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Abstract 

The current thesis re-investigated the complex link between revised reinforcement 

sensitivity theory (rRST) and mentally tough behaviour and tested whether rRST could be 

extended to predict mentally tough athletes psychophysiological responses. The objectives of 

this thesis were to address two issues in Hardy, Bell, and Beattie’s (2014) study, assess 

whether rRST could predict the psychophysiological responses and performance of mentally 

tough athletes, and test the utility of two competing cardiac models to map these responses. 

Study 1 addressed the issue of the measurement of rRST in Hardy et al.’s study by examining 

the factorial validity of the six-factor Reinforcement Sensitivity Theory Personality 

Questionnaire (RST-PQ). Utilising a technically complex, alternative statistical approach in  

Bayesian structural equation modelling (BSEM), analyses supported the RST-PQ’s six-factor 

structure in two separate samples of student athletes. Study 2 addressed the issue of the 

statistical procedures used to validate the single-factor 15-item Cricket Mental Toughness 

Inventory (CMTI) in Hardy and colleague’s study, and re-examined their results using this 

measure and the RST-PQ. Results offered further for BSEM with the 15-

item CMTI measurement model demonstrating a strong model-fit in a sample of male 

elite and sub-elite cricket coaches. Multilevel analyses also revealed unique insights into the 

personality of male elite and sub-elite cricketers where the mentally toughest performers 

elicited high avoidance motivation levels and increased approach motivation levels. Study 3 

tested the hypothesis that rRST could predict mentally tough athletes psychophysiological 

responses and performance with an ambitious experiment in a real-world sporting context. In 

addition, study 3 took a novel approach to depict these responses, by examining the 

effectiveness of the Cardiac Autonomic Balance and Cardiac Autonomic Regulation 

(CAB/CAR) models. Hierarchical regression analyses showed that rRST did not significantly 

predict the psychophysiological responses and performance of male elite cricketers. 

However, partial support was provided for CAB with a significant main effect 

between approach motivation and CAB. Implications of this research programme have far-

reaching effects for sports and other disciplines (e.g., military, medicine) where performing 

under pressure is crucial for success. Study 2 suggested that the personality trait of high 

approach and avoidance motivation levels plays a key role in successful performance. This 

finding combined with the validation of the RST-PQ from Study 1, means practitioners now 

have available a reliable measure to accurately assess personality. Additionally, the study 2 

findings provide a template for tailoring training environments to foster and nurture success. 
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Study 3, whilst contradicting initial predictions, implies that to promote optimal performance, 

it is important to create the right pressure levels in training. In conclusion, this thesis 

progressed Hardy et al.’s (2014) study by validating a contemporary rRST measure, enhanced 

their CMTI using BSEM, and updated the rRST-mentally tough behaviour relationship. 

Lastly, scant support was offered for a link existing between rRST and psychophysiological 

responses and the ability of the CAB/CAR models to map these responses was inconsistent 

with more research needed.   
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Glossary of terms 

Approach motivation- the drive to move towards positively reinforcing stimuli, such as 

goal-directed pursuits. 

Autonomic control- the regulation of specific body processes, such as heart rate, blood 

pressure automatically controlled by the sympathetic and parasympathetic nervous systems.  

Avoidance motivation- the motivation to move away from negatively reinforcing stimuli, 

such as threats.  

Bayesian statistics- a method of data analysis named after the mathematician Thomas Bayes, 

enabling the combination of prior information about a parameter of interest through the 

expression of a probability distribution.  

Bayesian Structural Equation Modelling (BSEM)- statistical approach underpinned by 

Bayesian statistics enabling researchers to test the underlying factor structure of psychometric 

measures. Allows for the specification of factor models with prior knowledge, whilst 

estimating key parameters- factor loadings, cross-loadings, and correlated residuals (see 

terms below for an explanation).  

Behavioural Activation System (BAS)- the neural reward system that regulates all reactions 

relating to reward, conditioned and unconditioned, and enables individuals to engage in goal-

focused behaviour. The activation of BAS leads to the emotions of anticipatory pleasure and 

hope.  

Behavioural Inhibition System (BIS)- the neural system responsible for resolving goal 

conflict between BAS-approach and FFFS-avoidance through a range of psychological 

processes. The BIS is responsible for producing the emotion of anxiety.  

Cardiac Autonomic Balance (CAB)- a cardiac model which posits that the parasympathetic 

and sympathetic nervous systems are reciprocally controlled with increased activation in one 

system associated with decreased activation in the other.  

Cardiac Autonomic Regulation (CAR)- the inverse of CAB, CAR is also a cardiac model 

which proposes that the control of the parasympathetic and sympathetic nervous systems is 

more flexible in nature (coactivation, coinhibition, independent sympathetic, independent 

parasympathetic, see terms for more details).  
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Cardiac autonomic space- a two-pronged model containing parasympathetic and 

sympathetic activation axes, with the middle space depicting the major forms of autonomic 

control. A tool enabling researchers to plot cardiovascular data and provide a graphical 

representation of the type of autonomic control elicited in response to a stimulus.  

Coactivation- increased activation of both the sympathetic and parasympathetic nervous 

systems in response to a stimulus.  

Coinhibition- decreased activation of both the sympathetic and parasympathetic nervous 

systems in response to a stimulus.  

Correlated residuals- show the association and any unexplained variation between the items 

belonging to a factor in a factor model. The strength of the relationship being determined by a 

regression coefficient value between 0.00 and 1.00, with higher values indicating a strong 

correlated residual and vice versa. 

Cricket Mental Toughness Inventory (CMTI)- A questionnaire used by cricket coaches to 

measure the mental toughness of cricketers’ during competitive matches.  

Cross-loadings- demonstrate the link between an item in a factor model with non-intended 

factors. This link is quantified by a regression coefficient value between 0.00 and 1.00 with 

higher values representing a strong cross-loading and vice versa.  

Factor analysis- a statistical approach providing insights into the covariances and 

correlations between observed and unobserved (latent) variables. Common applications  

Factor loadings- describe the relationship between an item in a factor model and its intended 

factor. The strength of this relationship is once again signified by values between 0.00 and 

1.00 with higher values indicative of a strong factor loading and vice versa.  

Fight-Flight-Freeze System (FFFS)- the neural system that controls all reactions to aversive 

stimuli, conditioned and unconditioned, and enables individuals to engage in avoidance 

behaviour away from a desired goal. It is associated with generating the emotion of fear.  

Frequentist statistics- the opposite of Bayesian statistics, the frequentist approach assumes 

that under the null hypothesis if an experiment was replicated 100 times, 95 would produce 

the same results. Frequentist treats model parameters as unknown, fixed constants where 

there is nothing going on within the data.  
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Heart rate variability (HRV)- refers to rhythmical fluctuations in heart rate by measuring 

the time interval between heartbeats.  

Hierarchical Multiple Regression- is a statistical approach that allows researchers to add 

independent variables to a regression model in steps or ‘blocks’, and tests whether adding 

these variables explains a significant degree of the variation in the dependent variable.  

Maximum Likelihood Confirmatory Factor Analysis (ML-CFA)- is a statistical technique 

for analysing how well the predicted factor structure of a questionnaire fits the collected data. 

Maximum likelihood infers that the parameters are unknown, fixed constants without any 

uncertainty on their values.  

Mental toughness- a multidimensional, psychological construct within the sports psychology 

literature shown to enable successful athletic performance.  

Multilevel Modelling (MLM)- is a statistical approach used to measure hierarchical data 

structures by controlling for variances in the different hierarchies. Hierarchies are represented 

by separate levels, with the simplest MLM consisting of two levels.  

Neurobiology- the science that investigates the biological mechanisms through which the 

nervous system operates.  

Parasympathetic activation- the stimulation of the parasympathetic nervous system, which 

leads to a decrease in heart rate, breathing rate, blood pressure, and increased digestion. 

Otherwise known as the ‘rest and digest’ branch of the nervous system in returning our 

bodies to a restful, relaxed state.  

Priors- a researcher’s uncertainty on the value of a model parameter before seeing the data, 

represented by a probability distribution. Priors range from informative signifying high 

certainty with a low probability distribution and non-informative priors vice versa.  

Psychophysiology-the study of the link between psychological processes and cardiovascular 

responses.  

Pre-ejection period (PEP)- the time between electrical signals passing through the left 

ventricle and the start of left ventricular contraction.  

Punishment sensitivity- the degree to which an individual’s behaviour is driven by 

unconditioned, punishing stimuli.  
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Reinforcement Sensitivity Theory (RST)- a popular personality theory founded in the 

neuropsychology literature, which describes how behaviour is regulated by a series of brain 

systems (Behavioural Activation System, Fight-Flight-Freeze System and Behavioural 

Inhibition System, see terms above for more detail).  

Reward sensitivity- the extent to which an individual’s behaviour is driven by conditioned, 

rewarding stimuli.  

Slopes analysis- describe the relationship between an independent and dependent variable as 

low, medium, and high levels of the moderating variable.  

Sports psychology- an interdisciplinary science that examines the impact of psychological 

aspects on athletic performance, exercise, physical, health, and well-being.  

Sympathetic activation- the stimulation of the sympathetic nervous system, which leads to 

increased physiological arousal as shown by increased alertness, heart rate, and blood flow to 

the working muscles paired with decreased blood flow to the stomach and extremities.  

The Reinforcement Sensitivity Theory Personality Questionnaire (RST-PQ)- a 

questionnaire used to measure personality based on a list of statements about everyday 

feelings and behaviours. 
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1 Chapter 1-Introduction 

1.1 The meaning and importance of sport psychology 

Sports psychology has been defined as ‘‘understanding the performance, mental 

processes, and wellbeing of people in sporting settings, taking into account psychological 

theory and methods.” (Meijen, 2019, p.4). The first record of sport psychology was in the late 

1890’s and it has evolved into an internationally recognised field. This is attributable to the 

Olympic movement, professionalisation in sport, increased female sports participation, and 

policy focus on health and wellbeing (Gould & Voelker, 2014). In terms of its importance, 

sport psychology offers many benefits including enhanced sports performance, quicker injury 

recovery and improved well-being (Filho & Tenenbaum, 2015; Thewell, Wood, Harwood, 

Woolway & van Raalte, 2018; Weinberg & Butt, 2011). To realise these benefits, the sports 

psychologist needs to be knowledgeable and versatile utilising a range of psychological skills 

such as goal setting, visualisation, thought management, self-talk, and physical relaxation 

techniques (Vealey, 1988, 2007). Given its importance, there are professional sports 

psychology associations globally, the majority located in Europe and North America. Sports 

psychologists are chartered professionals gaining their skills through comprehensive training 

comprising ethics, consultancy, education, and research (Eubank, Nesti & Cruickshank, 

2014). Within the UK, sports psychologists are registered by the Health and Care Professions 

Council and obtain their accreditation through either the British Psychological Society or The 

British Association of Sport and Exercise Sciences. Overall, sports psychology is a globally 

established discipline with scientifically proven benefits for sports performance and well-

being. In addition, there is an extensive network of expert organisations, institutions and 

journals dedicated to progressing the knowledge and application of sports psychology. 

1.2 Brief background of sport psychology 

The roots of sport psychology go back to 1898 with the American psychologist 

Norman Tripllet who investigated the link between social facilitation and performance in 

cyclists. Specifically, Tripllet revealed that cyclists had faster race times when riding in 

groups rather than individually. Limited research into the psychological aspects of sport 

followed Triplett’s investigation including John Watson (1913) and Karl Lashley (1915) who 

examined skill acquisition in archery. It was around this time that Pierre de Coubertin, the 

French founder of the Modern Olympics, arguably showed the first real invested interest in 

sports psychology. From 1897 to 1913, Coubertin published numerous articles discussing the 
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link between psychology and sport (Muller, 2000). Key articles related to the psychological 

elements of sports participation, the importance of athletes exhibiting self-control, and the 

psychological aspects of performance improvement (Kornspan, 2007). Alongside his writing, 

Coubertin also organised three congresses focused on debating the psychology of sport and as 

such may be considered the first official sport psychology conferences. 

Despite these early interests, the first signs of sports psychology growing as a 

discipline did not occur until the 1920s and 1930s. During this period, individuals began to 

dedicate large parts of their working lives to understanding sports psychology. 1921 marked 

the opening of the first sports psychology laboratory in Germany by Robert Schulte who 

published a book called ‘Body and Mind in Sport’. Shortly after, Russian researcher Piotr 

Roudik and the American psychologist Coleman Griffith opened their own sports psychology 

laboratories in 1925. Piotr conducted studies into the importance of competition and 

psychological preparation on sports performance (Ryba, Stambulova & Wrisberg, 2005). In 

contrast, Griffith’s published around 25 studies examining athletes motor learning, 

personality, and character (Gould & Voelker, 2014). He also wrote two famous books ‘The 

Psychology of Coaching (1926)’ and ‘Psychology and Athletics’ (1928), and taught the first 

known university courses in sports psychology (Green, 2003). In the latter part of his career, 

Griffith also was employed by the Chicago Cubs in 1938 to help enhance the team's 

performance. Specifically, he videoed and measured the player's performance to create a 

training program, however, the club’s managers intervened and tried to diminish Griffith’s 

research (Green, 2003). The 1920s and 1930s saw the first real systematic investigation into 

sports psychology with specialist laboratories created to conduct sustained research and the 

first known practitioner in Coleman Griffith. However, momentum for sports psychology 

becoming a profession stalled and remained that way until the 1960s (Aoyagi, ga, 

Poczwardowski, Cohen, & Statler, 2012). 

The 1960s and 1970s signified a period of major development across the field and 

arguably laid the foundations for contemporary sports psychology (2000-present). First, there 

was increased academic interest where sports psychology became well established in North 

American universities. Specifically, academics conducted systematic research programs, 

changed syllabuses to incorporate sports psychology, and developed graduate courses. In 

addition, the first sports psychology journal ‘the International Journal of Sport Psychology’ 

was published in 1970 enabling researchers to progress their knowledge and cross-pollinate 

their findings. Secondly, sports psychology received global interest with the first international 
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sports psychology conference ‘the World Congress of Psychology’ in Italy 1965. Notable 

professional bodies such as the International Society of Sport Psychology (ISSP) and the 

European Federation of Sport Psychology (FEPSAC) in 1969 were also established to govern 

the discipline. Lastly, this era witnessed a rise in the application of sports psychology to 

enhance sports performance. For example, the Soviet countries recognised the positive 

impact of psychological preparation on performance and hired sports psychologists to assist 

their athletes at competitions including the Olympics (Driskell, Cooper, & Moran, 1994; 

Roberts & Kimiecik, 1989). 

Following the significant growth of the 1960s and 1970s, the next stage in the 

development of sports psychology was combining research and practice. During the 1980s 

and 1990s, researchers now dedicated their entire careers to understanding the discipline, and 

an increasing number of practitioners were hired to work with athletes. To illustrate, the US 

Olympics committee created a ‘Sport Psychology Advisory Board’ and hired their first sports 

psychologist to accompany their athletes to the 1988 games (Gould & Voelker, 2014). This 

era also saw a plethora of new academic journals issued. To reflect the merging of research 

and practice, the ‘Journal of Applied Sport Psychology’ was created by the Association of 

Applied Sport Psychology in 1989. Lastly, additional professional bodies such as BASES in 

1984 were established to further strengthen the discipline. 

Contemporary sports psychology is now an internationally recognised profession, as 

shown by the record number of people and countries present at the World Congress of Sport 

Psychology in 2019 held in Spain. There is now a clearly defined career pathway for 

individuals to qualify as sports psychologists and the rate of specialist studies published 

annually continues to increase. The field also continues to evolve where sports psychology is 

now being applied in health and exercise settings to tackle obesity and reduced physical 

activity, particularly in Western civilizations. With over 100 years of development, several 

sports psychology constructs have emerged related to sports performance. Notable examples 

include hardiness (Golby & Sheard, 2004), motivation (Vallerand & Losier, 1999), resilience 

(Fletcher & Sarkar, 2013), self-efficacy (Felt, Short, & Sullivan, 2008), stress (Jones, 2003), 

and mental toughness (Jones, Hanton, & Connaughton, 2000). Of these, mental toughness has 

been associated with a range of desirable behaviours including behavioural perseverance, 

composed performance actions, and thriving in challenging situations (Anthony, Gordon, & 

Gucciardi, 2020; Crust, Swann, & Allen-Collinson, 2019; Gucciardi, Peeling, Ducker, & 

Dawson, 2016). In addition, previous research has demonstrated that mental toughness 
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facilitates successful sports performance outcomes such as the achievement of performance 

goals under pressure (Hardy, Bell, & Beattie, 2014; Beattie, Alqallaf, & Hardy, 2017). As 

such, it is perhaps not surprising that stakeholders such as coaches, athletes, and 

administrators have become interested in accessing training to develop and nurture mental 

toughness (Anthony, Gordon, Gucciardi, & Dawson, 2018).  

1.3 Mental Toughness 

The concept of mental toughness is not new, with twenty years of research devoted 

towards its understanding. Consequently, a few literature reviews have emerged (e.g., see 

Crust, 2007; Gucciardi, 2017). A dominant theme within the evidence base has been that 

mental toughness is underpinned by several psychological characteristics that are suggested 

to contribute to successful performance (Jones, Hanton, & Connaughton, 2002; Gucciardi, 

Gordon, & Dimmock, 2008). These characteristics were largely unveiled using qualitative 

interview methods, and were operationalised using quantitative self-report measures, 

therefore allowing researchers to measure these attributes (e.g., Clough, Earle, & Sewell, 

2002; Gucciardi et al., 2008). 

Utilising qualitative interview methods and quantitative self-report measures 

significantly advanced the literature by allowing researchers to understand the psychological 

characteristics of mentally tough athletes. However, there were calls from researchers 

suggesting that these methods had been exhausted and alternative techniques were required to 

progress understand (Anderson, 2010). In response to these calls, Hardy, Bell, and Beattie 

(2014) re-conceptualised mental toughness as a behaviour. Specifically, Hardy and 

colleague’s implied that before deciding which psychological characteristics are most 

important for mental toughness, we first need to determine whether mentally tough behaviour 

has occurred. As such, mental toughness was defined as ‘‘the ability to achieve personal 

goals in the face of pressure from a wide range of stressors’’ (Hardy et al., 2014, p. 70). To 

operationalise their behavioural conceptualisation of mental toughness, Hardy et al. (2014) 

conducted a series of studies with two aims: 1) conceptualise and measure mental toughness 

from a behavioural standpoint and 2) examine whether Gray and McNaughton’s (2000) 

revised reinforcement sensitivity theory (rRST) could predict mentally tough behaviour in 

elite youth cricketers. To measure mentally tough behaviour, Hardy and colleague’s validated 

the ‘Cricket Mental Toughness Inventory’ (CMTI), which measures cricketers responses to a 

variety of challenging situations and stressors during competition. Further, rRST significantly 
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predicted mentally tough behaviour indicating that cricketers rated by their coaches as being 

mentally tough were more sensitive to punishment rather than reward.  

The work of Hardy et al. (2014) advanced the literature by reducing the dependency 

of researchers to use the psychological characteristics conceptualisation of mental toughness. 

In addition, their study provided an informant-based measure of mental toughness, moving 

address the limitations of self-report questionnaires to measure the construct relating to social 

desirability and social recall bias (Standage & Ryan, 2012). Lastly, these results show that a 

behavioural indicator of mental toughness is being sensitive to high levels of punishment and 

insensitive to high levels of reward. Despite these findings, parts of Hardy et al.’s study can 

be improved. One area that can be enhanced is the statistical procedures used to validate the 

CMTI. To illustrate, maximum likelihood confirmatory factor analyses (ML-CFA) were used 

to examine the psychometric properties of the CMTI, which caused some issues during 

validation and did not offer a realistic representation of the motivating theory. Specifically, 

ML-CFA specified a model where any possible correlated residuals among the CMTI items 

were unidentified as they were fixed to zero. Correlated residuals explain information that the 

factor structure does not describe including any significant cross-over between the items 

caused by wording effects (i.e., parallel wording) and context (i.e., items measuring similar 

situations) (Asparouhov, Muthén & Morin, 2015). Psychometric measures rarely provide a 

perfect representation of the construct indicators (Asparauhov et al., 2015) and by using ML-

CFA that blocked the correlated residuals, it could be questioned whether Hardy et al. (2014) 

offered the best available representation of the underlying theory. 

Another part of Hardy et al.’s study that can be improved is the measurement of 

rRST. To measure rRST, Hardy and colleague’s used the Eysenck Personality Questionnaire-

Revised Short (EPQR-S). The EPQR-S is based on old RST (oRST; Gray, 1982) and the 

reward and punishment sensitivity personality model. Underpinning reward sensitivity is the 

behavioural activation system (BAS), which is sensitive to conditioned, rewarding stimuli 

and regulates goal-approach behaviour (Pickering, Corr, Powell, Kumari, Thornton, & Gray, 

1997). In contrast, the Behavioural Inhibition System (BIS), sensitive to punishing stimuli 

that controls goal-avoidance behaviour, and the Fight-Flight System (FFS), activated by 

fearful and threatening stimuli, controlling aggressive defensive behaviour (fight) and escape 

responses (flight) (Heym, Ferguson & Lawrence, 2008), underpin punishment sensitivity. 

Since its inception, oRST has been updated. The FFS now incorporates ‘freezing’ to form the 

FFFS and has been separated from BIS as research has shown them to be sensitive to 
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different types of stimuli (i.e., FFFS- conditioned and unconditioned punishing stimuli, BIS- 

conflicting stimuli (both reward and punishment)) (Corr, 2008; McNaughton & Corr, 2008). 

In addition, BAS once thought to be only sensitive to conditioned rewarding stimuli, has been 

shown to have multiple functions including having an interest in and reacting to reward, goal 

planning, drive-persistence, and impulsivity (Krupić, & Corr, 2017). Further, to conceptualise 

rRST, reward and punishment sensitivity have been replaced by approach motivation (BAS), 

avoidance motivation (FFFS) and approach-avoidance conflict (BIS) to examine the construct 

(Krupić, & Corr, 2017). Lastly, following these revisions, a range of rRST measures have 

been validated that were unavailable at the time of Hardy et al.’s research. 

In addition to RST offering a suitable model to understand mentally tough behaviour, 

previous research from psychophysiology provides evidence for a link between RST and 

individuals psychophysiological responses (e.g., Brenner, Beauchaine, & Sylvers, 2005; 

Heponiemi, Keltikangas‐Järvinen, Kettunen, Puttonen, & Ravaja, 2004). As previously 

discussed, there have been calls from researchers to adopt alternative methods to progress 

mental toughness understanding (Anderson, 2011). Considering these calls and the suggested 

link between RST and psychophysiology, there is an opportunity to test whether RST can be 

extended to understanding mentally tough athletes psychophysiological responses. Indeed, 

there are little or no psychophysiology studies in the mental toughness literature. 

1.4 Purpose of thesis 

The purpose of this thesis is to advance the mental toughness literature. The first aim 

of this thesis is to re-examine the link between RST and mentally tough behaviour (Hardy et 

al., 2014) using rRST (Gray & McNaughton, 2000). To achieve this, two preliminary steps 

are required: 1) adopt and validate a questionnaire based on Gray and McNaughton’s (2000) 

theory of rRST, and 2) reinvestigate the factorial validity of the CMTI (Hardy et al., 2014) 

using Bayesian Structural Equation Modelling (BSEM; Muthén & Asparouhov, 2012), which 

offers a better representation of the underlying theory than ML-CFA. After re-examining the 

link between RST and mentally tough behaviour, the second aim of this thesis was to 

examine the link between rRST, mental toughness and psychophysiological responses.  

1.5 Thesis structure 

This thesis consists of seven chapters and contains three studies. To assist readers, a glossary 

of terms is included at the start of this thesis, explaining what the numerous acronyms and 

initialisms presented in this research programme stand for. Chapter 2 follows the glossary, 
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which reviews the mental toughness research and starts by focusing on the founding 

principles, and some of the pertinent issues concerning the conceptualisation, measurement, 

and methods used to investigate the construct. The chapter then examines the revised 

reinforcement sensitivity theory (Gray & McNaughton, 2000). 

Chapter 3 (study 1) aimed to validate the Reinforcement Sensitivity Theory 

Personality Questionnaire (RST-PQ; Corr & Cooper, 2016) in a sporting sample. This study 

aimed to address the limitation in Hardy et al.’s (2014) study concerning the measurement of 

RST, where a measure was adopted based on oRST (oRST; Gray, 1982). 

Chapter 4 (study 2) re-examined Hardy et al.’s (2014) study that established a link 

between oRST and mentally tough behaviour. Initially, the factorial validity of Hardy et al.’s 

single factor CMTI was re-examined using BSEM. Next, the RST-PQ and the CMTI were 

used to re-examine the rRST-mentally tough behaviour relationship in a sample of elite and 

sub-elite male cricketers and their respective coaches. 

Chapter 5 provides a second literature review that first analyses the 

psychophysiological research underpinning oRST and rRST. Next, a detailed discussion of 

autonomic functioning in relation to autonomic space (Berntson, Cacciopi, & Quigley, 1991, 

1993) is provided. Lastly, based on the work of Berntson et al. (1991), the concepts of 

autonomic balance and regulatory capacity (Bernston, Norman, Hawkley, & Cacioppo, 2008) 

are presented for understanding autonomic patterns of control. 

Chapter 6 (study 3) reports a psychophysiology study that examined whether rRST 

could predict the psychophysiological responses and performance of elite cricketers using the 

CAB/CAR models of autonomic functioning. This study examined the utility of the CAB and 

CAR models to map the psychophysiological responses of athletes. 

Chapter 7 provides a synopsis of the key findings and summarises the implications of 

this research programme. Specifically, this chapter aimed to draw together the major findings 

presented in this thesis; discuss the key theoretical and measurement issues; highlight the 

practical implications for athletes, coaches, practitioners, and researchers; outline the 

strengths and limitations of the programme; provide directions for future research; and 

provides a conclusion that draws together the central aspects of the thesis.  
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1.6 Considerations in the presentation of this thesis 

This thesis includes two literature reviews. The main focus of literature review one is 

to provide a detailed explanation of mental toughness and rRST as they underpin all the 

studies in this thesis. In addition, the first review discusses several rRST measures including 

the promising RST-PQ and the BSEM method as an alternative analytic strategy to ML-CFA. 

Collectively, the RST-PQ and BSEM combined with mental toughness and rRST provide a 

platform for studies 1 and 2 in chapters 3 and 4, respectively. The second literature review 

comes after chapter 4 that analyses the psychophysiology literature that have applied oRST, 

and critically reviews autonomic functioning. The third and final study is presented in chapter 

6. 

A full list of the appendices that includes copies of the measures used in studies 1, 2, 

3, the BSEM syntaxes utilised in studies 1 and 2, and participation information sheets for all 

three studies are presented after the reference list. 

2 Chapter 2- Literature Review 1 

The purpose of this chapter is to critically review the mental toughness literature. The 

chapter consists of six sections, starting with a review of the early mental toughness research. 

Section two examines the conceptualisation of the construct, focusing on both its 

distinctiveness and definition and offers a critical view of mental toughness as a concept. 

Supplementing section 2 is also a short commentary discussing the link between resilience 

and neurobiology. The third section focuses on the measurement of mental toughness. 

Section four concentrates on the emergence of mentally tough behaviour, outlining the work 

of Hardy et al. (2014) and the revised reinforcement sensitivity theory theoretical framework 

used to direct their research program (rRST; Gray & McNaughton, 2000). Supporting section 

four is also a review of the evidence-base investigating the connection between neural states 

and sports performance. The fifth and final section discusses measurement issues in relation 

to the analytic strategies used to examine the factorial validity of psychometric measures. 

2.1 Mental toughness 

Athletes frequently encounter stressors and challenges during their career, including 

competition pressures, performance setbacks, injuries, illness, and career transitions 

(Mellalieu, Neil, Hanton, & Fletcher, 2009). Some athletes overcome these stressors and 

challenges, whereas others struggle and crumble under pressure (Gucciardi, Hanton, Gordon, 
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Mallett, & Temby, 2015). To explain these performance differences, coaches, commentators, 

and sports psychologists suggest that athletes who possess mental toughness are most likely 

to succeed (Weinberg, 2010). Given its applied importance, a notable research base has 

emerged that has tried to delineate the exact nature of what appears to be a difficult construct 

to define and operationalise.  

2.2 Early mental toughness research 

Mental toughness is not a new construct in sport psychology; it was first mentioned 

by Alderman (1974), who suggested that successful athletes needed to be mentally as well as 

physically tough. Watts (1978) supported this view, claiming that mental toughness was a 

key psychological attribute that coaches looked for in their athletes. Later, Loehr (1982, 

1986, 1995) provided a more complete investigation of mental toughness by exploring the 

traits and responses of mentally tough athletes. This research was based on the idea that 

mental toughness represented an athlete’s capacity to direct energy positively during 

adversity and have a positive attitude towards demanding situations (Loehr, 1982). These 

studies, in the main, used interviews and questionnaires with large cohorts of athletes and 

identified that mentally tough performers elicited several characteristics that including being 

self-motivated and directed, positive but realistic, in control of emotions, calm and relaxed 

under pressure, highly energetic, and ready for action, determined, mentally alert and 

focused, and fully responsible. Loehr’s research provided initial evidence for a link between 

mental toughness and sports performance. However, it did not provide a systematic definition 

or conceptualization, which is important for operationalizing not just mental toughness but 

any construct (Crust, 2007).  

2.3 The link between mental toughness and other constructs  

The precise conceptualization of mental toughness is still something researchers are 

trying to resolve (Gucciardi, 2017). One of the reasons for this conceptual confusion is that 

mental toughness has been linked with other constructs. To illustrate, Clough, Earle, and 

Sewell (2002) made a link between mental toughness and hardiness within the context of 

thriving during stressful life events, which is reflected in the definition of hardiness: “a 

constellation of personality characteristics that function as a resistance resource in the 

encounter with stressful life events” (Kobasa, Maddi, & Kahn, 1982, p.169). Hardiness draws 

parallels with mental toughness in that they are both underpinned by adversity, which relates 

to situations with potentially negative outcomes (e.g., sustaining a career terminating injury). 

Studies by Clough et al. (2002) and Middleton, Marsh, Martin, Richards, and Perry (2004), 
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provide evidence that possessing hardiness or mental toughness enables individuals to 

conquer these adversities (Clough, et al., 2002; Middleton et al., 2004). However, a key 

factor separating these two constructs is that mental toughness can allow individuals to 

prosper during circumstances where there are both positive and negative outcomes. In 

contrast, as highlighted above, hardiness only applies to coping with negative outcomes. For 

example, Gucciardi, Gordon, and Dimmock (2008) found that among a sample of elite 

Australian football players’ mental toughness was beneficial during situations with negative 

(e.g., being dropped and injured) or positive outcomes (e.g., the continuation of good form, 

winning competitions). In terms of the direction of hardiness research in sport, initial work 

focused on whether hardiness could positively predict athletic performance (Maddi & Hess, 

1992). The research then shifted towards understanding whether hardiness could differentiate 

between elite and non-elite athletes in relation to performance (Golby & Sheard, 2004; 

Sheard & Golby, 2010; Thomas, Reeves, Agombar, & Greenlees, 2013). The key finding 

from Golby and Sheard’s (2004) study was that international rugby league players reported 

significantly higher levels of hardiness than professional club players. In support of this 

finding, Sheard and Golby’s (2010) study revealed that across sixteen sports, athletes 

competing at an international level had significantly higher hardiness scores than their 

counterparts at a national, professional, and club standard. This may be the case due to the 

accumulation of experiences international athletes have compared to those at lower levels of 

competition. Later, Thomas et al. (2013) showed that among a sample of professional 

motorcycle racers’, hardiness separated the best performing racers from the weakest. 

Specifically, the 10% best performing racers reported significantly higher mean hardiness 

scores in contrast to the bottom 10%. More recently, the impact of hardiness on sports injury 

recovery has been investigated (Salim, Wadey, & Diss, 2015, 2016); however, the number of 

publications focusing on hardiness in the sports psychology literature appears to be declining. 

A possible reason for this decline may be attributable to the fact hardiness originated from 

health psychology research on reactions to illness and stress (Kobasa et al., 1982; Maddi, 

2004). As such, it could be posited that hardiness may not provide a conceptually realistic 

representation of the stressors and pressures that athletes encounter (Clough et al., 2002). 

Another construct that has been linked with mental toughness is grit, defined as 

“perseverance and passion for long term goals” (Duckworth, Peterson, Matthews, & Kelly, 

2007, p. 1087). Grit is based on the conscientiousness dimension from the Big Five 

Personality Inventory (Goldberg, 1993), and entails dedicating time and effort in a 
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concentrated way to attain a single long-term goal (Duckworth & Gross, 2014). What links 

mental toughness with grit is that they are underpinned by perseverance and passion 

(Gucciardi, Peeling, Ducker, & Dawson, 2016). However, what distinguishes them is that grit 

is a trait, meaning that athletes will habitually display passion and perseverance to achieve a 

single long-term goal in all contexts (McAdams, 2013). In contrast, mental toughness is 

context-specific, meaning that athletes may utilise mental toughness in certain situational 

(i.e., coping with internal and external stressors during matches) and behavioural 

circumstances (i.e., injury rehabilitation and training sessions) (Gucciardi et al., 2008). 

Another factor separating the two constructs is how they link to goal accomplishment. Grit is 

concerned with the fulfilment of a single long-term goal (e.g., running a marathon). In 

contrast, mental toughness is useful for goals with positive and negative outcomes that are 

potentially conflicting (e.g., the reward of making a rugby tackle to win the game versus the 

punishment of picking up a career-threatening injury; Gucciardi et al., 2008; Hardy et al., 

2014). 

Resilience is a further construct that has been linked to mental toughness. Resilience 

refers to ‘‘the mental processes and behaviour in promoting personal assets and protecting an 

individual from the potential negative effects of stressors’’ (Fletcher & Sarkar, 2012, p.675). 

Both mental toughness and resilience allow individuals to adapt to stressful situations; 

however, what separates them is that, by definition, resilience would appear to be most 

effective during stressful or adverse circumstances, a characteristic shared with hardiness. In 

contrast, mental toughness can be useful in other circumstances that require the individual to 

be proactive (e.g., plan for a competition) or reactive (e.g., injury recovery; Gucciardi, 2017). 

Further, it has been suggested that an individual’s ability to adapt to adversity and be 

resilient, is dependent on a variety of protective factors relating to neurobiology, having 

strong community systems, and access to quality health and social services (Masten, 2011). 

In comparison, overcoming adversity from a mental toughness perspective is based on 

possessing a range of psychological resources including self-efficacy, buoyancy, success 

mindset, optimistic style, context knowledge, and attention and emotion regulation 

(Gucciardi, Hanton, Gordon, Mallet & Temby, 2015). Although considered separate from the 

protective factors of resilience, the psychological resources of mental toughness have been 

suggested to encompass these factors (Gucciardi, 2017). As mentioned above, Masten (2011) 

suggested that resilience is related to neurobiology. Given that resilience has been linked with 
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mental toughness and that rRST is based on neurobiology, a short section examining the 

relationship between resilience and neurobiology will now follow. 

2.4 Resilience and neurobiology 

 The evidence base examining the link between resilience and neurobiology suggests 

that specific brain regions and neurobiological mechanisms are linked with resilient 

responses to stress. To illustrate, the hypothalamic-pituitary-adrenal (HPA) axis, comprised 

of the hypothalamus, pituitary gland, and adrenal glands are key for mediating the body's 

reaction to stress (Herman et al., 2016). When a stimulus is perceived as stressful, the 

amygdala activates the HPA-axis whereby the hypothalamus releases a corticotropin-

releasing hormone (CRH), triggering the release of adrenocorticotropin (ACTH) hormones 

from the pituitary gland, causing the production of cortisol from the adrenal cortex 

(Cathomas, Murrough, Nestler, Han, & Russo, 2019). In addition to the adrenal cortex, the 

adrenal medulla is also activated by stressful stimuli. The adrenal medulla produces 

norepinephrine, which many studies have shown at balanced levels can reduce stress 

sensitivity (e.g., see Isingrini et al., 2016). For example, evidence reveals that low 

norepinephrine is prevalent in patients with depression and high in those with post-traumatic 

stress disorder (Geracioti et al., 2001; Krystal & Naumeister, 2009). Effective HPA axis 

regulation is achieved by a CRH controlled negative feedback loop when CRH release leads 

to decreased ACTH secretion, causing reduced cortisol release (Sheng et al., 2021). Normal 

HPA axis regulation is relevant to resilience as it has been suggested to minimise the risk of 

burnout and common mental health disorders (Kakiashvili, Leszek, & Rutkowski, 2013; 

Rajkumar, 2021). Building on this theme, research also implies that healthy HPA axis control 

leads to a decreased stress response allowing individuals to adapt to workplace stress (Eddy, 

Wertheim, Hale, & Wright, 2018), and perform well under pressure in military survival 

training (Rasmusson,Vythilingam, & Morgan, 2003).  

In addition to the HPA axis and its associated hormones, another brain region 

associated with resilience-promoting properties is the ventral tegmental area (VTA; 

Cathomas et al., 2019). Aversive stress activates the VTA, stimulating the release of 

dopamine, which at normal levels may protect against the negative effects of adversity - a key 

component of resilience (Richter, Krämer, Diekhof, & Gruber, 2019). Other neural networks 

applicable to resilience include the brainstem and the prefrontal cortex (PFC). serotonin is 

produced within the raphe nuclei in the brainstem. This chemical has been proven as a key 

enabler in the successful recovery from many common mental health disorders (e.g., see 
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Southwick, Vythilingham, & Charney, 2005). Concerning the PFC, this brain system has 

been linked to resilience as a healthy functioning PFC is thought to facilitate effective 

emotional regulation and better adaptation to challenges (Moreno-López et al., 2020). To 

summarise, several parts of the brain and neural mechanisms have been linked with 

resilience. However, to date, there is little or no research examining the relationship between 

resilience and neurobiology in athletes. As such, future research would be welcomed to 

elucidate the neurobiological basis of a resilient athlete.  

2.5 The conceptualisation of mental toughness  

The conceptual overview provided above demonstrates that mental toughness is 

linked with other constructs, but is also distinct and as such warrant's separate investigation. 

To clarify its distinctiveness, Jones, Hanton, and Connaughton (2002) aimed to identify the 

key attributes that athletes believed to be important for being mentally tough at a super- 

elite/elite level (i.e., Olympic gold medallists and world champions). To achieve this, Kelly’s 

(1955) personal construct theory was applied as a theoretical framework. Personal construct 

theory is a personality theory that explains people’s beliefs and world views through the 

formulation of their own personal theories. Kelly suggested that like scientists, individuals 

use their experiences as data to analyse the causes of events, examine behavioural patterns 

and thus formulate theories. Consequently, people then use their theories to create hypotheses 

to anticipate future behaviours and judgements in given situations (Paszkowska-Rogacz & 

Kabzińska, 2012). The addition of new experiences results in people either validating or 

revising their personal theories, which leads to having feelings of control and mastery over 

themselves and their environment (Jones et al., 2002). In Jones and colleague’s study, a three-

stage data collection procedure was used where the athletes advanced from focus group 

interviews to individual interviews, and follow-up interviews. This sequential process 

allowed Jones et al. to verify the definitions and attributes of mentally tough athletes that 

were discovered during the earlier research stages. In terms of the analysis methods, Jones 

and colleague’s borrowed from Sparkes (1998) and Woodman and Hardy (2001), where the 

transcripts were individually read and direct quotations from the interviews were used to 

present their attributes of mental toughness. This method was selected as it enabled Jones et 

al. to extract personal meaning from the quotes and gain a deep understanding of the 

associated issues. Results revealed several psychological characteristics that enabled elite 

athletes to be mentally tough during competition. Self-belief was identified as being vital for 

mental toughness and consisted of two parts including, the belief you can attain your goals, 
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and the belief that you are unique and superior to your opponents. Motivation through desire 

was also identified as being key to mental toughness. Crucial to this motivation was using 

setbacks to fuel an intense drive to recover quickly and perform successfully. Psychological 

characteristics related to performance under pressure were also found to be important for 

mental toughness. Being able to thrive and cope with game pressure, competition anxiety, 

focusing on game-specific cues while avoiding positive and negative distractions in and away 

from the performance environment (i.e., family, death of loved one), and maintaining high-

performance levels while carrying an injury came under this category. Based on these 

characteristics, Jones and colleague’s defined mental toughness as:   

Having the natural or developed edge that enables you to: (a) generally, cope better 

than your opponents with the many demands (competition, training, lifestyle) that 

sport places on a performer; (b) specifically, be more consistent and better than your 

opponents in remaining determined, focused, confident, and in control under pressure 

(p.247).  

Jones et al.’s study was the first to provide a “psychological characteristics” 

conceptualisation of mental toughness that was quickly adopted by other researchers (e.g., 

Bull, Shambrook, James, & Brooks, 2005; Thelwell, Weston, & Greenlees, 2005). Several 

psychological characteristics emerged from these studies that were believed to enable elite 

athletes to be mentally tough. In Bull et al.’s study, the sample consisted of 12 male ex-

international cricketers’, and the attributes identified for being a mentally tough cricketer 

were categorised into environmental influences, possessing a tough character, tough attitude, 

and tough thinking. The environmental influences centred on the cricketers’ upbringing (i.e., 

parental influence and childhood background), the experience of playing cricket overseas and 

surviving early performance setbacks. Possessing a tough character involved being 

independent, engaging in reflective practice, being competitive with yourself and others, and 

having a resilient confidence. A tough attitude was underpinned by having a willingness to 

learn and succeed, high-quality preparation, setting challenging goals, and performing under 

pressure. The ability to think clearly by making good decisions, maintain perspective, and 

honest self-reflection were key to thinking tough. Thelwell et al. (2005) explored the 

psychological characteristics of mental toughness in six male professional footballers. Semi-

structured interviews identified that self-belief, wanting to be always involved in the game, 

persistence, composure under pressure, remaining focused in the face of distractions, 
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emotional control, having presence during games, good lifestyle management, and thriving 

under pressure were key psychological characteristics for being a mentally tough footballer. 

Despite these advances, a limitation of the psychological characteristics 

conceptualisation is that it suggested that athletes who do not achieve their goals are not 

mentally tough. However, those athletes who do not always fulfill their goals but sustain their 

drive to succeed after a period of poor performances can also be considered mentally tough 

(Gucciardi & Mallett, 2010). An explanation for this is that mentally tough athletes do not 

hold onto failure, and instead reflect on their performances and establish what is required to 

improve and succeed (Fawcett, 2011). Further, being able to place poor performances in 

perspective with life outside sport is another mechanism suggested to enable mentally tough 

athletes to maintain their motivation (Fawcett, 2011).  

Alongside Jones et al.’s (2002) study, researchers focused on conceptualising mental 

toughness by linking it with adversity to understand the challenges that athletes encounter in 

competition and in their daily lives (Clough et al., 2002; Middleton et al., 2004). Research 

has demonstrated that effectively coping with adversity is an integral part of being hardy or 

resilient (c.f. Galli & Vealey, 2008; Wadey, Evans, Hanton, & Neil, 2012). Despite these 

similarities, Clough et al. (2002) applied hardiness to understand the psychological 

characteristics of mentally tough athletes. More specifically, Clough and colleagues 

developed the 4 Cs model of mental toughness, which suggested that commitment, control, 

challenge, and confidence were key psychological characteristics that enabled mentally tough 

athletes to cope with and overcome adversity. This model has been widely adopted within the 

literature (e.g., Crust, 2009; Kaiseler, Polman, & Nicholls, 2009). However, a limitation of 

this model is that it does not inform us in which sporting situations these characteristics are 

most important, and what they allow mentally tough athletes to achieve (Gucciardi et al., 

2008). In addition, the 4 Cs model is based on hardiness, which as discussed above is distinct 

from mental toughness. 

To address the issues associated with Clough and colleague’s mental toughness 

model, Gucciardi, Gordon and Dimmock (2008) aimed to first identify the key characteristics 

of mental toughness and explain in which specific sporting scenarios these characteristics 

might be most beneficial. They also aimed to identify the behaviours that mentally tough 

athletes exhibit during these scenarios. Based on qualitative interviews with 11 elite 

Australian football coaches, they started with three categories (psychological characteristics, 
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situations, and behaviours) that underpinned their conceptualisation of mental toughness. The 

key psychological characteristics of mental toughness were self-belief, work ethic, personal 

values, self-motivation, concentration and focus, resilience, coping with pressure, emotional 

resilience, sport intelligence, and physical toughness. Crucially, these characteristics enabled 

the Australian footballers to exhibit mental toughness to deal with many internal (e.g., low 

self-confidence, physical fatigue) and external situations (e.g., pressure from teammates, bad 

playing conditions). In addition, Gucciardi et al.’s results revealed that the footballers’ 

elicited several behaviours in competitive situations that facilitated mental toughness. These 

included, excellent decision making, recovering from injury, and consistently good 

performances. Based on their findings, Gucciardi et al. defined mental toughness as:  

A collection of experientially developed and inherent sport-specific and sport-general 

values, attitudes, emotions, and cognitions that influence the way in which an 

individual approaches, responds to, and appraises both negatively and positively 

construed pressures, challenges, and adversities to consistently achieve his or her 

goals (p. 67).  

Gucciardi et al.’s research suggested that mental toughness is a multidimensional 

construct based on several factors that enable mentally tough athletes to cope in pressurised 

situations. A strength of their study is that they provided initial evidence of the behaviours of 

mentally tough athletes, whereas previous work has only focused on the key psychological 

characteristics of mental toughness (Bull et al., 2005; Jones et al., 2002). This is a strength as 

it provided an insight into how mentally tough athletes went about performing and achieving 

their objectives in addition to their traits. 

2.6 Critical view of mental toughness as a concept 

. Based on the reviewed literature, mental toughness appears to be a controversial 

concept. There is a longstanding debate among sports psychology researchers regarding the 

meaning of mental toughness, which is illustrated by the several definitions available (see 

Gucciardi, 2017, for a list of definitions). As previously discussed, mental toughness is linked 

with other concepts including grit, hardiness, and resilience. These connections add to the 

controversy surrounding mental toughness as to whether it is a unique concept. Due to 

multiple interpretations, and the absence of a universal working definition and overall 

conceptual model, some question what mental toughness is and if it is objectively useful 

(Dewhurst, Anderson, Howe, & Clough, 2019). This question undoubtedly carries some 
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weight; however, despite the controversy, mental toughness is here to stay mental toughness 

and therefore we have to make the concept as objectively useful as possible. The best way to 

do this is to clearly distinguish it from the other concepts. 

Despite doubts remaining over the uniqueness and exact meaning of mental 

toughness, the consensus is that it is both a psychological and behavioural concept (Gucciardi 

et al., 2008; Jones et al., 2002; Hardy, Bell, & Beattie, 2014). In other words, mental 

toughness is a personal resource comprised of psychological characteristics (see section 2.4) 

and personality factors (see section 2.7) that lead to successful sports performance. 

Concerning its objective use, the Cricket Mental Toughness Inventory (CMTI) and revised 

Reinforcement Sensitivity Theory (rRST; Gray & McNaughton, 2000) discussed below offer 

a promising framework to apply mental toughness. Specifically, Hardy et al. (2014) utilised 

the CMTI and RST and provided evidence of mental toughness occurring. Namely, distinct 

personality patterns among a sample of elite youth cricketers led to mentally tough behaviour 

(i.e., the achievement of goals under pressure). Reviews of this framework and Hardy et al.’s 

(2014) study are provided in sections 2.7 and 2.8. This framework is encouraging as it 

provides an objective understanding of the behaviours underpinning mental toughness. By 

identifying the behaviours of mentally tough athletes, tailored training interventions can be 

developed and implemented (Dewhurst et al., 2019). Furthermore, following Hardy and 

colleague’s study, a behavioural coaching framework was created to increase the number of 

beneficial mentally tough behaviours in elite athletes (Anthony, Gordon, Gucciardi, & 

Dawson, 2018). Overall, despite the difficulties in defining mental toughness, as a concept at 

least, it has psychological and behavioural underpinnings that facilitate successful sports 

performance. There are also some early signs of the concept being objectively useful with 

Hardy et al. presenting behavioural evidence of mental toughness, followed by an evidence-

based intervention to develop mentally tough behaviours (Anthony et al., 2018). This section 

provided a critical overview of mental toughness as a concept, now this literature review will 

explore the dominant methods used by researchers to examine mental toughness. 

2.7 Qualitative methods of analysis 

The studies discussed above (e.g., Bull et al., 2005; Gucciardi et al., 2008; Jones et al., 

2002; Thewell et al., 2008) demonstrate that mental toughness is an umbrella term, 

representing a range of psychological characteristics that enable athletes to be mentally tough 

(Gucciardi, Hanton, & Mallett, 2012). In all these studies, inductive analysis was used, which 

is an approach to qualitative content analysis that allows researchers to generate descriptions, 



 

18 

 

themes, and categories from interview transcripts to generate theory (Patton, 2005). More 

specifically, the method of analysis adopted by Jones et al. (2002) to generate the 

psychological characteristics of mentally tough athletes was based on quotes from the 

interview transcripts. Bull et al. (2005) also used direct quotes from the interviews to present 

the psychological characteristics of mentally tough footballers. In addition, Bull and 

colleagues coded the transcripts by grouping quotes together to generate themes and a mental 

toughness pyramid diagram to show the links between the themes. They then corroborated 

their themes using a focus group consisting of the research team and an ex-professional 

cricketer. In Thewell et al.’s 2005 study, their analysis initially involved the researchers 

individually and collectively defining mental toughness based on the two definitions provided 

by the football players; one before being read Jones et al.’s definition and one after. Themes 

were then derived from the raw data to produce the attributes of mentally tough footballers. 

For trustworthiness, the research team checked their definition and themes with the players 

for accuracy and reliability. Distinct from the qualitative methods of analysis presented above 

are Gucciardi et al. (2008) who adopted the grounded theory coding techniques outlined by 

Glaser and Strauss (1967). These techniques enable researchers to progress from data 

description, to grouping theories, to establishing links within the dataset and hypothesising 

(Glaser & Strauss, 1967). To achieve this, Gucciardi et al. began with ‘open coding’, which 

involved thoroughly examining the data before naming and grouping their mental toughness 

codes or characteristics. Next followed axial coding, whereby correlations and variances in 

the characteristics were explored to restructure and condense them into more global traits. 

Lastly, selective coding was then used to refine the characteristics and incorporate them 

within an evolving theoretical model to depict the links between the traits. 

Taken together, qualitative methods of analysis such as those outlined above helped 

advance the literature by uncovering the core aspects of mental toughness and generating 

theory. However, these qualitative methods prevent researchers from distinguishing between 

the sources, processes, behaviours, and correlates of mental toughness, an issue suggested to 

be strongly linked to most popular conceptualisations of mental toughness (Hardy et al., 

2014). In addition, further research is needed to test the previously discussed models that 

have resulted from this inductive analysis (Diefenbach, 2009). Without such tests, variables 

of mental toughness such as those suggested by Hardy et al. (2014) remain unexamined, 

which could have implications for the training of mentally tough athletes. Lastly, a more 
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general limitation of the mental toughness literature has been the absence of quantitative 

studies conducted. 

2.8 Measurement of mental toughness 

In response to the limitation of researchers solely adopting qualitative methods, others 

have sought to establish quantitative measures of mental toughness. Several measures have 

been developed and can be divided into two categories: 1) general measures that capture 

mental toughness across sports (e.g., the Mental Toughness Questionnaire-48 (MTQ-48; 

Clough et al., 2002); the Psychological Performance Inventory-A (PPI-A; Golby, Sheard, & 

Van Wersch, 2007); the Sport Mental Toughness Questionnaire (SMTQ; Sheard, Golby, & 

Van Wersch, 2009), and 2) sports specific mental toughness measures (e.g., the Australian 

Football Mental Toughness Inventory (AfMTI; Gucciardi, Gordon, & Dimmock, 2009); the 

Cricket Mental Toughness Inventory (CMTI; Gucciardi & Gordon, 2009). 

With the general mental toughness questionnaires, the MTQ-48 has become one of 

the most widely adopted measures for capturing mental toughness (Gucciardi et al., 2012). 

The MTQ-48 is based on Clough et al.’s (2002) 4Cs model and has been used to measure 

mental toughness in several sports (e.g., Crust & Azadi, 2010; Crust, Nesti, & Littlewood, 

2010), but also in work-based studies (Marchant et al., 2009). As such, the practical utility of 

the MTQ-48 is a key strength of this measure. However, the MTQ-48 is based on the 4Cs 

model that is grounded in hardiness, and therefore is likely measuring hardiness rather than 

mental toughness. 

Following the MTQ-48, Golby et al. (2007) created the PPI-A, which measures 

mental toughness through a higher-order mental toughness factor and four first-order factors 

(determination, self-belief, positive cognition, and visualisation) represented by 14-items. 

The wording of the items is a strength of the PPI-A, where the measure could be applied to 

measure mental toughness in other contexts. For example, item two from the visualisation 

factor ‘I visualize working through tough situations prior to competition’ could be adapted to 

measure mental toughness in other contexts such as the workplace. Another strength of the 

PPI-A is that it has been shown to have good psychometric properties (c.f. Gucciardi, 2012). 

However, a limitation of the PPI-A is that it is not based on a conceptual model. The four 

factors came from the psychological characteristics of mental toughness identified in Loehr’s 

(1986) qualitative study. The lack of a theoretical basis raises doubts whether the PPI-A 

offers a suitable representation of mental toughness. 
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Another popular general mental toughness measure developed was the SMTQ (Sheard 

et al., 2009), which was validated over two studies. Study one focused on item development 

and testing the initial four-factor 18-item model using Maximum Likelihood - Confirmatory 

Factor Analysis (ML-CFA). Results revealed that among two independent samples of 

competitive athletes that the four-factor model had a poor fit to the data and four items had 

weak factor loadings (i.e., below .40; MacCallum, Roznowski, & Necowitz, 1992). 

Subsequently, Sheard and colleague’s removed the items with poor factor loadings and tested 

a three-factor structure (confidence, constancy, and control). Study two then examined the 

factorial and divergent validity of the three-factor, 14-item model using Schmid-Leiman CFA 

procedures (Schmid & Leiman, 1957), which tests whether a hierarchical factor structure is 

present. Results retained the 14-items, but the SMTQ contained a higher-order mental 

toughness factor, which was based on three first-order factors (confidence, constancy, and 

control). Moreover, the SMTQ demonstrated good divergent validity from other measures 

that were conceptually distinct from mental toughness. A strength of the SMTQ is the 

comprehensive statistical procedures used to test its factorial validity. However, the SMTQ 

did not have a conceptual model. The factors were based on raw data themes and quotes from 

qualitative studies presented in Crust’s (2007) review article. As such, the absence of a 

conceptual model brings into question the measures theoretical underpinnings and whether it 

is measuring mental toughness. 

In terms of the sports-specific measures of mental toughness, Gucciardi et al. (2009) 

developed the AfMTI. The aims of their study were two-fold: 1) validate a measure of mental 

toughness in Australian footballers, and 2) examine whether the key mental toughness 

characteristics extracted, could discriminate between elite and sub-elite Australian 

footballers’. To underpin the AfMTI, Gucciardi et al.’s (2008) conceptualisation of mental 

toughness was used. Using ML-CFA analyses, support was provided for a 4-factor (thrive 

through challenge, sport awareness, tough attitude, and desire for success), 24-item model 

with good factorial validity. Furthermore, it was revealed that the AfMTI successfully 

discriminated between elite and sub-elite Australian footballers based on age, skill level, and 

experience. Following the initial validation, Gucciardi and colleagues attempted to provide 

some behavioural evidence to validate their four self-reported psychological characteristics of 

mental toughness in Australian footballers with parent and coach ratings. However, the 

correlations between the different ratings were poor. The fact the authors’ tried to cross-

validate the factor structure of the AfMTI using an informant was a strength of their study, as 
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it addresses the limitations of self-report measures, which suffer from social desirability and 

self-presentation (Hardy et al., 2014). 

The development of self-report measures helped operationalise mental toughness by 

allowing researchers to measure the key psychological characteristics. However, using self-

report measures does not allow researchers to conduct independent examinations of mentally 

tough behaviour (i.e., achievement of goals under pressure) (Hardy et al., 2014). Many 

psychological characteristics have been shown to influence mental toughness, but without 

evidence of mentally tough behaviour occurring, it is difficult to pinpoint which 

characteristics are most important (Hardy et al., 2014).   

2.9 Mentally tough behaviour  

To address the limitations discussed above regarding the conceptualisation and 

measurement of mental toughness, Hardy et al. (2014) conducted four studies. The starting 

point for their work was conceptualising mental toughness as a behaviour with mental 

toughness defined as ‘the ability to achieve personal goals in the face of pressure from a wide 

range of stressors’ (p.14). Key to their conceptualisation was the view that mental toughness 

is a somewhat fixed and unchanging disposition (Hardy et al., 2014). To operationalise their 

behavioural conceptualisation, the first aim of Hardy et al.’s research was to create and 

validate a measure of mentally tough behaviour to be completed by an informant (e.g., coach) 

that could be used to examine mentally tough behaviour in high-level athletes. Inherent 

within their operationalisation was also avoiding objective indicators of achievement (e.g., 

goals scored in football and runs scored in cricket) as they are strongly influenced by talent, 

practice, skill level and a range of other psychosocial and physiological factors (Hardy et al., 

2014). The second aim of Hardy et al.’s work was to use an alternative approach to 

examining mental toughness by examining the link between personality theory and mental 

toughness. Gray and McNaughton’s (2000) rRST with its neuropsychological basis was 

applied as a personality model as it offered an explanation of how mentally tough behaviour 

is controlled through the interaction of a series of brain systems (Hardy et al., 2014). 

Hardy et al.’s first study focused on the development of the Cricket Mental Toughness 

Inventory (CMTI), which is a coach-rated measure of mentally tough behaviour that 

concentrates on several demanding situations and stressors that athletes encounter during 

competition. These items were based on a case study by Hardy and Woodman (2001) who 

identified that the competition environment, personal difficulties, leadership problems and 
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team issues were major organisational stressors experienced by elite athletes. In addition, the 

items were formulated by Hardy et al. in collaboration with five highly-skilled and 

experienced coaches. In terms of the data collection, a two-stage method was used with a 

sample of university students recruited in stage one and a cohort of sports science students in 

stage two. For stage one, the students were instructed to complete the CMTI on a team-mate 

or athlete they had performed with extensively. The same process was used for stage two, 

albeit students rated the same performer twice at a three-week interval to examine the test-

retest reliability of the CMTI. To validate the CMTI, ML-CFA was used, and results revealed 

that among a sample of university athletes, the single-factor 15-item CMTI had poor factorial 

validity. Therefore, post-hoc modifications were conducted. The modifications revealed how 

the model-fit was enhanced if the parameters were released one at a time. Following the 

removal of seven items, an 8-item model emerged with good factorial validity and test-retest 

reliability. Study 2 then confirmed the factor structure of the 8-item CMTI on a separate 

sample of elite youth cricketers who were rated by their coaches. Study 3 then examined if 

individual differences in mentally tough behaviour could be explained by rRST. To inform 

their predictions, Hardy et al. used Perkins, Kemp, and Corr’s (2007) results, which 

suggested that reward sensitivity was linked with lower emotional reactions to threat and 

higher performance levels in a sample of military recruits. In contrast, high levels of 

punishment sensitivity were linked with avoiding threat and lower performance levels. 

Accordingly, Hardy and colleague’s predicted that reward sensitivity would be positively 

linked with mentally tough behaviour, and punishment sensitivity would be negatively linked 

with mentally tough behaviour. To test this prediction, a sample of elite youth cricketers and 

their coaches were recruited. To measure rRST, the cricketers completed the Eysenck 

Personality Questionnaire–Revised Short version (EPQR-S; Eysenck, Eysenck, & Barrett, 

1985), and had their mentally tough behaviours rated by their coaches using the CMTI. 

Specifically, coaches were instructed to select 2-15 cricketers they had worked with 

extensively and assess their ability to maintain high levels of sports performance by scoring 

them against the various pressure scenarios depicted in the items. Using multilevel modelling 

(MLM), results revealed an interaction between reward and punishment sensitivity and 

mentally tough behaviour. The results were the opposite of what Hardy and colleague’s 

expected where they found a significant positive relationship between punishment sensitivity 

and mentally tough behaviour when reward sensitivity decreased and a negative significant 

relationship when reward sensitivity increased. These results were explained by suggesting 

that cricketers who were sensitive to punishment and insensitive to reward detected threats 
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earlier allowing them to adopt successful coping strategies. Although threat detection was 

identified as being a potentially important mechanism in the rRST-mentally tough behaviour 

relationship, it was not directly examined. Therefore, study 4 aimed to first replicate the study 

3 findings and extend them by examining the link between rRST and threat detection in a 

separate sample of elite youth cricketers and their coaches. To measure threat detection, a 

questionnaire was developed describing eight cricketing scenarios that could be threatening 

and involved mental preparation (e.g., ‘Your County’s side [U-17 / U-19] are playing in a 

national final at Lords. There are approximately 1000 spectators present. Your team is batting 

second. You are chasing 250 and the score is currently 220–4 at the start of the 45th over. 

You are due to be batting at number 10’). Participants rated these scenarios on a 1-5 scale, 

with higher scores representing quicker threat detection and longer mental preparation, and 

lower scores indicating later threat detection and shorter mental preparation. The results 

replicated the study 3 results and revealed that cricketers with high levels of punishment 

sensitivity and low levels of reward sensitivity picked up threats faster, which allowed them 

more preparation time to implement effective coping strategies. 

The work of Hardy et al. (2014) advanced the literature by providing researchers with 

a framework to examine some of the behavioural aspects of mental toughness. Their research 

also provided a method of measuring mental toughness without the issues of social 

desirability and recall bias. Further, Beattie, Alqallaf, and Hardy (2017) replicated Hardy et 

al.’s results among a sample of elite youth swimmers in a two-part study. Part 1 tested the 

factorial validity of the single factor 15-item Swimming Mental Toughness Inventory 

(SMTI), which is a measure of mentally tough behaviour that tests swimmers ability to 

perform under pressure from a wide range of stressors. Identical to Hardy et al. (2014), ML-

CFA was used to validate the SMTI, and the one-factor 15-item SMTI model had poor 

factorial validity. However, following post-hoc modifications, an 11-item model 

demonstrated a good fit to the data. In terms of how well the SMTI relates to the CMTI, 8 out 

of the 15 items remained the same and seven were adapted to a swimming context. Part 2 

focused on whether increasing punishment sensitivity and low reward sensitivity predicted 

mentally tough behaviour and race time performance in a sample of competitive swimmers. 

To measure rRST, the swimmers completed the EPQR-S (Eysenck et al. 1985). The 

swimmers then had their mentally tough behaviour rated by their coaches using the SMTI. 

Specifically, the coaches were asked to rate their swimmers on their ability to maintain high 

levels of performance during competitive meets by scoring them against the different 
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pressure scenarios described in the items. In addition, SMTI scores were supplemented with 

race times for the opening heat from the swimmers’ last three races to measure mentally 

tough behaviour. Using MLM, results revealed that when reward sensitivity was low, 

increasing punishment sensitivity led to the highest levels of mentally tough behaviour and 

improved race time performances. In contrast, when reward sensitivity was high, increasing 

levels of reward sensitivity had a negative impact on mentally tough behaviour and race 

times. 

2.10 Neural states and sports performance 

The work of Hardy et al. (2014) and Beattie et al. (2017) provided insights into the 

neural states associated with sports performance. Coincidentally, a small evidence base has 

emerged within the sports and exercise psychology literature dedicated to this topic. A 

dominant theme within this literature is a relationship between cortical activity within the 

cerebral cortex and sports performance levels (e.g., see Li & Smith, 2021, for a review). 

Using Electroencephalography (EEG) measures, studies indicate that decreased cortical 

activity is linked with higher performance levels in self-paced sporting tasks such as shooting 

(Bablioni et al., 2008; Di Fronso et al., 2016) and golf-putting (Del Percio et al., 2009a) 

compared to their less skilled counterparts. In explaining decreased cortical activity in skilled 

and elite athletes, researchers have often used the 'neural efficiency' hypothesis, 'economy of 

effort principle'. Collectively, this theory and principle imply that due to the training skilled 

athletes have undergone, they have in turn better cortical functioning during cognitive tasks 

and thus use less energy (Hatfield & Kerick, 2007; Vecchio et al., 2012).  

In addition to cortical activation, research suggests that event related potentials 

(ERP's) are also a neural state found in athletes. ERP's are small electrical impulses within 

the brain that are timebound to the start of an event such as a sensory stimulus or a motor 

skill and are measured via EEG (Rugg & Coles, 1995). The ERP's represent the information 

processing stages in the brain regions relating to cognitive control (i.e., prefrontal cortex), 

memory (i.e., amygdala, hippocampus, and neocortex), and affect regulation (prefrontal 

cortex and amygdala) (Kropotov, 2016). Of the available ERP related sports studies 

conducted, results have shown elite athletes display different ERP's to novices (Del Percio et 

al., 2008; Di Russo, Pitzalis, Aprile, & Spinelli, 2005, Di Russo, Taddei, Apnile, & Spinelli, 

2006). For example, Del Percio et al. (2008) examined ERP's relating to preparation and 

initiation of movement in elite and novice fencers and karate athletes via centrally located 

EEG electrodes on the scalp. Results revealed both sets of athletes exhibited a decrease in 
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electrical activity at the movement preparation and movement initiation potentials in response 

to being shown pictures of attacks performed by fencers and karate athletes. In contrast, their 

novice counterparts displayed increased electrical activity in these potentials following the 

picture displays. Like results from other studies investigating cortical activity in athletes, the 

ERP findings were explained by suggesting that due to their training elite athletes had greater 

neural efficiency and expended less neural resources.  

In sum, the small collection of studies mentioned above have begun to elucidate the 

neural states of athletes. However, much of this research has been conducted in laboratory 

settings, with little or no investigations carried out in real-life sporting environments. 

Additionally, the previously discussed studies have principally focused on self-paced sporting 

tasks, therefore the generalisability of these results to more dynamic athletic movements (e.g., 

running, jumping, turning, and ball striking) is unclear. Artefacts commonly associated with 

EEG measurement have undoubtedly impeded the more extensive study of neural states 

across different sports and in real-life sporting situations (Park, Fairweather, & Donaldson, 

2015). However, the introduction of mobile EEG technology will hopefully enable 

researchers to examine these states across a wider sporting landscape (Park et al., 2015).  

The previously discussed studies by Hardy et al. (2014) and Beattie et al. (2017) provide 

strong evidence for a link between rRST and mentally tough behaviour. Although promising, 

there have been developments in the literature regarding the measurement of rRST and the 

statistical procedures used to validate psychometric measures. When Hardy et al. conducted 

their study, the rRST measures available to them were those such as the EPQR-S. The EPQR-

S is a personality measure, the scoring of which is manipulated to gain reward sensitivity and 

punishment sensitivity scores (Corr, 2001). However, at the same time Hardy and colleague’s 

conducted their study, a range of rRST measures were being developed based on the revised 

theory (Gray & McNaughton, 2000). In addition, Bayesian Structural Equation Modelling 

(BSEM; Muthén & Asparouhov, 2012) as an approach to factor analysis has emerged in the 

sports psychology literature as an alternative to ML-CFA (e.g., Gucciardi et al., 2016; Niven 

& Markland, 2016). Therefore, the next section discusses the changes in rRST along with the 

available measures. A review of the BSEM approach compared to ML-CFA will also be 

included as part of the rRST section, by providing a critique of the measurement methods 

used in the construction of the Reinforcement Sensitivity Theory- Personality Questionnaire 

(RST-PQ; Corr & Cooper, 2016), which features in all the studies in this thesis. 
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2.11 Revised Reinforcement Sensitivity Theory 

The revised reinforcement sensitivity theory (rRST; Gray & McNaughton, 2000) is a 

neuropsychological-based personality theory that suggests that an individual’s behaviour is 

governed by a series of brain systems that are sensitive to approach, avoidance, and 

conflicting motivations (Corr, 2013). According to rRST, there are three brain systems 

including the behavioural activation system (BAS), the fight-flight-freeze system (FFFS), and 

the behavioural inhibition system (BIS). The BAS is located within the cerebral cortex, 

thalamus, and striatum brain regions (McNaughton & Corr, 2004), and is sensitive to 

rewarding stimuli (e.g., money for winning a competition or gaining a new player contract). 

Once activated, the job of the BAS is to engage in goal-directed approach behaviour (Gray & 

McNaughton, 2000). The FFFS is located within the anterior cingulate and prefrontal ventral 

stream and is sensitive to punishing and threatening stimuli (e.g., physical pain from 

sustaining or competing with an injury) needing immediate defensive behaviour 

(McNaughton & Corr, 2004). When the motivation is to avoid such stimuli, the FFFS 

initiates active avoidance behaviour or a flight response away from a desired goal (Bacon, 

Corr, & Satchell, 2018). In contrast, when the punishment/threat is unavoidable, the FFFS 

initiates freeze behaviour or a freeze response leading to the emotions of fear and panic 

(Vecchione & Corr, 2020). Lastly, the BIS is located within the septo-hippocampal system, 

posterior cingulate and prefrontal dorsal stream. This system is sensitive to goal-conflict 

between the FFFS and the BAS and is responsible for resolving this conflict (Corr & Krupić, 

2017). It does this by activating several psychological processes including, risk assessment, 

looking for sources of threat, and inhibiting any approach or avoidance behaviour the BAS 

and FFFS were about to initiate (Corr, 2013). These processes can cause rumination and 

worry, resulting in FFFS activation, which is linked with negative affect (Corr & Cooper, 

2016). However, at normal levels, the processing of goal-conflict through BIS activation 

allows an individual to approach threatening cues (Stoeber & Corr, 2017). 

2.12 Original reinforcement sensitivity theory  

The current version of RST is an update of Gray’s (1982) original conceptualisation 

of RST. This theory was based on Eysenck’s (1947) theory of personality, which includes the 

personality dimensions of introversion, extraversion, neuroticism, and stability. More 

specifically, Gray (1982) suggested that in a multivariate statistical factor space, extraversion 

and neuroticism should be rotated approximately 30 degrees to form ‘punishment sensitivity’, 

representing anxiety, and ‘reward sensitivity’ signifying impulsivity (Corr, 2008; see Figure 



 

27 

 

1). In terms of how the sub-systems of rRST relate to reward and punishment sensitivity in 

original RST, BAS was suggested to be only sensitive to conditioned rewarding stimuli. 

However, rRST suggests that BAS has multiple functions including having an interest in and 

reacting to reward, goal planning and drive-persistence (Corr & Cooper, 2016). Further, from 

a psychometric perspective, BAS has typically been measured multidimensionally since the 

introduction of Carver and White’s (1994) BIS/BAS scales (see below). With regards to the 

FFFS, this was included in the original RST model as the fight-flight (FF) system and was 

suggested to be sensitive to only unconditioned punishing stimuli (Corr, 2008). In contrast, 

rRST updated FFS to FFFS by incorporating ‘freezing’ and the system was proposed to 

control all reactions to both conditioned and unconditioned punishing stimuli (Corr, 2008). In 

terms of BIS, original RST suggested this sub-system was also sensitive to conditioned 

punishing stimuli, whereas rRST posits that BIS is responsible for resolving goal-conflict 

(Corr & Cooper, 2016). Given the similarities in the functions of the FFS and BIS in old 

RST, they were combined to form punishment sensitivity. A key part of rRST has been the 

bifurcation of the FFFS and the BIS, as they have been shown to be sensitive to different 

types of stimuli (i.e., FFFS- all types of punishing stimuli, BIS- conflicting stimuli) 

(McNaughton & Corr, 2008). Further, the subsystems are associated with different emotional 

states (i.e., FFFS is related to fear and the BIS to anxiety), and as discussed above are in 

different brain regions. 

  



 

28 

 

 

Figure 1- Model of reward and punishment sensitivity representing Gray’s (1982) old RST, 

taken from Corr (2008). The bold black lines represent the reward and punishment sensitivity 

diagonals, and the dotted lines represent the personality dimensions that underpin these 

sensitivities. In line with old RST, FFFS/BIS were combined to constitute a global 

punishment sensitivity factor.  

2.13 The measurement of rRST  

The evolution of rRST has been mirrored by the development of several self-report 

measures. These included the Jackson-5 (Jackson, 2009), the rRST version of the Sensitivity 

to Punishment and Sensitivity to Reward Questionnaire caregiver report for children 

(SPSRQ-C; Colder et al., 2011), the Reinforcement Sensitivity Questionnaire (RSQ; 

Smederevac, Mitrović, Čolović, & Nikolašević, 2014), the revised Reinforcement Sensitivity 

Theory Questionnaire (rRST-Q; Reuter, Cooper, Smillie, Markett, & Montag, 2015), the 

Fight-Flight-Freeze Questionnaire (FFFQ; Maack, Buchanan, & Young, 2015), and the RST-

PQ (Corr & Cooper, 2016). Corr (2016) and Walker and Jackson (2017) conducted reviews 

of the available measures, and the Jackson-5 and the RST-PQ emerged as the best reflections 

of the underpinning theory. The Jackson-5 measures rRST through five factors including 

BAS, BIS, Fight, Freezing, and Flight. A strength of this measure is that it differentiates 

between the BIS and FFFS in measuring punishment sensitivity. However, a limitation of the 

Jackson-5 is that it only has one BAS factor, which does not support the multidimensional 

BAS model (Carver & White, 1994). The face validity of this measure is also a limitation. 

For example, items such “I prefer projects to prove my ability” and “I want to do well 
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compared to others” appear to measure the goal-driven aspect of BAS rather than the conflict 

in approach and avoidance motivations reflecting BIS (Corr & Cooper, 2016). In addition, 

Krupić, Corr, Ručević, Krizanić, and Gračanin (2016) tested the differential validity and 

generalisability of the Jackon-5 compared to other established rRST measures and found the 

BIS factor to have significant correlations with BAS. 

Compared to the Jackson-5, the RST-PQ offers a better representation of the guiding 

theory by measuring rRST through 6-factors including four BAS factors (reward interest 

(RI), goal-driven persistence (GDP), reward reactivity (RR), and impulsivity (I)), and single 

factors for BIS and FFFS. During the validation of the RST-PQ, a separate factor was also 

developed called the ‘Defensive Fight System (DF; e.g., I think retaliation is often the best 

form of defence), which was linked conceptually with FFFS but empirically was highly 

correlated with BAS. The RST-PQ reflects Carver and White’s (1994) multidimensional BAS 

model and separates the BIS and FFFS in the measurement of punishment sensitivity. 

Further, the RST-PQ was shown to have good construct and discriminant validity, where its 

factor structure showed significant positive correlations with several established personality 

measures (Corr & Cooper, 2016). These included, Carver and White’s (1994) BIS/BAS 

scales, the EPQR-S (Eysenck et al., 1985), the Mini IPIP Five-Factor Model-Personality 

Scale (Goldberg, 1999), The State–Trait Anxiety Inventory Form-Y2 (STAI; Spielberger, 

Gorsuch, Lushene, Vagg, & Jacobs, 1983), and The Fear Survey Schedule (FSS; Wolpe & 

Lange, 1977). Lastly, the RST-PQ has good practical utility where it has been used to 

measure rRST across different domains including, attachment styles (Jiang & Tiliopoulos, 

2014) and emotional intelligence (Bacon & Corr, 2017). In Jiang and Tilipoulos’s study, they 

identified that among university students, BIS sensitivity was linked with adult attachment 

styles. Specifically, there was a significant positive relationship between attachment anxiety 

and BIS sensitivity where attachment anxiety scores increased in conjunction with increasing 

BIS scores. Lastly, Bacon and Corr (2017) revealed that undergraduates with high trait 

emotional intelligence were more persistent in achieving their goals, had increased approach 

motivation, decreased avoidance motivation, and reported fewer negative emotions compared 

to those with low emotional intelligence. 

From a theoretical standpoint, the RST-PQ would appear to be a suitable measure for 

capturing rRST in athletes. However, the measurement methods used in the construction of 

the RST-PQ are aspects of model development that can be improved. To validate the RST-

PQ, ML-CFA was used, which is underpinned by frequentist statistics, a type of statistics 
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based on probability (van de Schoot & Depaoli, 2014). Probability being defined as for an 

experiment replicated 100 times with the same sample, 95% of these replications would 

produce the same results (van de Schoot, 2014). In relation to parameter estimation, 

frequentist statistics assumes that all model parameters do not have a probability distribution 

and as such are unknown fixed constants (van de Schoot & Depaoli, 2014). Within a 

measurement model context, a frequentist approach results in a factor model with the factor 

loadings, cross loadings, and correlated residuals all fixed at zero (Muthén & Asparouhov, 

2012). Put more simply, items are only allowed to load onto their target factors and unable to 

correlate with items belonging to other factors. This estimation approach with its strict model 

constraints commonly leads to a poor fitting model, as indicated by the χ2 statistic (Marsh et 

al., 2009). Indeed, this was the case in a recent study by Eriksson, Jansson, and Sundin 

(2019), who found the Swedish version of the 65-item RST-PQ to have a poor model-fit 

using ML-CFA. The use of ML-CFA caused no issues in validating the RST-PQ where the 

65-item had a good model-fit. An explanation for this is that ML-CFA is reliant on statistical 

power to obtain a good model-fit (Niven & Markland, 2016), and a large sample was 

recruited during the RST-PQ factor analyses (N = 831 undergraduate students). However, 

from an empirical and theoretical perspective, ML-CFA does not account for the likelihood 

of there being some small cross-loadings and correlated residuals within the items that are 

based on the underlying theory and created during the construction of the measure 

(Asparouhov & Muthén, 2009). For this reason, it is questionable whether ML-CFA provided 

the best available representation of the motivating theory during the validation of the RST-

PQ. 

2.14 The Bayesian Structural Equation Modelling approach compared to ML-CFA  

Before the creation of the RST-PQ, the Bayesian Structural Equation Modelling 

approach created by Muthén and Asparouhov (2012) had started to filter into the 

psychological methods literature (e.g., Golay, Reverte, Rossier, Favez, & Lecerf, 2013; van 

de Schoot et al., 2013; van de Schoot et al., 2014). As an alternative to ML-CFA, the BSEM 

method is also confirmatory in nature but is likely to provide a more flexible representation 

of the underlying theory (Golay et al., 2012; Muthén & Asparouhov, 2012). A key detail that 

distinguishes BSEM from ML-CFA is how the model parameters are estimated. The ML-

CFA approach estimates parameters as unknown fixed zero constants based on the view that 

parameters have no probability distribution (van de Schoot & Depaoli, 2014). Within factor 

analysis, ML-CFA results in a strict model where the items are loaded onto their intended 
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factors and the cross-loadings and correlated residuals are blocked. In contrast, the BSEM 

method considers the parameter estimates to be random but known, which allows researchers 

to allocate approximate non-zero values to the estimates (De Bondt & Van Petegem, 2015). 

Within the context of factor analysis, this results in a more flexible model where the cross-

loadings and correlated residuals are released. Key to their release is the specification of 

informative priors with approximate zero means and small variances on the cross-loadings 

and correlated residuals (Niven & Markland, 2016). Priors signify the researcher’s 

knowledge before viewing the data and are represented by a mean and variance (van de 

Schoot et al., 2014). The variance of the prior is set before the analysis and signifies the 

researcher’s uncertainty in the value of the parameter estimate, and the deviation from zero in 

the parameter estimates the researcher is prepared to accept (Niven & Markland, 2016; van 

de Schoot et al., 2014). Using small variances means that the researcher has high certainty in 

the values of the parameter estimates (van de Schoot et al., 2014), and within the context of 

factor analysis, the values for the cross-loadings and correlated residuals are expected to be 

near zero (Niven & Markland, 2016). The mean and variance of these priors can be adjusted 

to suit the researcher’s needs and can be based on theory and previous research. In addition, 

specifying informative priors is not just restricted to the cross-loadings and correlated 

residuals, and can be mixed with informative priors on the factor loadings (e.g., see 

Gucciardi, Peeling, Ducker, & Dawson, 2016). From an empirical and theoretical 

perspective, this provides a suitable representation of the underlying theory, and integrating 

previous findings into analyses using priors serves as a meta-analysis, enabling researchers to 

strengthen their conclusions and extend their findings (Zyphur & Oswald, 2015). 

Another difference between BSEM and ML-CFA lies in the modifications used to 

enhance model-fit. ML-CFA uses post-hoc modification indices that detect any problem 

items (e.g., items with large cross-loadings or correlated residuals) and shows how the model-

fit can be enhanced if the parameters are released sequentially. As mentioned previously, the 

RST-PQ had a good model-fit in Corr and Cooper’s (2016) validation study. Nevertheless, in 

the event of a poor model fit, using post-hoc modification indices to improve the model-fit 

may have capitalised on chance properties of the data and concealed an important conceptual 

structure (Gerbing & Anderson, 1984; MacCallum, Roznowski, & Necowitz, 1992). In 

contrast to ML-CFA, the BSEM approach to identify problematic items and release model 

parameters to improve model-fit, is somewhat different. Specifically, 95% credibility 

intervals are used, which indicate whether the parameter values are balanced around zero. 
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When informative small variance priors have been specified on the parameters, 95% 

credibility intervals that do encompass zero demonstrate that the parameter estimate values 

are too large (Niven & Markland, 2016). To illustrate, the default mean and variance for 

informative priors is + .01, which equates to cross loadings and correlated residuals with a 

95% credibility interval of ± .20, which translates to a small cross loading or correlated 

residual (Muthén & Asparouhov, 2012). Parameter values outside of this range may indicate 

that there is an important link between an item and a non-target factor, or a meaningful 

source of residual influence (i.e., items measuring similar contexts or with similar wording) 

present among the items (Asparahouv, Muthén, & Morin, 2015). Using 95% credibility 

intervals provides useful information on how the items behave and the researcher can delete 

any problem items before re-specifying the model and estimating all the parameters 

simultaneously (Niven & Markland, 2016). A final advantage of BSEM over ML-CFA is that 

it produces a better model-fit in smaller samples (Lee & Song, 2004). The basis of this 

superiority over ML-CFA again lies in the use of credibility intervals, which compared to 

confidence intervals in ML-CFA, accepts that the parameter estimates are not balanced 

around zero. As such, BSEM can cope with parameters with more unbalanced estimates 

(Muthén & Asparouhov, 2012). 

This section started with a detailed review of the changes in rRST along with the 

available measures. The section then culminated with a critique of the measurement methods 

used to validate the RST-PQ with the introduction of BSEM as an alternative analytic 

strategy to ML-CFA. With its neuropsychological underpinnings, rRST has the potential to 

become a prominent theory in sports psychology research. As mentioned previously, rRST 

has provided valuable information on how psychological processes influence elite athletes 

behaviours (Bell et al., 2017; Hardy et al., 2014). The application of rRST in sport 

psychology may also extend research perspectives. To illustrate, rRST could be integrated 

with monitoring methods such as electroencephalography (EEG), transcranial magnetic 

stimulation (TMS) equipment, and eye gaze to examine the cognitive processes of elite 

athletes. In addition, rRST can be employed to understand the psychophysiological responses 

of elite athletes. Indeed, research could draw from the psychophysiology literature that has 

examined the influence of rRST on psychophysiological responses under stressful conditions 

(Brenner, Beauchaine, & Sylvers, 2005; Heponiemi, Keltikangas‐Järvinen, Kettunen, 

Puttonen, & Ravaja, 2004; Knyazev, Slobodskaya, & Wilson, 2002). The results of such 

research may have implications for athletes, coaches, and sports psychologists by identifying 
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the neural states required for a favourable cardiovascular response and successful 

performance. As such, tailored training interventions can be developed and implemented to 

enhance performance.  

Summary 

To summarise this chapter, mental toughness has become a prominent construct in 

sport psychology and a notable research base has emerged devoted to its understanding. 

Despite its similarities with other constructs (i.e., hardiness, grit, and resilience), a frequent 

theme that has dominated the literature is that mental toughness represents a variety of 

psychological characteristics that enables athletes to perform successfully under pressure 

(Clough et al., 2002; Loehr, 1982, 1986, 1995; Jones et al., 2002; Gucciardi et al., 2008). 

However, there has been a recent shift from researchers to understand the behaviours of 

mentally tough athletes (Beattie et al., 2017; Hardy et al., 2014). Using Gray and 

McNaughton’s (2000) rRST, these researchers have begun to scratch the surface of the 

behaviours mentally tough athletes exhibit during competition. Bell et al. (2017) and Hardy et 

al. (2014) identified that having high levels of punishment sensitivity and low levels of 

reward sensitivity leads to successful sports performance. 

The work of Beattie et al. (2017) and Hardy et al. (2014) advanced the literature by 

reducing the reliance of researchers to adopt the psychological characteristics 

conceptualisation and started to uncover some of the psychological processes of mentally 

tough athletes. However, these studies measured rRST using the EPQ-RS (Eysenck et al., 

1985), which although an established personality measure, is based on an older version of 

RST (Gray, 1982) and has long been succeeded by rRST (Gray & McNaughton, 2000). At 

the time of Hardy et al.’s study, no rRST measures were available. However, following their 

publication, several rRST measures were validated. Nevertheless, the use of ML-CFA during 

the construction of these rRST measures was a limitation, as they did not provide a realistic 

representation of the motivating theory due to overly strict model constraints. Therefore, 

based on a review of Hardy et al.’s (2014) study and the rRST literature it was clear that: 1) a 

measure based on rRST is required to further examine the rRST-mentally tough behaviour 

relationship, 2) the RST-PQ (Corr & Cooper, 2016) appears to offer the best theoretical 

representation of the underlying theory, and 3) an analytic strategy that provides a more 

flexible and realistic representation of the rRST is required. The aim of the first study in this 

thesis was, therefore, to examine the factorial validity of the RST-PQ using BSEM. 
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3 Chapter 3 

Study 1 

Measuring reinforcement sensitivities in athletes: Factorial validity of the 

Reinforcement Sensitivity Theory Personality Questionnaire 

3.1 Introduction 

Recently, researchers in sports psychology have examined the behavioural responses 

of mentally tough athletes (Beattie, Alqallaf, & Hardy, 2017; Hardy, Bell & Beattie, 2014). 

These studies applied the original Reinforcement Sensitivity Theory (oRST; Gray, 1982); see 

chapter 2 of this thesis) to understand mentally tough behaviour (i.e., the ability to achieve 

performance goals under pressure). This theory has a neuropsychological basis and explains 

how behaviour is controlled through the interaction of a series of neural networks (Corr, 

2008). As such, RST provides a strong conceptual framework to understand mentally tough 

behaviour as it offers neuropsychological insights into how athletes control and sustain their 

goal-directed behaviours under pressure (Hardy et al., 2014). In Hardy and colleagues’ two-

part study, the link between RST and mentally tough behaviour was examined in a sample of 

elite youth cricketers and their coaches. Part one of their study focused on the validation of 

the Cricket Mental Toughness Inventory (CMTI), which is a measure of mentally tough 

behaviour that tests cricketers’ ability to perform under pressure from a wide range of 

stressors. In part two, Hardy and colleague’s examined whether RST could predict mentally 

tough behaviour. Specifically, the coaches measured the cricketers mentally tough behaviours 

using the CMTI, and the cricketers self-reported their reinforcement sensitivities using the 

Eysenck Personality Questionnaire-Revised Short version (EPQR-S; Eysenck, Eysenck, & 

Barrett, 1985). Using multilevel modelling (MLM), a key finding was an interaction between 

oRST and mentally tough behaviour. Specifically, the highest levels of mentally tough 

behaviour occurred when the cricketers reward sensitivity was low, and their punishment 

sensitivity was high. In contrast, the lowest levels of mentally tough behaviour occurred 

when cricketers punishment sensitivity and reward sensitivity was high. 

The interaction between high punishment sensitivity, low reward sensitivity and 

mentally tough behaviour was counter to Hardy and colleague’s original predictions, which 

suggested that high reward sensitivity would be linked with higher levels of mentally tough 

behaviour. To test the credibility of these results, Beattie et al. (2017) conducted a two-part 

study examining the RST-mentally tough behaviour relationship in swimmers. Part 1 
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validated the Swimming Mental Toughness Inventory (SMTI), which is a measure of 

mentally tough behaviour that tests swimmers’ ability to perform under pressure from a wide 

range of stressors. Part 2 focused on whether increasing punishment sensitivity and low 

reward sensitivity predicted mentally tough behaviour and race time performance in a sample 

of competitive swimmers. To measure RST, the swimmers completed the EPQR-S (Eysenck 

et al. 1985) and had their mentally tough behaviour rated by their coaches using the SMTI, 

supplemented with race times for the opening heat from their last three races. Using MLM, 

results revealed at low levels of reward sensitivity, increasing punishment sensitivity led to 

the highest levels of mentally tough behaviour and improved race time performances in 

swimmers. 

The work of Beattie et al. (2017) offers support to Hardy et al.’s (2014) study 

indicating that increasing levels of punishment sensitivity is associated with high levels of 

mentally tough behaviour, at low levels of reward sensitivity. However, a limitation of these 

findings is the measure of RST adopted, the EPQ-RS, which was used to distinguish between 

punishment and reward sensitivity as it conflates the Fight-Flight-Freeze System (FFFS) and 

Behavioural Inhibition System (BIS), in line with Gray’s (1982) original conceptualization of 

RST. However, RST was updated by Gray and McNaughton (2000) to become the revised 

reinforcement sensitivity (rRST), and a key change to oRST was the separation of the FFFS, 

which responds to avoidance motivation, and BIS, which is sensitive to goal-conflict (Bacon 

& Corr, 2017). Research has shown that these brain systems produce different emotional 

responses (i.e., FFFS- fear, BIS- anxiety) and are in different brain regions (i.e., FFFS- 

anterior cingulate, prefrontal ventral stream, BIS- septo-hippocampal system, posterior 

cingulate, and prefrontal dorsal stream; Corr & McNaughton, 2012). Separating fear and 

anxiety is also important not just in the context of rRST but also sport, as both emotions can 

differentially impair performance (Zhang, Woodman, & Roberts, 2018). As such, gaining an 

insight into how fear and anxiety influence performance could have implications for 

improving athletes performance. Based on this suggestion, adopting a measure that separates 

FFFS and BIS is important for examining any proposed rRST-mentally tough behaviour 

relationship. 

Following the revisions to RST, several self-report measures have been developed 

(see section 2.9 for a review); of these, the Reinforcement Sensitivity Theory-Personality 

Questionnaire (RST-PQ: Corr & Cooper, 2016) has a six-factor structure with four factors 

measuring the behavioural activation system (BAS; reward interest, goal-driven persistence, 
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reward reactivity, and impulsivity), and separate factors for BIS and FFFS. Crucially, within 

the RST-PQ the FFFS and BIS are orthogonal, and its structure also supports a 

multidimensional conceptualization of BAS (cf. Carver & White, 1994; Corr & Cooper, 

2016). This measure has demonstrated good construct and discriminant validity, with its 

factor structure showing significant positive correlations with established personality 

measures, including Carver and White’s (1994) BIS/BAS scales, the EPQR-S (Eysenck et al., 

1985), the Mini International Personality Item Pool (IPIP; Goldberg, 1999), The State–Trait 

Anxiety Inventory Form-Y2 (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983), 

and The Fear Survey Schedule (FSS; Wolpe & Lange, 1977). From a theoretical perspective, 

the RST-PQ provides a strong representation of the underlying theory and appears to be a 

suitable measure for examining rRST in athletes. However, to date, the RST-PQ has not been 

validated in a sporting sample. Therefore, the present study examined the underlying factor 

structure of the RST-PQ in a sample of athletes. 

3.2 Method 

3.2.1 Participants 

Undergraduate student athletes (N = 419, males = 266, females = 153; mean age = 

19.70; S.D. = 1.84 years) from three universities in the South Wales region of the UK were 

recruited. All participants played for a local team and/or University club from American 

football (N = 2), athletics (N = 21), badminton (N = 11), basketball (N = 14), boxing (N = 8), 

cricket (N = 40), football (N = 95), hockey (N = 34), lacrosse (N = 6), netball (N = 49), rugby 

(N = 99), swimming (N = 28), and tennis (N = 12). Ethical approval was granted by the 

University of South Wales ethics committee and all participants provided consent before 

participating. 

3.2.2 Measures 

The Reinforcement Sensitivity Theory-Personality Questionnaire (RST-PQ) was used 

to measure rRST. The RST-PQ is a 65-item questionnaire that measures avoidance 

motivation through the FFFS (10 items (e.g., ‘‘I am the sort of person who easily freezes-up 

when scared’’), approach motivation through four BAS factors including, Reward Interest 

(RI- 7 items, e.g., ‘‘I regularly try new activities just to see if I enjoy them’’), Goal-Drive 

Persistence (GDP- 7 items, e.g., ‘‘I am very persistent in achieving my goals’’), Reward 

Reactivity (RR- 10 items, e.g., ‘‘I get a special thrill when I am praised for something I’ve 

done well’’), and Impulsivity (I- 8 items, e.g., ‘‘I find myself doing things on the spur of the 
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moment’’), and goal-conflict through the BIS (23 items, e.g., ‘‘When trying to make a 

decision, I find myself constantly chewing it over’’). Participants were asked to respond to 

items for each subscale using a 4-point Likert scale ranging from 1 (Not at all) to 4 

(Highly). For the complete set of questions see Appendix.  

3.2.3 Procedure  

After ethical approval from the university faculty ethics committee, staff at 

universities from three universities in the South Wales region of the UK were contacted and 

informed about the study aims and procedures. Next, the staff invited the researcher to one of 

their lectures where students were given information on the research objectives and 

requirements. After providing informed consent, students completed the demographics 

questionnaire and RST-PQ. On completion, the students were debriefed and thanked for 

participating. 

3.3 Analysis 

To examine the underlying factor structure of the RST-PQ, Bayesian Structural 

Equation Modelling (BSEM; Muthén & Asparouhov, 2012) was used. All analyses were 

conducted using the Mplus statistical package (version 8.1; Muthén & Asparouhov, 2018). 

Three RST-PQ measurement models were tested for their factorial validity using a 

progressive model building approach adopted from previous research (Niven & Markland, 

2016). The first model specified non-informative priors for the major BAS, FFFS, and BIS 

factor loadings with exact zero cross-loadings and residuals correlations. Model two included 

non-informative priors for the major loadings and informative approximate non-zero cross 

loadings and exact zero residual correlations. The third model specified non-informative 

priors for the major loadings and approximate non-zero cross loadings and residual 

correlations. Non-informative priors were specified for the major loadings because we did not 

expect that factor loadings reported in previous work with the RST-PQ would transfer to a 

sports setting. This model-building approach was used as it allows the researcher to add the 

cross-loadings and correlated residuals in a sequential fashion. Each step provides 

information on how adding these model parameters affects the parameter estimates and 

model-fit (Muthén & Asparouhov, 2012; Niven & Markland, 2016). It was predicted that 

model 3 would have a superior model-fit as it controls for and enables the simultaneous 

estimation of any small cross-loadings and correlated residuals inherent within the items by 
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using informative priors, which leads to a better representation of the motivation theory (De 

Bondt & Van Petegem, 2015). 

During model specification, the variance of the informative priors on the cross-

loadings and correlated residuals were set at ± 0.1. This prior size equates to loadings with a 

95% limit of ± .20, which translates to a weak cross-loading and correlated residual value 

(Muthén & Asparouhov, 2012; Niven & Markland, 2016). Consequently, loading values 

outside of this range were used as an indicator of items being highly correlated or having a 

large source of residual influence. Next, to estimate the specified BSEM models, a Markov 

chain Monte Carlo algorithm was used, which uses a Gibbs sampler and produces two 

number chains (Fong & Ho, 2013; Muthén & Asparouhov, 2012). Estimation was conducted 

using 100,000 iterations to examine the parameter estimates and model convergence. Model 

convergence was examined using the potential scale reduction factor (PSRF; Brooks & 

Gelman, 1998), where good model convergence is indicated when the PSRF falls between 1.0 

and 1.1 (Gelman, Carlin, Stern, & Rubin, 2004). Moreover, trace plots were examined to see 

whether the mean and variance of the two number chains were stable (Gucciardi & Zyphur, 

2016). To assess model-fit, Posterior Predictive P (PPP) values and 95% credibility intervals 

were used. A good model fit is indicated by a PPP value of around and above 0.50, and the 

95% posterior predictive confidence intervals balanced approximately around zero (Muthén 

& Asparouhov, 2012). Further, to compare the BSEM models, the deviance information 

criterion (DIC) was used, with lower values showing an improved model-fit (Asparouhov, 

Muthén, & Morin, 2015). The specification of priors has been suggested to affect the 

parameter estimates (Niven & Markland, 2016); therefore, sensitivity analyses were 

performed to examine how modifying the priors influenced the parameter estimates (Muthén 

& Asparouhov, 2012). Specifically, the resulting models were re-tested with smaller (.005), 

and larger (.015) priors specified on the cross-loadings. The parameter estimates for these re-

tested models were then compared against the model with .010 priors for differences (Muthén 

& Asparouhov, 2012). 

3.4 Results 

The BSEM analyses for model one revealed the 65-item RST-PQ model to have good 

model convergence, however the model fit was poor (see Table 1). With the addition of the 

cross loadings in model two, BSEM analyses again showed the 65-item model to have good 

model convergence, but once again the model-fit was poor. Model 3 with the factor loadings, 

cross-loadings and correlated residuals demonstrated the 65-item model to good model 
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convergence, model-fit, and all the factor loadings were significant. However, several items 

were problematic with weak factor loadings and moderate cross-loadings and correlated 

residuals (see Table 2). Accordingly, some items were deleted, and the model re-specified. In 

line with previous research, factor loadings below .40 (e.g., Niven & Markland, 2016), and 

significant cross-loadings and correlated residuals that exceeded their + .20 prior limits were 

removed (Muthén & Asparouhov, 2012). This resulted in the specification of a 51-item 

model (i.e., BAS: 26 items (RI: 4 items, GDP: 7 items, RR: 8 items, I: 7 items, BIS: 17 items, 

and FFFS: 8 items). Results from the three BSEM models for the 51-item model can be found 

in Table 3. In all models, adequate model convergence was achieved after 300, 700 and 

94,000 iterations respectively, with final PSRF values falling between 1 and 1.1 (cf. Gelman 

et al., 2004). Visual inspection of the trace plots revealed that there were no significant 

differences between the mean and variance of the two number chains, therefore reinforcing 

good model convergence (Sinharay, 2004) (see appendix). 

In terms of model-fit, models 1 and 2 were unacceptable. The model-fit for model 3 

with informative small variance priors on the cross-loadings and correlated residuals was 

good. Table 4 shows the means, standard deviations, and inter-factor correlations for the six 

RST-PQ factors. The items and the factor loadings with 95% credibility intervals for the 51-

item 6-factor RST-PQ can be found in Tables 5 and 6. All the items loaded substantially onto 

their intended factors, and the cross-loadings and correlated residuals were inside their 

priori + .20 prior limits. Sensitivity analyses revealed the factor loadings and cross-loadings 

for the resulting 51-item model remained consistent when smaller (.005) and larger (.015) 

prior variances were specified. When the prior variances were set at .005, 96.94% of the 

differences fell between + .05 with a maximum difference of .032. In contrast, with prior 

variances set at .015, 100% of the differences fell between +.05 with a maximum difference 

of .051.   
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Table 1- Model fit and convergence statistics for 65-item RST-PQ BSEM models   

BSEM Model   Difference between observed and replicated 95% X² CI      

No. free 

parameters   

PPP*   Lower 2.5%   Upper 2.5%   PSRF*   DIC*   

Model 1    265 .000   1079.970   1298.765   1.00   71013.768   

Model 2   651 .000   645.543   887.564   1.00   68832.456   

Model 3   2615   .799   -273.827   104.903  1.09   71052.299  

Note* PPP = posterior predictive p value, PSR = potential scale reduction, DIC = deviance 

information criterion. 

 

Table 2 Items with problematic factor loadings, cross-loadings, and correlated residuals.  

 

Problematic items  Value  

3. Sometimes even little things in life can give me great pleasure. (RI)*  .38 [.14,.61]  

7. When feeling ‘down’, I tend to stay away from people (BIS)**  .22 [.13,.33]  

11. I am a very active person. (RI)*  .36 [.12,.59)  

12. I am always ‘on the go’ (RI) (cross-loading with GDP scale)**  .25 [.10,.39]  

19. I would run quickly if fire alarms in a shopping mall started ringing 

(FFFS)*  

.39 [.17,.60]  

24. I love winning competitions (RR)*  .35 [.09,.59]  

26. I take a great deal of interest in hobbies. (GDP)*  .39 [.16,.63]  

34. People are often telling me not to worry (BIS)**  .21 [.12,.30]  

42. When trying to make a decision, I find myself constantly chewing it 

over (BIS)**  

.27 [.17,.38]  

49. My behavior is easily interrupted (BIS) (cross-loading with 

Impulsivity sub-scale)**  

.23[.08,.38]   

53. If I see something I want, I act straight away (I)*  .36 [.14,.60]  

55. When nervous, I find it hard to say the right words (BIS)*  .21 [.11,.32]  

62. I am the sort of person who easily freezes-up when scared (FFFS)*  .07 [-.14,.27]  

64. I often find myself lost for words (BIS)*  .38 [.21,.55]  

Note* Single asterisk indicates items with factor loadings below .40. Double asterisk 

indicates items with cross-loadings and correlated residuals outside their + .20 priori 

limits. 95% credibility intervals in brackets for factor loadings, cross-loadings, and correlated 

residuals. RI = Reward Interest, GDP = Goal-driven persistence, RR = Reward Reactivity, I = 

Impulsivity, BIS = Behavioural Inhibition System (BIS), FFFS = Fight-Flight-Freeze 

System.  
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Table 3- Model fit and convergence statistics for 51-item RST-PQ BSEM models.  

 

BSEM Model   Difference between observed and replicated 95% X² CI      

No. free 

parameters   

PPP*   Lower 2.5%   Upper 2.5%   PSRF*   DIC*   

Model 1    168   .000   979.970   1206.909   1.00   55813.902   

Model 2   423   .000   522.418   766.748   1.00   55536.940   

Model 3   1698   .739   -199.220   101.356   1.06   55860.104  

Note* PPP = posterior predictive p value, PSR = potential scale reduction, DIC = deviance 

information criterion.  

 

The results provide initial support for the 51-item RST-PQ having acceptable factorial 

validity in a sporting sample. However, replication of the model would provide stronger 

support and help to verify the factorial validity of the RST-PQ. Accordingly, the next part of 

this study focused on cross validating the factor structure of the 51-item model in a separate 

cohort of athletes. As above, three BSEM models were estimated using the same progressive 

model-building approach. Once again it was predicted that model 3 would have a superior 

model-fit.  

Table 4- Means, standard deviations, and inter-factor correlations for the six RST-PQ factors 

95% credibility intervals in brackets.  

 

  M  SD  RI  GDP  RR  I  BIS  FFFS  

RI  10.23  2.39              

GDP  21.65  3.91  40   

[.20, .57]  

          

RR  21.85  3.74  .29   

[.06, .47]  

.37   

[.18, .55]  

        

I  18.23  3.93  .17  

 [.-.07,.37]  

.00   

[-.20, .20]  

.28   

[.07, .47]  

      

BIS  39.78  9.26  -.08  

 [-.27,.11]  

.01  

 [.-.18,.18]  

.23  

[.04,.40]  

.16   

[-.03, .36]  

    

FFFS  16.90  4.77  -.05   

[-.28,.18]  

.01   

[-.21, .22]  

.23  

 [-.01, .45]  

.08   

[-.14, .29]  

.39  

 [-.03, .36]  

  

Note* see Table 1 notes for abbreviations.  
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Table 5- Factor loadings for BAS items from BSEM analysis. 

Item   Thematic facet   Factor loadings   

   Reward Interest (RI)   RI   GDP   RR   I   

14   I regularly try new activities just to see if I 

enjoy them.   

.81            

15   I get carried away by new projects.   .56            

32   I’m always finding new and interesting things 

to do.   

.75            

35   I am very open to new experiences in life.   .66            

   Goal-driven persistence (GDP)               

5   I put in a big effort to accomplish important 

goals in my life.   

   .73         

12   I’m motivated to be successful in my personal 

life.   

   .75         

20   I often overcome hurdles to achieve my 

ambitions.   

   .66         

31   I feel driven to succeed in my chosen career.      .76         

41   I am very persistent in achieving my goals.      .73         

54   I think it is necessary to make plans in order 

to get what you want in life.   

   .52         

65   I will actively put plans in place to accomplish 

goals in my life.   

   .76         

   Reward Reactivity (RR)               

4   I am especially sensitive to reward.         .58      

8   I often experience a surge of pleasure running 

through my body.   

      .41      

16   Good news makes me feel over-joyed.          .49      

23   I often feel that I am on an emotional ‘high’         .43      

25   I get a special thrill when I am praised for 

something I’ve done well.   

      .64      

30   I get very excited when I get what I want.         .63      

36   I always celebrate when I accomplish 

something important.   

      .67      

37   I find myself reacting strongly to pleasurable 

things in life.   

      .73      

   Impulsivity (I)               

22   I think I should ‘stop and think’ more instead 

of jumping into things too quickly.   

         .50   

27   I sometimes cannot stop myself talking when I 

know I should keep my mouth closed.   

         .55   

28   I often do risky things without thinking of the 

consequences.   

         .72   

38   I find myself doing things on the spur of the 

moment.   

         .58   

40   I’m always buying things on impulse.            .49   

44   I would go on a holiday at the last minute.            .54   

51   I think the best nights out are unplanned.            .46   
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Table 6- Factor loadings for BIS and FFFS items from BSEM analysis.  

 

Item  Thematic facet  Factor loadings  

    BIS  FFFS  

63  I take a long time to make decisions.  .41    

18  When nervous, I sometimes find my thoughts are 

interrupted.  

.58    

47  I worry a lot  .71    

43  I often worry about letting down other people.  .58    

17  The thought of mistakes in my work worries me.  .55    

56  I find myself thinking about the same thing over and over 

again.  

.73    

2  I am often preoccupied with unpleasant thoughts.  .69    

50  It’s difficult to get some things out of my mind.  .69    

61  My mind is dominated by recurring thoughts.  .74    

29  My mind is sometimes dominated by thoughts of the  

bad things I’ve done.  

.62    

57  I often wake up with many thoughts running through my 

mind.  

.57    

33  I’m always weighing-up the risk of bad things happening 

in my life.  

.57    

60  I often find myself ‘going into my shell’.  .60    

1  I feel sad when I suffer even minor setbacks.  .44    

21  I often feel depressed.   .70    

10  I have often spent a lot of time on my own to ‘get away 

from it all’.  

.56    

6  I sometime feel ‘blue’ for no good reason.  .60    

45  I would run fast if I knew someone was following me late 

at night.  

  .45  

46  I would leave the park if I saw a group of dogs running  

around barking at people.  

  .56  

52  There are some things that I simply cannot go near.    .55  

58  I would not hold a snake or spider.    .57  

9  I would be frozen to the spot by the sight of a snake or 

spider.  

  .62  

59  Looking down from a great height makes me freeze.    .57  

39  I would instantly freeze if I opened the door to find  

a stranger in the house.  

  .53  

48  I would freeze if I was on a turbulent aircraft.    .54  

 

 

3.5 Cross-validation 

3.6 Method 

3.6.1 Participants 

Undergraduate student athletes (N = 350, males = 229, females = 121; mean age = 

21.45; S.D. = 6.14 years) from a university in the South Wales region of the UK were 
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recruited. All participants actively played for a sports team at a recreational, university, 

national, and international level in athletics (N = 40), basketball (N = 22), cricket (N = 29), 

football (N = 62), hockey (N = 34), netball (N = 28), other (N = 47 including, boxing, 

taekwondo, mixed martial arts, archery, equestrian, horse riding, rugby (N = 77), and 

weightlifting (N = 12). 

3.6.2 Measures 

The 51-item 6-factor RST-PQ validated earlier in this study was used.  

3.6.3 Procedure and statistical analyses 

The same procedures and analyses were used (see section 3.3). 

3.7 Results 

Results from the three BSEM models can be found in Table 7. All models 

demonstrated good model convergence with final PSRF values falling between 1 and 1.1 (cf. 

Gelman et al., 2004), achieved after 100, 500, and 65,600 iterations, respectively. Visual 

inspection of the trace plots revealed the mean and variance of the two number chains were 

stable, therefore reinforcing adequate model convergence (see appendix). In terms of model-

fit, models 1 and 2 were poor. The model-fit for model 3 with informative small variance 

priors on the cross-loadings and correlated residuals was acceptable. All items loaded 

substantially onto their intended factors and all the cross-loadings and correlated residuals 

were inside their + .20 prior limits (see Tables 8 and 9). Sensitivity analyses revealed the 

main factor loadings and cross-loadings for model 3 remained consistent when smaller (.005) 

and larger (.015) prior variances were specified. When the prior variances were set at .005, 

100% of the differences fell between + .05 with a maximum difference of .05. In contrast, 

with prior variances set at .015, 100% of the differences fell between +.05 with a maximum 

difference of .023.  

Table 7- Model fit and convergence statistics for cross-validation BSEM models. 

BSEM Model   Difference between observed and replicated 95% X² CI      

No. free 

parameters   

PPP*   Lower 2.5%   Upper 2.5%   PSRF*   DIC*   

Model 1   168   .000   896.172   1123.234   1.00   45916.774   

Model 2   423   .000   419.555   661.020   1.00   45607.127   
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Model 3   1698   .787   -208.405   90.785   1.07   46033.490  

Note* PPP = posterior predictive p value, PSR = potential scale reduction, DIC = deviance 

information criterion.  

The results from the cross-validation analysis using a second set of data revealed the 

51-item RST-PQ measurement model to have good factorial validity, thus supporting the 

results from the initial dataset. 
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Table 8- Factor loadings for BAS items from cross-validation BSEM analysis 

 

Item   Thematic facet   Factor loadings   

   Reward Interest (RI)   RI   GDP   RR   I   

14   I regularly try new activities just to see if I 

enjoy them.   

.85            

15   I get carried away by new projects.   .71            

32   I’m always finding new and interesting things 

to do.   

.79            

35   I am very open to new experiences in life.   .52            

   Goal-driven persistence (GDP)               

5   I put in a big effort to accomplish important 

goals in my life.   

   .80         

12   I’m motivated to be successful in my personal 

life.   

   .76         

20   I often overcome hurdles to achieve my 

ambitions.   

   .62         

31   I feel driven to succeed in my chosen career.      .76         

41   I am very persistent in achieving my goals.      .83         

54   I think it is necessary to make plans in order 

to get what you want in life.   

   .50         

65   I will actively put plans in place to accomplish 

goals in my life.   

   .79         

   Reward Reactivity (RR)               

4   I am especially sensitive to reward.         .71      

8   I often experience a surge of pleasure running 

through my body.   

      .49      

16   Good news makes me feel over-joyed.          .43      

23   I often feel that I am on an emotional ‘high’         .56      

25   I get a special thrill when I am praised for 

something I’ve done well.   

      .62      

30   I get very excited when I get what I want.         .69      

36   I always celebrate when I accomplish 

something important.   

      .68      

37   I find myself reacting strongly to pleasurable 

things in life.   

      .74      

   Impulsivity (I)               

22   I think I should ‘stop and think’ more instead 

of jumping into things too quickly.   

         .44   

27   I sometimes cannot stop myself talking when I 

know I should keep my mouth closed.   

         .62   

28   I often do risky things without thinking of the 

consequences.   

         .69   

38   I find myself doing things on the spur of the 

moment.   

         .58   

40   I’m always buying things on impulse.            .40   

44   I would go on a holiday at the last minute.            .58   

51   I think the best nights out are unplanned.            .50   
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Table 9- Factor loadings for BIS and FFFS items from BSEM cross-validation analysis. 

 

Item  Thematic facet  Factor loadings  

    BIS  FFFS  

63  I take a long time to make decisions.  .53    

18  When nervous, I sometimes find my thoughts are 

interrupted.  

.74    

47  I worry a lot  .62    

43  I often worry about letting down other people.  .56    

17  The thought of mistakes in my work worries me.  .57    

56  I find myself thinking about the same thing over and over 

again.  

.57    

2  I am often preoccupied with unpleasant thoughts.  .70    

50  It’s difficult to get some things out of my mind.  .61    

61  My mind is dominated by recurring thoughts.  .64    

29  My mind is sometimes dominated by thoughts of the  

bad things I’ve done.  

.56    

57  I often wake up with many thoughts running through my 

mind.  

.78    

33  I’m always weighing-up the risk of bad things happening 

in my life.  

.70    

60  I often find myself ‘going into my shell’.  .75    

1  I feel sad when I suffer even minor setbacks.  .67    

21  I often feel depressed.   .56    

10  I have often spent a lot of time on my own to ‘get away 

from it all’.  

.80    

6  I sometime feel ‘blue’ for no good reason.  .42    

45  I would run fast if I knew someone was following me late 

at night.  

  .72  

46  I would leave the park if I saw a group of dogs running  

around barking at people.  

  .55  

52  There are some things that I simply cannot go near.    .55  

58  I would not hold a snake or spider.    .52  

9  I would be frozen to the spot by the sight of a snake or 

spider.  

  .64  

59  Looking down from a great height makes me freeze.    .56  

39  I would instantly freeze if I opened the door to find  

a stranger in the house.  

  .60  

48  I would freeze if I was on a turbulent aircraft.    .43  

 

3.8 Discussion 

The aim of the present study was to validate the RST-PQ in a sample of competitive 

athletes. The BSEM analyses revealed the original six-factor 65-item RST-PQ model to have 

a satisfactory model-fit, however, there were several problematic items with weak factor 

loadings and large cross-loadings and correlated residuals. These items were deleted to arrive 

at a parsimonious representation of the measured variables. Subsequently, a 51-item model 
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emerged with good factorial validity and the items had strong factor loadings and small cross-

loadings and correlated residuals. These results were then replicated in a separate sample of 

competitive athletes. 

With regards to the BSEM models for the 51-item RST-PQ, models 1 and 2 in both 

analyses had poor model-fit. An explanation for this is that like Maximum Likelihood - 

Confirmatory Factor Analysis (ML-CFA), the cross-loadings and correlated residuals were 

held at zero, which led to the specification of an overly strict model, which commonly results 

in a poor model-fit (Niven & Markland, 2016). In contrast, model 3 in both analyses freed the 

cross-loadings and correlated residuals by using informative priors and had a good model-fit. 

By using priors, an appropriate assessment of model-fit was provided where the data pushed 

away from zero any important cross-loadings and correlated residuals present within the 

measurement model due to item content or based on the guiding theory (Asparahouv et al., 

2015; Faull & Jones, 2018). Therefore, from a theoretical and empirical standpoint, a suitable 

representation of the theory was provided where the cross-loadings and correlated residuals 

were estimated simultaneously. As such, the present results indicated that 51 items rather 

than the original 65 better represents the RST-PQ in a sporting population.  

In terms of how the present findings relate to the rRST literature, they are to the 

researcher’s knowledge, the first to use BSEM as an analytic strategy. At present, ML-CFA 

continues to be used to validate rRST measures (e.g., see Bahtiyar, Corr, & Krupić, 2019; 

Eriksson, Jansson, & Sundin, 2019; Pugnaghi, Cooper, Ettinger, & Corr, 2018). In relation to 

these studies, the current results revealed some similarities and differences. Like the present 

study, Eriksson et al. (2019) found the Swedish version of the 65-item RST-PQ to have poor 

factorial validity. Similarly, significantly better model fits were obtained when a more 

parsimonious RST-PQ model was specified. Specifically, Eriksson and colleague’s revealed 

that a 51-item model had good psychometric properties, whereas the current study provided 

evidence for a 52-item model. Distinct from the current results are Bahtiyar et al.’s (2019) 

findings, who found that a children’s version of the RST-PQ (the Reinforcement Sensitivity 

Theory of Personality Questionnaire-Children (RST-PQ-C; Cooper, Stirling, Dawe, 

Pugnaghi, & Corr, 2017) had good factorial validity with a smaller three-factor 21-item 

model. A notable difference being the unidimensional BAS factor against the 

multidimensional BAS in the present study supported by the rRST literature (c.f. Krupić & 

Corr, 2017). In addition, the current results differ from those of Pugnaghi et al. (2018) who 

showed that the 65-item RST-PQ had good factorial validity after being translated into 
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German. Despite these similarities and differences, the use of BSEM in the present study 

provided a more realistic representation of rRST where the factor loadings, cross-loadings, 

and correlated residuals were estimated simultaneously using priors. Furthermore, BSEM 

identified some important cross-loadings and correlated residuals that may have been 

otherwise missed using ML-CFA. As mentioned previously, Eriksson et al. (2019) initially 

found the Swedish version of the RST-PQ to have a poor model-fit using ML-CFA. In 

addition to using BSEM, the present study also corroborated the factor structure of the RST-

PQ with a separate sample of athletes. 

The findings from the current study provide some initial support for the factorial 

validity of the RST-PQ in sporting populations, however, there are some limitations. First, 

some may question whether university student athletes represent a suitable sample to validate 

the RST-PQ as it could be argued that high levels of pressure are needed to examine rRST in 

sport. However, many university sports clubs compete in semi-professional leagues, therefore 

the sample in the present study was deemed to be of an adequate standard for preliminary 

scale validation (Hardy et al., 2014). Second, the present study did not fully address the 

hypothesised hierarchical structure of the BAS (i.e., reward interest, goal-driven persistence, 

reward reactivity, and impulsivity) proposed by Corr and Cooper (2016). This has to the best 

of the author’s knowledge only been attempted by Pugnaghi et al. (2018) who failed to 

support a hierarchical nature of a German version of the RST-PQ. To examine the 

hierarchical BAS structure, researchers could run another BSEM model with a bi-factor 

representation (Holzinger & Swineford, 1937) of the BAS. Third, the present study only 

examined the factorial validity of the RST-PQ, which is only one part of scale validation. A 

potential research direction could be to examine the concurrent, predictive, and factorial 

validity of the RST-PQ at the same time. A final limitation is that only self-report data was 

used to validate the RST-PQ. Accordingly, future research could collect neuropsychological 

data to supplement its validity (Corr & Cooper, 2016). Such research could use 

Electroencephalography (EEG) to see whether RST-PQ scores correlate with the activation of 

the brain regions that constitute BAS (i.e., cerebral cortex, thalamus, and striatum), FFFS 

(i.e., anterior cingulate and prefrontal ventral stream, and BIS (septo-hippocampal system, 

posterior cingulate, and prefrontal dorsal stream). For example, researchers could use a 

pressurised golf putting task, which has shown to be a reliable sporting task to collect 

accurate EEG data (e.g., see Babiloni et al. 2008; Baumeister, Reinecke, Liesen, and Weiss, 

2008; Crew & Landers, 1993). Following the procedures of Baumeister et al. (2008), athletes 
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could complete an experiment whereby participants are fitted with an electro cap to measure 

EEG signals, have a 10-minute rest period, and asked to putt balls at a target for four minutes. 

The findings from such research could be used to develop interventions to understand the 

reinforcement sensitivity states required for optimal sports performance. 

The current findings have some implications. First, in the RST-PQ, researchers have a 

way of being able to measure rRST more effectively at it represents the revised theory. To 

date, studies that have measured rRST in athletes (e.g., Beattie et al., 2017; Hardy et al., 

2014) have relied on the EPQ-RS to measure rRST, which is based on oRST (Gray, 1982). 

Second, the current results suggest researchers wanting to validate rRST measures may want 

to consider creating fewer items to make the model more parsimonious. The best example of 

this is the BIS factor, where 23 items might be regarded as too many for measuring a single 

construct, and laborious for participants to complete (Eriksson et al., 2019). This particularly 

applies to researchers who want to use ML-CFA, as more items can cause misleading 

parameter estimates and poor model-fit because the cross-loadings and correlated residuals 

are held at zero (Eriksson et al., 2019). Finally, the results suggest BSEM (Muthén & 

Asparouhov, 2012), may provide an alternative analytic strategy to examine the factorial 

validity of rRST measures, particularly with the inclusion of informative small variance 

priors. 

3.9 Conclusion 

In conclusion, using BSEM, the current results provide support for the six-factor 

structure of the RST-PQ proposed by Corr and Cooper (2016). However, 51 items rather than 

65 better represented the RST-PQ in two independent samples of competitive athletes. With 

regards to future investigation, researchers could use the RST-PQ to examine the influence of 

rRST on sports performance. Such research will help identify the optimal reinforcement 

sensitivity states required for sports performance, which could have implications for the 

identification, development, and training of successful athletes. 
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4 Chapter 4 

Study 2 

A theoretical re-examination of the link between athletes’ personalities and mentally 

tough behaviour using Gray and McNaughton’s (2000) revised Reinforcement 

Sensitivity Theory 

4.1 Introduction 

Chapter 3 identified that the Reinforcement Sensitivity Theory-Personality 

Questionnaire (RST-PQ; Corr & Cooper, 2016) was an appropriate instrument for measuring 

revised Reinforcement Sensitivity Theory (rRST; Gray & McNaughton, 2000) in athletes. In 

particular, the RST-PQ demonstrated good factorial validity in two separate samples of 

competitive athletes. However, a limitation of chapter 3 is the relationship between rRST and 

performance was not directly measured. Establishing this link is important as identifying the 

reinforcement sensitivity states that are beneficial to performance could have implications for 

the identification, development, and training of athletes. The studies that have examined the 

relationship between RST and mentally tough behaviour (e.g., Beattie, Alqallaf, & Hardy, 

2017; Hardy, Bell & Beattie, 2014) have used the Eysenck Personality Questionnaire-

Revised Short version (EPQR-S; Eysenck, Eysenck, & Barrett, 1985). Although an 

established personality measure, it is underpinned by the old RST (oRST; Gray, 1982). With 

the RST-PQ now available, which represents the rRST model and has good psychometric 

properties, there is now an opportunity to re-investigate the RST-mentally tough behaviour 

relationship. Accordingly, the purpose of this study was to use the RST-PQ to re-examine 

Hardy et al.’s (2014) findings among a sample of elite/sub-elite cricketers. 

In their original (2014) study, Hardy and colleague’s measured the link between 

oRST and mentally tough behaviour among a sample of elite youth cricketers. The cricketers 

had their mentally tough behaviours measured by their respective coaches by filling out the 

single-factor 15-item Cricket Mental Toughness Inventory (CMTI). Specifically, the coaches 

assess their ability to maintain high levels of sports performance by scoring them against the 

various pressure scenarios depicted in the items. To validate the CMTI, Maximum 

Likelihood-Confirmatory Factor Analysis (ML-CFA) was used resulting in the specification 

of a measurement model that loaded the items onto a single factor and held the correlated 

residuals at zero. The 15-item model initially had a poor model-fit, as indicated by the χ2 

statistic (Marsh et al., 2009), and modification indices were used to improve the model-fit. 
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This led to an 8-item model with a good model-fit. The BSEM analytic strategy outlined in 

study 3 is now available, which releases the correlated residuals and addresses many of the 

limitations of ML-CFA. Accordingly, a preliminary aim of this study was to use BSEM to 

reinvestigate the factorial validity of the single-factor 15-item CMTI. 

Research examining RST in sport or domains where individuals are required to 

perform under pressure (i.e., military and business) has been somewhat limited. Of those who 

have, Beattie et al. (2017) and Hardy et al. (2014) examined the link between oRST and 

mentally tough behaviour in athletes, whereas Perkins and Corr (2005) and Perkins, Kemp, 

and Corr (2007) used oRST to understand behaviour and performance in business managers 

and military combat recruits. By using oRST, these studies only explain the behaviour of the 

behavioural activation system (BAS) and behavioural inhibition system (BIS). This model 

has been superseded by Gray and McNaughton’s rRST model which explains the more 

complex interplay between BAS, BIS, and the fight-flight-freeze system (FFFS). Based on 

this theoretical position, the earlier studies do not provide a solid foundation upon which to 

generate hypotheses for the present study. Accordingly, the present study examined the 

rRST-mentally tough behaviour relationship in an exploratory fashion. In particular, the 

theoretical perspective proposed by Corr and Krupić (2017) was adopted, suggesting that 

BAS, FFFS, and BIS might function as main effects or interact to influence behaviour. 

Overall, the aims of this study were two-fold: Part one reinvestigated the factorial validity of 

the CMTI using BSEM and part 2 used Multilevel Modelling (MLM) analysis with the RST-

PQ validated in chapter 3 and the CMTI to re-examine the rRST-mentally tough behaviour 

relationship. 

4.2 Factorial Validity of the CMTI 

4.3 Method 

4.3.1 Participants  

Participants were 24 cricket coaches. Seven coaches (mean age = 42.29; SD = 5.00) 

were classed as elite as they regularly coached cricketers at a first-class level or at a 

Marylebone Cricket Club (MCCU) university (mean years of cricket coaching experience = 

16.57; SD = 8.42). The remaining seventeen coaches (mean age of 44.71: SD = 13.18) were 

classed as sub-elite as they regularly coached cricketers at an England and Wales cricket 

board (ECB) accredited premier league cricket club level or at a British Universities and 

Colleges Sport (BUCS) level (Mean years cricket coaching experience = 20.47; SD = 9.32). 
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4.3.2 Measures  

Cricket Mental Toughness Inventory: The CMTI (Hardy et al., 2014) is a 15-item 

measure that focuses on a range of pressurised scenarios that cricketers commonly encounter 

during competition. The CMTI uses a coach-rated approach whereby cricket coaches are 

asked to select cricketers they coach regularly. In the present study, the coaches were asked 

to rate their cricketers ability to maintain high-performance levels during the pressurised 

scenarios described within the questionnaire (e.g., player is able to maintain a high level of 

performance in competitive matches even if he is lacking in confidence). Questions were 

rated on a 7-point Likert Scale ranging from 1 (rarely) to 7 (regularly) (see Table 1). 

4.3.3 Procedure  

After ethical approval from the University’s faculty ethics committee, the cricket 

coaches were contacted via email or telephone and provided with an information sheet about 

the study and participant requirements. After securing informed consent, the coaches were 

asked to identify 2-16 players that they coached regularly. The coaches needed to have 

coached the cricketer for over a year and watched them in over ten matches (cf. Hardy et al., 

2014). The coaches were given a CMTI for each player and completed the questionnaire 

before a training session. Due to time constraints, some coaches were unable to complete all 

the forms before this session. Therefore, they completed the forms after the training session 

and returned them to researcher via email or post.  

4.3.4 Analysis 

To examine the factorial validity of the CMTI, BSEM (Muthén & Asparouhov, 2012) 

was used, and analyses were conducted in Mplus (version 8.1; Muthén & Asparouhov, 2018). 

The BSEM model building guidelines by Muthén and Asparouhov (2012) from chapter 3 

were used here. Due to the single-factor structure of the CMTI, two models were specified. 

Model one specified non-informative priors on the factor loadings, and exact zeros on the 

correlated residuals, and model two specified non-informative priors on the factor loadings, 

and informative priors on the correlated residuals. In addition, a third model was added which 

specified informative priors on both the factor loadings and the correlated residuals. The 

priors for the factor loadings were based on previous findings that have examined mentally 

tough behaviour in elite youth cricketers (e.g., see Bell, Hardy, & Beattie, 2013). 

Specifically, the factor loadings in Bell et al.’s (2013) study were changed into an 

unstandardised correlation coefficient (i.e., µ = 40, ơ2 =.02, SD = ±.28), equating to an 
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informative prior with a mean of .40 and a variance of + .02 (c.f. Gucciardi et al., 2016). To 

examine the specified BSEM models, the same estimation procedures and prior variances as 

outlined in chapter 3 (see section 3.3) were used. Further, the same metrics in chapter 3 were 

used to assess model-fit (i.e., PPP, 95% posterior predictive confidence intervals, and DIC) 

and model-convergence (PSRF) were adopted. Sensitivity analyses were redundant in the 

present study due to the CMTI having no cross-loadings.  

Table 1- Factor loadings for 15-item CMTI with 95% credibility intervals in brackets.  

CMTI items: Player X is able to maintain a high level of 

personal performance in competitive matches if:  

Factor loading  

1. His preparation has not gone to plan.  .68 [.46,.88]  

2. His recent performances have been poor.  .72 [.50, .92]  

3. He is lacking in confidence.  .64 [.41,.86]  

4. He is suffering from fatigue.  .74 [.53, .93]  

5. People are relying on him to perform well.  .77 [.54, 1.00]  

6. He has received criticism from significant others 

(e.g., coach, team-mates or parents).  

.68 [.46, .88]  

7. He is lacking in confidence.  .75 [.57, .94]  

8. The conditions are difficult.  .73 [.54, .93]  

9. He / she has to perform at a high level all day.  .64 [.41, .86]  

10. It’s the most important match of the season.  .74 [.51, .95]  

11. The match is particularly tight.  .77 [.56, .97]  

12. The opposition are of a particularly high standard.  .74 [.52, .94]  

13. The opposition are using aggressive tactics.  .74 [.56, .93]  

14. There are a large number of spectators present.  .74 [.54, .93]  

15. He / she is struggling with an injury.  .71 [.49, .91]  

 

4.4 Results 

Results from the three BSEM models for the single-factor 15-item CMTI are reported 

in Table 1. The composite reliability for the CMTI in the present study was .76 and the 

average coach-rated mental toughness score was 4.30 (SD = .94). In all models, good model 

convergence was achieved with final PSRF values falling between 1.0 and 1.1 (cf. Gelman et 

al., 2004), and was accomplished after 300, 6,900, and 100 iterations, respectively. Moreover, 

visual inspection of the trace plots revealed the mean and variance of the two numbers chains 

to be stable, therefore reinforcing good model convergence (see Appendices). However, the 

model-fit for model 1 with zero residual correlations was poor with a PPP of .00 and the 95% 

posterior predictive confidence intervals did not cover zero (270.371, 347.198). In contrast, 

the model fit for model 2 with informative priors on the correlated residuals was good, with a 

PPP of .543, and the 95% posterior predictive confidence intervals balanced around zero (-
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49.312, 43.439). In addition, all the items loaded substantially onto their single factor (see 

Table 2), and out of the 105 correlated residuals, only 2 were outside their + .20 priori limits. 

Model 3 with informative priors on the factor loadings and correlated residuals had a good 

model-fit with a PPP of .485, and the 95% posterior predictive confidence intervals balanced 

around zero (-45.570, 47.800). Further, all 15 items loaded substantially onto the single 

factor, and out of the 105 correlated residuals, 9 were outside their + .20 priori limits. Lastly, 

DIC values for the three models were 5399.431, 5179.003, and 5181.260 respectively, 

showing model 2 to have the superior model-fit (c.f. Asparahouv et al., 2015). 

Table 2- Model fit and convergence statistics for BSEM models.  

BSEM Model  Difference between observed and replicated 95% X² CI    

No. free 

parameters  

PPP*  Lower 2.5%  Upper 2.5%  PSRF*  DIC*  

Model 1   45  .000  270.371             347.198  1.00  5399.431  

Model 2  150  .543  -49.312  43.439  1.01  5179.003  

Model 3  150  .485  -45.570  47.800  1.02  5181.260  

Note* PPP = posterior predictive p value, PSR = potential scale reduction, DIC = deviance 

information criterion.  

The results identified that the single-factor 15-item CMTI had good factorial validity. 

Specifically, the results showed the value of using the BSEM method as it enables the 

simultaneous estimation of the factor loadings and any small correlated residuals inherent 

within the items. The consequence of this is a fully identified model and a more appropriate 

examination of model-fit (Faull & Jones, 2018) in comparison to Hardy et al.’s (2014) study. 

Contrasted with other measures of mentally tough behaviour, the present results are 

promising. For example, the one-factor 15-item Military Training Mental Toughness 

Inventory (MTMTI; Arthur, Fitzwater, Hardy, Beattie, & Bell, 2015) had poor factorial 

validity. In addition, the 15-item Swimming Mental Toughness Inventory (SMTI; Beattie et 

al., 2017) had weak psychometric properties. Contrastingly, Gucciardi, Peeling, Ducker, and 

Dawson (2016) revealed a good model-fit for their 12-item measure of mentally tough 

behaviour in tennis players. Like Hardy et al. (2014), all these studies used ML-CFA, which 

might explain the insufficient model-fits due to the blocking of the correlated residuals that 

leads to an overly strict model and sometimes model rejection (Muthén & Asparouhov, 
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2012). Part two of the present study used the RST-PQ and CMTI to re-examine the rRST-

mentally tough behaviour relationship. 

4.5 Part two: rRST and mentally tough behaviour 

4.6 Method 

4.6.1 Participants  

Participants were the cricket coaches from part 1 and 148 cricketers they regularly 

coached. Thirty-four cricketers (mean age = 23.50 (SD = 4.30) were classed as elite as they 

played cricket at a first-class level or at a MCCU university (Mean years playing experience 

= 10.92; SD = 4.97). The remaining one hundred and fourteen cricketers were classed as sub-

elite as they regularly played cricket at an ECB premier league cricket club level or at BUCS 

level (mean years playing experience = 14.01; SD = 4.92).  

4.6.2 Measures  

Mentally tough behaviour: The single-factor 15-item CMTI used in part one, was 

used to measure mentally tough behaviour. 

rRST: The six-factor 51-item RST-PQ validated in Study 1 of this thesis was used to 

measure rRST.  

4.6.3 Procedure  

After receiving ethical approval from the University’s faculty ethics committee, the 

coaches were contacted via telephone or email providing them with information about the 

study aims and participant requirements. Next, the researcher attended this session and 

provided the cricketers with an information sheet detailing the study aims and participant 

requirements. Following informed consent, the cricketers completed the RST-PQ, were 

debriefed, and thanked for participating.  

4.7 Analysis 

To examine the rRST-mentally tough behaviour relationship, MLM was used. This 

accounted for the two-level data structure (cricketers at level 1 embedded within the coaches 

at level 2) and enabled the link between the level 1 variables (i.e., BAS, FFFS, and BIS) and 

level 2 variables (mentally tough behaviour) to be simultaneously examined. Analyses were 

conducted using SPSS 25 (IBM SPSS, Armonk, New York), and all variables were group-

mean centred and standardised to aid interpretability (Field, 2013). Before conducting the 
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multilevel analyses, data from seven out of the 24 coaches were removed from level 2 as they 

only contained 2-4 cricketers. Maas and Hox (2005) recommend that five or more 

observations are required to constitute a group in MLM, otherwise group-level effects and 

fixed effects may be undetectable when they may present (Theall et al., 2010). This resulted 

in the data from 17 coaches and 133 cricketers being analysed. To conduct the multilevel 

analyses, the progressive model building approach used in Hardy et al.’s (2014) study was 

used. The first model specified a null model to examine the amount of variation between the 

coaches in their ratings of mentally tough behaviour. Model 2 was a random intercept model 

where the intercepts varied across the level 2 variables and the slopes (the regression 

coefficient of the explanatory and level 2 variables) were fixed. Model 3 included random 

intercepts and random slopes. The fourth model specified the main effects of rRST on 

mentally tough behaviour. Model 5 added three 2-way interactions between BAS and FFFS, 

BAS and BIS, and FFFS and BIS to predict mentally tough behaviour. The sixth and final 

model included the three-way interaction between BAS, FFFS, and BIS. To examine whether 

adding random slopes in model 2 significantly improved the model fit compared to model 

one with fixed slopes, the –2-log likelihood χ2 statistic was used (Field, 2013).  

4.8 Results 

The descriptive statistics and correlations for all the variables are reported in Table 3 

and the MLM results can be found in Table 4. Results from the null model (model 1) showed 

that the interclass correlation for mentally tough behaviour was .57. This indicates that 57% 

of the variance was accounted for across the coaches in their ratings of mentally tough 

behaviour. Model 2 with fixed slopes demonstrated a better model-fit than Model 3 with 

random slopes as shown by a non-significant decrease in the -2 log likelihood χ2 statistic 

(Field, 2013). Therefore, fixed slopes were used in the remaining models. Model 4 showed 

that there was no significant main effect for BAS (β1 = -.01, p = .84), FFFS (β2 = .08, p = 

.28) or BIS (β3 = -.01, p = .85) on mentally tough behaviour (see Table 4). Model 5 revealed 

that there was also no significant effect for the BIS by BAS interaction (β4 = -.10, p = .22), 

and BIS by FFFS interaction (β5 = -.10, p = .22) on mentally tough behaviour (see Table 4). 

However, there was a significant interaction between BAS and FFFS (β6 = -11, p = .04) on 

mentally tough behaviour. Lastly, model 6 revealed no significant effect for the BAS by 

FFFS by BIS interaction (β7 = -.00, p = .94) (see Table 4). 
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Table 3- Descriptive statistics and correlations for study variables. 

  

  

  

Mean (SD)  BAS  FFFS  BIS  Mentally tough 

behaviour  

BAS  

  

70.53 (8.04)          

FFFS  

  

16.68 (3.73)  .26        

BIS  

  

40.25 (7.14)  .13  .38      

Mentally tough 

behaviour  

4.30 (.94)  -.003  .11  -.03    

  

Playing experience  

  

13.24 (5.23)  

        

Note* BAS = behavioural activation system, FFFS = fight-flight-freeze system, BIS = 

behavioural inhibition system, *p < .05.  

Table 4- MLM results: Main and interactive effects of rRST on mentally tough behaviour. 

  

  Model 4  

  

Model 5  Model 6  

Mentally Tough 

Behaviour  

β  

  

SE  Β  SE  β  SE  

Intercept, β0ij  4.34  .15  4.34  .15  4.34  .15  

  

BAS, β1  

  

-.02  

  

.08  

  

.01  

  

.08  

  

.01  

  

.08  

  

FFFS, β2  

  

.08  

  

.08  

  

.11  

  

.08  

  

.11  

  

.08  

  

BIS, β3  

  

-.01  

  

.08  

  

-.01  

  

.08  

  

-.01  

  

.09  

  

BAS × FFFS, β4  

  

  

    

.19*  

  

.09  

  

.18*  

  

.09  

  

FFFS × BIS, β5  

      

-.10  

  

.08  

  

-.10  

  

.08  

  

BIS × BAS, β6  

      

-.10  

  

.09  

  

-.10  

  

.09  

  

BAS × FFFS × BIS, β7  

      

  

    

-.01  

  

.08  

 

To understand the significant interaction between BAS and FFFS and mentally tough 

behaviour, Corr et al. (2016) stated that “a person’s general level of FFFS/repulsor 

motivation moderates the effects of BAS, sometimes in decisive ways (some positive, some 

negative)” (p.83). Based upon this theoretical position, a post-hoc analysis was conducted to 

see whether FFFS moderated the effect between BAS and mentally tough behaviour. 

Specifically, simple slopes analyses were conducted, which is a multilevel moderation test 
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recommended by Preacher, Curran, and Bauer (2006). This analysis enables researchers to 

probe and plot a 2-way interaction by testing the significance of simple slopes of the 

dependent variable (mentally tough behaviour) regressed on the predictor (BAS) at 

conditional values (+ 1 standard deviation) of the moderator (FFFS), and by plotting 

conditional regression lines at these values (Preacher, Zhang, & Zyphur, 2016). Using 

Preacher et al.’s (2006) online calculator for simple slopes tests, the slopes analysis revealed 

that at low levels of BAS, FFFS has no impact on mentally tough behaviour; however, at high 

levels of BAS, low levels of FFFS resulted in mentally tough behaviour that was lower than 

that produced with high levels of FFFS (see Figure 1). However, the slopes for high and low 

FFFS were not significant t(26.80) = 1.75, p = .10, and t(24.88) = 1.40, p = .18, respectively.  

 

  

 

 

 

 

 

Figure 1- Interaction between the FFFS and BAS and mentally tough behaviour 

4.9 Discussion 

The purpose of this study was twofold. First, to examine the factorial validity of 

Hardy et al.’s CMTI, and second to re-investigate the relationship between rRST and 

mentally tough behaviour using the CMTI and RST-PQ. The BSEM analyses revealed that 

the single-factor 15-item CMTI with informative small variance priors on the correlated 

residuals had good factorial validity among a sample of elite and sub-elite cricket coaches. In 

addition, a separate BSEM model was specified where informative small variance priors on 

the correlated residuals were combined with priors on the factor loadings based on the 

coefficients reported by Bell et al. (2013). Like the first BSEM model, this model also had 

good factorial validity, but model one had a better model-fit. Second, the results showed that 

high levels of FFFS and BAS led to the highest levels of mentally tough behaviour in sub-

elite and elite cricketers. In contrast, the lowest levels of mentally tough behaviour occurred 
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when cricketers had low FFFS and high BAS, although these results need to be interpreted 

with caution as the differences only approached significance. 

In terms of the BSEM analyses, the current results differed from Hardy et al.’s study 

where the 15-item model had poor factorial validity using ML-CFA. Although speculative, 

the most likely explanation for this difference was due to the handling of the correlated 

residuals. Specifically, ML-CFA blocks the correlated residuals, which leads to an overly 

strict model and sometimes model rejection (Muthén & Asparouhov, 2012). In contrast, 

BSEM frees the correlated residuals by estimating them simultaneously using informative 

priors. Therefore, the data can push away from zero any important correlated residuals 

present within the measurement model due to item content or based on the guiding theory and 

thus providing a more realistic assessment of model fit (Asparouhov, Muthén, & Morin, 

2015; Faull & Jones, 2018; Niven & Markland, 2016). Further, using the informed priors 

from Bell et al.’s (2013) study to examine the factorial validity of the CMTI in the present 

investigation is an advantage compared to Hardy et al.’s (2014) study. Specifically, Bell and 

colleague’s priors were based on their results with mentally tough behaviours in elite youth 

cricketers. By using these priors, previous knowledge was incorporated into the analyses, and 

given that the present study also had a sample of elite cricketers, it could be speculatively 

suggested that a mini meta-analysis of Bell et al.’s (2013) findings was provided.  

To explain the interaction between BAS and FFFS in predicting mentally tough 

behaviour, the author could not find any empirical studies that had examined the interactive 

effects of rRST on performance. Therefore, the theoretical perspective was adopted that when 

mentally tough cricketers had high levels of BAS and FFFS, this produced an approach-

avoidance goal conflict (Corr & Cooper, 2016). The rRST predicts that in situations where 

the BAS and FFFS conflict, the behavioural inhibition system (BIS) is activated enabling 

individuals to adapt to and resolve this conflict (Perkins & Corr, 2014). However, there was 

no evidence provided in chapter 3 that BIS interacted with the BAS and FFFS. Perhaps there 

is a threshold effect for the interaction between BAS and FFFS, beyond which BIS becomes 

activated. Given that the follow up test was not significant, perhaps this threshold had not 

been reached. Although this explanation may be speculative, it is grounded in the results 

presented here and the available literature. 

Despite the finding that there was a significant interaction between BAS and FFFS in 

predicting mentally tough behaviour, the simple slopes analyses showed that the slopes for 
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high and low levels of FFFS were non-significant. The absence of a significant effect here 

could be attributed to the small differences in the mentally tough behaviour intercepts for 

high and low levels of FFFS. Indeed, Rast, Rush, Piccinin and Hofer (2014) suggested that 

when there are minimal changes in the intercept at high and low levels of a moderator, the 

simple slopes can be non-significant, even when the overall effect one is investigating is 

significant (Rast et al., 2014). 

Although the current results suggest that the 15-item CMTI had good factorial 

validity, and mentally tough cricketers had high levels of BAS and FFFS, this study has some 

limitations. First, some practical issues were faced trying to recruit coaches. There appeared 

to be a small number of sub-elite and elite cricket coaches working with male cricketers. This 

was especially seen at the sub-elite level, where several cricket clubs at an ECB premier 

league level did not have a head coach. In addition, several of the coaches contacted were 

engaged with intense cricket programs, which involved travelling extensively with teams, 

delivering training sessions (individual and group), being present at all matches, and 

conducting player selection meetings. This meant some coaches were unable to spare the time 

to participate. Further, some coaches simply did not respond to requested participation. These 

practical issues resulted in a sub-optimal sample of cricket coaches being recruited. 

Therefore, future research should look to recruit a larger cohort of athletes and coaches to 

examine the rRST-mentally tough behaviour relationship. Another limitation of the present 

study is that only self-report data was used to measure rRST. Accordingly, future studies 

could use objective indicators to supplement the self-report data. To illustrate, researchers 

could use functional Magnetic Resonance Imaging (fMRI) to see whether self-rated 

reinforcement sensitivities correlate with the activity of the brain systems of BAS (i.e., 

cerebral cortex, thalamus, and striatum) FFFS (i.e., anterior cingulate and prefrontal ventral 

stream, and BIS (septo-hippocampal system, posterior cingulate, and prefrontal dorsal 

stream; c.f. Adrián-Ventura, Costumero, Parcet, & Ávila, 2019). To achieve this, careful 

consideration needs to be given to the design of experimental tasks to elicit an approach-

avoidance conflict that activates the brain systems of rRST. Indeed, researchers could draw 

on Hardy et al.’s study, where a computer-based decision-making task was used to elicit an 

approach-avoidance BIS conflict in elite youth cricketers. The predictive study design used 

here could also be considered a limitation. Although it was beneficial for re-examining the 

relationship between rRST and mentally tough behaviour, this design does not allow 

researchers to examine the dynamic nature of reinforcement sensitivity states and their 
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influence on sports performance. Therefore, researchers should look to implement alternative 

study designs such as longitudinal approaches. In the case of a longitudinal study, following a 

steady baseline, researchers could measure athletes reinforcement sensitivity states at various 

points throughout the season and examine links with psychophysiological responses and 

performance under varying levels of pressure.  

The current findings have several implications. From a measurement perspective, the 

findings lend further support to BSEM (Muthén & Asparouhov, 2012) as an effective analytic 

strategy to examine the factorial validity of psychometric measures. From an applied 

standpoint, the present results suggest that athletes who are required to perform under 

pressure may benefit from interventions aimed at exposing them to high levels of approach 

and avoidance motivations. To increase approach motivation levels in a training environment, 

coaches could introduce reward stressors. Indeed, Stoker, Lindsay, Butt, Bawden, and 

Maynard (2016) interviewed 11 elite coaches on their experiences of creating pressure in 

training to improve performance. Results revealed that the coaches used reward stressors 

such as selection, rewards (i.e., money, access to support services- sports psychologist), and 

avoiding something (i.e., fitness test). To raise avoidance motivation levels in training, 

coaches could implement punishments. For example, coaches could draw on Bell et al.’s 

(2013) study where they observed improvements in the performance of a sample of elite 

cricketers following a mental toughness intervention consisting of repeated exposure to 

punishment-conditioned stimuli in a training environment. Punishments consisted of forfeits 

for poor discipline (e.g., lateness, untidy and incorrect kit) and substandard performance 

during the intervention batting and fitness tests. Forfeits included cleaning changing rooms, 

missing the next session, and repeating a fitness test in front of the group. For coaches to 

deliver these appropriately the forfeits should be uncomfortable but appropriate and their 

significance explained (Bell et al., 2013). Specifically, it could be explained to the athletes 

that such forfeits due to poor discipline and inadequate performance could jeopardise match 

selection and thus hinder career progression. The aforementioned research shows how such 

training could be used to individually increase approach and avoidance motivational levels 

and thus increase sports performance. However, given the present finding where high levels 

of FFFS and increased BAS levels led to optimal performance, what is really needed is an 

intervention aimed at fostering high levels of approach and avoidance motivations 

simultaneously. While these suggestions are grounded in the data presented here, more 
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evidence is required before coaches, athletes and sports psychologists can implement the 

strategies. 

4.10 Conclusion 

In conclusion, the present study showed that using BSEM, the single-factor 15-item 

CMTI had good factorial validity among a sample of sub-elite/elite cricket coaches. The 

present study also identified that mentally tough behaviour in sub-elite/elite cricketers is 

characterised by high levels of BAS and FFFS. The simplest explanation for this is that the 

BIS is not activated when cricketers have high levels of BAS and FFFS, which could be a 

characteristic of mentally tough behaviour. The present study also provides avenues of future 

research including using fMRI, psychophysiology, and pressure manipulations to examine the 

rRST-mentally tough behaviour relationship.  

5 Chapter 5- Literature Review 2 

A key objective of this thesis was to address two issues in Hardy, Bell, and Beattie’s 

(2014) study. First, adopt more modern statistical procedures to validate their Cricket Mental 

Toughness Inventory (CMTI). Second, use a measure based on revised reinforcement 

sensitivity theory (rRST; Gray & McNaughton, 2000) to re-investigate the link between RST 

and mentally tough behaviour. Chapter 3 validated the Reinforcement Sensitivity Theory- 

Personality Questionnaire (RST-PQ; Corr & Cooper, 2016), an rRST measure in two sets of 

athletes. Chapter 4 improved the CMTI using Bayesian Structural Equation Modelling 

(BSEM; Muthen & Asparahouv, 2012) and provided a theoretical update of the RST-

mentally tough behaviour relationship using the RST-PQ. Despite achieving this initial 

objective, one area that was not examined in Chapters 3 and 4 was some of the mechanisms 

underpinning the relationship between rRST and mentally tough behaviour such as 

psychophysiological responses. Psychophysiology can extend research perspectives in sports 

psychology by uncovering performance mechanisms, providing a diagnostic tool to resolve 

performance problems, and inform performance-enhancement interventions (Hatfield & 

Landers, 1983). Despite these promising benefits, research examining the 

psychophysiological responses of mentally tough athletes is currently scarce (Beattie, Hardy, 

Cooke, & Gucciardi, 2019). Therefore, one potential avenue of research would be to test 

whether rRST predicts the psychophysiological responses and performance of mentally tough 

athletes during a pressurised sporting task. Relevant studies in the mental toughness literature 

are to the best of the author’s knowledge currently unavailable. However, this link has been 
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investigated in the psychophysiological literature (e.g., Brenner, Beauchaine, & Sylvers, 

2005; Heponiemi, Keltikangas‐Järvinen, Kettunen, Puttonen, & Ravaja, 2004; Knyazev, 

Slobodskaya, & Wilson, 2002; Ruiz, Cid, Moleiro, & Beltri, 2007). Collectively, the results 

from these studies provide a basic foundation to understand how RST influences the 

psychophysiological responses of mentally tough athletes. Therefore, a detailed review of 

these studies will follow. 

5.1 The psychophysiology of RST 

The studies that have examined the link between RST and psychophysiological 

responses have applied the original RST (oRST; Gray, 1982). The first of these by Kynazev 

et al. investigated the link between the activation of the Behavioural Inhibition System (BIS) 

and the Behavioural Activation System (BAS) and psychophysiological responses among 

undergraduate students. Participants took part in an experiment that initially involved self-

reporting their BIS/BAS sensitivity using the Gray-Wilson Personality Questionnaire 

(GWPQ; Wilson, Barrett, & Gray, 1989). Following this, participants had their 

psychophysiological responses recorded under baseline conditions and during a mental 

arithmetic task. To measure the psychophysiological responses, electrodermal activity 

(EDA), which measures physiological changes in electrical skin conductance, was used as a 

measure of sympathetic activation (Boucsein, 2012). In contrast, heart rate reactivity (HR), 

which measures the mean increase in heart rate in response to stress (Ginty, Phillips, Der, 

Dreary, & Carroll, 2011), and respiratory sinus arrhythmia (RSA), which captures the 

variability in heart rate during respiration (Berntson, Cacioppo, & Quigley, 1993), were used 

to measure parasympathetic activation. The mental arithmetic task was a 2-minute test that 

involved sequentially subtracting two from a starting three-digit number provided by the 

researcher. Results showed that BAS activation was negatively associated with HR reactivity 

and RSA during the mental arithmetic task.  

Following Kynazev et al.’s study, Heponiemi et al. (2004) examined the link between 

oRST and cardiac autonomic responses during pressurised laboratory tasks (i.e., mental 

arithmetic, reaction time, and speech task) among a sample of healthy males and females. To 

measure oRST, participants completed Carver and White’s (1994) BIS-BAS scales, and 

sympathetic and parasympathetic activation were measured during the laboratory tasks. 

Sympathetic activation was measured by HR reactivity, and pre-ejection period (PEP, which 

is the time (ms) between ventricular excitation and left ventricular contraction (Sherwood et 

al., 1990). Parasympathetic activation was measured using RSA. Results revealed that reward 
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sensitivity was linked with an increase in sympathetic activation (increased HR reactivity) 

and a decrease in parasympathetic activation (decreased RSA), whereas there was no link 

between being punishment sensitive and autonomic responses. Overall, these results 

suggested that reward sensitivity can be indexed by autonomic responses under pressure. 

Another study by Brenner et al. (2005) tested whether the BIS/BAS scales could 

predict psychophysiological markers of BIS and BAS activation in undergraduate students. 

The psychophysiological marker used to measure BIS was EDA, whereas PEP and RSA were 

the markers of BAS activation. Brenner and colleague’s also examined whether sympathetic 

activation using PEP, and parasympathetic activation using RSA, could predict BAS 

activation. To elicit BIS and BAS activation, a computerised repetitive response task was 

used that included six reward conditions and two frustrative non-reward conditions. During 

the task, participants were required to match the single-digit odd number displayed on a video 

screen by clicking the correct number on a 10-key pad. Throughout both conditions, 

participants were informed they could win $25 for more correct responses. Results revealed 

that BIS/BAS did not predict EDA and PEP during the reward and frustrative non-reward 

conditions. However, BAS predicted RSA, where higher levels of BAS led to higher RSA 

values (suggesting increased parasympathetic activation), but this was only observed during 

the non-frustrative reward condition. Further, results revealed a link between sympathetic 

activation and BAS, where PEP values significantly shortened during the reward condition. 

In contrast, there was no relationship between parasympathetic activation and BAS, where 

RSA values did not change significantly during the reward condition. A strength of this study 

was the repetitive response task as it provided distinct periods for reward and non-frustrative 

reward and produced BIS/BAS activation. 

While the studies outlined above focused on whether oRST could predict 

psychophysiological responses, others have examined the moderating role of oRST. To 

illustrate, Ruiz et al. (2007) tested whether punishment sensitivity could moderate the 

relationship between self-efficacy and psychophysiological responses. Specifically, eighty 

undergraduate students participated in an experiment that examined the influence of self-

efficacy on blood pressure (BP) and HR reactivity during a mental arithmetic task. Initially, 

participants were randomly allocated to a high or low self-efficacy manipulation group. Next, 

participants were informed they had to attain a specific performance level during the mental 

arithmetic task to avoid a punishing stimulus (a loud noise). In the high self-efficacy group, 

participants had to correctly solve five of the fifteen maths calculations, whereas nine of the 
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fifteen calculations were required in the low self-efficacy group. To measure punishment 

sensitivity, participants completed the punishment sensitivity sub-scale from the sensitivity to 

punishment and sensitivity to reward questionnaire (SPSRQ; Torrubia, Avila, Moltó, & 

Caseras, 2001). Results identified that there was a significant interaction between self-

efficacy and punishment sensitivity on systolic BP and HR reactivity. Specifically, when 

participants reported high levels of punishment sensitivity, their self-efficacy decreased as 

their systolic BP and HR reactivity decreased. However, the opposite relationship existed 

when participants reported low punishment sensitivity, whereby self-efficacy increased as 

systolic BP and HR reactivity increased (suggesting sympathetic activation and 

parasympathetic withdrawal).  

The results from the aforementioned studies demonstrate that the activity of the oRST 

brain systems leads to specific patterns of autonomic control, thus raising the possibility of a 

link between rRST and mentally tough athletes psychophysiological responses. However, 

these studies have some limitations that are important to consider in the context of mentally 

tough behaviour. Taken together, the measures of RST used namely the GWPQ, BIS-BAS 

scales, and SPSRQ are all based on Gray’s (1982) oRST, which differentiates between 

reward and punishment sensitivity by combining the FFFS and BIS. As previously discussed, 

rRST separates the FFFS, which is sensitive to punishment, and BIS, which is sensitive to 

goal-conflict. It should be acknowledged that whilst conducting these studies, no rRST 

measures were available. However, several rRST measures have since been validated (see 

section 2.9). The most promising of these is the RST-PQ (Corr & Cooper, 2016) as it offers 

the best available representation of the underlying theory. As shown in Chapters 3 and 4, this 

measure has been shown to have good factorial validity in two separate samples of athletes 

and has been successfully applied to examine the rRST-mentally tough behaviour 

relationship. For these reasons, the RST-PQ offers a strong measure to understand the 

influence of rRST on the psychophysiological responses of mentally tough athletes. In 

addition to the measurement of RST, the previously discussed studies only examined the 

main effects of oRST on individuals psychophysiological responses. Corr (2001) suggested 

that the sub-systems are likely to interact when there is a combination of strong approach and 

avoidance motivations, which are likely to be inherent in pressurised elite sporting 

environments (Hardy et al., 2014). Based on this theoretical position, it is important to 

examine both these main and interactive effects to fully understand the influence of rRST on 

the psychophysiological responses of mentally tough athletes. 
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The patterns of autonomic control reported in the studies above suggest that oRST 

caused a reciprocal autonomic stress response (i.e., increased sympathetic activation and 

decreased parasympathetic activation and vice versa) under pressure, but should be treated 

with caution. This pattern of autonomic control has been challenged, as psychological states 

have been shown to produce more flexible autonomic stress responses including, independent 

activation, co-activation, and co-inhibition of the autonomic nervous systems (Berntson et al., 

1993; Bernston, Norman, Hawkley, & Cacioppo, 2008; Silvia, Eddington, Beaty, Nusbaum, 

& Kwapil, 2013). Of these studies, Silvia and colleague’s examined the psychophysiological 

foundations of the personality characteristic grit during a pressurised mental-effort task 

among a sample of healthy male and female adults. To measure grit, participants completed 

the Short-Grit Scale (Grit-S; Duckworth & Quinn, 2009). Effort-related autonomic activity 

was examined using PEP to measure sympathetic activation, and RSA to index 

parasympathetic activation. Results revealed that individuals who reported higher levels of 

grit exhibited an autonomic response reflective of coactivation. Specifically, participants high 

in grit showed increased sympathetic activation (indexed by shorter PEP values) and 

increased parasympathetic activation (shown by higher RSA values). Based on these 

findings, a conceptual model that measures all of the potential variations of autonomic 

control is required to understand the link between rRST and autonomic responses in mentally 

tough athletes. 

5.2 Autonomic functioning  

The functioning of the autonomic nervous systems has been examined in more detail 

by psychophysiology researchers. A systematic investigation into autonomic functioning was 

conducted in the early 1990’s by Berntson, Cacciopi, and Quigley (1991, 1993). The goal of 

these studies was to determine the major types of autonomic control and develop a conceptual 

model to adequately represent them. Following a review of several psychophysiology studies, 

Berntson et al. (1991) first established that autonomic functioning is more complex than the 

traditional reciprocal autonomic response, where an increase in the activation in one nervous 

system is coupled with decreased activation in the other. Specifically, Berntson’s review 

highlighted that the autonomic systems can be both independently activated and jointly 

activated. Accordingly, these authors proposed that there were six major types of autonomic 

control including, independent parasympathetic and sympathetic control, reciprocal 

parasympathetic and sympathetic control, coactivation, and coinhibition (i.e., decrease in 

sympathetic and parasympathetic activation). To represent these patterns of autonomic 
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control, Berntson and colleague’s constructed the bivariate ‘autonomic space model’, to 

allow researchers to map the different modes of autonomic response (see Figure 1A). As 

shown in Figure 1A, the axes signify the activation of the sympathetic and parasympathetic 

nervous systems. In the middle of the model, the bold arrowed line indicates the reciprocity 

diagonal, whereas the dotted arrowed line represents the co-activity diagonal. The bold 

arrowed lines next to axes represent independent activation of the nervous systems. Lastly, 

the arrows opposite them depict the major types of autonomic control.  

 

A      B  

Figure 1- Bivariate model of autonomic space. Figure 1A represents the initial two-

dimensional model of autonomic space, taken from Berntson et al. (1991). Whereas, Figure 

1B depicts the revised version of the model, taken from Berntson et al. (1993). 

After Berntson et al.’s (1991) study, the same author’s conducted a subsequent study 

in 1993 to operationalise the autonomic space model in humans. Based on an extensive 

review of empirical data from several psychophysiology studies, the autonomic space model 

was adapted. The revised model still contained the major types of autonomic control but 

these were more broadly conceptualised (see Figure 1B). More specifically, the model had 

the same bivariate design; however, numerical units along the parasympathetic and 

sympathetic axes were used to represent baseline autonomic responses. Further, time-related 

movements in the autonomic space at the centre of the model indicated more flexible 

autonomic responses (i.e., reciprocal sympathetic and parasympathetic activation, 

coactivation, and coinhibition) to a stimulus or stress (Berntson et al., 1993). The concept of 
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autonomic space provided researchers with a basic framework to understand individual 

differences in autonomic functioning. However, Berntson et al. acknowledged that this model 

needed refinement before it could be applied in empirical studies. Such refinements related to 

the selection of appropriate psychophysiological metrics that could accurately measure 

sympathetic and parasympathetic activation and provide a method of calculating autonomic 

reciprocity and autonomic coactivity. It was not until Berntson, Norman, Hawkley, and 

Cacioppo’s (2008) study that these refinements were made, and the Cardiac Autonomic 

Balance (CAB) and Cardiac Autonomic Regulation (CAR) models were created enabling 

researchers to explore distinctive patterns in autonomic control.  

5.3 Cardiac Autonomic Balance and Cardiac Autonomic Regulation models  

The CAB/CAR cardiac models were developed to measure two different types of 

autonomic control. With regards to CAB, this model is based on the theoretical position that 

the autonomic systems are reciprocally controlled, whereas CAR assumes autonomic 

flexibility (i.e., independent activation or coactivation of two autonomic systems; Berntson et 

al., 2008). To measure CAB/CAR, two psychophysiological metrics have been used: PEP, 

which captures sympathetic activation, and high frequency heart rate variability (HFHRV), 

which represents rhythmical fluctuations in heart rate in the 0.15-0.40 Hz frequency band 

(Berntson et al., 1997), and denotes parasympathetic activation. These metrics were selected 

based on two studies by Berntson, Cacioppo, and Quigley (1991) and Cacioppo et al. (1994), 

who used single and dual pharmacological blockades. Blockading is a physiological 

technique that involves giving participants a drug (e.g., saline, sulfate, metoprolol) to block 

the effects of a neurotransmitter or a hormone to examine the comparative influences of the 

autonomic systems (Cacioppo et al., 1994). During the blockade studies conducted by 

Berntson et al. and Cacioppo et al., it was established that PEP specifically reflected 

sympathetic activation, and HFHRV was shown to be a pure measure of parasympathetic 

activation. 

With two suitable psychophysiological metrics, Berntson et al. (2008) came up with 

an equation to calculate CAB/CAR. Given the difference in autonomic functioning, CAB was 

calculated as the change in the standardised z-scores for sympathetic (PEP) and 

parasympathetic activation (HFHRV; see Figure 2). In contrast, CAR was calculated by 

adding the standardised activation scores for the two autonomic systems together (see Figure 

2). Standardising the individual PEP and HFHRV values was necessary, as there are often 

large differences in the means and scaling of these metrics (Berntson, 2018). Another key 
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consideration in calculating CAB/CAR was that traditionally, increased sympathetic 

activation is linked with shorter PEP values (Sherwood et al., 1990). To accommodate this, 

PEP was multiplied by -1, to change the link between PEP and HFHRV into a positive 

relationship (see Figure 2). 

 

 

 

 

Figure 2- Separate equations for calculation of CAB/CAR, and what high CAB/CAR 

represent, taken from Berntson (2018).  

In addition to calculating CAB/CAR, Berntson et al. (2008) created a means of 

determining an individualised index of autonomic reciprocity or coactivity, achieved by 

plotting the individual PEP and HFHRV values on the bivariate model of autonomic space. 

To capture the amount of reciprocity, these values were plotted on the reciprocal diagonal of 

the bivariate model, whereas the amount of coactivation was depicted by plotting these values 

on the coactivity diagonal (see Figure 3). Regarding the application of CAB/CAR to 

understand autonomic functioning, these cardiac models have been tested for their utility to 

predict health outcomes in humans (Berntson et al., 2008), and cardiovascular health in mice 

(Norman et al., 2010). Berntson and colleague’s examined whether CAB/CAR could predict 

diabetes and myocardial infarction (MI; i.e., heart attack) among a sample of males and 

females collected in the Chicago, Health, Aging, and Social Relations study (Cacioppo, 

Hawkley, Rickett, & Masi, 2005). Results revealed that CAB rather than CAR, significantly 

and negatively predicted diabetes, with low CAB that symbolises reciprocal sympathetic 

control, indicating individuals with diabetes. In addition, results identified that CAR 

significantly predicted MI where low CAR which signifies coinhibition, significantly 

predicted the incidence of MI.  

  



 

71 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 3- Distribution of PEP/HFHRV values in autonomic space, scores along the 

reciprocal diagonal indicate amount of reciprocity and scores along coactivation diagonal 

denote amount of coactivity, taken from Berntson et al. (2008).  

The results from Berntson et al.’s (2008) study indicate the utility of CAB/CAR as 

useful models to examine the link between autonomic control and health outcomes. These 

models also provide a framework to understand individual differences in autonomic control 

in other contexts. Within elite sports, examining autonomic control is important as it can 

identify the physiological mechanisms of optimal sports performance, uncover performance 

problems (e.g., fatigue levels and increased anxiety), and help inform training interventions 

(Hatfield & Landers, 1983). Chapter 4 indicates that elite/sub-elite athletes will encounter a 

mixture of approach and avoidance motivations during competition. Therefore, from a 

theoretical perspective, it could be suggested that flexibility in the autonomic systems is 

required to effectively adapt to such motivations to perform successfully. Autonomic 

flexibility is grounded within the CAB/CAR models; however, at the time of writing, no 

studies have examined the suitability of these models to map athletes psychophysiological 

responses.  
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5.4 Summary 

To summarise, this review started with a critique of the studies that examined the link 

between oRST and psychophysiological responses. The review then finished with a detailed 

commentary of autonomic functioning with particular emphasis on the CAB/CAR models. 

An area that was unexamined in Chapters 3 and 4 was some of the mechanisms underpinning 

the relationship between rRST and mentally tough behaviour. Psychophysiological responses 

were identified as a potential mechanism based on the reviewed studies that had established a 

link between RST and psychophysiology. The CAB/CAR models were also recognised as 

offering a potentially useful framework to depict athletes psychophysiological responses. 

These models control for autonomic flexibility, which conceptually may explain how athletes 

effectively adapt to the approach and avoidance motivations inherent in elite sports found in 

Chapter 4. Therefore, the purpose of the next chapter (Study 3) was to test whether rRST 

could predict the psychophysiological responses and performance of mentally tough athletes, 

along with testing the ability of CAB/CAR to map these responses. As previously discussed, 

there were two issues with the work examining the influence of RST on psychophysiological 

responses. These included using measures underpinned by the original theory, and not 

examining the interactive effects of RST. Accordingly, Study 3 will measure RST using the 

RST-PQ as it is based on rRST, showed good factorial validity in Chapter 3, and 

demonstrated its utility to measure athletes reinforcement sensitivities in Chapter 4. In line 

with Chapter 4, Study 3 will also examine both the main and interactive effects of rRST. 

6 Chapter 6 

Study 3  

An examination of the psychophysiological indicators of mentally tough athletes 

6.1 Introduction 

Recently, researchers have examined the personalities of mentally tough athletes. For 

example, Hardy, Bell, and Beattie (2014) tested whether a popular personality theory, 

original reinforcement sensitivity theory (oRST; Gray, 1982) could predict mentally tough 

behaviour (i.e., the ability to achieve goals under pressure) in elite youth cricketers. From 

neuropsychology, RST provides an explanation of how behaviour is controlled through the 

interaction of specific brain systems (Corr, 2008, see section 2.7 for a review). A key result to 

emerge from Hardy et al.’s research was an interaction between RST and mentally tough 

behaviour. Specifically, at low levels of reward sensitivity, mentally tough behaviour 
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increased as punishment sensitivity increased. In contrast, at high levels of reward sensitivity, 

mentally tough behaviour decreased as punishment sensitivity increased. This finding was 

explained by suggesting that athletes who were sensitive to punishment and insensitive to 

reward detected threats quicker, enabling them to effectively adapt to pressure. 

The RST has advanced the sports psychology literature by identifying some of the 

neurocognitive structures of mentally tough athletes. This theory has the potential to further 

extend research perspectives by understanding some of the psychophysiological indicators of 

mental toughness. To illustrate, within the psychophysiology literature, a link has been 

established between RST and psychophysiological responses (Brenner, Beauchaine, & 

Sylvers, 2005; Heponiemi, Keltikangas‐Järvinen, Kettunen, Puttonen, & Ravaja, 2004; 

Knyazev, Slobodskaya, & Wilson, 2002; Ruiz, Cid, Moleiro, & Beltri, 2007). These studies 

were reviewed in Chapter 5 (see section 5.1); however, a frequent theme from this research 

was that RST led to distinctive patterns of autonomic control. Specifically, the activation of 

the Behavioural Activation System (BAS) and/or the Behavioural Inhibition System (BIS) 

caused a reciprocal autonomic stress response (i.e., increased sympathetic activation and 

decreased parasympathetic activation and vice versa) under pressure. Coping with pressure in 

professional sport is vital for successful performance (Jones, 2000). Returning to Hardy and 

colleague’s research, you would expect that the reinforcement sensitivities that were linked 

with mentally tough behaviour led to different patterns of autonomic activity. However, the 

link between RST and athletes psychophysiological responses was unexamined. Establishing 

these autonomic patterns is important as it can identify the physiological mechanisms of 

optimal sports performance, uncover performance problems (e.g., fatigue levels and increased 

anxiety), and help inform training interventions (Hatfield & Landers, 1983). As such, the aim 

of the present study was to extend Hardy et al.’s study by testing whether RST could predict 

the psychophysiological responses and performance of a group of elite cricketers during a 

pressurised batting task.  

In setting up this study, assessing the link between RST and psychophysiological 

responses and performance using oRST was not the choice of model as it has succeeded by 

the revised Reinforcement Sensitivity Theory (rRST; Gray & McNaughton, 2000). As 

discussed in Chapter 2 (see section 2.8), there have been some key revisions to RST and as 

evidenced in Chapters 3 and 4, the revised model has shown its utility for understanding RST 

in athletes. In addition, there are two common limitations of the previously mentioned studies 

that had examined the link between RST and autonomic activity. These include using 

autonomic balance models to examine autonomic activity and only examining the main 
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effects of RST. Autonomic balance models suggest that psychological processes result in a 

reciprocal autonomic response (Berntson, Norman, Hawkley, & Cacioppo, 2008). However, 

psychophysiology research has shown that neurocognitive states can produce more flexible 

autonomic responses including coactivation and coinhibition (e.g., Berntson et al., 1991, 

1993; Bernston et al., 2008, see section 5.2 for a review). Two competing cardiac models 

have been published in the psychophysiology literature- Cardiac Autonomic Balance and 

Cardiac Autonomic Regulation (CAB/CAR; Berntson et al., 2008, see section 5.3 for a 

review), allowing researchers to measure all forms of autonomic control. Therefore, in 

addition to testing both the main and interactive effects of rRST on athletes 

psychophysiological responses and performance, a separate aim of the current study was to 

examine the utility of CAB/CAR to map these responses. Overall, the influence of rRST was 

examined on three outcomes, (1) CAB, (2) CAR, and (3) batting performance. The impact of 

CAB/CAR on batting performance was also examined. Based on the results from study 2 of 

this thesis, it was expected that high Fight-Flight-Freeze System (FFFS) and increased BAS 

would predict batting performance. 

6.2 Method 

6.2.1 Participants 

52 elite male cricketers (aged 18-27) from one first-class cricket county, two 

Marylebone Cricket Centre Universities, and a university in the South Wales region of the 

UK were recruited. A demographic questionnaire was administered measuring participants 

gender, age range, the highest standard of cricket played, and years of playing 

experience. Ethical approval was granted by the University of South Wales ethics committee 

and all participants provided consent before participating. 

6.2.2 Measures 

Revised Reinforcement Sensitivity Theory (rRST): The six-factor 51-item RST-PQ 

validated in study 1 of this thesis was used to measure rRST. 

Psychophysiological measures: These were measured using a Biopac recording 

system (Biopac Student Lab System with Non-invasive Cardiac Output Sensor, MP35, 

MP36, MP45, and Research MP36R systems; Biopac Systems, Inc., Santa Barbara, CA). In 

terms of data collection, an electrode was placed just above the participant’s right wrist and 

left ankle. Additionally, two disposable Bioimpedance strip electrodes were placed around 

the base of the neck (with a 3cm gap in between) and 3cm below the 
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thoracic Xiphisternal Junction (with a 3cm gap in between) (see Figure 1). Data was 

processed using an electrocardiogram (ECG) with a Lead-II configuration and an impedance 

cardiogram (ICG), which provided a measure of high-frequency heart rate variability (HF) 

and pre-ejection period (PEP). The ICG and ECG were digitised at 1000Hz.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1- Bioimpedance strip electrodes placement for PEP (from Sherwood et al., 1990).  

 

In line with previous research (e.g., Berntson et al., 2008), there were three 

psychophysiological data collection periods. First, participants sat quietly for 5 minutes to 

stabilise heart rate (Berntson et al., 2008). Period two involved a 4-minute baseline, and the 

final period included collecting a further 4 minutes of data after receiving a set of pressure 

instructions about a batting task the participants were asked to complete. 

To analyse PEP, AcqKnowledge software (version 5; Biopac Systems, Inc., Santa 

Barbara, CA) was used to analyse the dZ/dt waveforms from the ICG, and also verify, edit, 

and summarise all the psychophysiological data. Further, the ICG and ECG data were 

ensemble averaged for every participant to provide an estimate of PEP. Next, PEP was 

calculated as the time in milliseconds from the start of the ECG Q wave to the B point of 

the dZ/dt wave (Sherwood et al., 1990). To analyse HF, the interbeat interval (R-R intervals: 

time in milliseconds between the R-peaks in the ECG QRS complex), were calculated 

in AcKnowledge. These R-R intervals were then imported into the RHRV package 

(Mendex et al., 2014) in the R computing software (version 3.2.1) to calculate HF. In line 

with Mendex et al. a filter was used to identify any artifacts (i.e., ectopic beats and missed 

beats) in the R-R intervals. This filter identified the percentage of R-R intervals that fell 

between 25 and 180 beats per minute. Beats outside this threshold were considered abnormal 

and removed from the data. There is currently no accepted threshold for R-peak data loss for 

retaining ECG recordings. A previous study by Heathers, Fink, Kuhnert, and de Rosnay 

(2014), recommended that HRV data with over 5% of artifacts should be removed. However, 
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as noted by Quintana, Alveres, and Heathers (2016), this percentage has no empirical 

justification. In the context of the present study, given that the applied nature of the research 

setting(s) (i.e., changing room, meeting room next to sports hall) where control over variables 

such as temperature and noise that can affect ECG recordings (Pérez‐Riera, Barbosa‐

Barros, Daminello‐Raimundo, & de Abreu, 2018) was limited, a ten percent threshold for R-

peak data loss was adopted. This resulted in the deletion of eight participant’s data, with the 

total sample being 42 cricketers. Next, the R-R intervals were then time sampled at 4Hz using 

interpolation to obtain an equally spaced time series. This time series was then examined 

using frequency domain analysis that was performed using fast Fourier transformation, which 

calculated the spectral power in the HF band (0.15-0.4 Hz), yielding HF values for the 

participants. 

To calculate CAB and CAR, the individual HF and PEP values at baseline and post-

pressure instructions were standardised by calculating z-scores. Next, in line with Berntson et 

al. (2008), CAB was calculated by subtracting the standardised HF and PEP values 

and plotting them on the reciprocal diagonal segment of the bivariate model of autonomic 

space. In contrast, CAR was calculated by adding the standardised HF and PEP 

values together and plotting them on the co-activity segment in the autonomic space 

(Berntson et al., 1993; see Figure 2). Berntson et al. (2008) noted that increased sympathetic 

activation is linked with decreased PEP values. Therefore, PEP was multiplied by –1 (– PEP) 

to transform the link into a positive relationship ([CAB = HFz – [– PEPz] and CAR 

= HFz + [– PEPz]). Following this, the difference between the individual baseline and post-

pressure HFHRV and PEP scores was used to compute a CAB and CAR change score. 

Brenner, Beauchaine, and Sylvers (2005) used a similar approach, where a change score was 

computed for psychophysiological reactivity from baseline to test condition. Lastly, many of 

the difference scores were negative; therefore, ten was added to the difference scores to make 

CAB and CAR positive. The values were made positive as HF and PEP were non-normally 

distributed (see results section below), and all the CAB and CAR change scores were 

negative. 

6.3 Pressure Instructions 

Pressure was created using verbal instructions adapted from previous research (Turner 

et al., 2013). The instructions emphasised that the batting task assessed the cricketer’s ability 

to perform under pressure, that they were required to score 36 runs from 24 balls to be 

successful, and their score would be compared against all other participants. The instructions 
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also stated their coaches would consider their performance in the batting task when making 

future decisions about game selection, and therefore they would have to try to perform their 

best.  

6.3.1 Performance 

A batting task from previous research (Turner et al., 2013) was used to measure 

performance. The task tested the cricketers ability to perform under pressure by re-creating a 

match situation. The batting task took place at a high-performance cricket facility and 

required cricketers to chase the score described above from a BOLA bowling machine 

(BOLA; Cotham, Bristol, United Kingdom) set at 80 mph operated by their coaches. In terms 

of the batting task rules, the cricketers could score zero, one, two, three, four, and six. 

They had to run the number of runs awarded by their coach, apart from a boundary (e.g., four 

and six), and five runs were added to the target if the coach judged they had lost a wicket 

(i.e., leg before wicket, caught, bowled, hit-wicket). Even if the target was achieved, they still 

had to face all 24 balls. The coaches awarded the runs for each ball based on the height and 

speed of the shot relative to fielding positions. Fielding positions were set for a right-handed 

batsman using cones and included, deep mid-on, mid-off, extra-cover, deep-cover, point, 

deep third-man, fine leg, square leg, deep mid-wicket, bowler, and wicketkeeper (these 

positions were reversed for left-handed batsmen). Batting task scores were calculated by 

adding all runs scored and subtracting five runs per wicket lost. 

6.3.2 Procedure 

After ethical approval from the university faculty ethics committee, cricketers were 

contacted via email or telephone and given an information sheet about the study 

and participation requirements. Following informed consent, cricketers individually attended 

a high-performance cricket facility for testing. First, participants completed a demographics 

questionnaire and the RST-PQ. Second, the participants had their psychophysiological 

responses measured at rest and under pressure. Third, participants changed into their batting 

equipment and then met the researcher in the indoor cricket nets. The coaches were reminded 

of the batting task rules and participants completed the batting task while having their 

performance recorded. Lastly, participants changed out of their batting equipment, and 

received a study debrief. 
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6.4 Analysis 

 

Analyses were conducted using SPSS 25 (IBM SPSS, Armonk, New York). Three 

hierarchical multiple regressions were performed that examined the links between rRST and 

batting performance (model 1), rRST and CAB/CAR (models 2 and 3), and CAB and CAR 

and batting performance (model 4). In models 1-3, the rRST main effects were entered in 

block 1, followed by the interactions (i.e., BAS, FFFS, BIS, BAS x *FFFS, BIS x BAS, FFFS 

x BIS, BAS x FFFS x BIS) in block 2. The predictor variables in models 1-3 were 

the rRST main effects and interactions, and the dependent variables were batting performance 

for model 1, CAB for model 2, and CAR for model 3. Model 4 entered CAB/CAR as 

the predictor variable and batting performance as the dependent variable. To create the 

interactions, BAS, FFFS, and BIS were mean-centred and multiplied together (Aiken & 

West, 1991). In the first three models, to examine whether adding the rRST interactions in 

block 2 accounted for significantly more variation in the dependent variable compared to the 

main effects in block 1, the adjusted R2 value and the p values for the unstandardised (β and 

SE), the standardised coefficient (β) were examined. The same statistics were used to 

examine whether CAB/CAR accounted for a significant amount of the variation in batting 

performance.  

To test the utility of CAB/CAR to map the psychophysiological responses of the 

cricketers, some of the analyses employed in Berntson et al.’s (2008) study were used. First, 

the individual HF and PEP values at baseline and post-pressure instructions were plotted on a 

bivariate model of autonomic space. This depicted whether the cricketers exhibited an 

autonomic response more reflective of CAB/CAR. Second, to understand the autonomic 

patterns in more detail, bivariate correlations were conducted to examine the associations 

between the psychophysiological variables and CAB/CAR. Given that an overall CAB/CAR 

score had been computed, the baseline and post-pressure instructions values for 

the psychophysiological metrics were averaged. 

6.5 Results 

6.6 Multiple regression 

Data screening  

Prior to the multiple regression, the assumptions of multiple regression 

(i.e., normality, homoscedasticity, linearly, normally distributed errors, and independent 

errors; Field, 2009), and the presence of outliers were examined. Results revealed some 
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outliers (i.e., z scores less than −3.25 and/or greater than 3.25; Tabachnick & Fidell, 2007) in 

the dataset, which were winsorised by changing the extreme scores so that they represented 

the next largest score +1 (Field, 2009). However, PEP, HF, and batting score were non-

normally distributed, as indicated by skewness and kurtosis z scores exceeding 1.96 (Byrne, 

2010). In particular, PEP, HF, and LF were positively skewed and had positive kurtosis, 

whereas batting score was negatively skewed and had negative kurtosis. To overcome this 

issue, the non-normally distributed variables were transformed. Based on Field’s (2009) 

guidelines for transforming variables, PEP, HF, and LF were log-transformed and the batting 

test scores were reverse-scored, which corrects negatively skewed data. The transformed HF 

were normally distributed, however, PEP and batting score remained non-normally 

distributed. Given the inconsistencies in the distribution of the variables, they were all 

bootstrapped, using the bootstrapping method (Byrne, 2001), which is a statistical technique 

that resamples and replaces samples from the dataset before re-running the multiple 

regressions. Bootstrapping is commonly used when the data is non-normally distributed and 

has been shown to produce accurate confidence intervals and performs well in small 

samples (c.f. Cheung & Lau, 2008). In the present study, bootstrapping was performed using 

a two-thousand sampling rate, and the bias-corrected method was used to modify the 

parameter estimates and standard errors. A two-thousand sample rate was selected as 

it surpassed the minimum recommended sample size of 1000 (Efron, 1988) and follows 

previous sports research adopting bootstrap samples between 1000 and 5000 (e.g., Hagger & 

Smith, 2010; Koehn, Pearce, & Morris, 2013; Levy, Nicholls, & Polman, 2011; Wilson 

& Batterham, 1999).  

Main analyses  

To understand the basic features of the athletes reinforcement sensitivity states, 

psychophysiological responses at baseline and post-pressure instructions, and performance 

during the batting task, a summary of the descriptive statistics for the study 

variables was compiled (see Table 1). In model 1, the bootstrap estimates showed that none 

of the rRST main effects and interactions significantly predicted batting performance (see 

Table 2). With regards to model 2, the bootstrap estimates revealed that BAS had a 

significant main effect on CAB, whereas none of the other main effects and rRST interactions 

were significant predictors of CAB. In addition, as shown in Table 3, independent of the 

interactions, the main effects did not account for a significant amount of the variance in CAB 

(Adjusted R2 = .10, p = .07). Inserting the interactions to the model in block 2 also did not 

result in a significant increase in the explained variation of CAB (Adjusted R2 = .18, p = 
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.13). In model 3, the bootstrap estimates showed that none of the rRST main effects and 

interactions significantly predicted CAR (see Table 4). Further, as shown in Table 5, on their 

own, the rRST main effects did not account for a significant amount of the variance in CAR 

(Adjusted R2 = .03, p = .27). Adding the interactions to the model in block 2 also did not 

result in a significant increase in the explained variation of CAR (Adjusted R2 = .04, p = .33). 

 

Table 1- Descriptive statistics for study variables.  

 

  Mean  SD  Mean  SD  

Psychological and 

performance variables  

        

BAS  72.98  8.90      

FFFS  17.86  4.64      

BIS  39.07  9.30      

Batting performance  31.55  6.35      

Psychophysiological 

variables  

CAB  

CAR  

  

Baseline  

  

  

10  

10  

  

  

.97  

.92  

  

  

  

  

Post-Pressure 

instructions  

  

HR(bpm)  76.50  11.23  76.53  10.98  

HF (ms2)  107.94  66.51  107.93  66.19  

PEP (ms)  .09  .03  .10  .03  

 

 

Table 2- Hierarchical multiple regression model results for rRST main effects and 

interactions as predictor variables and batting performance as the dependent variable.  

  

Model/block  R2 change  F change  Sig  

change  

B  

  

SE (β)  BCa 95% CI  

1  .10  1.40  .26        

BAS        .11  .10  -.08, .27  

FFFS        -.28  .26  -.81, .22  

BIS  

2  

  

.10  

  

1.10  

  

.38  

-.05  .11  -.27, .16  

BAS        -.02  .13  -.27, .25  

FFFS        -.22  .30  -.81, .41  

BIS        -.03  .13  -.28, .17  

BAS × FFFS        .03  .03  -.03, .08  

BAS × BIS        -.00  .02  -.04, .03  

FFFS × BIS        .01  .03  -.06, .08  

BAS × FFFS × BIS         .01  .00  -.00, .01  

Note: see Table 1 notes for abbreviations, B = Beta, SE (β) = standard error of beta, BCa CI 

= Bias-corrected and Accelerated confidence intervals based on 2,000 bootstrapping 

sampling rate. 
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Table 3- Hierarchical multiple regression model results for rRST main effects and  

interactions as predictor variables and CAB as the dependent variable.  

  

Model/block  R2 change  F change  Sig  

change  

B  

  

SE (β)  BCa 95% CI  

1  .10  2.60  .07        

BAS        .05*  .02  .02, .08  

FFFS        .01  .03  -.05, .07  

BIS  

2  

  

.18  

  

1.94  

  

.13  

.01  .02  -.03, .05  

BAS        .02  .02  -.01, .06  

FFFS        .00  .04  -.08, .11  

BIS        .02  .02  -.02, .08  

BAS × FFFS        -.00  .00  -.01, .01  

BAS × BIS        .00  .00  -.00, .01  

FFFS × BIS        .00  .01  -.01, .01  

BAS × FFFS × BIS         .00  .00  .00, .00  

Note: *p < .05 

 

Table 4- Hierarchical multiple regression model results for rRST main effects and 

interactions as predictor variables and CAR as the dependent variable.  

 

Model/block  R2 change  F change  Sig  

change  

B  

  

SE (β)  BCa 95% CI  

1  .09  1.36  .27        

BAS        .02  .02  -.01, .05  

FFFS        -.01  .03  -.08, .05  

BIS  

2  

  

.20  

  

1.20  

  

.33  

-.02  .02  -.05, .02  

BAS        .01  .02  -.03, .06  

FFFS        -.02  .04  -.10, .07  

BIS        -.01  .04  -.04, .04  

BAS × FFFS        -.01  .01  -.02, .00  

BAS × BIS        .00  .00  -.00, .01  

FFFS × BIS        .00  .00  -.01, .01  

BAS × FFFS × BIS         .00  .00  -.00, .00  
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Table 5- Simple multiple regression model results for CAB and CAR as the predictor 

variables and batting performance as the dependent variable.  

  

Model  R2  F  Sig  B  

  

SE (β)  BCa 95% CI  

  .10  2.17  .13        

CAB        2.11  1.36  -.58, 3.72  

CAR        -.89  1.44  -.35, 2.66  

 

6.6.1 CAB and CAR 

Bivariate model of autonomic space. The cricketers’ individual HF scores measuring 

parasympathetic activation and PEP scores measuring sympathetic activation at baseline and 

under pressure were plotted on the bivariate model of autonomic space (see Figure 2). The 

scatterplot shows scores in all 4 quadrants, showing that the cricketers’ psychophysiological 

responses the scores deviated considerably from the reciprocal diagonal. This suggests that 

across the sample of cricketers, the pressure stimuli had an impact on the cricketers’ 

autonomic responses where they exhibited more flexible autonomic responses including 

coactivation and coinhibition.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2- Bivariate model of autonomic space showing the scatter of baseline and post-

pressure instructions standardised HF (HFz) and PEP (-PEPz) scores across the sample of 

cricketers, in relation to CAB and CAR. Points on the reciprocity diagonal and in the 

reciprocal parasympathetic/sympathetic sections represent an autonomic pattern indicative of 
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CAB. Whereas, points along the coactivity diagonal and in the 

coactivation/coinhibition sections represent an autonomic pattern reflective of CAR.  

 

Correlations between CAB/CAR and psychophysiological variables  

The bivariate correlations between the CAB/CAR scores and the psychophysiological 

variables can be found in Table 6. There were no significant correlations between CAB/CAR 

and the psychophysiological metrics. 

 

Table 6- Intercorrelations between CAB and CAR and the psychophysiological variables.  

    

CAB  

  

CAR  

  

HR(bpm)  

  

HF(ms2)  

  

PEP(ms)  

            

CAB  -  .23  -.07  .12  .07  

CAR  .23  -  .21  -.13  .10  

 

6.7 Discussion 

The aim of the current study was to test whether RST could predict the 

psychophysiological responses and performance of a group of elite cricketers during a 

pressurised batting task. Results revealed that rRST did not significantly predict batting 

performance among a sample of elite cricketers. Further, only BAS had a significant main 

effect on CAB. In addition, the present study offered some support for the effectiveness of 

the CAB and CAR models to map the psychophysiological responses of athletes. 

Specifically, the autonomic space results indicated that the elite cricketers’ autonomic 

responses deviated considerably from a reciprocal autonomic response. As such, the present 

results offer some support to studies showing that neuropsychological processes produce 

more flexible autonomic responses to adapt to stressful situations (Berntson et al., 1991, 

1993; Bernston et al., 2008; Silvia et al., 2013). However, the autonomic space results were 

not supported by the bivariate correlations analyses and should therefore be treated with 

caution.   

 The finding that BAS had a significant main effect on CAB suggests that 

the athletes reinforcement sensitivity states led to a reciprocal autonomic response under 

pressure. This contradicts existing psychophysiological research, which indicates that 

psychological processes produce more flexible autonomic responses including coactivation 

and coinhibition (Berntson et al., 1991, 1993; Berntson et al., 2008; Silvia et al., 2013). 

However, the available rRST research provides partial support for the present result. To 
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illustrate, Heponiemi et al. (2004) discovered that high BAS led to a reciprocal sympathetic 

response (i.e., increased heart rate reactivity and decrease respiratory sinus arrhythmia) 

among a sample of healthy adults during a series of stressful laboratory tasks. Heponiemi and 

colleague’s suggested that the mechanism responsible for this response was parasympathetic 

withdrawal. This represents a rapid increase in heart rate and signifies behavioural flexibility 

in the autonomic system in enabling individuals to adapt to stress (Porges, 1992). Using this 

line of reasoning, these author’s concluded that individuals with high levels of BAS may 

exhibit a favourable pressure response due to the flexibility in their autonomic nervous 

systems. From a CAB perspective, this response and parasympathetic withdrawal is 

indicative of low CAB levels (i.e., increased cardiac PEP and decreased HFV; Berntson, 

2018). Therefore, based on Heponiemi et al.’s findings, the elite cricketers in the present 

study with higher BAS scores may have exhibited a more favourable autonomic response in 

the form of low CAB. An explanation being parasympathetic withdrawal caused by their 

repeated exposure to pressure, leading to a more adaptive and flexible autonomic response. 

However, empirical evidence is needed to substantiate this claim.  

Although the rRST-CAB link can be explained, it is worth acknowledging that there 

was a discrepancy in the result. Although BAS significantly predicted CAB, it did not 

account for a significant proportion of the variation in CAB. An explanation for this was due 

to multicollinearity among the rRST variables. Indeed, variation inflation factor (VIF) values 

were all above 1.00, which indicates that there was a multicollinearity problem (Neter, 

Kutner, Nachtscheim, & Wasserman, 1996). Multicollinearity can adversely affect multiple 

regression results by producing unstable and biased standard errors, and unbalanced p-values 

for the model-fit and its associated predictors, which may lead to improbable and invalid 

findings (Hoffman & Schafer, 2015; Mason, 1987). There are processes to deal with 

multicollinearity including using principle components analysis and partial least squares 

regression. However, the decision was taken not to use these methods as they both involve 

transforming correlated variables into a smaller set of uncorrelated components. Indeed, a key 

aim of this thesis was to examine the interplay between all three rRST sub-systems (BAS, 

FFFS, and BIS) in predicting mentally tough behaviour and associated correlates, as previous 

research has only examined the interactions between BIS and BAS in predicting mentally 

tough behaviour (Beattie et al., 2017; Hardy et al., 2014). Therefore, it was deemed that using 

these methods could alter the conceptual structure of rRST in the present study, thus making 

any significant findings inaccurate. Overall, given the varied findings reported in the present 

study, further research is required to re-examine and corroborate these results.  
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As discussed above, the CAB and CAR results yielded some unexpected findings. 

The autonomic space model results showed that the pressure stimuli had an impact on the 

cricketers’ autonomic responses, where they exhibited a range of autonomic 

responses including reciprocal sympathetic and parasympathetic control, coactivation 

and coinhibition. However, this impact was inconsistent as shown by the bivariate 

correlations, where there were no significant associations between CAB and CAR and the 

psychophysiological variables. Taken together, these results suggest that the pressure stimuli 

may have resulted in a pressure response for some cricketers but not for others. One possible 

reason for this might be that the pressure stimuli was not sufficient, and the data reflected a 

‘borderline’ pressure response. In particular, the cricketers in the present study were elite, 

which means they are regularly exposed to pressure. Furthermore, the pressure the cricketers 

felt following the pressure instructions is likely to be less than typically found in real 

competition environments. For these reasons, this may have resulted in the physiological data 

reflecting a borderline pressure response. Indeed, this explanation may clarify why there were 

only small changes in the values of the psychophysiological metrics between baseline and 

under pressure. Consequently, the CAB and CAR values were almost identical regardless of 

the different calculations used and could explain the lack of significant results in the bivariate 

correlation analyses. 

Taken together, the current results suggest that rRST partially predicts mentally tough 

athletes psychophysiological responses, and some support was offered for the CAB and CAR 

cardiac models to map these responses. However, this study has some limitations. First, 

statistical power may explain the lack of significant findings. The issue of power was 

attributable to the fact the company who produced the Bioimpedance strip electrodes to 

measure PEP (see method section), stopped manufacturing them during the conducting of this 

study. The solution to this would have meant modifying the psychophysiology equipment, 

potentially resulting in the researcher missing the data collection window. Despite this, future 

research should aim to recruit larger samples. Second, the pressure instructions may have 

explained why the psychophysiological data reflected a borderline pressure response. 

Therefore, future research should consider the design of pressure instructions. For example, 

an anxiety manipulation could be used by implementing high and low anxiety conditions 

(Mullen & Hardy, 2000). Several strategies have been adopted to create effective pressure 

manipulations including offering the top five performing athletes a monetary prize, 

interviewing the bottom five about their poor performance, and video recording their 

performance (e.g., see Moore, Young, Freeman, & Sarkar, 2018). Third, the predictive study 
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design used in the current study could be seen as a limitation. Although this design was 

useful for examining one of the mechanisms (i.e., psychophysiological responses) through 

which rRST operates, it does not depict the dynamic nature of reinforcement sensitivity states 

and their influence on sports performance. Future research should therefore look to 

implement stronger study designs such as experimental, longitudinal, and multiple baseline 

case approaches. With a multiple baseline case study, following a steady baseline, researchers 

could measure athletes reinforcement sensitivity states at various points throughout the 

season and examine their link on psychophysiological responses and performance under 

pressure. Finally, the present study did not examine the impact of playing roles in cricket 

(batsmen and bowlers), which could have significantly influenced batting performance. 

Accordingly, future research should look to control for playing roles not just in cricket, but 

also in other team sports (e.g., rugby- forwards and backs, football- goalkeepers, defenders, 

midfielders, and strikers). This will allow for the implementation of more tailored 

interventions but also cross-pollinate knowledge across sports.  

The current findings have some implications. In terms of the theoretical implications, 

the results suggest that rRST (Gray & McNaughton, 2000) may offer a useful model to 

examine how the neurocognitive states of mentally tough athletes influence their 

psychophysiological responses under pressure. In addition, the CAB and CAR cardiac 

models (Berntson et al., 2008) may provide a valuable framework to understand individual 

differences in autonomic control. From an applied standpoint, the results suggest that athletes 

who are required to deal with pressure may benefit from interventions focused on developing 

behavioural flexibility as this may result in an adaptive autonomic response and allow 

athletes to effectively cope with changing demands. Such interventions might include 

regularly exposing athletes to sport-related approach (i.e., reward for playing a match-

winning innings in cricket) and avoidance (i.e., being de-selected after a poor run of 

performances) motivations. Indeed, Bell, Hardy, and Beattie (2013) observed increases in 

elite youth cricketers performance after a mental toughness intervention involving continual 

exposure to avoidance motivations. It is worth noting that these author’s did not integrate 

avoidance stimuli with approach and conflict motivations. In addition, the intervention did 

not examine the impact on psychophysiological responses. Therefore, mental toughness 

interventions that involve exposing athletes to these distinct types of motivations and 

examining their impact on psychophysiological responses under pressure are welcomed.   
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6.8 Conclusion 

In summary, this study showed that rRST partially predicted the psychophysiological 

responses of mentally tough cricketers but not performance under pressure. 

Specifically, rRST significantly predicted CAB, therefore suggesting that the cricketers’ 

reinforcement sensitivity states led to a reciprocal autonomic response. The simplest 

explanation for this was that the cricketers with high BAS exhibited a reciprocal sympathetic 

response, as indexed by increased parasympathetic withdrawal, which enabled them to 

effectively deal with pressure. Further, the present study also provided some support for the 

utility of CAB and CAR to map the psychophysiological responses of mentally tough 

athletes. Specifically, the autonomic space results indicated that the cricketers’ autonomic 

responses deviated from a reciprocal autonomic response. However, this was not supported 

by the bivariate correlations and independent t-tests. The most likely explanation for this was 

that the pressure stimulus was not sufficient and the data reflected a ‘borderline’ pressure 

response. Lastly, some future areas of research were proposed including using larger sample 

sizes, pressure manipulations, controlling for playing positions (i.e., batsman and bowlers), 

and implementing stronger study designs to examine the rRST-psychophysiology-

performance relationship. 

7 Chapter 7- General Discussion 

7.1 Summary of thesis aim and objectives 

The overall aim of this thesis was to re-examine the link between revised 

reinforcement sensitivity theory (rRST) and mentally tough behaviour and test whether rRST 

could predict mentally tough athletes psychophysiological responses. The first objective of 

this thesis was to address the issue of the measurement of rRST in Hardy, Bell, and Beattie’s 

(2014) study by examining the factorial validity of the Reinforcement Sensitivity Theory- 

Personality Questionnaire (RST-PQ; Corr & Cooper, 2016). The second objective of this 

thesis was to re-investigate the factorial validity of Hardy et al.’s measure of mentally tough 

behaviour, the Cricket Mental Toughness (CMTI) using Bayesian Structural Equation 

Modelling (BSEM). The third objective was to use the RST-PQ and CMTI to re-examine the 

rRST-mentally tough behaviour relationship. The fourth and final objective of this thesis was 

to assess whether rRST could predict the psychophysiological responses and performance of 

mentally tough athletes and test the utility of two competing cardiac models to map these 



 

88 

 

responses. Based on the findings already described, this discussion will revisit some of the 

wider issues on which this thesis has progressed understanding.  

7.2 The RST-PQ- A promising scale for measuring rRST in athletes 

At the onset of this thesis, it was identified that one of the issues in Hardy et al.’s 

(2014) publication was the measurement of rRST where they used the Eysenck Personality 

Questionnaire–Revised Short version (EPQR-S; Eysenck, Eysenck, & Barrett, 1985), which 

was based on the original RST (oRST; Gray, 1982). In addition, as discussed earlier in 

Chapter 2, the measurement methods to validate the RST-PQ could be improved. This thesis 

addressed the measurement of rRST by validating a rRST measure, the RST-PQ in two 

independent samples of university athletes. To illustrate, using BSEM, Chapter 3 revealed 

that the six-factor RST-PQ model proposed by Corr and Cooper (2016) had good 

psychometric properties. However, 51-items rather than the original 65-items provided a 

better representation of the underlying theory. This contradicts Corr and Cooper’s research 

and a possible reason for this inconsistency could be due to the different statistical 

procedures. Specifically, Corr and Cooper used Maximum-Likelihood Confirmatory Factor 

Analysis (ML-CFA) compared to BSEM in this thesis. As highlighted earlier in Chapter 2, 

BSEM with its more flexible model specifications allows for the simultaneous estimation of 

all the parameters, whereas ML-CFA only estimates the main loadings (Muthén & 

Asparouhov, 2012). As evidenced in Chapter 3, there were some influential cross-loadings 

and correlated residuals in the RST-PQ item structure, which were missed by Corr and 

Cooper using ML-CFA. Indeed, these cross-loadings and correlated residuals are created 

during item creation and based on the motivating theory (Asparouhov & Muthén, 2009). 

Using this line of reasoning, it can be argued that by using BSEM, this thesis progressed the 

measurement of the RST-PQ as it provided a more realistic representation of the underlying 

theory. 

In addition to the RST-PQ having good factorial validity in sporting populations, this 

thesis suggests that the scale has the potential to break down athletes reinforcement 

sensitivity states into its neuropsychological components. For example, Chapter 4 provided 

initial evidence of the reinforcement sensitivity profile of athletes. Specifically, Chapter 4 

revealed that high Behavioural Activation System (BAS) and High Fight-Flight-Freeze 

System (FFFS) facilitated higher levels of performance among a sample of elite/sub-elite 

cricketers. In contrast, low FFFS and high BAS was debilitative for performance. Overall, 

this thesis suggests that the RST-PQ is a promising scale for measuring rRST in an athlete. 
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7.3 Evidence for a 15-item CMTI  

During the critique of Hardy et al.’s study in Chapter 2, it was recognised that the 

statistical procedures used to validate the CMTI could be improved. Specifically, ML-CFA 

was used that specified an overly strict model with exact zero correlated residuals causing the 

15-item CMTI model to have a poor model-fit. Using post-hoc modifications, seven items 

were removed leading to an 8-item CMTI with good psychometric properties. Using BSEM 

in Chapter 4, the results contradicted Hardy and colleague’s published findings and offer 

support for a 15-item model. The most likely explanation being the more flexible model 

constraints imposed by BSEM where the correlated residuals were freed, and a more 

appropriate assessment of model-fit provided (Niven & Markland, 2016). Correlated 

residuals are a consequence of item formulation and are based on the motivating theory 

(Asparouhov & Muthén, 2009). Therefore, this thesis improved the statistical procedures 

used by Hardy et al. to validate the CMTI by offering a more flexible representation of the 

underlying behavioural mental toughness model. 

Along with providing support for a 15-item CMTI model, this thesis can also be 

speculatively suggested to have provided a meta-analysis of existing knowledge on mentally 

tough behaviour. Chapter 4 specified an extra BSEM model that released the correlated 

residuals and specified priors on the factor loadings based on the coefficients from Bell, 

Hardy and Beattie’s (2013) study examining mentally tough behaviour in elite youth 

cricketers. Consequently, the model demonstrated a good model-fit. However, it is worth 

noting that the other BSEM model which freed the correlated residuals and specified non-

informative priors on the factor loadings had a stronger model-fit. Nevertheless, given that 

previous knowledge was incorporated in the factor analysis of the CMTI demonstrates how 

this thesis has further enhanced Hardy et al.’s results.  

7.4 A theoretical update of the link between rRST and mentally tough behaviour 

With the validated RST-PQ based on rRST and the improved CMTI, this thesis 

provided a theoretical update of the link between oRST and mentally tough behaviour 

identified by Hardy et al. To illustrate, Chapter 4 revealed a significant interaction between 

FFFS and BAS in predicting mentally tough behaviour among a sample of elite/sub-elite 

cricketers. Specifically, when FFFS was high, mentally tough behaviour increased as BAS 

increased. However, the opposite relationship existed when FFFS was low, whereby mentally 

tough behaviour decreased as BAS increased. This result was surprising as from an rRST 

perspective when an athlete has high FFFS and high BAS you would expect a goal-conflict to 
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emerge. (Corr, 2013). The goal-conflict being caused by the opposing goal-orientations of the 

FFFS (avoidance motivation) and BAS (approach motivation) (McNaughton & Corr, 2014). 

To resolve this conflict, rRST posits that a third system the Behavioural Inhibition System 

(BIS) is activated. Chapter 4 did not provide evidence of the BIS interacting with the BAS 

and FFFS suggested that the threshold for activating the BIS was not reached. This 

explanation may seem speculative to some; however, it is underpinned by the results and the 

rRST literature. As a caveat, the slopes analyses in Chapter 4 revealed the slopes for high and 

low levels of FFFS were not significant. Therefore, these results should be treated with 

caution. However, this thesis suggests that high FFFS and high BAS could be a behavioural 

indicator of mentally tough athletes.  

7.5 No relationship between rRST and the psychophysiological responses and 

performance of mentally tough athletes and limited support for CAB/CAR  

After reviewing the mental toughness literature, it was clear that alternative methods 

were required to progress understanding (e.g., see Anderson, 2010). Qualitative procedures 

had been frequently employed, which although useful at the exploratory research stages 

prevented researchers from separating the causes, processes, outcomes, and correlates linked 

with mental toughness (Hardy et al., 2014). Chapter 6 sought to address this gap in the 

literature by conducting an experimental study examining whether rRST could predict the 

psychophysiological responses and performance of elite cricketers during a pressurised 

batting task. In addition, the Cardiac Autonomic Balance and Cardiac Autonomic Regulation 

models (Bernston, Norman, Hawkley, & Cacioppo, 2008) from the psychophysiology 

literature were applied to map these responses. The influence of rRST was examined on 3 

outcomes including CAB, CAR, and performance. The link between CAB/CAR on 

performance was also examined and it was hypothesised that based on Chapter 4, high FFFS 

and high BAS would lead to better batting performance. Disappointingly, this thesis only 

provided scant support for rRST predicting CAB and only limited evidence for the 

effectiveness of CAB/CAR to depict the cricketers’ psychophysiological responses. 

Specifically, BAS was a significant predictor of CAB, implying that BAS activation led to a 

reciprocal relationship between the parasympathetic and sympathetic nervous systems among 

the cricketers. However, the follow-up tests were not significant and this result should be 

interpreted cautiously. Interestingly, the CAB/CAR results contradicted the notion that the 

cricketers’ autonomic responses were just reciprocal. The autonomic space results suggested 

that in response to pressure, the cricketers’ exhibited a range of autonomic responses 
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including reciprocal sympathetic and parasympathetic control, coactivation, and coinhibition. 

At first glance, this supports previous research that demonstrated that the two autonomic 

nerves are flexibly controlled (Berntson et al., 1991, 1993; Bernston et al., 2008; Silvia, 

Eddington, Beaty, Nusbaum, & Kwapil, 2013). Despite this, the follow-up tests were once 

again not significant, therefore bringing this result into question. In explaining the lack of 

significant findings, it was deemed that low statistical power reduced the chance of detecting 

significant effects. Furthermore, it was suggested that the pressure manipulation only had a 

borderline effect on the cricketers’ psychophysiological responses. This was surprising as the 

manipulation was taken from Turner et al. (2013), who revealed that the pressure stimuli 

produced two distinct cardiovascular reactivity patterns among elite youth cricketers. The 

theoretical position was taken that the cricketers were elite meaning they are regularly 

exposed to pressure. Additionally, the pressure the cricketers’ felt following the pressure 

instructions is likely to be lower compared with matches. Overall, this thesis attempted to use 

a different approach to move the literature forward by examining whether rRST could be 

extended to understand mentally tough athletes psychophysiological responses. A novel 

approach to mapping these responses was also used by adopting CAB/CAR, but the evidence 

was inconclusive.  

7.6 Why mental toughness research should persevere with CAB/CAR. 

Based on the results from Chapter 6, some may question the integrity of the CAB and 

CAR models. However, there are several reasons why sports psychology researchers should 

persevere with these models. First, the CAB and CAR models have demonstrated good 

practical utility where they have been successfully applied to understand autonomic 

functioning in other contexts including predicting health outcomes (e.g., Berntson et al., 

2008), and cardiovascular health in mice (e.g., Norman et al., 2010). Second, this thesis 

represents the first time CAB and CAR have been applied in sports psychology, therefore it 

would seem inappropriate to disregard these models before further research is conducted. 

Lastly, these models compare favourably to alternative psychophysiological models 

implemented in sports psychology research. To illustrate, two commonly employed models 

used to understand athletes psychophysiological responses in recent years have been the 

biopsychosocial model of challenge and threat states (BPSM; Blascovich, 2008), and the 

Theory of Challenge and Threat States in Athletes (TCTSA; Jones, Meijen, McCarthy, & 

Sheffield, 2009). In brief terms, these two models suggest that before a pressurised sporting 

situation, athletes appraise the situation either as a challenge or as a threat and whether they 
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have the personal resources to cope (Hase, O’Brien, Moore, & Freeman, 2018). Crucially, 

these appraisals only occur when athletes are actively engaged in the situation (as indexed by 

an increase in heart rate, Seery (2011)). A challenge appraisal occurs when an athlete believes 

they have the personal resources to cope with the situation and a threat when they do not have 

the resources to cope (Seery, 2011). These appraisals are suggested to lead to separate 

psychophysiological responses (Blascovich, 2008). Both challenge and threat lead to 

sympathetic-adrenomedullary activation, which releases adrenaline that increases cardiac 

activity and dilates the blood vessels (Seery, 2011). However, a threat state causes pituitary-

adrenocortical activation that releases cortisol, which decreases cardiac activity and slows 

blood vessel dilation (Seery, 2011). As such, a challenge state is associated with increased 

cardiac output (CO; litres of blood ejected from the heart per minute) and decreased total 

peripheral resistance (TPR; resistance to blood flow in the systemic circuit), and a threat state 

vice versa (Seery, 2011). 

Taken together, a notable research base has emerged supporting the effectiveness of 

the BPSM and TCTSA models to map athletes psychophysiological responses (e.g., see 

Moore, Wilson, Vine, Coussens, & Freeman, 2013; Moore, Young, & Sarkar, 2018; Turner, 

Jones, Sheffield, & Cross, 2012; Turner et al., 2013). However, a limitation of these models 

is that they measure psychophysiological responses only using the sympathetic branch of the 

nervous system, when empirical research has shown that cardiac activity is controlled by both 

the sympathetic and parasympathetic divisions (Berntson et al., 1994; Cacioppo, Berntson, 

Norris, & Gollan, 2011). In addition, both models propose that challenge and threat states are 

reciprocally activated and thus cause a reciprocal sympathetic autonomic response. However, 

in a sporting context, this may not accurately represent the range of challenging and 

threatening situations athletes could encounter during competition (Uphill, Rossato, Swain, & 

O’Driscoll, 2019). It is possible that while challenge and threats can be reciprocally activated, 

they can also be independently activated, or in a state of coactivation (Uphill et al., 2019). 

Furthermore, several psychophysiology studies have shown that neurocognitive states can 

cause both the sympathetic and parasympathetic systems to be reciprocally activated, 

independently activated, and coactivated (Berntson et al., 1991, 1993; Berntson et al., 2008; 

Silvia et al., 2013). In contrast to the BPSM and TCTSA, CAB and CAR draw on the 

principle of autonomic space (Berntson et al., 1991, 1993), which measures autonomic 

functioning using both the sympathetic and parasympathetic nervous systems. Added to this, 

CAB and CAR provide a conceptual framework that accounts for neuropsychological 
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processes leading to autonomic reciprocal activation but also independent activation, and 

coactivation (c.f. Berntson et al., 2008). Therefore, from an empirical and theoretical 

standpoint, CAB and CAR offers some advantages compared to the BPSM and the TCTSA. 

As such, sports psychology researchers should be encouraged to adopt CAB and CAR to 

understand athletes psychophysiological responses under pressure during future 

investigations. 

7.7 Applied Implications  

Adopting the RST-PQ to measure rRST, high FFFS and high BAS being a possible 

behavioural indicator of mentally tough athletes, and the inconsistent impact of the pressure 

stimuli on athletes psychophysiological responses all have applied implications. The RST-PQ 

has the potential to give coaches and practitioners a tool to identify talented athletes. For 

example, talent identification programs could use the RST-PQ to determine whether aspects 

of athletes personalities such as high FFFS and BAS are predictive of successful 

performance. In addition, the RST-PQ provides the opportunity to monitor athletes 

reinforcement sensitivity states. To illustrate, coaches could ask their athletes to complete the 

RST-PQ at various stages in the season and before important matches to highlight problem 

athletes. 

The initial evidence suggesting that high FFFS and high BAS leads to higher levels of 

mentally tough behaviour provides important developmental considerations for improving 

sports performance. In particular, it provides coaches and practitioners with a resource to 

structure their training sessions to facilitate optimal sports performance. Previous research 

suggests that the activation of FFFS and BAS is most likely to occur in environments with a 

combination of approach and avoidance motivations (Corr, 2013). High-level sport has been 

strongly suggested to be an environment where the interactions of these motivations are 

likely to occur (Hardy et al., 2014). Therefore, coaches and practitioners should be 

encouraged to incorporate approach and avoidance motivations to develop their athletes. As a 

template, the findings from Stoker, Lindsay, Butt, Bawden, and Maynard (2016) could be 

used where elite coaches implemented a mix of challenging demands and meaningful 

consequences to create difficult training sessions. Challenging demands included increasing 

the psychological and physical training demands, manipulating task constraints, pre-

fatiguing, limiting tactical information, and controlling sounds, temperatures, and visual 

surroundings. In contrast, a mixture of positive and negative consequences were used 

including forfeits (e.g., extra fitness and missing training sessions), incentives (e.g., match 
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selection and access to support services- physiotherapy), and judgement stressors (e.g., 

presence of a performance director).  

A pressure manipulation has been shown to be a useful strategy for producing distinct 

autonomic patterns in athletes (Moore, Wilson, Vine, Coussens, & Freeman, 2013; Moore, 

Young, Freeman, & Sarkar, 2018; Turner et al., 2013). However, Chapter 6 revealed that the 

pressure stimuli only had an inconsistent impact on the cricketers psychophysiological 

responses. Potentially, the pressure experienced by the cricketers was less than in matches; 

however, the result highlights the importance of coaches and practitioners getting the 

pressure right to have the desired effect. A potential strategy that could be used is high and 

low anxiety conditions in training. For example, Lautenbach, Laborde, Putman, Angelidis, 

and Raab (2016) created a high-anxiety condition for athletes using evaluative instructions 

(i.e., video recording their performance and offering monetary incentives for top performers) 

and competitive situations (i.e., competitive task with other athletes- sport emotional stroop 

test). In contrast, Lautenbach et al. created a low-anxiety condition by asking participants to 

complete the competitive task without the evaluation instructions. Whilst these strategies can 

allow coaches to induce the right amount of pressure, perhaps of more importance is for them 

to understand whether the chosen strategy resulted in the athlete feeling under pressure. This 

will provide coaches with an opportunity to review and fine-tune their pressure strategies. To 

facilitate this process, coaches could ask their athletes to complete a pressure manipulation 

check questionnaire, which asks questions such as ‘how intense was the pressure you felt 

following the sporting task you just completed?’ on a 1-4 Likert scale, with 1 being ‘weak’ 

and 4 being ‘very intense’. 

7.8 Implications outside of sport 

In addition to sport, the implications of the findings are also applicable in non-

sporting contexts. First, the CMTI can be adapted and applied to measure mentally tough 

behaviours in other domains where the ability to maintain high performance in pressurised, 

demanding situations is key. For example, Arthur, Fitzwater, Hardy, Beattie, and Bell (2015) 

modified the CMTI to measure mental toughness in military training environments by 

validating the Military Training Mental Toughness Inventory (MTMTI). Second, the 

informant-rated approach to measuring mental toughness has implications for disciplines 

where instructors are required to accurately assess their trainees’ performance. To illustrate, 

the performance of a sample of infantry recruits during their basic infantry training was 

assessed by their infantry recruit instructors using the MTMTI in Arthur et al.’s (2015) study. 
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Other high-stress occupations where instructor-recruit assessments are undoubtedly important 

include airline pilots, firefighters, and police officers. Lastly, the rRST (Gray & 

McNaughton, 2000) offers a means of examining the effects of approach and avoidance 

motivations on behaviour across other domains. For example, in military personnel where 

there is an objective death risk and survival is key, the rRST has the potential to provide 

insights into the approach and avoidance motivations governing behaviour in combat. 

Specifically, the main and interactive effects of the BAS, FFFS and BIS may provide a 

neuropsychological explanation of military troops motivation to approach and grasp 

opportunities to gain a military advantage, but also avoid unsafe places and situations to 

survive. Promisingly, the rRST with its robust personality model has shown its versatility by 

examining the impacts of personality on addictions (e.g., gambling- Farrell & Walker, 2019 

and alcohol- Lopez-Vergara et al., 2012), psychopathology (Asfhari, Rasouli-Azad & 

Ghoreishi, 2019), and workplace performance (Corr et al., 2016).  

7.9 Limitations 

Although the Chapters in this thesis have progressed understanding, they also have 

some limitations. These have been reported in the discussion section of each study; therefore, 

they will be summarised here. With regards to Chapter 3, the limitations were the poor 

performance of several items on the RST-PQ, the hierarchical structure of the BAS factor 

was not examined, and only self-report data was used to validate the RST-PQ. Limitations in 

Chapter 4 concerned practical issues whilst recruiting the cricket coaches, only self-report 

data was used to measure rRST, and the predictive study design. Lastly, in Chapter 6, 

limitations related to a lack of statistical power, the inconsistent impact of the pressure 

instructions on autonomic reactivity, the impact of cricket playing roles (batsman and 

bowlers) on batting performance was not examined, and again the lack of a pressure 

manipulation test. Along with the limitations inherent within the individual chapters, the 

thesis has some more general drawbacks. These include a research focus on only cricket, the 

varied abilities of the athletes recruited, measuring mentally tough behaviour via an 

informant, the inconsistent use of Bayesian statistics, and only examining the factorial 

validity of psychometric measures. These will now be discussed in turn.  

Transferability. This thesis examined the link between rRST and mentally tough 

behaviour in cricketers only, therefore, the generalisability of the results across other sports is 

limited. As highlighted in Chapters 2 and 3, Hardy et al. (2014) replicated the link between 

RST and mentally tough behaviour with elite youth cricketers among a sample of elite youth 
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swimmers’ (Beattie, Alqallaf, & Beattie, 2017). These published findings contradict this 

thesis as they are based on Gray’s (1982) oRST, however, replication of results across 

different sports is possible. Along with a strong research focus on cricketers, this thesis tested 

the research questions using athletes with varying playing abilities ranging from university 

level in Chapter 3 to elite in Chapter 4. Given that Chapter 3 focused on validating the RST-

PQ in a sporting population, it could be suggested that the scale was only validated for the 

use of university athletes. Elite athletes are more regularly exposed to higher levels of 

pressure and have better access to specialist sport-science support than those at lower 

standards of competition (Swann, Moran, & Piggott, 2015). Therefore, some may question 

the ecological validity of the finding that high FFFS and BAS predicted mentally tough 

behaviour in Chapter 4 given the elite nature of the athletes recruited and that the RST-PQ 

was used to measure rRST. The author’s proposition is that many university athletes compete 

in semi-professional leagues (Hardy et al., 2014). For this reason, it was considered that the 

RST-PQ was appropriate for measuring rRST in athletes across a wide range of playing 

abilities. However, research incorporating more varied samples across different sports, levels 

of competition and genders will test the generalisability of the findings in this thesis. 

Measuring mentally tough behaviour via an informant. Hardy et al. (2014) 

suggested that independently assessing mentally tough behaviour is important before 

considering the characteristics, attitudes, cognitions, and emotions of mental toughness. As 

such, this thesis used an informant-rated approach where a group of elite and sub-elite 

cricketers had their mentally tough behaviour assessed by their coaches using the CMTI. 

However, a limitation of using this approach is the potential for coaches to give biased ratings 

to their athletes (Anthony, 2017). Coach-rated bias cannot be ruled out in this thesis as the 

inclusion criteria for coaches was that they had coached the cricketer for over a year and 

watched them in over ten matches (c.f. Hardy et al. 2014). Recording the frequency of the 

mentally tough behaviours occurring and using multiple ratings such as parents and fellow 

athletes (e.g., see Gucciardi, Gordon, & Dimmock, 2009; Hardy et al., 2014) may help 

alleviate coach-rated bias issues. It is hoped that future research will provide some answers to 

this issue. 

Validity assessment of psychometric measures. Gucciardi (2017) suggested that 

one of the key ways to assess the usability of a construct is by examining the hypothesised 

structure of an associated questionnaire. This thesis examined the factorial validity of both 

the RST-PQ and CMTI and found both measures to have sound psychometric properties. 
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Despite this, some may consider factorial validity to be only part of the picture when 

determining the validity of a scale. For example, Chapter 3 could have been an opportunity to 

examine factorial, concurrent, and predictive validity simultaneously. However, this thesis 

was about other questions, and rather than use the RST-PQ as it stood, some validation work 

was conducted to ensure the scale was a valid measure for athletes. Otherwise, this research 

programme would have become purely measurement-based. Having said that, comprehensive 

validation studies with the RST-PQ and CMTI are encouraged. 

Inconsistent use of Bayesian statistics. The use of Bayesian statistics in Chapters 3 

and 4 was useful for validating the RST-PQ and improving the CMTI, thus, enabling the 

associations in this thesis to be accurately examined. However, it might surprise some readers 

that the traditional maximum-likelihood (ML) approach was used to re-examine the link 

between rRST and mentally tough behaviour in Chapter 4 rather than Bayesian. Especially as 

Bayesian was used to enhance the CMTI and ML had caused Hardy et al. (2014) some issues. 

The rationale for adopting an ML approach to conduct the multilevel analyses in Chapter 4 

was based on the following theoretical perspective adopted by Hardy and colleague’s: 

‘‘While there is reason to believe that mental toughness levels of players would vary 

 across coaches, there is no reason to believe that the relationship between                

 reinforcement sensitivities and mental toughness should vary across coaches.’’ (p.74) 

 By using ML, the rRST variables in Chapter 4 were treated as fixed factors. As 

discussed in Chapter 2, Bayesian treats the parameter in a model as random (see section 

2.10). Bayesian would have treated the rRST variables as random factors and assumed that 

the link between rRST and mental toughness would vary across coaches. Whilst the link 

between oRST and mentally tough behaviour was likely to change using rRST, it was 

deemed that Hardy et al.’s theoretical perspective would remain unchanged even with the 

revised theory. Consequently, the decision was taken to use ML to test the relationship 

between rRST and mentally tough behaviour. Despite this, the author is always open to 

alternative methods of analysis and it would be interesting to see if different results are 

obtained by using Bayesian. 

7.10 Future research directions 

The results from this thesis highlight several potential future research directions. As 

demonstrated in Chapters 3 and 4, the CMTI and the RST-PQ provide some promise in 

developing our understanding of mentally tough behaviour in elite cricketers. However, there 
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is a need to develop context-specific measures of mentally tough behaviour across a wider 

variety of sports. The situational demands and stressors placed on professional cricketers will 

differ from football and rugby for example. In addition to more sports, research is also 

needed to validate mentally tough behaviours in non-sporting contexts. Other high-pressure 

occupations where mentally tough behaviour is likely to be important include military 

personnel, airline pilots, firefighters, surgeons, and police officers. There are also some 

potentially wider benefits besides just understanding mentally tough behaviour in stressful 

occupations. There is a lot of interest in well-being and stress management (e.g., see Quick & 

Henderson, 2016, for a review). For instance, would mental toughness training mitigate the 

risk of post-traumatic stress disorder in military personnel? To the best of my knowledge, 

research in these areas is non-existent and/or undeveloped. Such research could have 

important applied implications for the identification and development of mentally tough 

behaviours within these occupations. As such, it is hoped that future research examines 

mentally tough behaviour more broadly. 

Another research theme that has surfaced from this thesis was the difficulty 

researchers have had conceptualising mental toughness, and given its broadness, whether MT 

is objectively useful. In support of Beattie et al. (2017) and Hardy et al. (2014), Chapters 3 

and 4 provided objective evidence of mentally tough behaviours in athletes thus reducing the 

overreliance of researchers to use subjective data collection methods (i.e., interview and self-

report measures). However, in terms of where this research theme goes next, what is required 

is to examine if these behaviours are useful in conjunction with the attitudes, cognitions and 

emotions constituting mental toughness (Gucciardi et al., 2008; Jones et al., 2002). To 

achieve this, an overarching mental toughness model encompassing all these elements could 

be fruitful. Despite the inconclusive Chapter 6 results, psychophysiological responses could 

also be added to the proposed model subject to conclusive evidence. Logic would suggest 

that mentally tough behaviours (i.e., the achievement of performance goals under pressure) 

are outcomes of the attitudes, cognitions and emotions comprising mental toughness. 

Devising such a model may result in the detection of the root causes of both desirable and 

undesirable mentally tough behaviours. For example, the coach could ask their player to 

recall their emotions, cognitions, thought patterns, feelings, and attitudes before and during 

competitive matches. With this data, coaches can mediate their athletes mentally tough 

behaviours through implementing tailored training interventions for their players to increase 

the frequency of mentally tough behaviours (Anthony, Gordon, Gucciardi, & Dawson, 2018). 



 

99 

 

In addition, data inputted into the model on players with the highest levels of mentally tough 

behaviours can be used to build a talent profile, which could be used for talent identification 

programmes. 

The final future research theme to result from this thesis was that psychophysiology is 

an underdeveloped research area within the mental toughness literature. Mental toughness 

and psychophysiology are related as the rRST (Gray & McNaughton, 2000) for explaining 

mentally tough behaviour has also been shown to predict psychophysiological responses (see 

section 5.1). However, to date, there appears to be limited or no psychophysiology research 

on mental toughness. This is surprising given the body of literature that shows neural states 

cause distinct patterns of autonomic reactivity (see section 5.1). Chapter 6 represented a 

novel attempt to examine whether the reinforcement sensitivity states found in Chapter 4 

were linked with sympathetic and parasympathetic activation, measured by heart rate 

variability and pre-ejection period. These two psychophysiological indicators represent a tiny 

proportion of the measurable psychophysiological responses. Other psychophysiological 

measures include the quiet eye period, electroencephalography, event-related potentials, 

blood pressure, skin conductance, electromyography, thermal imaging, and pupillometry 

(e.g., Lohani, Payne, & Strayer, 2019, for a review). Of these, quiet eye (QE) period which is 

‘the final fixation to a target during the preparation phase of a goal-directed movement’ 

(Wilson, Causer, & Vickers, 2015, p.23) represents an interesting area of future investigation 

within mentally tough behaviour. Longer quiet eye (QE) durations have been linked with 

optimal sports performance (see Lebeau et al., 2016, for a review), therefore, you might 

expect mentally tough athletes to be more likely to achieve a quiet eye state. However, QE 

studies in the mental toughness literature are unavailable and could be of significance to 

mental toughness researchers and rRST and other sport psychology researchers. As a word of 

caution, the Chapter 6 results show that careful consideration needs to be given to study 

designs for researchers to produce the desired psychophysiological response across their 

sample. 

7.11 Thesis Conclusion 

To summarise this thesis, the aims of this research programme were to address two 

issues in Hardy et al.’s (2014) study, test whether rRST predicted the psychophysiological 

response of mentally tough athletes and test the utility of the CAB/CAR cardiac models to 

map athletes psychophysiological responses. First, the thesis results add further support for 

BSEM as an analytic strategy to examine the factorial validity of psychometric measures. 
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Second, this thesis provides a conceptual update of the rRST-mentally tough behaviour 

relationship. Research examining the influence of rRST on mentally tough behaviour is still 

in its early stages, however, in the RST-PQ, sport psychology researchers have available a 

measure that provides the best available representation of the underlying theory. Third, the 

employment of a psychophysiology study has provided an initial understanding of one of the 

mechanisms that feature in the rRST-mentally tough behaviour relationship. Fourth, partial 

support was provided for the utility of the CAB/CAR cardiac models to depict the 

psychophysiological responses of mentally tough athletes. Lastly, the limitations of this 

research programme were discussed with suggestions for future research on how the results 

of this thesis can be progressed. 
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9 Appendices 

Appendix A- Information Sheet for university athletes in Study 1 

  

INFORMATION SHEET  

  

Study title  

  

Examining the link between personality theory and individual differences in sports 

performance  

  

I would like to invite you to take part in a research study. Before you decide you need to 

understand why the research is being done and what it would involve for you. Please take time 

to read the following information carefully. Please ask questions if anything you read is not 

clear or you would like more information. Take time to decide whether you want to take part.    

  

What is the purpose of the study?  

The purpose of the study is to look at the suitability of a questionnaire as a personality measure 

and examine the relationship between personality and individual differences in sports 

performance. For example, are there personality differences between participants in different 

sports? This study will consist of a questionnaire that measures your personality and asks some 

questions about your level of sports performance.   

  

Why have I been invited?  

You have been invited as you are undertaking a degree and regularly compete in sport.   

  

Do I have to take part?  

Taking part in this research is entirely voluntary. We will go through the information sheet and 

describe everything that will be done. You are free to withdraw at any time, without reason, 

even if you have started completing the questionnaire.  

  

What will happen if I agree to take part?  

We will require you to fill out a questionnaire during university term-time hours. Throughout 

the research process, your participation will remain confidential, with no personally identifiable 

information pertaining to your involvement in the study being shared with anyone outside of 

the research team: Tom Young, Professor Rich Mullen, Dr David Shearer, and Dr Gareth 

Roderique-Davies.  

  

Expenses and payments  

You will not be charged or receive reimbursement, or payment because of participation.  

  

What will I have to do?  

You will need to read this information sheet. If you decide you would like to take part, you will 

be asked to complete a questionnaire that will take approximately 30 minutes.   

  

What are the possible disadvantages and risks of taking part?  

There are no anticipated risks to you as a participant. If at any point, you wish to stop for any 

reason you are free to do so without penalty. You are free to talk to anyone on the research 

team about any issues you may have.  
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What are the possible benefits of taking part?  

We cannot promise the study will help you but the information we get from the study will help 

to increase our understanding of personality and sports performance.   

  

What if there is a problem?  

Should you have an issue with any aspect of this study, you can speak to any of the researchers 

(contact details at the bottom of the page) who will do their best to answer your questions. 

Should you remain unhappy and wish to complain formally, you may do through:   

University Secretary’s Office  

University of South Wales  

Llantwit Road  

Treforest  

CF37 1DL  

01443 480480  

Email: appeals.complaints@southwales.ac.uk   

  

Will my taking part in the study be kept confidential?  

Our procedures for handling, processing, storing and destruction of your data match the Data 

Protection Act 1998. Your data will be collected via questionnaire. All information which is 

collected about you during the research will be kept strictly confidential, and any information 

about you will not leave the university.  

  

  

What if I choose not to carry on with the study?  

This study is completely confidential and anonymous, therefore once you have completed the 

study, data cannot be withdrawn.   

  

What will happen to the results of the research study?  

This study is part of the primary researcher’s PhD and will therefore be included in the thesis. 

We also aim to publish the research in a peer-reviewed journal. You will not be identifiable in 

any publication.  

  

Who is organising or funding the research?  

University of South Wales.  

  

Further information & contact details:  

Tom Young  Professor Rich Mullen  

University of South Wales  University of South Wales  

Llantwit Road  Llantwit Road  

Treforest  Treforest  

CF37 1DL  CF37 1DL  

tom.young@southwales.ac.uk  rich.mullen@southwales.ac.uk  
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Appendix B- Information Sheet and Consent Form for coaches in Study 2 

  

INFORMATION SHEET FOR COACHES  

  

Study title  

  

How do high-performance cricketers react to pressure during competitive 

performance?  

  

I would like to invite you to take part in a research study. Before you decide you need to 

understand why the research is being done and what it would involve for you. Please take time 

to read the following information carefully. Please ask questions if anything you read is not 

clear or you would like more information. Take time to decide whether you want to take part.    

  

What is the purpose of the study?  

The purpose of this study is to investigate how high-performance cricketers react to pressure 

during competitive performance. This study will consist of a questionnaire that describes a 

range of scenarios that high-performance cricketers encounter.   

  

Why have I been invited?  

You have been invited as you are a high-performance cricket coach and regularly coach high-

performance cricketers.   

  

Do I have to take part?  

Taking part in this research is entirely voluntary. I will go through the information sheet and 

describe everything that the research involves. Then I will ask you to sign a consent form 

showing you agree to take part. You are free to withdraw at any time, without reason, even if 

you have signed the consent sheet.  

  

What will happen if I agree to take part?  

We will ask you to fill out a questionnaire. Specifically, you will be asked to rate 4-8 cricketers 

that you regularly coach on how effectively they react to pressure during competitive 

performances. This data will then be organized and analyzed by the research team. Throughout 

the research process, your participation will remain confidential, with no personally identifiable 

information pertaining to your involvement in the study being shared with anyone outside of 

the research team: Tom Young, Professor Rich Mullen, Dr David Shearer, and Dr Gareth 

Roderique-Davies.  

  

Expenses and payments  

You will not be charged, receive reimbursement, or payment as a result of participation in this 

study.  

  

What will I have to do?  

Once you’ve finished reading this information sheet, if you decide you would like to take part, 

you will be asked to sign a consent form. You will then complete a questionnaire for each of 

the 4-8 players mentioned above. This will take approximately 20-30 minutes.   

  

What are the possible disadvantages and risks of taking part?  
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There are no anticipated risks to you as a participant. If at any point, you wish to stop for any 

reason you are free to do so without penalty. You are free to talk to anyone on the research 

team about any issues or concerns you may have.  

  

What are the possible benefits of taking part?  

The information you provide will advance our understanding on how high-performance 

cricketers react to stressors during competitive performance.   

  

What if there is a problem?  

Should you have an issue with any aspect of this study, you can speak to any of the researchers 

(contact details at the bottom of the page) who will do their best to answer your questions. 

Should you remain unhappy and wish to complain formally, you may do through:   

Jonathan Sinfield  

Research Governance Officer  

University of South Wales  

Llantwit Road  

Treforest  

CF37 1DL  

01443 480480  

Email: jonathan.sinfield@southwales.ac.uk   

  

Will my taking part in the study be kept confidential?  

Our procedures for handling, processing, storing and destruction of your data match the Data 

Protection Act 1998. Your data will be collected via questionnaire. All information which is 

collected about you during the research will be kept strictly confidential, and any information 

about you will not leave the university.  

  

What if I choose not to carry on with the study?  

If you withdraw from the study all information and data collected from you will be removed 

and destroyed immediately.   

  

What will happen to the results of the research study?  

This study is part of the primary researcher’s PhD and will therefore be included in the thesis. 

We also aim to publish the research in a scientific journal. Neither you or the players you 

rated will be identifiable in any publication.  

  

Who is organising or funding the research?  

University of South Wales.  

  

Further information & contact details:  

Tom Young  Professor Rich Mullen  

University of South Wales  University of South Wales  

Llantwit Road  Llantwit Road  

Treforest  Treforest  

CF37 1DL  CF37 1DL  

tom.young@southwales.ac.uk  rich.mullen@southwales.ac.uk  
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STUDY CONSENT FOR COACHES   

  

Title of Project: How do high-performance cricketers react to pressure during 

competitive performance?  

  

Name of Researcher: Mr Tom Young  

  

Name of supervisors: Professor Rich Mullen, Dr David Shearer, Dr Gareth 

Roderique-Davies.   

  

Please (initial) all boxes   

  

1. I confirm that I have read and understand the information sheet dated (      ) (version 

) for the above study.  I have had the opportunity to consider the information, ask questions 

and have had these answered satisfactorily.  

2. I consent to the processing of my personal information for the purposes of this 

research study. I understand that such information will be treated as confidential and handled 

in accordance with the Data Protection Act 1998.  

  

3. I understand that my participation is voluntary and that I am free to withdraw at any 

time without giving any reason, without any consequence to myself.    

  

4. I agree to my anonymised data being used in study specific reports and subsequent 

articles that will appear in academic journals.   

  

5. I agree to take part in the above study.   

  

  

  

  

Name of Participant Date Signature  

                                 

  

Name of person - Date Signature   

taking consent.   
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Appendix C- Information Sheet and Consent Form for cricketers in Study 2 

  

INFORMATION SHEET FOR CRICKETERS  

  

Study title  

  

Examining the link between personality and individual differences in high-

performance cricketers.  

  

I would like to invite you to take part in a research study. Before you decide you need to 

understand why the research is being done and what it would involve for you. Please take time 

to read the following information carefully. Please ask questions if anything you read is not 

clear or you would like more information. Take time to decide whether you want to take part.    

  

What is the purpose of the study?  

The purpose of this study is to investigate the link between personality and performance in 

high-performance cricketers. This study will consist of a questionnaire that measures your 

personality and asks some questions about the level of cricket you play at.   

  

Why have I been invited?  

You have been invited as you are a high-performance cricketer.   

  

Do I have to take part?  

Taking part in this research is entirely voluntary. I will go through the information sheet and 

describe everything that the research involves. Then I will ask you to sign a consent form 

showing you agree to take part. You are free to withdraw at any time, without reason, even if 

you have signed the consent sheet.  

  

What will happen if I agree to take part?  

We will ask you to fill out a personality questionnaire before a training session. Your coach 

will also assess how you perform during matches. This questionnaire data will 

then organized and analyzed to look at the link between your personality and cricket 

performance. Throughout the research process, your participation will remain confidential, 

with no personally identifiable information pertaining to your involvement in the study being 

shared with anyone outside of the research team: Tom Young, Professor Rich Mullen, Dr David 

Shearer, and Dr Gareth Roderique-Davies. None of your information will be shared with your 

coach  

  

Expenses and payments  

You will not be charged or receive reimbursement, or payment because of participation.  

  

What will I have to do?  

You will need to read this information sheet. If you decide you would like to take part, you will 

be asked to sign a consent form. You will then complete a personality questionnaire. 

Separately, your coach will assess how you perform during matches. The entire process will 

take approximately 20 minutes.   

  

What are the possible disadvantages and risks of taking part?  
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There are no anticipated risks to you as a participant. If at any point, you wish to withdraw 

for any reason you are free to do so without penalty. You are free to talk to anyone on the 

research team about any issues you may have.  

  

What are the possible benefits of taking part?  

We cannot promise the study will help you but the information we get from the study will help 

to increase our understanding of personality and sports performance in high-performance 

cricketers.   

  

What if there is a problem?  

Should you have an issue with any aspect of this study, you can speak to any of the researchers 

(contact details at the bottom of the page) who will do their best to answer your questions. 

Should you remain unhappy and wish to complain formally, you may do through:   

Jonathan Sinfield  

Research Governance Officer  

  

University of South Wales    

Llantwit Road    

Treforest    

CF37 1DL    

01443 480480  

Email: jonathan.sinfield@southwales.ac.uk   

  

  

Will my taking part in the study be kept confidential?  

Our procedures for handling, processing, storing and destruction of your data match the Data 

Protection Act 1998. Your data will be collected via questionnaire. All information which is 

collected about you during the research will be kept strictly confidential, and any information 

about you will not leave the university.  

  

What if I choose not to carry on with the study?  

If you withdraw from the study all information and data collected from you will be removed 

and destroyed immediately.  

  

What will happen to the results of the research study?  

This study is part of the primary researcher’s PhD and will therefore be included in the thesis. 

We also aim to publish the research in a peer-reviewed journal. You will not be identifiable in 

any publication.  

  

Who is organising or funding the research?  

University of South Wales.  

  

Further information & contact details:  

Tom Young  Professor Rich Mullen  

University of South Wales  University of South Wales  

Llantwit Road  Llantwit Road  

Treforest  Treforest  

CF37 1DL  CF37 1DL  

tom.young@southwales.ac.uk  rich.mullen@southwales.ac.uk  
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STUDY CONSENT FORM FOR CRICKETERS  
  

Title of Project: Examining the link between personality and individual 

differences in high-performance cricketers.  

  

Name of Researcher: Mr Tom Young  

  

Name of supervisors: Professor Rich Mullen, Dr David Shearer, Dr Gareth Roderique-

Davies.   

  

Please (initial) all boxes   

  

1. I confirm that I have read and understand the information sheet dated (      ) (version 

) for the above study.  I have had the opportunity to consider the information, ask 

questions and have had these answered satisfactorily.  

2. I consent to the processing of my personal information for the purposes of this 

research study. I understand that such information will be treated as confidential and handled 

in accordance with the Data Protection Act 1998.  

  

3. I understand that my participation is voluntary and that I am free to withdraw at any 

time without giving any reason, without any consequence to myself.    

  

4. I agree to my anonymised data being used in study specific reports and subsequent 

articles that will appear in academic journals.   

  

5. I agree to take part in the above study.   

  

  

  

  

Name of Participant Date Signature  

                                 

  

Name of person - Date Signature   

taking consent.   
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Appendix D- Information Sheet and Consent Form for cricketers in Study 3 

  

INFORMATION SHEET FOR CRICKETERS  

  

Study title  

  

Examining the link between personality, cardiovascular responses, and 

performance in high-performance cricketers.   

  

I would like to invite you to participate in a research study. Before you decide, you need to 

understand why the research is being done and what it would involve for you. Please take time 

to read the following information carefully. Also, please ask questions if anything you read is 

not clear or requires more information. Lastly, take time to decide whether you want to take 

part.    

  

What is the purpose of the study?  

The purpose of this study is to investigate how personality affects the cardiovascular responses 

and performance of high-performance cricketers. This study will consist of a questionnaire 

that measures your personality and asks some questions about your current playing level. The 

study will also involve examining your cardiovascular responses using two non-invasive 

cardiovascular measures, and your performance during a batting task.   

  

Why have I been invited?  

You have been invited as you are a high-performance cricketer.   

  

Do I have to take part?  

Taking part in this research is entirely voluntary. I will go through the information sheet and 

describe what the research involves. Then I will ask you to sign a consent form showing you 

agree to take part. You are free to withdraw at any time, without reason, even if you have signed 

the consent sheet.  

  

What will happen if I agree to take part?  

We will firstly ask you to complete a personality questionnaire. Next, you will be asked to 

attend an office where your cardiovascular responses will be measured. This will involve sitting 

quietly for 5 minutes and having electrodes attached which are non-invasive and pose little or 

no health risks. Then, 4 minutes of resting cardiovascular data will be recorded. Following this, 

a set of instructions will be read out to you regarding a batting task you will be required to 

complete. A further 4 minutes of cardiovascular data will then be recorded. The electrodes will 

then be removed, and you will be required to change into your batting equipment and meet at 

the indoor cricket nets. Then you will be asked to complete a batting task.  

  

The data collected will then be analysed to examine how your personality affects your 

cardiovascular responses, and performance. Throughout the research process, your 

participation will remain confidential, with no personally identifiable information pertaining to 

your involvement in the study being shared with anyone outside of the research team: Tom 

Young, Professor Rich Mullen, Dr David Shearer, and Dr Gareth Roderique-Davies.   

  

Expenses and payments  

You will not be charged or receive reimbursement, or payment because of participation.  
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What will I have to do?  

You will need to read this information sheet. If you decide you would like to participate, you 

will be asked to sign a consent form. You will then complete a personality questionnaire. Next, 

you will attend an office, where your cardiovascular responses will be measured, before 

completing a batting task. The entire process will take approximately one hour.   

  

What are the possible disadvantages and risks of taking part?  

The potential risks of taking part are minimal. If at any point, you wish to withdraw for any 

reason you are free to do so without penalty. You are free to talk to anyone on the research 

team about any issues you may have.   

  

What are the possible benefits of taking part?  

We cannot promise the study will help you but the information we get from the study will help 

to increase our understanding of how personality influences the cardiovascular responses and 

performance of high-performance cricketers.   

  

What if there is a problem?  

Should you have an issue with any aspects of this study, you can speak to any of the researchers 

(contact details at the bottom of the page) who will do their best to answer your questions. 

Should you remain unhappy and wish to complain formally, you may do through:   

  

Jonathan Sinfield  

Research Governance Officer  

  

University of South Wales    

Llantwit Road    

Treforest    

CF37 1DL    

01443 480480  

Email: jonathan.sinfield@southwales.ac.uk   

  

  

Will my taking part in the study be kept confidential?  

Our procedures for handling, processing, storing and destroying your data match 

the General Data Protection Regulation 2016. All information which is collected about you 

during the research will be kept strictly confidential, and any information about you will not 

leave the university.  

  

What if I choose not to carry on with the study?  

If you choose not to carry on with the study, you can do so without penalty. Furthermore, if 

you wish to withdraw your data from the study, you can do so within one month of taking part 

and by contacting the research team using the unique code number given to you. Following 

publication of the study, data cannot be withdrawn.   

  

What will happen to the results of the research study?  

This study is part of the primary researcher’s PhD and will therefore be included in the thesis. 

We also aim to publish the research in a journal. You will not be identifiable in any publication.  

  

Who is organising or funding the research?  

University of South Wales.  

  

Further information & contact details:  
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Tom Young  Professor Rich Mullen  

University of South Wales  University of South Wales  

Llantwit Road  Llantwit Road  

Treforest  Treforest  

CF37 1DL  CF37 1DL  

tom.young@southwales.ac.uk  rich.mullen@southwales.ac.uk  

07714998085  07393689957  
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STUDY CONSENT FORM FOR CRICKETERS  

  

Title of Project: Examining the link between personality, cardiovascular 

responses, and performance in high-performance cricketers.  

  

Name of Researcher: Mr Tom Young  

  

Name of supervisors: Professor Rich Mullen, Dr David Shearer, Dr Gareth Roderique-

Davies.   

  

Please (initial) all boxes   

  

1. I confirm that I have read and understand the information sheet dated (      ) (version 

) for the above study.  I have had the opportunity to consider the information, ask 

questions and have had these answered satisfactorily. 

2. I consent to the processing of my personal information for the purposes of this 

research study. I understand that such information will be treated as confidential and handled 

in accordance with the General Data Protection Regulation 2016. 

 

3. I understand that my participation is voluntary and that I am free to withdraw at any 

time without giving any reason, without any consequence to myself. 

 

4. I agree to my anonymised data being used in study specific reports and subsequent 

articles that will appear in academic journals. 

 

5. I agree to take part in the above study. 

  

  

  

Date:   
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Appendix E- The Reinforcement Sensitivity Theory-Personality Questionnaire 

 

The Reinforcement Sensitivity Personality Questionnaire  

 

(Thanks to Dr Philip Corr and Dr Andrew Cooper for allowing use of their personality 

questionnaire to measure athletes’ personalities).   

  

Instructions  

Below are a list of statements about everyday feelings and behaviours. Please rate how 

accurately each statement describes you in general. Circle only one response. Do not spend 

too much time thinking about the questions and please answer honestly. Your answers will 

remain anonymous and confidential.  

  

  

  
How accurately does each statement 

describe you?  

Response  

Not at 

all  
Slightly  Moderately  Highly  

1  I feel sad when I suffer even minor setbacks.  1  2  3  4  

2  I am often preoccupied with unpleasant 

thoughts.  
1  2  3  4  

3  Sometimes even little things in life can give 

me great pleasure.  
1  2  3  4  

4  I am especially sensitive to reward.  1  2  3  4  

5  I put in a big effort to accomplish important 

goals in my life.   
1  2  3  4  

6  I sometimes feel ‘blue’ for no good reason.   1  2  3  4  

7  When feeling ‘down’, I tend to stay away 

from people.  
1  2  3  4  

8  I often experience a surge of pleasure running 

through my body.  
1  2  3  4  

9  I would be frozen to the spot by the sight of a 

snake or spider.  
1  2  3  4  

10  I have often spent a lot of time on my own to 

“get away from it all”.  
1  2  3  4  

11  I am a very active person.   1  2  3  4  

12  I’m motivated to be successful in my 

personal life.  
1  2  3  4  

13  I am always ‘on the go’.   1  2  3  4  

14  I regularly try new activities just to see if I 

enjoy them.   
1  2  3  4  

15  I get carried away by new projects.   1  2  3  4  

16  Good news makes me feel over-joyed.   1  2  3  4  

17  The thought of mistakes in my work worries 

me.   
1  2  3  4  

18  When nervous, I sometimes find my thoughts 

are interrupted.   
1  2  3  4  

19  I would run quickly if fire alarms in a 

shopping mall started ringing.   
1  2  3  4  
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20  I often overcome hurdles to achieve my 

ambitions.   
1  2  3  4  

21  I often feel depressed.   1  2  3  4  

22  I think I should ‘stop and think’ more instead 

of jumping into things too quickly.   
1  2  3  4  

23  I often feel that I am on an emotional ‘high’.  1  2  3  4  

24  I love winning competitions.   1  2  3  4  

25  I get a special thrill when I am praised for 

something I’ve done well.   
1  2  3  4  

26  I take a great deal of interest in hobbies.   1  2  3  4  

27  I sometimes cannot stop myself talking when 

I know I should keep my mouth closed.   
1  2  3  4  

28  I often do risky things without thinking of the 

consequences.   
1  2  3  4  

29  My mind is sometimes dominated by 

thoughts of the bad things I’ve done.   
1  2  3  4  

30  I get very excited when I get what I want.   1  2  3  4  

31  I feel driven to succeed in my chosen career.   1  2  3  4  

32  I’m always finding new and interesting things 

to do.  
1  2  3  4  

33  I’m always weighing-up the risk of bad 

things happening in my life.   
1  2  3  4  

34  People are often telling me not to worry.   1  2  3  4  

35  I am very open to new experiences in life.   1  2  3  4  

36  I always celebrate when I accomplish 

something important.  
1  2  3  4  

37  I find myself reacting strongly to pleasurable 

things in life.   
1  2  3  4  

38  I find myself doing things on the spur of the 

moment.   
1  2  3  4  

39  I would instantly freeze if I opened the door to 

find a stranger in the house.   
1  2  3  4  

40  I’m always buying things on impulse.   1  2  3  4  

41  I am very persistent in achieving my goals.   1  2  3  4  

42  When trying to make a decision, I find myself 

constantly chewing it over.   
1  2  3  4  

43  I often worry about letting down other 

people.  
1  2  3  4  

44  I would go on a holiday at the last minute.  1  2  3  4  

45  I would run fast if I knew someone was 

following me late at night.   
1  2  3  4  

46  I would leave the park if I saw a group of 

dogs running around barking at people.   
1  2  3  4  

47  I worry a lot.   1  2  3  4  
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48  I would freeze if I was on a turbulent aircraft.  1  2  3  4  

49  My behavior is easily interrupted.   1  2  3  4  

50  It’s difficult to get some things out of my 

mind.   
1  2  3  4  

51  I think the best nights out are unplanned.   1  2  3  4  

52  There are some things that I simply cannot go 

near.   
1  2  3  4  

53  If I see something I want, I act straight 

away.   
1  2  3  4  

54  I think it is necessary to make plans in order 

to get what you want in life.   
1  2  3  4  

55  When nervous, I find it hard to say the right 

words.   
1  2  3  4  

56  I find myself thinking about the same thing 

over and over again.   
1  2  3  4  

57  I often wake up with many thoughts running 

through my mind.   
1  2  3  4  

58  I would not hold a snake or spider.   1  2  3  4  

59  Looking down from a great height makes me 

freeze.   
1  2  3  4  

60  I often find myself ‘going into my shell’.   1  2  3  4  

61  My mind is dominated by recurring thoughts.  1  2  3  4  

62  I am the sort of person who easily freezes-up 

when scared.  
1  2  3  4  

63  I take a long time to make decisions.   1  2  3  4  

64  I often find myself lost for words.   1  2  3  4  

65  

  

I will actively put plans in place to 

accomplish goals in my life.  
1  2  3  4  

66  I usually react immediately if I am criticized 

at work.  
1  2  3  4  

67  I have found myself fighting back when 

provoked.  
1  2  3  4  

68  I think retaliation is often the best form 

of defense.   
1  2  3  4  

69  I think you have to stand up to bullies in the 

workplace.   
1  2  3  4  

70  I would defend myself if I was falsely 

accused of something.  
1  2  3  4  

71  If I feel threatened I will fight back.  1  2  3  4  

72  I would not tolerate bullying behaviour 

towards me.  
1  2  3  4  

73  I can be an aggressive person when I need to 

be.  
1  2  3  4  
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Appendix F- The Cricket Mental Toughness Inventory 

 

The Cricket Mental Toughness Inventory  

  

Your  name     

Player’s name    

  

Please think about this player and how he / she GENERALLY performs 

in COMPETITIVE MATCHES.   

  

The following questions ask you to rate how often the player is able to maintain a high level 

of performance even when he / she is faced with demanding situations in COMPETITIVE 

MATCHES. Please consider each scenario individually and circle the number you think is 

most appropriate for this player.   

  

  

  

Player _____________________is 

able to maintain a high level of 

performance in COMPETITIVE 

MATCHES even if:   

  

Never      Some-

times  

    Always  

1. His / her preparation has not gone 

to plan.  

1  2  3  4  5  6  7  

2. His / her recent performances 

have been poor.  

1  2  3  4  5  6  7  

3. He / she is lacking in confidence.  1  2  3  4  5  6  7  

4. He / she is suffering from fatigue.  1  2  3  4  5  6  7  

5. People are relying on him / her to 

perform well.  

1  2  3  4  5  6  7  

6. He / she has received criticism 

from significant others (e.g. coach, 

team-mates or parents).  

1  2  3  4  5  6  7  

7. His / her team-mates are 

struggling.  

1  2  3  4  5  6  7  

8. The conditions are difficult.  1  2  3  4  5  6  7  

9. He / she has to perform at a high 

level all day.  

1  2  3  4  5  6  7  

10. It’s the most important match of 

the season.  

1  2  3  4  5  6  7  

11. The match is particularly tight.  1  2  3  4  5  6  7  
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12. The opposition are of a 

particularly high standard.  

1  2  3  4  5  6  7  

13. The opposition are using 

aggressive tactics.  

1  2  3  4  5  6  7  

14. There are a large number of 

spectators present.  

1  2  3  4  5  6  7  

15. He / she is struggling with an 

injury.  

1  2  3  4  5  6  7  
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Appendix G- Traceplots for RST-PQ and CMTI 

 

RST-PQ 

 

Traceplot for initial 51-item model 

 
 

Traceplot for cross-validated 51-item model 
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CMTI 

 

 
  



 

141 

 

Appendix H- 51-item RST-PQ Mplus Syntax 

  

TITLE: BSEM model with non-informative priors on factor loadings, and approximate zero-

mean small variance priors on the cross-loadings and correlated residuals.  

ANALYSIS:  

ESTIMATOR= BAYES; ! Tells mplus estimation type is Bayesian  

CHAINS= 2; ! Specifies 2 independent chains of the MCMC procedure  

FBITERATIONS= 100000;  

MODEL: ! Measurement model for RST-PQ  

RI BY RI3* RI4 RI6 RI7;  

GDP BY GDP1* GDP2 GDP3 GDP4 GDP5 GDP6 GDP7;  

RR BY RR2* RR3 RR4 RR5 RR7 RR8 RR9 RR10;  

I BY I1* I2 I3 I4 I5 I6 I7;  

BIS BY BIS1* BIS2 BIS3 BIS5 BIS6 BIS7 BIS8 BIS9 BIS10 BIS13 BIS14 BIS16 BIS18   

BIS19 BIS20 BIS21 BIS22;  

FFFS BY FFFS1* FFFS3 FFFS4 FFFS5 FFFS6 FFFS7 FFFS8 FFFS9;  

RI-FFFS@1;  

! Cross-loadings for RST-PQ items  

RI BY GDP1-FFFS9*0 (A1-A47);   

GDP BY RI3-RI7*0 (B1-B4);   

GDP BY RR2-FFFS9*0 (B5-B44);  

RR BY RI3-GDP7*0 (C1-C11);  

RR BY I1-FFFS9*0 (C12-C43);  

I BY RI3-RR10*0 (D1-D19);  

I BY BIS1-FFFS9*0 (D20-D44);  

BIS BY RI3-I7*0 (E1-E26);  

BIS BY FFFS1-FFFS9*0 (E27-E34);  

FFFS BY RI3-BIS22*0 (F1-F43);  

! Residual variances  

RI3-FFFS9 (RV1-RV51);  

! Correlated residuals for RST-PQ items  

RI3-FFFS9 WITH RI3-FFFS9 (CR52-CR1326); !(K*(K-1)/2) !K=number of items (this 

example = 51 items*(51-1=50)/2)  

MODEL PRIORS:  

! Informative prior for cross-loadings, where the mean is set at 0 and the variance is 0.1 see 

DOI: 10.1037/a0026802  

A1-A47 ~ N(0,.01);   

B1-B4 ~ N(0,.01);  

B5-B44 ~ N(0,.01);  

C1-C11 ~ N(0,.01);  

C12-C43 ~ N(0,.01);  

D1-D19 ~ N(0,.01);  

D20-D44 ~ N(0,.01);  

E1-E26 ~ N(0,.01);  

E27-E34 ~ N(0,.01);  

F1-F43 ~ N(0,.01);  

RV1-RV51 ~ IW(1,57);  !K=number of items +6  

CR52-CR1326 ~IW(0,57);  !inverse wishart distribution  

OUTPUT: tech1 tech8;  

PLOT: type = plot2;  
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Appendix I- CMTI Mplus Syntax  

  

TITLE: Bayesian Model  

ANALYSIS:  

ESTIMATOR= BAYES; ! Tells Mplus estimation type is Bayesian  

CHAINS= 2; ! Specifies 2 independent chains of the MCMC procedure  

FBITERATIONS= 100000;  

MODEL: ! Measurement model for CMTI  

MTI BY MTI1* MTI2 MTI3 MTI4 MTI5 MTI6 MTI7 MTI8 MTI9 MTI10  

         MTI11 MTI12 MTI13 MTI14 MTI15;  

         MTI@1;  

MTI1-MTI15 (rv1-rv15);  

MTI1-MTI15 with MTI1-MTI15 (cr16-cr120);  

MODEL PRIORS:  

rv1-rv15 ~IW (1,21); ! Residual variances  

cr16-cr120 ~IW (0,21); ! Correlated residuals for CMTI items  

OUTPUT: TECH1 TECH8;  

PLOT: TYPE=PLOT2;  

  

  

  

  

  

  

  

  

  

  

  

  

 


