterior cruciate ligament reconstruction. The Knee, 21(6),
1039-1045. https://doi.org/10.1016/j.knee.2014.07.021.

138. Korchounov, A., Meyer, M. F. & Krasnianski, M. (2010). Postsynaptic nigrostriatal dopamine
receptors and their role in movement regulation. Journal of neural transmission (Vienna,
Austria : 1996), 117(12), 1359-1369. https://doi.org/10.1007/s00702-010-0454-z.

139. Koropanovski, N., Kuki¢, F., Jankovi¢, R., Kolarevi¢, D., Subosi¢, D., & Orr, R. M. (2022).
Intellectual Potential, Personality Traits, and Physical Fitness at Recruitment: Relationship with
Academic Success in Police Studies. SAGE Open, 12(1), 215824402210799.
https://doi.org/10.1177/21582440221079932.

140.Kozinc, Z., Plesa, J., Djuri¢, D., Sarabon, N. (2022). Comparison of Rate of Force
Development between Explosive Sustained Contractions and Ballistic Pulse-like Contractions
during Isometric Ankle and Knee Extension Tasks. Applied Sciences, 12(20):10255.
https://doi.org/10.3390/app122010255.

141. Krueger, K. R., Wilson, R. S., Shah, R. C., Tang, Y. & Bennett, D. A. (2006). Personality and
incident disability in older persons. Age and Ageing, 35(4), 428-433.
https://doi.org/10.1093/ageing/afl028.

142.Kuki¢, F., Streetman, A., Koropanovski, N., Copié, N., Fayyad, F., Gurevich, K., Zaborova, V.,
Krikheli, N., Dopsaj, M. & Heinrich, K. M. (2022). Operational stress of police officers: A
cross-sectional study in three countries with centralized, hierarchical organization. Policing: A
Journal of Policy and Practice, 16(1), 95-106. https://doi.org/10.1093/police/paab065

143.Kuki¢, F., Subosi¢, D., Heinrich, K. M., Greco, G. & Koropanovski, N. (2021). Psychometric
Properties of the Serbian Version of the Operational and Organizational Police Stress
Questionnaires. Sustainability, 13(24), 13662. https://doi.org/10.3390/su132413662

144. Kissner M. B. (2017). Eysenck's Theory of Personality and the Role of Background Music in
Cognitive Task Performance: A Mini-Review of Conflicting Findings and a New Perspective.
Frontiers in Psychology, 8, 1991. https://doi.org/10.3389/fpsyg.2017.01991.

145. Latash, M. L., Gottlieb, G. L. (1991). Reconstruction of shifting elbow joint compliant
characteristics during fast and slow movements. Neuroscience, 43: 697 - 712.

146. Latash, M. L, Turvey, M. T (1996). Dexterity and its development. Mahwah, NJ: Erlbaum.

147.Latini, S. & Pedata, F. (2001). Adenosine in the central nervous system: release mechanisms
and extracellular concentrations. Journal of Neurochemistry, 79(3), 463-484.
https://doi.org/10.1046/].1471-4159.2001.00607.x

148. LeBlanc, J., Ducharme, M. B. & Thompson, M. (2004). Study on the correlation of the
autonomic nervous system responses to a stressor of high discomfort with personality traits.
Physiology and Behaviour , 82(4), 647—-652. https://doi.org/10.1016/j.physbeh.2004.05.014.

128



149.Lee, B. C., Choi, J. & Martin, B. J. (2020). Roles of the prefrontal cortex in learning to time the
onset of pre-existing motor programs. PloS one, 15(11), e0241562.
https://doi.org/10.1371/journal.pone.0241562.

150. Leigh, S. R., Setchell, J. M., Charpentier, M., Knapp, L. A. & Wickings, E. J. (2008). Canine
tooth size and fitness in male mandrills (Mandrillus sphinx). Journal of Human Evolution,
55(1), 75-85. https://doi.org/10.1016/j.jhevol.2008.01.001.

151.Lin, Y., Clough, P. J., Welch, J., & Papageorgiou, K. A. (2017). Individual differences in
mental toughness associate with academic performance and income. Personality and Individual
Differences, 113, 178-183. https://doi.org/10.1016/j.paid.2017.03.039.

152.Liu, J. Z., Yang, Q., Yao, B., Brown, R. W., & Yue, G. H. (2005). Linear correlation between
fractal dimension of EEG signal and handgrip force. Biological Cybernetics, 93(2), 131-140.
https://doi.org/10.1007/s00422-005-0561-3.

153. Loehlin, J. C., McCrae, R. R., Costa, P. T., Jr. & John, O. P. (1998). Heritabilities of common
and measure-specific components of the Big Five personality factors. Journal of Research in
Personality, 32, 431-453.

154.Lyons, M., Evans, K., & Helle, S. (2019). Do “Dark” Personality Features Buffer Against
Adversity? The Associations Between Cumulative Life Stress, the Dark Triad, and Mental
Distress. SAGE Open, 9(1). https://doi.org/10.1177/2158244018822383.

155. Magee, C. A., Heaven, P. C. L., & Miller, L. M. (2013). Personality Change Predicts
Self-Reported Mental and Physical Health. Journal of Personality, 81(3), 324—-334.
https://doi.org/10.1111/j.1467-6494.2012.00802.x

156. Maupin, D., Wills, T., Orr, R. & Schram, B. (2018). Fitness Profiles in Elite Tactical Units: A
Critical Review. International Journal of Exercise Science, 11(3), 1041-1062.

157. Marins, E. F., David, G. B. & Del Vecchio, F. B. (2019). Characterization of the Physical
Fitness of Police Officers: A Systematic Review. Journal of Strength and Conditioning
Research, 33(10), 2860-2874. https://doi.org/10.1519/JSC.0000000000003177

158. Markovi¢, S., Dopsaj, M., Veljkovi¢, V. (2020). Reliability of Sport Medical Solution handgrip
and Jamar handgrip dynamometer. Measurement Science Review, 20(2), 59-64.

159. McCrag, R. R. & Costa, P. T., Jr. (1997). Personality trait structure as a human universal.
American Psychologist, 52, 509-516.

160. McCrae, R. R. & Costa, P. T., Jr. (2001). Trait psychology and culture. Journal of Personality,
69, 819-846.

161.McCrae, R. R. & Costa, P. T., Jr. (2003). Personality in adulthood: A five-factor theory
perspective (2nd ed.). New York: Guilford.

162. McLellan, T., & McKinlay, A. (2013). Sensitivity to emotion, empathy and theory of mind:
Adult performance following childhood TBI. Brain Injury, 27(9), 1032—-1037.
https://doi.org/10.3109/02699052.2013.794965.

163. McNaughton, N. & Corr, P. J. (2004). A two-dimensional neuropsychology of defense:
fear/anxiety and defensive distance. Neuroscience and Biobehaviour al Reviews, 28(3), 285—
305. https://doi.org/10.1016/j.neubiorev.2004.03.005.

164. Millie, A., & Hirschler, S. (2023). Police recruits, moral judgements and an empathetic
policing. Criminology & Criminal Justice, 174889582211461.
https://doi.org/10.1177/17488958221146142.

165. MiloSevi¢, M., BoZovi¢, B., & Dopsaj, M. (2022). Psychometric properties of the Serbian
version of Mental Toughness Index and dark triad Dirty Dozen in police students. NBP -
Nauka, Bezbednost, Policija, 27(1), 14-28. https://doi.org/10.5937/nabepo27-36389.

166. Milosevi¢, M., Dzolji¢, E., MiloSevi¢, M., Yourkesh, M., Behm, D. (2014). The analysis of
muscle force development with trained and elite athletes. Physiology-Fiziologia, 24 (1): 4-11.

167. Milosevi¢, M., Jourkesh, M., & Milosevi¢, M. (2020). In D. K. Alvira & J. R. Gonzalez (Eds.),
Methodology of muscle force development in spike in elite volleyball players. An Essential
Guide to Sports Performance, (pp. 167 —198). New York, NY: Nova Science Publishers.

129



168. Milosevic, M. & Milosevic, M. (2014). Special Physical Education: Textbook on Managing the
Development of Physical Integrity and Capacity in Police Officers. LAP LAMBERT Academic
Publishing.

169. Milosevi¢, M., Zari¢, 1., Dopsaj, M., Risti¢, 1., & Sheard, M. (2024). Mental toughness and
empathy as match performance predictors of high-level female basketball players. Biomedical
Human Kinetics, 16(1), 131-138. https://doi.org/10.2478/bhk-2024-0013.

170. Mirkov, D. M., Nedeljkovic, A., Milanovic, S. & Jaric, S. (2004). Muscle strength testing:
evaluation of tests of explosive force production. European Journal of Applied Physiology,
91(2-3), 147-154. https://doi.org/10.1007/s00421-003-0946-8.

171. Mitrovié, D., Smederevac, S., Colovié, P. (2008) Evaluacija reformulisane teorije osetljivosti na
potkrepljenje. Psihologija, vol. 41, br. 4, str. 555-575 Mitrovié, D., Smederevac, S., Colovi¢, P.
(2008) Evaluacija reformulisane teorije osetljivosti na potkrepljenje. Psihologija, 41(4), 555-575.

172. Mojtahedi, D., Dagnall, N., Denovan, A., Clough, P., Dewhurst, S., Hillier, M., Papageorgiou,
K., & Perry, J. (2023). Competition Anxiety in Combat Sports and the Importance of Mental
Toughness. Behaviour al sciences, 13(9), 713. https://doi.org/10.3390/bs13090713

173. Momtazmanesh, S., Saghazadeh, A., Becerra, J. C. A., Aramesh, K., Barba, F. J., Bella, F.,
Blakney, A., Capaccioli, M., Castagna, R., Crisanti, U., Davtyan, T., Dorigo, T., Ealy, J.,
Farokhnia, M., Grancini, G., Gupta, M., Harbi, A., Krysztofiak, W., Kulasinghe, A.,
LamLeemans, , C. M., Lighthill, B., Limongelli, V., Lopreiato, P., Luongo, L., Maboloc, C.,
Malekzadeh, R., Gomes, O., Milosevi¢, M., Nouwen, J. Ortega-Sanchez, D., Pawelek, J.,
Pramanik, S., Ramakrishna, S., Renn, S. Sanseviero, D. Sauter, M. Schreiber, F. Sellke, M.
Shahbazi, N. Shelkovaya, W. Slater, D. Snoeck, O., Sztajer, S., Uddin, L., Veramendi-
Espinoza, L., Vinuesa, R., Willett, W., Wu, D., Zyniewicz, K., & Rezaei, N. (2021).
International Scientific Collaboration Is Needed to Bridge Science to Society: USERN2020
Consensus Statement. SN comprehensive clinical medicine, 3(8), 1699-1703.
https://doi.org/10.1007/s42399-021-00896-2.

174. Moshagen, Morten; Hilbig, Benjamin E.; Zettler, Ingo (2018). The dark core of personality.
Psychological Review, 125(5), 656-688. https://doi.org/10.1037/rev0000111

175. Morales-Alamo, D., Losa-Reyna, J., Torres-Peralta, R., Martin-Rincon, M., Perez-Valera, M.,
Curtelin, D., Ponce-Gonzélez, J. G., Santana, A. & Calbet, J. A. (2015). What limits
performance during whole-body incremental exercise to exhaustion in humans?. The Journal of
physiology, 593(20), 4631-4648. https://doi.org/10.1113/JP270487.

176.Mroczek, D. K. & Spiro, A. (2007). Personality change influences mortality in older men.
Psychological Science, 18(5), 371-376. https://doi.org/10.1111/j.1467-9280.2007.01907.x.

177.Mueller, S., Wagner, J., Drewelies, J., Duezel, S., Eibich, P., Specht, J., Demuth, I.,
Steinhagen-Thiessen, E., Wagne,r G.G., Gerstorf, D. (2016) Personality development in old age
relates to physical health and cognitive performance: Evidence from the Berlin Aging Study II.
Journal of Research in Personality. 65 : 94-108. https://doi.org/10.1016/j.jrp.2016.08.007.

178. Mueller, S., Wagner, J., Smith, J., Voelkle, M. C., & Gerstorf, D. (2018). The interplay of
personality and functional health in old and very old age: Dynamic within-person interrelations
across up to 13 years. Journal of Personality and Social Psychology, 115(6), 1127-1147.
https://doi.org/10.1037/pspp0000173.

179. Mufoz-Reyes, J.A., Gil-Burmann, C., Fink, B. and Turiegano, E. (2012), Physical strength,
fighting ability, and aggressiveness in adolescents. Am. J. Hum. Biol., 24: 611-617.
https://doi.org/10.1002/ajhb.22281

180. Nagi, S. Z. (1965). Some conceptual issues in disability and rehabilitation. In M. B. Sussman
(Ed.), Sociology and rehabilitation (pp. 100-113). Washington DC: American Sociological
Association.

181. Nabilpour, M. and Agababa, A. (2018). The relationship between mental toughness,
mindfulness and physiological profile of elite kabaddi player Iranian. Sports Psychology, 10(2),
1-14. doi: 10.48308/mbsp.3.2.1

130



182.Neumann, R. J., Ahrens, K. F., Kollmann, B., Goldbach, N., Chmitorz, A., Weichert, D.,
Fiebach, C. J., Wessa, M., Kalisch, R., Lieb, K., Tuscher, O., Plichta, M. M., Reif, A., &
Matura, S. (2022). The impact of physical fitness on resilience to modern life stress and the
mediating role of general self-efficacy. European archives of psychiatry and clinical
neuroscience, 272(4), 679-692. https://doi.org/10.1007/s00406-021-01338-9

183.Noakes, T. D., St Clair Gibson, A. & Lambert, E. V. (2005). From catastrophe to complexity: a
novel model of integrative central neural regulation of effort and fatigue during exercise in
humans: summary and conclusions. British Journal of Sports Medicine, 39(2), 120-124.:
https://doi.org/10.1136/bjsm.2003.010330.

184.Norman, K., Stob&dus, N., Gonzalez, M. C., Schulzke, J.-D. & Pirlich, M. (2011). Handgrip
strength: Outcome predictor and marker of nutritional status. Clinical Nutrition, 30(2), 135—
142. https://doi.org/10.1016/j.cInu.2010.09.010.

185. Okano, A. H., Fontes, E. B., Montenegro, R. A., Farinatti, P.deT., Cyrino, E. S., Li, L. M.,
Bikson, M. & Noakes, T. D. (2015). Brain stimulation modulates the autonomic nervous
system, rating of perceived exertion and performance during maximal exercise. British Journal
of Sports Medicine, 49(18), 1213-1218. https://doi.org/10.1136/bjsports-2012-091658.

186. Oreopoulos, A., Ezekowitz, J. A., McAlister, F. A., Kalantar-Zadeh, K., Fonarow, G. C.,
Norris, C. M., Johnson, J. A. & Padwal, R. S. (2010). Association Between Direct Measures of
Body Composition and Prognostic Factors in Chronic Heart Failure. Mayo Clinic Proceedings,
85(7), 609-617. https://doi.org/10.4065/mcp.2010.0103.

187.0rr, R., Rofe, A., Hinton, B., Dawes, J., Greco, G. & Lockie, R. (2021). Effect of grip size and
grip strength on pistol marksmanship in police officers: A pilot study. Nauka, Bezbednost,
Policija, 26(1), 61-72. https://doi.org/10.5937/nabepo26-32292.

188. Papadakis, Z., Stamatis, A., Kukic, F., & Koropanovski, N. (2021). Moving Past the One-Size-
Fits-All Education-Training Model of Police Academies to the Self-Prescribed Individualized
Exercise Prescription Model. International Journal of Environmental Research and Public
Health, 18(21), Article 21. https://doi.org/10.3390/ijerph182111676.

189. Papageorgiou, K. A., Benini, E., Bilello, D., Gianniou, F. M., Clough, P. J. & Costantini, G.
(2019). Bridging the gap: A network approach to Dark Triad, Mental Toughness, the Big Five,
and perceived stress. Journal of Personality, 87(6), 1250-1263.
https://doi.org/10.1111/jopy.12472.

190. Paulhus, D.L. & Williams, K.M. (2002). The Dark Triad of personality: Narcissism,
Machiavellianism, and psychopathy. Journal of Research in Personality, 36(6), 556-563. .
https://doi.org/10.1016/s0092-6566(02)00505-6.

191. Paulhus, D. L. (2014). Toward a Taxonomy of Dark Personalities. Current Directions in
Psychological Science, 23(6), 421-426. https://doi.org/10.1177/0963721414547737.

192. Penfield, W. & Rasmussen, T. (1950). The cerebral cortex of man; a clinical study of
localization of function. New Zork:Macmillan.

193.Pepping, G. J. & Timmermans, E. J. (2012). Oxytocin and the biopsychology of performance in
team sports. Scientific World Journal, 2012. DOI: https://doi.org/10.1100/2012/567363 \.

194. Piaget J. (1954) The construction of reality in the child. New York: Basic Books.

195. Pinker, S. (1994) The Language Instinct: How the Mind Creates Language. New York:
HarperCollins.

196. Pires, F. O., Silva-Junior, F. L., Brietzke, C., Franco-Alvarenga, P. E., Pinheiro, F. A., de
Franca, N. M., Teixeira, S. & Meireles Santos, T. (2018). Mental Fatigue Alters Cortical
Activation and Psychological Responses, Impairing Performance in a Distance-Based Cycling
Trial. Frontiers in Physiology, 9, 227. https://doi.org/10.3389/fphys.2018.00227.

197.Pires, F. O., Dos Anjos, C. A. S., Covolan, R. J. M., Fontes, E. B., Noakes, T. D., St Clair
Gibson, A., Magalhaes, F. H. & Ugrinowitsch, C. (2018). Caffeine and Placebo Improved
Maximal Exercise Performance Despite Unchanged Motor Cortex Activation and Greater
Prefrontal Cortex Deoxygenation. Frontiers in Physiology, 9, 1144,
https://doi.org/10.3389/fphys.2018.01144.

131



198.Pynes, J. E. (2001). The Triumph of Techniques Over Purpose Revisited: Evaluating Police
Officer Selection. Review of Public Personnel Administration, 21(3), 219-236.
https://doi.org/10.1177/0734371X0102100304.

199. Quarta, E., Cohen, E. J., Bravi, R. & Minciacchi, D. (2020). Future Portrait of the Athletic
Brain: Mechanistic Understanding of Human Sport Performance Via Animal Neurophysiology
of Motor Behaviour . Frontiers in Systems Neuroscience, 14, 596200.
https://doi.org/10.3389/fnsys.2020.596200.

200.Rantanen T. (2003). Muscle strength, disability and mortality. Scandinavian journal of
medicine & science in sports, 13(1), 3-8. https://doi.org/10.1034/j.1600-0838.2003.00298.x.

201. Reggiani, C. & Schiaffino, S. (2020). Muscle hypertrophy and muscle strength: dependent or
independent variables? A provocative review. European Journal of Translational Myology,
30(3), 9311. https://doi.org/10.4081/ejtm.2020.9311.

202.Rhodes, R. E. & Smith, N. E. (2006). Personality correlates of physical activity: a review and
meta-analysis. British Journal of Sports Medicine, 40(12), 958-965.
https://doi.org/10.1136/bjsm.2006.028860.

203.Risti¢, 1., & Milosevi¢, M. (2019). Collective creativity and emphatic concern. Current Trends
in Psychology. Faculty of Philosophy Novi Sad, Serbia.

204. Risti¢, 1., Skorc, B., & Mandié, T. (2016). Novelty and coherence in group creative processes.
Psihologija, 49(3), 213-229. https://doi.org/10.2298/PS11603213R.

205. Rodriguez-Rosell, D., Pareja-Blanco, F., Aagaard, P., & Gonzalez-Badillo, J. J. (2018).
Physiological and methodological aspects of rate of force development assessment in human
skeletal muscle. Clinical Physiology and Functional Imaging, 38(5), 743-762.
https://doi.org/10.1111/cpf.12495.

206.Roush E.S. (1951). Strength and endurance in the waking and hypnotic states. Journal of
Applied Physiology, 3(7), 404-410. https://doi.org/10.1152/jappl.1951.3.7.404.

207.Ruch, W. (1992). Pavlov’s types of nervous system, Eysenck’s typology and the Hippocrates-
Galen temperaments: An empirical examination of the asserted correspondence of three
temperament typologies. Personality and Individual Differences, 13(12), 1259-1271.
https://doi.org/10.1016/0191-8869(92)90168-0O

208. Saadon-Grosman, N., Loewenstein, Y. & Arzy, S. (2020). The ‘creatures' of the human cortical
somatosensory system. Brain Communications, 2(1), fcaa003. DOI:
https://doi.org/10.1093/braincomms/fcaa003.

209. Sabouri, S., Gerber, M., Bahmani, D. S., Lemola, S., Clough, P. J., Kalak, N., Shamsi, M.,
Holsboer-Trachsler, E. & Brand, S. (2016). Examining Dark Triad traits in relation to mental
toughness and physical activity in young adults. Neuropsychiatric Disease and Treatment, 12,
229-235. DOI: https://doi.org/10.2147/NDT.S97267.

210. Sahaly, R., Vandewalle, H., Driss, T. & Monod, H. (2001). Maximal voluntary force and rate
of force development in humans--importance of instruction. European Journal of Applied
Physiology, 85(3-4), 345-350. https://doi.org/10.1007/s004210100451.

211. Saucier, G., Srivastava, S., 2015. What makes a good structural model of personality?
Evaluating the Big Five and alternatives., in: Mikulincer, M., Shaver, P.R., Cooper, M.L.,
Larsen, R.J. (Eds.), APA Handbook of Personality and Social Psychology, VVolume 4:
Personality Processes and Individual Differences. American Psychological Association,
Washington, pp. 283-305. https://doi.org/10.1037/14343-013.

212. Sawilowsky, S. S. (2009). New Effect Size Rules of Thumb. Journal of Modern Applied
Statistical Methods, 8(2), 597-599. https://doi.org/10.22237/jmasm/1257035100.

213. Sawyer, R. K. & DeZutter, S. (2009). Distributed Creativity: How Collective Creations Emerge
From Collaboration. Psychology of Aesthetics, Creativity, and the Arts, 3(2), 81-92.
https://doi.org/10.1037/a0013282.

214, Selmi, W., Rebai, H., Chtara, M., Naceur, A. & Sahli, S. (2018). Self-confidence and affect
responses to short-term sprint interval training. Physiology & Behaviour , 188, 42-47.
https://doi.org/10.1016/j.physbeh.2018.01.016.

132



215. Sesbotié, B. & Guincestre, J. Y. (2006). Muscular fatigue. Annales de readaptation et de
medecine physique : revue scientifique de la Societe francaise de reeducation fonctionnelle de
readaptation et de medecine physique, 49(6), 257-354.
https://doi.org/10.1016/j.annrmp.2006.04.021.

216. Shuai, Y., Wang, S., Liu, X., Kueh, Y. C., & Kuan, G. (2023). The influence of the five-factor
model of personality on performance in competitive sports: a review. Frontiers in psychology,
14, 1284378. https://doi.org/10.3389/fpsyg.2023.1284378

217.Siegler, R. S., and Alibali, M. W. (2005). Children®s Thinking (4th Edition). Saddle River, NJ:
Prentice-Hall.

218.Skogan, W. G. (2006). Asymmetry in the Impact of Encounters with Police. Policing and
Society, 16(2), 99-126. https://doi.org/10.1080/10439460600662098.

219. Spencer, N. J. & Hu, H. (2020). Enteric nervous system: sensory transduction, neural circuits
and gastrointestinal motility. Nature reviews. Gastroenterology & Hepatology, 17(6), 338-351.
https://doi.org/10.1038/s41575-020-0271-2.

220. Stamatis, A., Grandjean, P., Morgan, G., Padgett, R. N., Cowden, R., & Koutakis, P. (2020).
Developing and training mental toughness in sport: a systematic review and meta-analysis of
observational studies and pre-test and post-test experiments. BMJ Open Sport & Exercise
Medicine, 6(1), e000747. https://doi.org/10.1136/bmjsem-2020-000747.

221. Stamatis, A., Deal, P. J., Morgan, G. B., Forsse, J. S., Papadakis, Z., McKinley-Barnard, S.,
Scudamore, E. M., & Koutakis, P. (2020). Can athletes be tough yet compassionate to
themselves? Practical implications for NCAA mental health best practice no. 4. PLOS ONE,
15(12), e0244579. https://doi.org/10.1371/journal.pone.0244579

222. Stamatis, A., Morgan, G. B., Papadakis, Z., Mougios, V., Bogdanis, G., & Spinou, A. (2021a).
Cross-Cultural Invariance of the Mental Toughness Index among American and Greek
Athletes. Current Psychology, 40(12), 5793-5800. https://doi.org/10.1007/s12144-019-00532-2

223. Stamatis, A., Morgan, G. B., Cowden, R. G., & Koutakis, P. (2021b). Conceptualizing,
measuring, and training mental toughness in sport: Perspectives of master strength and
conditioning coaches. Journal for the Study of Sports and Athletes in Education, 17(1), 1-28.
https://doi.org/10.1080/19357397.2021.1989278

224. Stefanovics, E. A., Edwards, L. M., & Pietrzak, R. H. (2021). Personality and Body Mass
Index in U.S. Military Veterans: Results from the National Health and Resilience in Veterans
Study. Psychiatric Quarterly, 92(3), 917-923. https://doi.org/10.1007/s11126-020-09878-4

225. Stephan, Y., Sutin, A. R., Canada, B., Deshayes, M., Kekaldinen, T., & Terracciano, A. (2022).
Five-factor model personality traits and grip strength: Meta-analysis of seven studies. Journal
of Psychosomatic Research, 160, 110961. https://doi.org/10.1016/j.jpsychores.2022.110961

226. Strelau, J. (1983). Temperament-personality-activity. London: Academic Press.

227. Strelau, J., Angleitner, A., Bantelmann, J. & Ruch, W. (1990). The Strelau Temperament
Inegativne valencijeentoryd Revised (STI-R): Theoretical considerations and scale
development. European Journal of Personality, 4, 209e235

228. Stephan, Y., Sutin, A. R., Canada, B., Deshayes, M., Kekaldinen, T. & Terracciano, A. (2022).
Five-factor model personality traits and grip strength: Meta-analysis of seven studies. Journal
of Psychosomatic Research, 160, 110961. https://doi.org/10.1016/j.jpsychores.2022.110961.

229.Sutin, A. R., Stephan, Y., & Terracciano, A. (2018). Facets of conscientiousness and objective
markers of health status. Psychology & Health, 33(9), 1100-1115.
https://doi.org/10.1080/08870446.2018.1464165.

230. Sutin, A. R., & Terracciano, A. (2016 a). Five-Factor Model Personality Traits and the
Obijective and Subjective Experience of Body Weight. Journal of Personality, 84(1), 102-112.
https://doi.org/10.1111/jopy.12143

231.Sutin, A. R., & Terracciano, A. (2016 b). Personality traits and body mass index: Modifiers and
mechanisms. Psychology & Health, 31(3), 259-275.
https://doi.org/10.1080/08870446.2015.1082561

133



232.Suzovi¢, D., 1 Nedeljkovi¢, A. (2009). Kratke pulsne kontrakcije: odnos izmedu maksimalne
sile 1 brzine razvoja sile. Fizicka Kultura, 63(1), 17-34.

233. Skarabot, J., Folland, J. P., Holobar, A., Baker, S. N. & Del Vecchio, A. (2022). Startling
stimuli increase maximal motor unit discharge rate and rate of force development in humans.
Journal of Neurophysiology, 128(3), 455-469. https://doi.org/10.1152/jn.00115.2022.

234.Taliaz, D., Loya, A., Gersner, R., Haramati, S., Chen, A., & Zangen, A. (2011). Resilience to
chronic stress is mediated by hippocampal brain-derived neurotrophic factor. The Journal of
Neuroscience : the official journal of the Society for Neuroscience, 31(12), 4475-4483.
https://doi.org/10.1523/JNEUROSCI.5725-10.2011.

235. Tasic, R., Rajovic, N., Pavlovic, V., Djikanovic, B., Masic, S., Velickovic, 1., Mostic, D.,
Cumic, J., Milcanovic, P., Janicijevic, V., Stanisavljevic, D. & Milic, N. (2020). Nursery
teachers in preschool institutions facing burnout: Are personality traits attributing to its
development? PLOS ONE, 15(11), e0242562. https://doi.org/10.1371/journal.pone.0242562.

236.Tolea, M. I, Terracciano, A., Simonsick, E. M., Metter, E. J., Costa, P. T., Jr & Ferrucci, L.
(2012). Associations between personality traits, physical activity level, and muscle strength.
Journal of Research in Personality, 46(3), 264—-270. https://doi.org/10.1016/}.jrp.2012.02.002.

237.Turiano, N.A., Chapman, B.P., Gruenewald, T.L. & Mroczek, D.K. (2015). Personality and the
leading behaviour al contributors of mortality. Health Psychology, 34, 51-60.
https://doi.org/10.1037/hea0000038.

238.Tomes, C., Schram, B., Pope, R. & Orr, R. (2020). What is the impact of fitness on injury risk
during police academy training? A retrospective cohort study. BMC Sports Science, Medicine
and Rehabilitation, 12(1), 1-8. https://doi.org/10.1186/s13102-020-00188-7.

239. Trajkov, M., Cuk, I., Eminovic, F., Kljajic, D. & Dopsaj, M. (2018). Relationship between
handgrip strength and endurance and postural stability in active and sedentary older women.
Journal of Electromyography and Kinesiology, 43, 62-67.
https://doi.org/10.1016/j.jelekin.2018.09.006.

240. Valls-Solé, J., Rothwell, J. C., Goulart, F., Cossu, G., & Mufioz, E. (1999). Patterned ballistic
movements triggered by a startle in healthy humans. The Journal of Physiology, 516 ( Pt 3)(Pt
3), 931-938. https://doi.org/10.1111/j.1469-7793.1999.0931u.X.

241.Van Cutsem, J., Marcora, S., De Pauw, K., Bailey, S., Meeusen, R. & Roelands, B. (2017). The
Effects of Mental Fatigue on Physical Performance: A Systematic Review. Sports Medicine
(Auckland, N.Z.), 47(8), 1569-1588. https://doi.org/10.1007/s40279-016-0672-0.

242.Van Cutsem, M., Duchateau, J., & Hainaut, K. (1998). Changes in single motor unit behaviour
contribute to the increase in contraction speed after dynamic training in humans. The Journal of
Physiology, 513 ( Pt 1)(Pt 1), 295-305. https://doi.org/10.1111/j.1469-7793.1998.295by.X.

243. Van der Mark, M., Flores, P., Barajas, L., Salazar, C., Morgan, G., Forsse, J., & Stamatis, A.
(2020). XTIV men’s volleyball pan American cup: Team mental toughness correlates perfectly with
final placement. International Journal of Exercise Science: Conference Proceedings, 2(12), 46

244.Verbrugge, L. M. & Jette, A. M. (1994). The disablement process. Social Science & Medicine
(1982), 38(1), 1-14. https://doi.org/10.1016/0277-9536(94)90294-1.

245.Vernon, P. A., Villani, V. C., Vickers, L. C., & Harris, J. A. (2008). A behaviour al genetic
investigation of the dark triad and the big 5. Personality and Individual Differences, 44(2),
445-452. https://doi.org/10.1016/j.paid.2007.09.007.

246. Vitor-Costa, M., Okuno, N. M., Bortolotti, H., Bertollo, M., Boggio, P. S., Fregni, F. &
Altimari, L. R. (2015). Improving Cycling Performance: Transcranial Direct Current
Stimulation Increases Time to Exhaustion in Cycling. PloS one, 10(12), e0144916.
https://doi.org/10.1371/journal.pone.0144916.

247. Vukadinovi¢, N., Smrkié, M., Stefanovié, Z., Ili¢, V., Nikoli¢, D., Zlatovi¢, 1. & Dopsaj, M.
Metric Stability of One Month Handgrip Maximal and Explosive Isometric Strength Measured
by Classic and Impulse Contractions. Measurement Science Review, 2024, Slovak Academy of
Sciences, 24(5), 193-199. https://doi.org/10.2478/msr-2024-0026

134



248.Vukmirovic, M., Rajovic, N., Pavlovic, V., Masic, S., Mirkovic, M., Tasic, R., Randjelovic, S.,
Morstic, D., Velickovic, 1., Nestorovic, E., Milcanovic, P., Stanisavljevic, D. & Milic, N.
(2020). The Burnout Syndrome in Medical Academia: Psychometric Properties of the Serbian
Version of the Maslach Burnout Inegativne valencijeentory—Educators Survey. International
Journal of Enegativne valencijeironmental Research and Public Health, 17(16), 5658. DOI:
https://doi.org/10.3390/ijerph17165658.

249. Warrier, V., Toro, R., Chakrabarti, B., iPSYCH-Broad autism group, Barglum, A. D., Grove,
J., 23andMe Research Team, Hinds, D. A., Bourgeron, T., & Baron-Cohen, S. (2018). Genome-
wide analyses of self-reported empathy: correlations with autism, schizophrenia, and anorexia
nervosa. Translational psychiatry, 8(1), 35. https://doi.org/10.1038/s41398-017-0082-6.

250. Wascher, E., Rasch, B., Sénger, J., Hoffmann, S., Schneider, D., Rinkenauer, G., Heuer, H. &
Gutberlet, 1. (2014). Frontal theta activity reflects distinct aspects of mental fatigue. Biological
Psychology, 96, 57—-65. https://doi.org/10.1016/j.biopsycho.2013.11.010.

251. Weinberg, R., Butt, J., & Culp, B. (2011). Coaches’ views of mental toughness and how it is
built. International Journal of Sport and Exercise Psychology, 9(2), 156-172.
https://doi.org/10.1080/1612197X.2011.567106.

252.Weiner, J.S., Lourie, J.A. (1981). Practical human biology. London: Academic Press.

253. Wiggins, J. S. (Ed.). (1996). The five-factor model of personality: Theoretical perspectives.
New York: Guilford.

254.Wind, A. E., Takken, T., Helders, P. J. & Engelbert, R. H. (2010). Is grip strength a predictor
for total muscle strength in healthy children, adolescents, and young adults?. European Journal
of Pediatrics, 169(3), 281-287. https://doi.org/10.1007/s00431-009-1010-4.

255. Zari¢, 1., Milosevi¢, M., Kuki¢, F., Dopsaj, M., Aminova, A. S., & Komkova, I. A. (2021).
Association of mental toughness with competitive success of young female basketball players.
Yenosek. Criopt. Menununa, 21(1), 86-93.

256. Zatsiorsky, VM. (2000). Biomechanics in sports — performance enhancement and injury
prevention. New Jersey: Blackwell Science Ltd.

257. Ziegler, M., Cengia, A., Mussel, P. & Gerstorf, D. (2015). Openness as a buffer against
cognitive decline: The Openness-Fluid-Crystallized-Intelligence (OFCI) model applied to late
adulthood. Psychology and Aging, 30(3), 573-588. https://doi.org/10.1037/a0039493.

258.Zou, H. W., Li, Z. L., Jing, X. Y., Wang, Y., Liu, Y. J., & Li, L. F. (2021). The GABA(B1)
receptor within the infralimbic cortex is implicated in stress resilience and vulnerability in
mice. Behavioural brain research, 406, 113240. https://doi.org/10.1016/j.bbr.2021.113240.

259. Zuckerman, M. (2005). Psychobiology of Personality (2nd ed.). New York: Cambridge
University Press.

135



10.1 Figures and Graphs

1. Figure 1. left: Front of Sensory Homunculus. Mpj29. Creative Commons Attribution-Share
Alike 4.0 International.
https://commons.wikimedia.org/wiki/File:Front_of_Sensory Homunculus.gif. Retrived
01.03.2023.

2. Figure 1. right: BA312 - Primary Somatosensory Cortex - lateral view - with homunculus.
Polygon data were generated by Database Center for Life Science(DBCLS). SC-BY-SA-2.1-jp.
https://commons.wikimedia.org/wiki/File:BA312_- Primary_Somatosensory_Cortex_-
_lateral_view_-_with_homunculus.png. Retrived 01.03.2023.\

1. Graph 1. Record of the force-time curve in the classical modality of isometric muscle
contraction of the hand. Dopsaj, M., Klisari¢, D., Kapeleti, M., Ubovi¢,M., Rebi¢, N., Piper, N.,
Trikos. B., Stanci¢, D., Samardzi¢, N., Rajkovi¢, A., Nikoli¢, D., Nikoli¢, M., Vasiljevi¢, M.,
Bozovi¢, B. With author permision.

2. Graph 2. Record of the force-time curve in the impulse modality of isometric muscle
contraction of the hand. Dopsaj, M., Klisari¢, D., Kapeleti, M., Ubovi¢, M., Rebi¢, N., Piper,
N., Trikos. B., Stan¢i¢, D., Samardzié, N., Rajkovi¢, A., Nikoli¢, D., Nikoli¢, M., Vasiljevic,
M., BoZovié, B. With author permision.

3. Graphs3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 23 and 44. Adapted printouts from
software jamvi and spss. Milos Milosevic.
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ASSOCIATION OF MENTAL TOUGHNESS
WITH COMPETITIVE SUCCESS
OF YOUNG FEMALE BASKETBALL PLAYERS
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“Abu Dhabi Police, Abu Dhabi, United Arab Emirates,

*South Ural State University, Chelyabinsk, Russian Federation

Adm. The aim of this study was (o investigate the association between mental toughness and
competitive performance of voung female basketball players. Materials and methods. The sample
of 38 female basketball players who were under 16 vears old and played for the four best-ranked
basketball clubs in the highest league of Serbia was recruited. Their mental toughness was
evaluated via mental toughness gquestionnaire (MTO48) and their performance index rating
was evaluated by their season statistics obtained from the official web papge of the Serbian Bas-
ketball Association. Results. Correlation analysis revealed a significant association of perfor-

mance indey ratine with mental ronehnece and ite ronctimante cnch ae contend and canfidencs

141
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IO 1694-1700, 2021,

Profile for Body Fat Percentage of Serbian Working Population,
Aged from 18 to 65, Measured by Multichannel Bioimpedance Method

Perfil del Porcentaje de Grasa Corporal de la Poblacién Activa Serbia,
de 18 a 65 Anos, Medido por el Método de Bivimpedancia Multicanal

Milivoj Dopsaj'*; Zoran Pajic'; Anastasija Kocie'; Marko Erak'; Aleksandar Pajkic'*;
Aleksandar Vicentijevic'; Milos Milosevic' & Branislav Bozovic'

DOPSAL M.; PAJIC, Z.; KOCIC, A ERAK, M.; PAIKIC, A VICENTLIEVIC, A MILOSEVIC, M. & BOZOVIC, B. Profile
for body fat percentage of Serbian working population, aged from 18 to 65, measured by multichannel bioimpedance method. fnr. J.
Morphol., 396):1694-1T00, 2021.

SUMMARY: Obesity prevalence and trends of PBF related to age were defined on a sample of 8100 people among whom, 49535
were male (Age = 31.2 + 10 yr) and 3145 were female (Age = 32.1 + 11.3 yr). Body structure measurements were performed using a
standardized method of multichannel bioimpedance analysis (BIA), using a body structure analyzer — InBody 720. The total sample was
divided into two subsamples according to sex, where every subsample was divided imo five different age groups The mean PBF values
of the Male total sample were 18.2 + 8.0 % and the female total sample was 28.3 + 9.2 %, Results of Kruskal-Wallis ANOVA with
Dwass-Steel-Critchlow-Fligner post-hock showed that there are statistically significant differences (p < 0.001) between all age groups
among themselves except groups 50 - 60 and 60 - 65 (p = 0.09). Analysis of obesity prevalence according to the PBF indicator in
different age groups revealed the existence of statistically significant {(p < 0.001) trends of increasing obesity with age, both in men and
women. Based on the result of this study, it can be concluded that most of the Serbian working population are in the range of normal PBF
values, excluding the male 30-39.9 yr and female 60-65 yr age categories as groups which are more prone to obesity levels.

KEY WORDS: Obesity: Prevalence: Bodyv Composition: Bodv Structure.

INTRODUCTION

It 1s well known that the modern hifestyle 1s Developing the system for measuring and controlling
characterized by sedentariness and insufficient physical  the status of body composition has become an increasingly
activity (Rakic et al., 2019). The increasing use of new  popular tool for monitoring the general health status | Giba et
technologies has been one of the main factors influencing — al, 2015), or health status of a specific population, such as
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Milos Milosevic

Movement As Personality Trait Indicator - What Can Kinesiology
Offer to The Psychology of Individual Differences

Faculty of Physical Education and Sports Management, Singidunum University, Belgrade, Serbia
Faculty of Sport and Physical Education, University of Belgrade, Serbia

Integrated Science Association (I5A), Universal Scientific Education and Research Network (USERN),
Belgrade, Serbia

The aim of this presentation is informs the scientific community about research and investigation of the
relationship between motor and psychological characteristics, i.e. about examinations of different dimensions
of muscle force proeduction as a physiological correlate of personality traits as well as evaluation of the value of
measuring movement properties as indicators for objective assessment of personality characteristics. Although
the underlying assumption of trait theories is that numerous tendencies for behaving in a certain way can be
described through a limited number of personality traits that are largely an expression of the peculiarities of
the nervous system functioning, most influential personality inventories assess personality traits based on self-
assessment. This practice is especially questionable when the respondents because of subjectivity or lack of
ability can't give valid self-assessments themselves or in competitive situations, such are entrance exams or job
interviews are not motivated to give honest answers about their insights. That is why numerous dimensions of
muscle force such as maximal force, rate of the force development, endurance in force and similar are explored
as potential physiological correlates of personality traits such as Aggressiveness, Extraversion, Neuroticism,
Negative Valence, Openness, Positive Valence, Conscientiousness, Mental toughness, Machiavellianism,
Psychopathy, Narcissism, Empathy and so on. The second line of the research refers to the possibility of
estimating the pace of early cognitive development using a battery of motor tests. In this presentation, the
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JOURNAL OF CRIMINALISTIOR AND LAW Origiﬂa] SCientiﬁC paper

Psychometric Properties of the Serbian Version of Mental Toughness
Inventory and Dark Triad Dirty Dozen in Police Students

12Milo& Milogevic, 'Branislav Bozovic', '*Milivoj Dopsaj
University of Belgrade, Faculty of Sport and Physical Education, Belgrade, Serbia

*Singidunum University, Faculty of Physical Education and Sport Management, Belgrade, Serbia
*South Ural State University, Chelyabinsk, Russian Federation

Submitted: 2022-02-10 = Accepted: 2022-04-02 = Published: 2022-04-20

Abstract: Police work is a stressful occupation, where officers are exposed to chronic and intense
stressors. When it comes to understanding and predicting reaction to prolonged stress, it has been
shown that there is more to personality than what can be captured by the most widespread person-
ality models. Adding Mental Toughness as the capacity to tolerate and overcome stress at work, as
well as the Dark Triad as a tendency for malevolent behaviour, to the traditional model of assessing
the personality of a police officer can improve the prediction of important outcomes. The aim of
this paper was to examine the psychometric properties of the Serbian translations for the Mental
Toughness Inventory (MTI) and the Dark Triad Dirty Dozen (DTDD) in a population of police
students. The research was conducted on a sample of 92 students in their first and second years
at the University of Criminal Investigation and Police Studies. Considering the specificity of the
sample, both instruments showed good reliability (Cronbach’s Alpha Based on Standardized Item
a = 0.81 for MTI and a = 0.84 for DDTD); factor structure was confirmed for the MTI (y* = 51.5,
p < 0.001, CFI = 0.864) and DTDD (f = 105, p < 0.001, CFI = 0.886) as well as convergent (r=
-.384, p < 0.01 between Mental toughness, and Machiavellianism). Although deviations from the
normal distribution were obtained, having in mind the rigor of psychological and physical selec-
tion into the Police University, the obtained psychometric properties of the MTI and DTDD were
acceptable and we recommend the instruments for further usage.

Keywords: mental toughness, Narcissism, Machiavellianism, psychopathy, validation, police.

Graphical abstract
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Mental toughness and empathy as match performance predictors
of high-level female basketball players
Milo$ Milogevié! (7, lvan Zarié2 ), Milivoj Dopsaj® (), Irena Risti¢* (), Michael Sheard®

L Faculty of Physical Education and Sports Management, Singidunum University, Serbia; 2 MB University, Belgrade,
Serbia; 3 Faculty of Sport and Physical Education, University of Belgrade, Serbia; * Faculty of Dramatic Arts, University
of Arts in Belgrade, Serbia; ® Independent researcher, England

Abstract

Study aim: The aim of this study was to explore empathy and mental toughness as predictors of match performance of young
basketball players.

Material and methods: The correlation design was used in order to meet the research goals. The research was conducted
on a sample of 40 female basketball players, with average age of 16.15 = 1.02 years, members of the four best teams of the
National First Women’'s Cadet League. Half of the players in the sample were also national team members. The independent
variables empathy and mental toughness were assessed with the Interpersonal Reactivity Index and Sports Mental Toughness
Questionnaire. The dependent variable match performance was assessed through match performance analysis based on indica-
tors from official league statistics by calculating the performance index rating (PIR).

Results: The results of the hierarchical multiple regression analysis showed that by adding empathy to the model of mental
toughness, the percentage of PIR varniance explained increased from 21% to 46%.

Conclusion: Adding empathy to the model of mental toughness increased its predictive value. The model of mental toughness
and empathy, as predictors of match performance of young basketball players, was found to be very effective. The results are
not unambiguous and indicate the need for further research in this area, as it could have a positive impact on the selection sys-
tem in sport. Also, the research represents a step towards greater integration of sports and collective creativity studies.

Key words: Match performance - Basketball players - Empathy - Mental toughness - SMTQ
- Collective creativity
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Abstract: Background /Objectives: The correlation of handgrip strength (1HGS) and mor-
phological characteristics with Big Five personality traits is well documented. However, it is
unclear whether these relationships also exist in highly trained and specialized populations,
such as tactical athletes, and whether there are sperific differences compared to the general
population. This study aimed to explore the interplay of handgrip neuromuscular, mor-
phological, and psychological characteristics in tactical athletes and the general population
of both genders. Methods: The rescarch was conducted on 2 sample of 205 participants. A
standardized method, procedure, and equipment (Sports Medical solutions) were used to
measure the isometric neuromuscular characteristics of the handgrip. Basic morphological
characteristics of body height, body mass, and body mass index were measured with a
portable stadiometer and the InBody 720 device. Psychological characteristios were assessed
wilh the Mental Toughness Index and Dark Triad Dirty Dozen quesltionnaines. Results:
Numerous significant correlations were obtained, as well as differences between tactical
athletes and the general population of both genders. The maost prominent correlations were
between the excitation index with Psychopathy and the Dark Triad (p — - 041, -0.349) in
female tactical athletes, as well as Neuroticism with body height, maximal force, and the
maximum rate of foroe development in the male general population (p = 049, 043, 0.41).
The cbtained results also revealed gender and occupational specific patterns of researched
relationships. Conclusions: Although the results of this study indicated the possibility of
the existence of correlations between handgrip neuromuscular, morphological, and psycho-
logical characteristics in tactical athietes of both genders, nevertheless, at the moment, there
s not enough solid evidenoe for that. That is why new rescarch is needed. An analysis
of muscle contractile and time paramceters as neuromuscular indicators in the HOCS task
proved to be a possible promising method, which brought numerous new insights about
the researched relationships. For practical application in the ficld, we propase including,
Mental Toughness and the Dark Triad traits in the sclection process for future police officers
and national security personned besed on the obtained results,

| Funct, Morphod. Kinesiol. 2025, 10, 72

Pt/ /ot omp/ 10 X050,/ 1001 0072
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,» L he relationship of the mechanical characteristics of the hand grip expressed in different modules
of isometrical contraction and psychological characteristics in adults (IToBe3aHoCT MEXaHHUKIX
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1.Crynujcku nporpam __ExcnepumaHTaliHe METO/IE HCTPaKUBabha XyMaHe JIOKOMOIIH]je

Hacnos pana: ,,The relationship of the mechanical characteristics of the hand grip expressed in
different modules of isometrical contraction and psychological characteristics in adults (IToBezanoct
MCXaHUYKHX KAPAKTCPUCTHKA CTHUCKA IIAKE NCIIOJbCHUX Y pa3JIMIUTUM MOOYyJINMa I/ISOMeTpI/IjCKOF
Harpe3ama | ICUXOJIONIKIX KapaKTepUCTHUKA KO OJIpaciinx ocoda)

Mentop  mpod. ap MunuBoj [omncaj

N3jaBsbyjeM na je mrammaHa Bep3uja MOT JJOKTOPCKOT pajia MICTOBETHA €JIEKTPOHCKO]

BEp3UjU KOJy caM Mpeaao/na paau noxpamuBama y JIMruTajHom peno3uropujymy YHuBep3uTeTa
y beorpany.

Jlo3BoJbaBaM j1a ce 00jaBe MOjU JIMYHU TIOIAIM BE3aHU 3a T0OOHjamkhe aKaJeMCKOT Ha3WBa JIOKTOpa
HayKa, Kao IITO Cy UME M Mpe3uMe, TOJAMHA U MECTO pohjema 1 aatyMm oj0paHe paaa. OBH JHYHU
MOJIalA MOTY ce 00jaBUTH Ha MPEKHHUM CTpaHHUIAMa JUTUTAIHE OUOIIMOTEKE, Y €IEKTPOHCKOM
KaTajory u y nyosiukanujama YHHBEp3uTeTa y beorpany.
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