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Abstract

Large parts of human behaviors are oriented towards achieving a
particular goal. Motivational factors in the form of approach and avoidance
motivated behavior and executive functions (EFs) such as inhibition are
central for goal-directed behavior. There are individual differences in the
inhibition of prepotent behavior and the Behavioral Inhibition System (BIS)
can be viewed as a neuropsychological system that has been proposed to be a
personality trait that explains those individual differences. Inhibition is an EF
that is involved in the control of impulses and enable us to choose how to
react and behave. Sport is a context in which the cognitive demands can be
high and there is a growing body of research trying to pinpoint the cognitive
mechanisms behind superior athletic performance. Response inhibition is
suggested to be one of the mechanisms that is of importance for performance
in sport.

The general aim of this thesis was to explore the BIS, response inhibition
and the possible implications in sports. A theoretical framework of approach
and avoidance motivation, the revised RST (Gray & McNaughton, 2000;
McNaughton & Corr, 2004) was combined with a paradigm for assessment of
response inhibition; the stop-signal paradigm (Logan & Cowan, 1984). In
addition, different instruments for assessment of the BIS was investigated and
designs of the stop-signal task for assessment of response inhibition was used.
Study I and III aimed to examine the relationship between response inhibition
and the BIS. Study I used a sample of non-athletes and Study III used a sample
of non-athletes, and athletes from two different interceptive sports, biathlon
and alpine skiing. The aim of Study II was to test the factor structure of a
Swedish version of the Reinforcement Sensitivity Theory of Personality
Questionnaire (RST — PQ; Corr & Cooper, 2016). The results from Study I
indicated that when the ability to inhibit prepotent response and behavioral
precision (i.e., accuracy) is central for task performance, higher levels of BIS
could be a vulnerability factor when the individual’s inhibitory ability
simultaneously is poor. Due to ceiling effects in the variable accuracy, this was
not possible to replicate in Study IIL. The results in Study II suggest that the
RST-PQ has considerable promise since it, for example, provides an
opportunity to distinguish between the individual differences between fear
and anxiety, although there were issues concerning the convergent validity.
Study III showed that athletes with experience in interceptive sports do not
outperform non-athletes on response inhibition. The implications of these
results are that it is possible that other aspects than being an athlete or non-
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athlete need to be considered and that individual differences in the BIS could
be one of these aspects.

Taken together, results from these three studies indicated that that it is
possible to combine a theoretical framework of approach and avoidance
motivation and a paradigm for the assessment of response inhibition, the
stop-signal paradigm, with the purpose of exploring the BIS, response
inhibition and possible implications in sport. It has also showed the
complexity with using self-report instruments for assessment of
neuropsychological systems that, in theory, underlies personality and the
difficulties with using SSTs for assessment of an estimated measure (i.e., SSRT)
of response inhibition. By exploring the BIS and response inhibition, this
thesis offers an approach to view sport expertise and show the value of
focusing on individual differences in the personality trait BIS since, at least
theoretically, the BIS has the potential to serve as an explanation for variations
in response inhibition and the possible association with behavioral precision
(i.e., accuracy).



Summary in Swedish

Stora delar av manskligt beteende &r inriktat mot att uppna ett specifikt
mal. Motivationsfaktorer i form av beteenden som motiveras av undvikande
eller ndirmande samt exekutiva funktioner (EF) s& som inhibering ar centrala
for malinriktat beteende. Det finns individuella skillnader i inhibering av
automatiskt genererat beteende och Behavioral Inhibition System (BIS) kan
ses som ett neuropsykologiskt system som har foreslagits vara ett
personlighetsdrag som kan forklara dessa individuella skillnader. Inhibering
ar en EF som ér involverad i impulskontroll och som gor det mojligt for oss
att véalja hur vi ska reagera och bete oss. Idrott dr en kontext inom vilken de
kognitiva kraven kan vara hoga och en viaxande méngd forskning har férsokt
att precisera de kognitiva mekanismer som ligger bakom 6verldagsen idrottslig
prestation. Inhibering har foreslagits vara en av de mekanismer som &r av
betydelse for prestation inom idrott.

Det generella syftet med denna avhandling var att utforska BIS, inhibering
och mdjliga implikationer inom idrott. Ett teoretiskt ramverk for att forklara
beteenden som motiveras av undvikande eller narmande, den reviderade
Reinforcement Sensitivity Theory (RST, Gray & McNaughton, 2000;
McNaughton & Corr, 2004), kombinerades med ett paradigm f6r matning av
inhibering, stop-signal paradigmet (Logan & Cowan, 1984). Dessutom
undersoktes olika instrument f6r matning av BIS och olika designs av stop-
signal uppgift (55T) anvandes for méatning av inhibering. Studierna I och III
syftade till att undersoka sambandet mellan inhibering och BIS. Studie I
anvande ett urval av icke-idrottare och Studie III anvéande ett urval av icke-
idrottare samt idrottare fran tva olika interceptiva idrotter, skidskytte och
alpin skidédkning. Syftet med Studie II var att testa faktorstrukturen for en
svensk version av Reinforcement Sensitivity Theory of Personality
Questionnaire (RST-PQ). Resultaten fran Studie I indikerar att nédr formagan
att inhibera en respons och traffsikerhet ar centralt for prestationen, kan
hogre nivéer av BIS vara en sarbarhetsfaktor om individen samtidigt har en
dalig inhiberingsformaga. P4 grund av takeffekt i variabeln tréffsakerhet var
detta inte mojligt att replikera i Studie III. Resultaten i Studie II tyder pa att
RST-PQ é&r lovande eftersom den till exempel ger en mojlighet sdrskilja de
individuella skillnaderna mellan radsla och angest, men det fanns problem
som rorde konvergent validitet. Studie III visade att idrottare som hade
erfarenhet av en interceptiv idrott inte Gvertraffade icke-idrottare nar det
gdller inhibering. Implikationerna av dessa resultat ar att det ar mdjligt att
andra aspekter dn att vara idrottare eller icke-idrottare maste 6vervagas och
att individuella skillnader i BIS skulle kunna vara en av dessa aspekter.
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Sammantaget indikerar resultaten fran dessa tre studier att det 4r majligt
att kombinera ett teoretiskt ramverk for att forklara beteenden som motiveras
av undvikande eller ndrmande och ett paradigm for métning av inhibering, i
syfte att utforska BIS, inhibering och méjliga implikationer inom idrott. De
har ocksd visat komplexiteten med att anvdnda instrument for
sjdlvrapportering vid maétning av neuropsykologiska system, som enligt
teorin ligger till grund for personlighet, samt svarigheterna med att anvanda
en SST for métning av ett estimerat méatt f6r inhibering. Genom att utforska
BIS och inhibering, erbjuder denna avhandling ett perspektiv att se pa
expertis inom idrott och visar pa vidrdet av att fokusera pa individuella
skillnader, mer specifikt, personlighetsdraget BIS, eftersom atminstone
teoretiskt sett har BIS potential att fungera som en forklaring till variationer i
inhibering och majlig association med traffsakerhet.
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Introduction

There is this idea that humans strive for things that are good and try to
stay away from things that are bad. This idea is not new and throughout
history it has taken different forms and shapes and it seems to be universal.
This striving can be translated into the terms approach and avoidance
motivation and there is a vast body of research related to this form of
motivation (see Elliot, 2008 for a review). It is not difficult to understand why
the distinction between approach and avoidance motivation has been of great
interest and there is something intriguing about using a fundamental
distinction such as approach and avoidance motivation in an attempt to
explain individual differences in human behavior.

In everyday life, large parts of human behaviors are oriented towards
achieving a particular goal. It could be consummatory behaviors like eating
or drinking (McNaughton et al., 2016), or it could be other goal-directed
behaviors that require some form of internal representation of the desired
endpoint (Corr & Krupi¢, 2017). That endpoint is often called a goal and can
be defined as “an end state that the organism has not yet attained (and is
focused toward attaining in the future) and that the organism is committed to
approach or to avoid” (Moskowitz, 2012, p.1). However, the human brain is
complex and can generate a large repertoire of behaviors and therefore some
form of control mechanisms are required so that relevant behaviors can be
coordinated in line with the internal goal representations (Miller & Cohen,
2001). These mechanisms are often referred to as “cognitive control” or
“executive functions”. Thus, in order to reach a goal, there needs to be some
kind of involvement of cognitive control (Botvinick & Braver, 2015). In
addition, in real life there are many situations that are ambiguous when it
comes to the pleasantness and unpleasantness of the situation, and sometimes,
approaching a goal involves dealing with situations that can be experienced
as unpleasant. For example, imagine an athlete that has a goal to reach the
podium at least once during a competitive season. The desire to reach that
goal means spending a great number of hours on training. Each training
session will most likely involve moments where the athlete will struggle with
concentration or impulses to focus on other things rather than those that are
relevant for the goal. Consequently, this form of goal-directed behavior
cannot be viewed only in terms of motivation.

Sport is a context in which the cognitive demands can be high and within
the field of cognitive expertise there is a growing body of research trying to
pinpoint the cognitive mechanisms behind superior athletic performance (e.g.,
Verburgh et al., 2014; Vestberg et al., 2012; Vestberg et al., 2017). In addition,



some argue that competitive sport is a setting in which there have been a
tradition of a one-size fit all mentality to psychological skills training and
therefore they stress the importance of the psychological understanding of the
person behind the athlete (Robert & Woodman, 2015). Subsequently, one
approach to obtaining further understanding would be to view athletes as a
heterogenous group and put more focus on examining the individual
differences. This thesis attempts to explore one executive function (i.e.,
response inhibition) together with individual differences in a motivational
system that is activated in situations where there are conflicting goals. Thus,
this thesis combines a theory that accounts for individual differences in
motivated behavior with a paradigm that enables measurement of response
inhibition, with the purpose of exploring possible implications in sports.
Knowledge about how these two aspects of goal-directed behavior are related
is not something that is solely of interest within the sport domain as there are
possible implications in any other area in which goal-directed behavior is
involved. The theoretical frameworks and definitions of approach-avoidance
motivation and executive function covered in all three studies included in this
thesis will be presented in the sections below.

Approach — Avoidance motivation

The approach-avoidance distinction is frequently used to explain and
predict motivated behavior, but can also be seen as a framework for viewing
the structure of personality (Corr, 2009; Elliot & Thrash, 2002). Subsequently,
what the approach and avoidance distinction offers is a perspective on
functional behavior that can be used to explore individual differences in
motivated behavior, which is central for the aim of this thesis. The interest in
studying the fundamental motives of human behavior has varied over time,
nevertheless, the approach-avoidance distinction has recurrently been
studied within different areas of psychology during the last century. In
Principle of Psychology (vol. 2), William James states: “the pleasures and pains
which action brings modify its course and regulate it; and later the thoughts
of the pleasures and pains acquire themselves impulsive and inhibitive power”
(1890, pp. 549-550). Although what James described can be interpreted as
approach and avoidance motivation, Lewin (1935) is often described as one of
the first persons to conceptualize the approach and avoidance distinction.
Lewin conceptualized the distinction between approach and avoidance in
terms of valence and environmental forces. The notion that people avoid pain
and approach pleasure has also been called the “hedonic or pleasure
principle”, and is described in patterns of observed events by Thorndike (1935)



and Skinner (1938). The hedonic principle has also been described in terms of
underlying processes of approach and avoidance (for a review, see Higgins,
1997).

The notion that behavior is built from two distinct kinds of action
tendencies is sometimes expressed as appetitive and aversive motivations, and
sometimes described as approach and avoidance action tendencies (Carver,
2006). Although the concept of approach and avoidance motivation is widely
used, there is a diverse in terminology when it comes to defining approach
and avoidance motivation (Elliot, 2008). Thus, although approach and
avoidance almost seem like generic terms, there are several theoretical
perspectives that can be seen in different areas within psychology such as
consistency in social psychology (e.g., Festinger, 1957, Heider, 1958),
conditioning in animal learning (e.g., Mowrer, 1960; Thorndike, 1935),
decision-making in cognitive and organizational psychology (e.g., Dutton &
Jackson, 1987; Edwards, 1955; Kahneman & Tversky, 1979), achievement
motivation (e.g., Atkinson, 1957; Elliot, 1997; Elliot & Church, 1997), and
personality (Gray, 1970; 1982; Gray & McNaughton, 2000; McNaughton &
Corr, 2004). The approach-avoidance distinction can be found in the sport
domain as well since sport is a context where achieving goals is a central
aspect. In the theory of achievement motivation presented by Atkinson (1957),
it was suggested that there are two motives in relation to achieving goals, the
motive to achieve success or the motive to avoid failure. Thus, even though a
person is striving towards a desired goal, the motive can be to avoid
something bad and that is often referred to as a fear of failure. An adjacent
theoretical framework that has appeared quite frequently in sport and
exercise literature is Elliot’s hierarchical model of approach and avoidance
motivation (Elliot, 1999; Elliot & Church, 1997). This framework has been used
to investigate for example performance (Halvari, 1997; Halvari & Kjormo,
1999; Lochbaum & Gottardy, 2015; Zuber & Conzelmann, 2014), and sporting
career (Halvari & Thomassen, 1997).

Approach-avoidance motivation can be addressed from several different
theoretical perspectives and the perspective chosen for this thesis was the
revised Reinforcement Sensitivity Theory (revised RST; Gray & McNaughton,
2000; McNaughton & Corr, 2004). In general, the revised RST is a theory that
accounts for individual differences in approach and avoidance motivation in
terms of personality, from a neuropsychological approach. Although the
theory has not been that frequently used as a theoretical framework in the
sport domain, there are some studies that have used the revised RST in
relation to, for example, mental toughness (Beattie et al., 2017; Hardy et al.,



2014), choking under pressure (Jordet & Hartman, 2008), and high-risk sports
(Thomson & Carlson, 2014). For the purpose of this thesis the revised RST
appears to be a god choice of theory because it offers a theoretical account for
individual differences in approach-avoidance motivation as well as the
possibility for assessment of approach-avoidance motivation both in terms of
self-report instruments and in terms of psychophysiological indices. It is
beyond the aim of this thesis to make an account for the entire revised RST
and therefore focus will be placed on those parts of the theory that are relevant
for the understanding of the three studies included in this thesis.

The Reinforcement Sensitivity Theory (RST)

The revised RST is a comprehensive and multilayered theory that has
identified major neural systems that are used to explain variations in behavior
(Corr, 2009; Gray & McNaughton, 2000; McNaughton & Corr, 2004).
Therefore, the theory allows the possibility to investigate individual
differences in motivated behavior. Before going into why the revised RST is
viewed as a theory of personality, a short summary of the development of the
original theory will be provided.

The original RST was developed by Jeffrey Gray (1970: 1982) and the
theory is described as a neuropsychological theory of emotion, motivation,
learning, and personality (Corr, 2009). The development of the RST (Gray,
1970) can be seen as a reaction to the top-down approach in Eysenck’s theory
(1957; 1967) of introversion-extroversion and neuroticism (and the later on
added third trait: psychoticism) and therefore Gray suggested that the
dimensions proposed by Eysenck should be rotated to match their underlying
neurophysiological bases. What Gray (1970) suggested was that relative to
extroverts, introverts are more sensitive to punishment and to frustrative
nonreward. Furthermore, Gray identified an inhibitory system that could be
used to explain the psychological functions that were believed to underlie
introversion-extraversion. Gray (1972) used two levels of explanation when
describing the neuropsychological basis of personality and the first level is
something called the conceptual nervous system (c.n.s.; see Hebb, 1955) while
the second level is the central nervous system (CNS). The c.n.s. is a description
of hypothetical neural systems that are assumed to be responsible for an
organism’s behavior (Corr, 2008; Gray, 1972; Pickering, 1997). The c.n.s. was
used as a conceptual framework, and within that framework, Gray suggested
two systems; the Behavioral Approach System (BAS) and the Behavioral
Inhibition System (BIS; Pickering, 1997). The other level of explanation is the
central nervous system which specifies the brain systems involved. Newman



(1997) pointed out that since the c.n.s. is a hypothetical construct of the CNS,
the construct need revision when there is new knowledge about the CNS. That
is exactly the case with the RST. The neural systems have, in theory, evolved
in line with new knowledge about the neuroendocrine system. In the
beginning Gray’s work was mainly conducted in animal learning paradigms,
but he also conducted experimental brain research and investigated the effects
on behavior caused by classes of drugs used in treatment of psychiatric
disorders (Corr, 2009).

The revised version of the RST was published in the year 2000 (Gray &
McNaughton, 2000), and was further modified by McNaughton and Corr
(2004). In general, the revised RST assumes that there is a relationship
between motivational stimuli and the neural systems, and that the neural
systems mediate the responses to motivational stimuli (Corr et al., 2013). The
motivational stimuli can be described by two classes; one class of rewarding
(appetitive) and one class of punishing (aversive) stimuli, however, the
reaction elicited can differ in different people since it has to do with how a
person evaluates the stimulus. A punishment can be something that a person
will try to avoid or escape from while it can also be in forms of a frustrative
nonreward. A frustrative nonreward means the omission of an expected
reward. A reward on the other hand, is something that a person will try to
obtain and can also include the omission of an expected punishment.
According to the revised RST, individual differences in the functioning of
these neural systems explains individual differences in behavior and emotion
(Pickering & Corr, 2008). As mentioned before, the revised RST is a bottom-
up approach to personality and it is built on the idea that there is a state
infrastructure within a neural system that produces moment-to-moment
behavior (Corr et al, 2013). The neuropsychological systems mediate
responses to motivationally significant stimuli, which is the state (Corr, 2009),
whereas stable individual differences in the state causes stable individual
differences in behavior: the personality traits (Corr, 2009; Corr &
McNaughton, 2008; Pickering & Corr, 2008). When different individuals are
exposed to identical environments, the traits account for the behavioral
differences between these individuals (Corr, 2009).

To give a short summary, both the original and the revised RST view
approach and avoidance motivated behavior as the result of the interaction
between neural systems and motivational stimuli. Thus, there is an
assumption that there are neural systems in the brain and that these systems
mediate responses to motivational stimuli. For example, when a stimulus that
an individual will evaluate as punishing is present, it will produce some form



of avoidance behavior. The variations in approach and avoidance behavior is
explained by individual differences in the sensitivity of the neural systems
and according to the theory, these differences are what give rise to personality.
A more detailed description of the neural systems will be provided in the
section below.

The three neuropsychological systems

The original RST (Gray, 1982) proposed a two-dimensional model that
encompassed two neuropsychological systems; the BAS and the BIS. The
revised RST (Gray & McNaughton, 2000) is in some parts a clarification of the
1982-theory, and one important modification of the theory was the
differentiation between fear and anxiety, which has been further elaborated
on by McNaughton and Corr (2004). Consequently, the two-dimensional
model was expanded to include three major systems: a) the Fight-Flight-
Freeze System (FFFS), b) the BAS, and c) the BIS.

As the title of this thesis implies, the neuropsychological system of interest
is the BIS but, as mentioned before, the revised RST (Gray & McNaughton,
2000; McNaughton & Corr, 2004) is a comprehensive and multilayered theory
and therefore it is somewhat difficult to provide a simple description of the
BIS. Nevertheless, a brief and simplified overview of the system is that in
theory, the BIS is described as a neural system that is involved in the inhibition
of automatically processed (i.e, prepotent) behavior (Corr, 2010).
Consequently, individuals with high BIS sensitivity are assumed to have a
lower threshold in terms of the detection of the error signals that are generated
in a goal conflict, which causes different forms of defensive behaviors. Thus,
individual differences in the BIS can provide an explanation for individual
differences in inhibition of prepotent behavior. This could have interesting
implications in terms of, for example, behavioral precision (i.e., accuracy), and
that is why the BIS is central for the aim of this thesis.

The basic assumption of the revised RST is that there are hierarchically
organized neural systems that have evolved do deal with specific
environmental demands (Corr, 2009). The hierarchical nature of these systems
indicates that simpler systems must have evolved before more complex ones,
and therefore the later evolved systems have inhibitory control over the early
developed systems. The BIS and the FFFS have been linked to neural
structures involving the periaqueductal gray, the septo-hippocampal system,
the amygdala, and the hypothalamus (Gray & McNaughton, 2000;
McNaughton & Corr, 2004). Before going into a more thorough explanation



of the BIS, a short description of the FFFS and the BAS is needed since those
systems are a part of what activates the BIS.

The FFES can be viewed as the “Get me out of here!” system (Corr, 2009)
and that is mainly because of the assumption that the FFFS is associated with
the activation of avoidance and escape behaviors. The FFES mediates the
reactions to all kinds of aversive stimuli, conditioned and unconditioned, it is
highly associated with the emotion of fear (Corr, 2008; Pickering & Corr, 2008),
and as a personality factor the FFFS encompasses fear-proneness and
avoidance. Therefore, it is suggested that this system is associated with
clinical conditions such as phobia and panic (Corr, 2009).

The BAS on the other hand can be viewed as the “Let’s go for it!” system
(Corr, 2009), which indicate that this system is associated with the activation
of approach behaviors. The BAS mediates reactions to all kinds of appetitive
stimuli, conditioned and unconditioned (Corr, 2002), it is also activated by
motivational stimuli that signal the possibility of achieving a reward (Corr et
al.,, 2013). In short, the function of BAS is to move the organism from start to
goal (Corr, 2013; Corr et al., 2013), and that movement is not straightforward,
as this system seems to be multidimensional by nature and involves a series
of sub-processes such as identification of a goal, planning, and then the
execution of the plan. In terms of the personality, the BAS encompasses
optimism, reward orientation and impulsivity (Corr, 2008; Corr & Perkins,
2006), and is suggested as being associated with clinical conditions such as
various varieties of high-risk impulsive behaviors and addictive behaviors.

The Behavioral Inhibition System

We now proceed to a more thorough explanation the BIS. This system can
be described as a “What shall I do” state of mind that is associated with the
emotion of anxiety (Corr & Krupi¢, 2017; McNaughton & Corr, 2008). The BIS
is activated by something called goal conflict, and essentially, a goal conflict
is what the term indicate; a conflict between two competing goals. Although
there can be different kinds of goal conflicts, the most evident conflict is the
one between approach and avoidance, BAS and FFFS (Corr, 2008). However,
the BIS can also be activated by FFFS-FFES (i.e., avoidance-avoidance)
conflicts like for example in a situation when there is a conflict between to
either escape or to freeze, or by BAS-BAS (i.e., approach-approach) conflicts
when there are, for example two equally, desirable things to choose between
(Corr & Perkins, 2006). A reasonable question at this point would be to ask
how a BAS-BAS conflict could be related to anxiety. One answer is that the
aversive aspect of a BAS-BAS conflict lies in the frustration of relative loss if



the wrong choice is made or in the omission of an expected reward
(McNaughton & Corr, 2008). The BAS-BAS and FFFS-FFFS conflicts would
according to the theory have the same effect as the BAS-FFFS conflict because
they activate the same system, the BIS. Hence, the conflicts are motivationally
different, but the denominator is the goal conflict, and the theory holds that
the result of these conflicts, whatever the source of conflict, is anxiety.

As outlined in the theory, the BIS serves as an explanation on how
prepotent behavior gets extracted and subjected to higher-level cognitive
analysis, thus, how automatically processed behavior transitions to become a
subject to controlled processes (Corr, 2010). The BIS works as a comparator in
that the BIS compares the incoming stimuli with the expected stimuli. When
incoming stimuli matches the expected stimuli, the BIS runs effortlessly and
the current behavior is mainly under automatic regulation (Gray &
McNaughton, 2000; McNaughton & Corr, 2004; 2008). On the other hand, the
BIS operates actively when there is a mismatch between the incoming stimuli
and the expected stimuli. In a goal conflict, the BIS functions as a negative
feedback system that responds to deviation from a reference state, which is
the absence of goal conflict (Corr, 2008). Thus, the BIS inhibits prepotent (i.e.,
automatically generated) behaviors, both approach and avoidance behaviors
that can be manifested in different ways; in (1) exploratory and risk
assessment behavior, (2) displacement activity, or in (3) pure behavioral
inhibition (McNaughton & Corr, 2008). The BIS is included in the hierarchical
system of defense which is distributed across multiple brain systems ranging
from the prefrontal cortex (PFC) to the periaqueductal gray (Corr, 2010). The
PFC is of importance when it comes to the mediation of the error-signals. The
coordination of behaviors in line with internal goals by the means of executive
functions have also been ascribed to the PFC (Miller & Cohen, 2001). When
the BIS is activated there are additional outputs related to attention and
arousal, and the BIS increases arousal through the amygdala. (McNaughton
& Corr, 2004).

In everyday life the BIS runs effortlessly most of the times and does not
require the engagement of conscious awareness (Perkins & Corr, 2014).
However, when there are error-triggering stimuli the BIS operates actively
and according to Corr (2010), that activation can be viewed as the precursor
to executive functions (EFs) for further control. When there is a goal conflict
that gets extracted to higher-level cognitive processing, cognitive strategies
become involved. If the cognitive strategies do not work (i.e., unresolved
conflict), the individual experiences anxiety related outputs (Corr, 2011).
According to Perkins and Corr (2014), an individual that has a larger cognitive



toolkit could be better equipped to resolve the goal conflict problem. Put in
other words, error signals are generated in a goal conflict, and when the
capacity to analyze stimuli associated with those error signals is low, the
conflict is less likely to be resolved which then could lead to the experience of
anxiety. The threshold when this error-triggering mechanism is activated, and
also the inhibition of prepotent behavior, is expected to be determined by
individual differences in the BIS (Corr, 2010). For example, higher BIS
sensitivity has in the nonverbal domain been associated with a decreased
ability to ignore information that is irrelevant to the task (Prabhakaran, 2011).
The result is interpreted as evidence for the association between personality
traits and individual differences in cognitive control abilities. The BIS is
associated with a personality factor that encompasses anxious rumination and
proneness to worry and is associated with clinical conditions such as
obsessive-compulsive disorder and generalized anxiety (Corr, 2008).

In summary, the BIS is activated by different forms of goal conflicts (i.e.,
BAS-FFFA, BAS-BAS, and FFFS-FFFS), and the theory holds that the BIS is
responsible for the inhibition of prepotent behavior, both approach and
avoidance behaviors. Moreover, the variation in behavior in terms of
inhibition is assumed to be determined by individual differences in the BIS
and anxiety is the emotion experienced by the individual when the BIS is
activated. An individual with high BIS sensitivity will therefore experience
higher levels of anxiety than an individual with low BIS sensitivity. In
addition, since the BIS serves as an explanation for how automatically
processed behavior becomes the subject for higher-level cognitive processing,
cognitive strategies are also a part of the resolution of the goal conflicts.

The differentiation between fear and anxiety

In the revised RST, one of the most evident modifications of the theory was
the differentiation between fear and anxiety. In the revised theory, fear and
anxiety are viewed as distinct functional, behavioral and pharmacological
entities (Gray & McNaughton, 2000; McNaughton & Corr, 2004; 2008). When
defining the separation of fear from anxiety, McNaughton and Corr used the
work of Blanchard and Blanchard (Blanchard & Blanchard, 1988; 1989; 1990a;
1990b), and based on that work, the differentiation between fear and anxiety
is described by the two concepts defensive direction and defensive distance
(McNaughton & Corr, 2008). The defensive direction is a two-dimensional
categorization of all defensive behaviors, behaviors that either approach the
source of danger or avoid it. Fear and anxiety can be illustrated using the
approach and avoidance terminology as follows: fear is active avoidance and



FFFS mediated (McNaughton & Corr, 2004). Consequently, it operates when
an individual is leaving a dangerous situation. Anxiety can be seen as both
approach behavior and passive avoidance which means that anxiety operates
when withholding the entrance (passive avoidance), or when an individual is
entering a situation (approach behavior). In this context, approach behavior
has to do with cautiously approaching something that can be potentially
dangerous (Pickering & Corr, 2008). Both passive avoidance and approach
behavior are BIS-mediated.

The defensive distance is a graded dimension that has to do with how the
individual perceives the distance to a threat (Corr, 2009; McNaughton & Corr,
2004). For a particular individual, in a situation where there is no threat (i.e.,
a situation that is not dangerous), the defensive distance is assumed to be
equal to the real distance (McNaughton & Corr, 2008). However, if there is a
threat, the perceived defensive distance is shortened (Corr & Perkins, 2006).
This means that when two individuals are put in the same real distance to a
threat, they will most likely have different perceptions of that distance
depending on the levels of defensive behavior. A high-defensive person will
perceive the real distance as shorter than a low-defensive person. According
to Corr (2009), the defensive distance is the perception of an internal quantity
to a fixed threat, and therefore, the defensive behaviors such as defensive
approach are explained as being under control of the defensive distance.
Individual differences in perceived defensive distance are seen as a reflection
of a personality dimension underlying punishment sensitivity (Corr &
McNaughton, 2008; Pickering & Corr, 2008). The defensive distance is viewed
as a cognitive construct and it has been shown that anxiolytic drugs can alter
the perceived threat intensity (McNaughton & Corr, 2004).

Assessment of the neuropsychological systems

As mentioned in an earlier section, there are issues in the approach-
avoidance motivation field concerning the diversity in terminology (Elliot,
2008), and according to Eder et al. (2013) investigators from various fields
often seem unaware of each other’s conceptualizations and methods for
assessment of approach and avoidance motivation. These issues are also
reflected in the wide range of existing revised RST questionnaires and
psychophysiological indices that have been suggested to capture the systems
along with the lack of consensus on which self-report measure that best
echoes the theory. The three studies included in this thesis have all used self-
report measures for assessment of the neuropsychological systems and Study
I also includes psychophysiological indices.
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Self-report measures of the neuropsychological systems

Due to the fact that the original RST has been revised, first by Gray and
McNaughton (2000) and then further modified by McNaughton and Corr
(2004), each version of the theory has generated one or several self-report
measures. In the beginning of the RST history, a common way to measure the
BIS was to use other existing self-report measures of trait anxiety (Cooper et
al.,, 2007), but today, one of the most widely used measure of the motivational
systems are the BIS/BAS scales developed by Carver and White (1994). The
BIS/BAS scales were based on the original RST (Gray, 1970; 1982) and the
items in the scales were theoretically driven and then tested against
theoretically related alternative measures (Carver & White, 1994). A major
difference between the original theory and the later versions is the
differentiation of fear (FFFS) and anxiety (BIS). Although the BIS/BAS scales
were not designed to measure the differentiation between the FFFS and the
BIS there are studies that have shown that it is possible to subtract items from
the BIS in the BIS/BAS scales that reflect the FFFS (Heym et al., 2008; Poythress
et al., 2008). Nevertheless, the question is whether the BIS in the BIS/BAS
scales reflects the BIS as outlined in revised RST (Gray & McNaughton, 2000;
McNaughton & Corr, 2004).

Since the latest modification of the revised RST (McNaughton & Corr,
2004), a number of instruments are now available. The Jackson-5 (Jackson,
2009), the Reinforcement Sensitivity Questionnaire (RSQ; Smederevac et al.,
2014), the revised Reinforcement Sensitivity Theory Questionnaire (rRST-Q;
Reuter et al., 2015), and the Reinforcement Sensitivity Theory of Personality
Questionnaire (RST-PQ; Corr & Cooper, 2016). Corr and Cooper used a
theoretical method to develop separate scales reflecting approach, avoidance,
and conflict sensitivity, which resulted in the RST-PQ. The RST-PQ has also
been (prior to a study included as a part of the current thesis) translated into
German (Pugnaghi et al., 2018) and Polish (Wytykowska et al., 2017), and
there is a growing number of studies that are adopting the RST-PQ (e.g.,
Bacon et al., 2018; Beaton et al., 2017; Bennett & Bacon, 2019; De Pascalis &
Scacchia, 2019; Farrell & Walker, 2019; Jiang & Tiliopoulos, 2014). A detailed
description of the RST-PQ is provided in the second study in this thesis.
Walker and Jackson (2017) pointed out that there are divergent opinions
regarding the best factor structure and whether the instrument should tightly
reflect the theory or not. Irrespective of the ongoing debate on this topic, if a
researcher aims to measure the motivational systems a choice has to be made
in terms of which measure to use. Although the revised RST suggests a
bottom-up approach to explain the structure of personality, the constructs in,
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for example, the BIS/BAS scales (Carver & White, 1994) or the RST-PQ (Corr
& Cooper, 2016) are not driven from biological anchors, they are the product
of a top-down driven procedure based on lexically-chosen items with the help
of factor analysis (McNaughton & Corr, 2014). Thus, regardless of which self-
report questionnaire one uses there will be concerns regarding underlying
causal factors. Nevertheless, Corr and McNaughton (2008) emphasis that a
factor analysis enables a descriptive framework, but it does not identify
primary causes to the variation in a population.

Psychophysiological indices of the neuropsychological systems

This section will focus on the peripheral psychophysiological measures
that have been associated with the neuropsychological systems. According to
the original RST (Gray, 1970; 1982) and the revised RST (Gray & McNaughton,
2004; McNaughton & Corr, 2004), apart from the behavioral output, an
additional output of activation of the three systems is arousal. The increases
in arousal are mediated by different structures in the brain depending on
which system is activated. For example, the amygdala has been identified as
a structure that mediates the increase in levels of arousal in anxiety (i.e.,
activation of the BIS), while the amygdala is also a crucial structure for fear
(i.e., activation of the FFFS) and is involved with the physiological aspects of
the movement away from danger (Fowles, 2006). Thus, the amygdala is a
structure that is involved in the BIS as well as in the FFFS but depending on
which system, the role is to some extent functionally different, and for the BIS,
amygdala has been outlined as the site through which the BIS increases
arousal (McNaughton & Corr, 2004). For the BAS, the mesolimbic system has
been suggested as a mediator for increased arousal (Fowles, 2006;
McNaughton & Corr, 2004). It is not farfetched to assume that the changes in
arousal due to activation of a system will cause psychophysiological
responses that can be measured. In addition to self-report measures, based on
the knowledge of the different brain structures and how they are
interconnected, there are models that have proposed psychophysiological
indices for the systems.

Fowles (1980) incorporated autonomic psychophysiological indices into
Gray’s model (1975) and proposed that heart rate (HR) reflects incentive
related activation of the BAS and that BIS is associated with increased
electrodermal activity (EDA). These autonomic psychophysiological indices
have generally been supported by Arnett and Newman (2000) using
punishment and reward conditions. However, they found no significant
correlation between the psychophysiological measures and the measures of
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the BIS and the BAS (i.e. from the self-report questionnaires). These findings
are consistent with the results of a study by Gomez and McLaren (1997) in
which they found no support for the link between psychophysiological
responses and the personality dimensions (i.e., the BIS and the BAS). In terms
of EDA there are different procedures used to quantify arousal, for example
skin conductance level (SCL) and skin conductance responses (SCR, for a
review, see Dawson et al., 2007). Therefore, the choice of procedure used to
quantify arousal measured by EDA, in combination with the experimental
design have to be considered. Furthermore, in studies not using punishment
and reward conditions, while Heponiemi et al., (2004) showed that there is a
positive association between HR and BAS, Knyazev et al. (2002) found a
negative association between HR and BAS. Keltikangas-Jarvinen et al. (1999)
found that BIS was related to a low frequency of non-specific skin
conductance responses (NS.SCR) and an increase in HR. Brenner et al. (2005)
stated that there is an independence between physiological and self-report
measures of BAS and BIS reactivity, suggesting that self-report measures are
poor predictors of the psychophysiological response to reward and
punishment. One explanation to the equivocal results could according to Corr
(2001) be due to imprecise operational definitions of reward and punishment.
Corr argues that stimuli need to be delineated in terms of their emotional
components and not only by appetitive and aversive valence.

Executive functions

In the first section of this introduction there is a statement that cognitive
control or executive functions are needed in order to coordinate behavior in
line with an internal goal (Botvinick & Braver, 2015). Therefore, since the aim
of this thesis is to explore how the relationship between the BIS and response
inhibition, and the possible implications in sports, the following sections will
provide information that is relevant for the understanding of response
inhibition and why it is of interest within the field of cognitive expertise in
sports.

The human brain allows a large repertoire of actions with a large number
of options for behavior, and in order to coordinate processes in line with an
internal goal we seem to have evolved mechanisms to deal with this
coordination (Miller & Cohen, 2001). When it comes to efficiency of cognitive
functioning it seems to be influenced by both individual differences and
factors dependent on the context (Koch et al., 2008), as well as the demands of
the situation (Jostmann & Koole, 2007). In real life things do not happen in
isolated moments and people move from one task to the other, which shows
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that the executive functions need to be highly dynamic (Miller & Cohen, 2001).
In the literature the terms cognitive control and executive functions are often
used interchangeably as they both are terms that refers to a number of
mechanisms that allows flexibility based on current context and behavioral
goals (Braver & Cohen, 2000). In the current thesis the term executive
functions (EFs) was chosen since that term enables the understanding of
response inhibition as it is is frequently is described as one of the EFs.

The term EFs refers to a number of top-down processes (Diamond, 2013)
that can be defined in both structural and functional terms. The EFs are often
viewed as synonymous with the functioning of the prefrontal cortex (PFC;
Hughes & Graham, 2008). However, Barkley (2012) emphasised that since the
PFC has networks of connections to other cortical and subcortical regions, the
EFs are not only a function of the PCF. The PFC is descried by Miller and
Cohen (2001) as “a collection of interconnected neocortical areas that sends
and receives projections from virtually all cortical sensory systems, motor
systems, and many subcortical structures” (p.168). When it comes to the
functional definition, there are three EFs that often occur in the literature and
those are (1) mental shifting/cognitive flexibility, (2) working memory, and (3)
inhibition of prepotent (i.e., automatically processed) responses (Diamond,
2013; Friedman et al., 2006; Miyake et al., 2000). However, there are also other
specifications like for example Logan (1985), that described four EFs which
are all related to strategy: choosing a strategy, strategy construction,
maintaining and executing strategies, and disengagement of strategies (i.e.
inhibition). The EFs can also be classified in terms of core (Diamond, 2013;
2015) EFs or in terms of higher-level and lower-level EFs (Alvarez & Emroy,
2006), and in this thesis the EF of interest is response inhibition, which will be
described and defined further on.

There are studies that have examined EFs and life-span development
(DeLuca et al.,, 2003), the early development of EFs (Davidson et al., 2006;
Diamond, 2006), general development of EFs (Hughes & Graham, 2008; Luna,
2009), individual differences in EFs (Friedman et al., 2008; Friedman & Miyake,
2017; Miyake & Friedman, 2012) and improvement of EFs (e.g., Blakey &
Carroll, 2015; Diamond & Lee, 2011; Diamond & Ling, 2016). There is also an
ongoing debate on whether or not participation in physical activity is
beneficial for cognitive functioning and in particular the EFs. Chaddock-
Heyman et al. (2014) argue that physical activity and aerobic fitness is
beneficial for cognition, brain structure and function involved in attention,
inhibition, and memory. There is evidence that indicate that there may be a
relationship between physical activity and cognitive development in early
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childhood (0-5 years; Carson et al., 2016), and Bidzan-Bluma and Lipowska
(2018) conducted a review and found that children’s engagement in physical
activity may be associated with executive functioning. Furthermore, a six-
week physical education program with high cognitive engagement (team
game) increased shifting performance in children between 10-12 years of age
(Schmidt et al., 2015). Nevertheless, Diamond (2015) emphasizes that it is not
just any type of physical activity that have the potential to improve EFs, it has
to be physical activity that challenges the EFs, and this has not yet been fully
examined. On the other hand, Hillman et al. (2008) states that there is evidence
of positive effects of physical activity on cognition, consequently, there
appears to be a lack of consistency in the results from empirical studies on
physical activity and EFs in healthy young to middle-aged adults (Cox et al.,
2016; Guiney & Machado, 2013). It is not a question of whether the EFs can be
improved or not, rather it is a question of how much, for how long and what
other types of needs must be addresses, such as emotional, social, and
physical (Diamond & Ling, 2016). Hence, physical activity appears to be a
factor that can modulate the EFs and this is an important notion since the one
aspect of the aim of the current thesis is to explore one EF and the possible
implications in sports.

Executive functions and expertise in sports

Now that we have the basics on the EFs, let us put the EFs in the context
of expertise and more specific, cognitive expertise in sports. In the literature
on expertise a reoccurring definition is that “the study of expertise seeks to
understand and account for what distinguishes outstanding individuals in a
domain from less outstanding individuals in that domain, as well as from
people in general” (Ericsson & Smith, 1993, p. 2). “Outstanding” is a vague
term that can mean different things, and in the sport context four different
domains in which athletes must excel have been specified: physiological,
technical, cognitive, and emotional (Janelle & Hillman, 2003). The nature of
expertise has received a lot of attention in sport psychology over the years,
and one popular view is the “ten-year rule” (Hayes, 1985) which emphasizes
that it takes time to acquire a knowledge base for particular skills. Another
view is the 10,000 hours of deliberate practice within a domain or sport
(Ericsson et al., 1993). Parallels are often drawn to great composers like
Mozart, to exemplify how talent and deliberate practice can lead to excellence
(Ericsson & Pool, 2016). The role of deliberate practice in particular (Ericsson
et al., 1993; Williams & Ford, 2008) has gained a lot of attention in explaining
expertise in sport, but it has also been questioned since other factors can
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contribute such as contextual (Abernethy et al., 2003; Baker et al., 2009), and
play activities (Memmert et al., 2010). It is not difficult to understand why this
type of research has had such a large impact in sports where practice is central
and dreams of success are common. However, there is an ongoing debate in
the field and Swann et al. (2015) pinpoints one of the central issues: the
definition of expert, and more specifically, the criteria that are used to define
participants as expert athletes. Swann et al. (2015) systematically reviewed 91
empirical studies on expert performance published between 2010 and 2013
and identified eight ways of defining elite/expert athletes, with only 19 of the
91 studies providing conclusions about the nature of expertise in sport. This
is important to bear in mind when evaluating and comparing the findings
from empirical studies on expertise in sports and its role in athletic
performance.

Cognitive expertise in sport has traditionally been studied through one of
two different approaches: (1) the expert performance approach and (2) the
cognitive component skills approach. In the expert performance approach (for a
review, see Mann et al, 2007; Williams & Ericsson, 2005) athletes are
examined in a sport-specific or ecologically valid context, and aims to
investigate, for example, attention and attention allocation, gaze behavior and
declarative memory that involves the direct interaction between the athlete
and their specific environment. The cognitive component skills approach (for
a review, see Scharfen & Memmert, 2019; Voss et al., 2010) examines the
relation between sports expertise and cognitive skills such as the EFs,
assumed to be relevant in competitive sport. The EFs investigated in this
approach involves for example working memory and inhibition, which are
skills that can be measured outside the sport-specific context and instead in a
laboratory. Most sports place demands on the EFs (Diamond & Ling, 2016),
however there are inconsistencies in the empirical findings on the association
between expertise and general EF performance (e.g.,, Beavan et al.,, 2020;
Furley & Wood, 2016; Jacobson & Matthaeus, 2014; Verburgh et al., 2014).
Using the cognitive component skills approach studies have shown that EFs
can predict success of top-soccer players (Verburgh et al., 2014; Vestberg et al.,
2012; Vestberg et al., 2017), although these results have been challenged by
others (e.g., Beavan et al., 2020). Vaughan and Edwards (2020) addressed the
question of individual differences and the role of athletic expertise in the
relationship between EFs and personality (i.e., if expertise moderates the
relationship). They used a large sample with different levels of athletic
expertise and found a negative relation between EFs and neuroticism. They
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also showed that the association between personality and EF was moderated
by expertise.

Knowledge about cognitive expertise can be helpful in understanding
individual differences in athletic performance, which then can guide coaches
to further individualize training programs. As already mentioned in the
previous section, there is an ongoing debate on whether or not participation
in physical activity is beneficial for cognitive functioning, and in particular
the EFs. Within sport psychology there is a discussion about whether or not
extensive experience in activities like sports can improve EFs (Krenn et al.,
2018). There are two hypotheses; the narrow transfer hypothesis which argues
that EFs are not improved by extensive experience and the broad transfer
hypothesis which argues that extensive experience leads to adaptation in the
EFs. To summarize, there are two ongoing debates that are related to physical
activity in different forms and possible effects on the EFs. One is based on the
literature on development and improvements in cognitive functioning (e.g.,
Carson et al., 2016; Diamond, 2015; Diamond & Ling, 2016; Hillman et al., 2008)
and the other one is based on the literature on deliberate practice and
expertise (e.g., Mann et al., 2007; Sharfen & Memmert, 2019). In general, they
are both dealing with the same central question but from different
perspectives. The purpose of the current thesis is to contribute to the debates
by investigating, for example, if athletes outperform non-athletes in response
inhibition as it is assumed to be of relevance for athletic performance.

The executive function inhibition

As described in the section on executive functions the inhibition of
prepotent responses is recurrently described as an EF (Diamond, 2013;
Friedman et al., 2006; Miyake et al., 2000). Before going into a further
explanation of response inhibition, let us explore inhibitory control. In general,
inhibitory control helps us control impulses and make it possible for us to
choose how we want to react and behave (Diamond, 2013), and it involves
being able to control one’s attention, behavior, thoughts, and/or emotions.
Although behavior can to some degree be seen as being under the control of
environmental stimuli, the ability to exercise inhibitory control enables us to
change or to make a choice (Luna, 2009), inhibition is used for goal-directed
behavior and is a critical component of attention (Fuster, 2015). A variety of
experimental paradigm have used the concept of inhibition (for a review, see
Kok, 1999), for example the Flanker task (Eriksen & Eriksen 1974) for
investigation into focused attention, and go/no-go tasks (Gomez et al., 2007)
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and stop-signal tasks (Logan & Cowan, 1994) for investigation into inhibition
of motor responding (i.e., response inhibition).

One part of goal-directed behavior has to do with holding information
involving a goal representation in mind. If we go back to the example
described in the introduction; the athlete who had a goal to reach the podium
at least once during the competitive season. The athlete must keep that goal
in mind to know what to inhibit, but also to be able to know what is relevant
or appropriate (Diamond, 2013). Holding that information in mind will work
as a guidance for behavior and at the same time decrease the likelihood of
mistakes (i.e. inhibitory errors), which means that in these situations working
memory and inhibitory control generally co-occur. In adolescence there is a
maturation to adult levels of voluntary guiding goal-directed behavior that is
driven by internal goals (Luna, 2009), and EFs such as voluntary response
inhibition and working memory are central to this kind of goal-directed
behavior.

There is evidence that emotional stimuli interfere with inhibition
suggesting that emotion both disrupts and is modulated by inhibition
(Kalanthroff et al., 2013). There are neuroimaging findings that support an
interaction between cognitive and motivational signals in response inhibition
(Padmala & Pessoa, 2010). It is suggested that emotion and motivation interact
with cognitive control and that behavioral performance can be impaired or
improved depending on that interaction (Pessoa, 2009). The interaction is not
yet fully understood but then again, the relevance of motivational factors in
executive functioning has also been highlighted by Botvinick and Braver
(2015).

In psychology the concept of inhibition can be applied to both the nervous
system as well as to thought and behavior (MacLeod et al., 2003). In the
nervous system the neurons can have either excitatory or inhibitory functions
and in terms of thought and behavior cognitive processes are involved in
activation and inhibition of those thoughts and behaviors. MacLeod et al.
(2003) stressed that one cannot draw a direct line between the concept of
inhibition at neural level to the concept of inhibition at the cognitive level.
Friedman and Miyake (2004) emphasized that inhibition as a construct is
difficult to measure and that specificity is needed, rather that regarding
inhibition as a unifying mechanism. In this thesis, response inhibition is
defined in accordance with the paradigm that has been used to measure
inhibition; the stop-signal paradigm.
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Response inhibition and the stop-signal paradigm

It is not unusual that response inhibition as a form of inhibition is
illustrated by a baseball hitter. “In response to the pitcher’s action, the hitter
programs the parameters of a mighty swing, and enters the initial stages of
executing the movement. However, when at the last moment the ball curves
away from the plate, in a split-second the hitter decides to check his swing”
(Ridderinkhof et al., 1999, p.316). In performance sports a burning question is
the identification of talents and consequently an appropriate question to ask
is what talent is in terms of psychological characteristics. Response inhibition
has been suggested to be one of the psychological characteristics that could be
used to identify talents. This is one of the reasons why response inhibition is
interesting to explore. Before going further into response inhibition in sports,
an overview of the experimental paradigm for assessment of response
inhibition that was used in Study I and III will be presented.

The stop-signal procedure was introduced by Logan and Cowan (1984) as
a paradigm for studying control (for a review, see Logan, 1994). Within the
paradigm, response inhibition is defined as the ability to suppress responses
that are no longer required or that are inappropriate (Matzke et al., 2018). The
stop-signal task (SST) is based on a model that allows one to measure the
latency of a behavior that is not overt for the reason that a successful response
inhibition does not produce an overt behavior, nonetheless the model
provides a measure of the underlying processes involved (e.g., Logan, 1994;
Logan & Cowan, 1984).

In an SST the participant must respond to a visual stimulus as quickly as
they can but abort their response when an occasional stop signal is presented
shortly after the imperative stimulus. The stop signal is usually presented in
25 % of all trials and in the original task the stop signal is a tone, however
visual ques are also frequently used as stop signals. The cognitive model that
explains response inhibition assumes that there is a race between two sets of
processes: one go process and one stop process (Verbruggen & Logan, 2008).
The go process is triggered by the go stimulus and the stop process is
triggered by the stop signal, and a response is inhibited when the stop process
finishes before the go process. Thus, this task requires inhibition of an already
initiated response. In the underlying theory (Logan & Cowan, 1984) this is
described as a horse race between these two processes that run in parallel and
are independent in a given trial (for a review, see Logan et al., 2014), which is
an assumption that has been supported by De Jong et al. (1990). There are a
number of recommendations when designing an SST and one of them is to
use a low proportion of stop signals to avoid unwanted strategies such as
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delaying the response to the go signal (Band et al., 2003). The instructions
provided for the task emphasize that it is equally important to respond fast
and to abort the response when a stop signal is presented. In an SST, the delay
between the stop signal and go signals (stop signal delay; SSD) is varied
(Logan et al., 1997) and the SSD is usually dynamically adjusted and
contingent on the participant’s behavior. An initial value of the SSD is chosen
and if the participant successfully aborts the response on a stop trial, the SSD
is increased by 50 milliseconds in the subsequent stop trial. If the participant
fails to abort the response, the SSD is reduced by 50 milliseconds in the
subsequent stop trial. This is called the tracking procedure (Osman et al., 1986;
1990) and is used to produce a probability of 50 percent to respond given a
stop signal (p(respond |signal). At that delay (which is adjusted on an
individual level) the go process and stop process finish, on average, at the
same time and in a specific trial, the one that win depends on random
variation (Logan et al., 1997). Inhibitory control depends on the latency of the
response to the stop signal (stop signal reaction time; SSRT), and the latency
of the response to the go signal (go reaction time; go RT). The go RT can be
measured directly but the SSRT is not an observable response, it is an
estimated measure and short SSRT is viewed as an indication of good
inhibitory control.

There are a variety of procedures for estimation of SSRT and a method that
has large support is the so-called “integration method” (Boehler et al., 2012;
Verbruggen, et al., 2013; Verbruggen et al., 2019). Within the integration
method, the estimation of SSRT is based on go RT, SSD, and p(respond | signal)
and will be further described and explained in the section on general methods.
Although SSRT is used as a measure for response inhibition, Matzke et al.
(2018) emphasize that SSRT is a description of a chain of processes involved
in an act of control. There is also a distinction made between response
inhibition and response selection (e.g., decision making) and which form that
is assessed depends on which paradigm is used for assessment (Bender et al.,
2016). According to Bender and colleagues, performance in a go-no-go task
(Gomez et al., 1997) or a stop-signal task (Logan & Cowan, 1984) is related to
response inhibition, whereas performance on a Stroop task (MacLeod, 1991)
is related to response selection. The SST has frequently been used for
assessment of inhibition, however there are methodological differences
concerning the design of the SSTs. A question that has been investigated
within the stop-signal paradigm is whether there is a point of no return in
response processing (De Jong et al., 1990). That is, are there stages in which
the response process is either controlled, so that it can be interrupted or, is it
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ballistic and therefore always resulting in overt movement. When separating
central from peripheral mechanisms in response inhibition, De Jong and co-
workers (De Jong et al., 1990; De Jong et al., 1995) argue that the overt
movement could still be inhibited by means of peripheral inhibition, even
when the activation has progressed beyond central inhibition.

It has been suggested that SSRT is influenced by motivational bias (Leotti
& Wager, 2010). In other words, for example, an internally generated value of
stopping or externally imposed rewards and penalties for performance which
cause differences that have been observed in SSRT estimates between
individuals. Pessoa et al. (2012) observed a significant correlation between
trait anxiety scores and SSRT differences in that a subject with higher trait
anxiety showed larger improvements in inhibitory performance during
conditions with fearful (relative to neutral) stimuli. The association between
impulsivity and response inhibition has been investigated using the stop-
signal paradigm, however there are inconsistencies in the empirical findings
(e.g., Avila & Parcet, 2001; Lijffijt et al., 2004; Logan et al., 1997; Marsh et al.,
2002; Rodriguez-Fornells et al., 2002). Stop-signal tasks have been used in
relation to the BIS (Neo et al., 2011; McNaughton et al., 2013) due to the fact
that both go and stop tendencies are being presented in an SST.

As mentioned in a previous section, the empirical findings on the effects
of physical activity on EFs are inconsistent (e.g., Cox et al., 2016; Guiney &
Machado, 2013). Nevertheless, it has been demonstrated that physical activity
(moderate intensity aerobic exercise) seem to have an effect on response
inhibition in terms of shorter SSRTs up to 52 min after exercise cessation in
university students (Joyce et al., 2009). Similar results have also been reported
in college students (Chu et al., 2015), and in regularly physically active young
adults compared to passive healthy young adults (Padilla et al., 2013; Padilla
et al., 2014). There are studies indicating that young talented soccer players
outperform amateur players or sub-elite players on response inhibition
measured by an SST. Verburgh et al. (2014) demonstrated that soccer players
with a mean age of 11.9 years had enhanced response inhibition which led
them to speculate that it is possible that response inhibition facilitates other
skills that are required for performance on the field. Similar results were
found in elite youth soccer players (Huijigen et al., 2015), but also in other
team sports such as volleyball where expert players outperform non-athletes
(Alves et al., 2013) and lover level badminton players (Meng et al., 2019). At
the same time, Liao et al. (2017) found no differences when comparing elite
badminton players and non-athletes. Wang et al. (2013) investigated
differences in response inhibition in tennis players, swimmers and non-
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athletes, where tennis players outperformed the two other groups, and Wang
and colleagues suggest that cognitive control, such as response inhibition,
might benefit from training an open skill sport like tennis.

To summarize, the stop-signal paradigm is one of several experimental
paradigms that uses the concept of inhibition, nevertheless the stop-signal
paradigm rests on a theoretical model that has been thoroughly tested over
the years and suggested to provide a reliable measure of response inhibition.
The SSRT, which is the estimated measure of response inhibition, can be seen
as a description of a chain of processes involved in the act of control. Within
the field of cognitive expertise, response inhibition is an EF that has been
recurrently investigated during the last decade because of its potential in
explaining why some athletes outperforms others.
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Alm

The general aim of this thesis was to explore the BIS, response inhibition
and the possible implications in sports. The BIS and response inhibition seem,
based on the literature, to be central for goal-directed behavior. It is not
farfetched to assume that there is an interaction between the BIS and response
inhibition since they are both involved in the inhibition of prepotent behavior.
In addition, these two aspects of inhibition may well be associated with
behavioral precision, for example, accuracy in terms of correct responses.
Knowledge about the above, could have interesting implications sport since
there is evidence that response inhibition is one of the mechanisms that is of
importance for performance in sport. In addition, individual differences in,
for example, personality could provide further insights to expertise in sport.
Therefore, this thesis aimed to combine a theoretical framework of approach
and avoidance motivation, the revised RST, with a paradigm for assessment
of response inhibition, the stop-signal paradigm. Consequently, different
instruments for assessment of the BIS was investigated and different designs
of the stop-signal task for assessment of response inhibition was used. The
three studies included in this thesis can be viewed as a stepwise progression,
where the first step was to investigate the relationship between the BIS,
response inhibition and behavioral precision (i.e., accuracy). Hence, the aim
of Study I was to investigate the relationship between the BIS, response
inhibition and accuracy in a sample of non-athletes using a modified stop
signal task.

The second step was to validate a newly developed instrument for
assessment of the three systems (the BAS, the FFFS, and the BIS) to ensure that
we had an instrument for assessment of the BIS that was in line with the
revised RST. Therefore, the aim of Study II was to investigated the six-factor
structure suggested by the Reinforcement Sensitivity Theory of Personality
Questionnaire (RST-PQ; Corr & Cooper, 2016). This was done by testing the
RST-PQ in a Swedish sample stratified by age and gender.

The third step was to investigate the relationship between the BIS and
response inhibition in athletes and non-athletes. Furthermore, based on the
literature on cognitive expertise in sports, we wanted to find out if there were
differences in response inhibition based on being an athlete or not. Hence,
Study III examined if there were differences in response inhibition that could
be associated with experience of an interceptive sport such as biathlon or
alpine skiing. In addition, the relationship between the BIS and response
inhibition was also explored as well as possible gender differences in levels of
BIS and response inhibition.
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Summary of studies

This thesis is built around three studies which can be found at the end of
this work. In this section they will be summarized and explained in
chronological order. The three studies share, to some extent, common
methodological elements and these will be discussed first before going into
more detail for each individual study.

General methods

The common elements for all three studies are that they all used self-
report measures for assessment of the three neuropsychological systems (the
BAS, the FFFS, and the BIS). In addition, Study I used psychophysiological
measures for the purpose of investigating possible associations between
peripheral psychophysiological measures and the three neuropsychological
systems. Study I and III used the stop-signal paradigm for assessment of
response inhibition and accuracy in terms of correct responses. A more
detailed explanation of the methods for each study can be found under the
‘method’ section of each respective manuscript.

Measurement and apparatus

Self-report measures

The most widely used measure of approach and avoidance behavior is
the BIS/BAS scales (Carver & White, 1994), and the BIS/BAS scales was
therefore used in Study I and III. The BIS/BAS scales consist of 24 items (4
filler items) rated on a four-point Likert scale (1 = Very true for me; 4 = Very
false for me). There are two primary scales: BIS (7 items) and BAS (13 items).
BAS as a construct consists of three dimensions: drive (4 items; e.g., “I go out
of my way to get thing I want”), fun seeking (4 items; e.g., “I often act on the
spur of the moment”), and reward responsiveness (5 items; e.g., “It would
excite me to win a contest”). There are a number of studies have used
confirmatory factor analysis to provide support that Carver and White’s BIS
scale can be separated into the two separate components (Heym et al., 2008;
Poythress et al., 2008), fear and anxiety which is represented by BIS. Thus, BIS-
anxiety (4 items; e.g., “I worry about making mistakes”) and BIS fear (3 items;
e.g., “I have very few fears compare to my friends”). This procedure was used
in both Study I and III.

The Reinforcement Sensitivity Theory of Personality Questionnaire (RST-
PQ; Corr & Cooper, 2016) was used in Study II and IIl. The RST-PQ has
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separate scales reflecting approach, avoidance, and conflict sensitivities. The
questionnaire consist of 65 items rated on a four-point Likert scale (e.g., “How
accurately does each statement describe you?”, 1 = Not at all; 4 = Highly),
comprising three subscales: FFFS (10 items; e.g., “There are some things that I
simply cannot go near”), BIS (23 items; e.g., “The thought of mistakes in my
work worries me”), and BAS (32 items). The BAS is in turn a multidimensional
construct that consists of four dimensions: Reward Interest (RL; 7 items; e.g.,
“I get carried away by new projects”), Goal-Drive Persistence (GDP; 7 items;
e.g., “I am motivated to be successful in my personal life”), Reward Reactivity
(RR; 10 items; e.g., “I love winning competitions”), and Impulsivity (I; 8 items;
e.g., “I find myself doing things on the spur of the moment”).

Behavioral measures

In Study I and III the measures of interest were accuracy (ACC) and stop-
signal reaction time (SSRT). ACC has been measured in proportion of correct
responses and SSRT has been estimated based on three other measures; go
reaction time (go RT), stop signal delay (SSD), and the probability of
responding when given a stop signal p(respond | signal). Go RT and SSD was
measured in milliseconds (ms) and p(respond | signal) in proportion of stop
signals. The SSRT was estimated using the integration method (Boehler et al.,
2012; Verbruggen, et al., 2013; Verbruggen et al., 2019) and with this
procedure, all go RT are rank-ordered and the RT value at the percentile that
corresponds to the percentage of failed inhibitions is determined on a per-
participant basis. To give an example, if a participant has a p(respond | signal)
of 45 percent, the RT at the 45 percentile of the go RT distribution for that
participant is used for estimation of SSRT. The participant’s average SSD is
then subtracted from this RT value. In Study I and III the integration approach
was chosen because it has been suggested to be more robust to strategic and
motivational aspects than other procedures. In addition, it also considers
variations in the ratio of successful stop trials.

In Study I a computer with a 17-inch screen and a joystick (Logitech
Extreme 3D Pro) was used for collecting responses. In Study III a computer
with a 14-inch screen and a gamepad (Logitech Gamepad F310) was used for
collecting responses.

Psychophysiological assessment of the three systems

In Study I heart rate (HR) and skin conductance level (SCL) were used as
dependent measures. HR and SCL signals were recorded with Biopac MP 150
(BIOPAC Systems, Goleta, CA, USA), and digitalized in AcqKnowledge 4.1.
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Individual signals have been visually inspected and artefacts have been
removed. HR was measured by cardiac cycles (in ms) and the peaks of the R-
waves were used to calculate the rate in beats per minute of each interbeat
interval (IBI). Mean HR was computed for each participant across the 5-
minute baseline pre-test and for the two stop-signal blocks. The SCL was
measured in micro siemens (uS) at a specified time period of 0.25 seconds
before each skin conductance response (Braithwaite et al.,, 2013) and then
averaged to produce a mean SCL for the 5-minute baseline pre-test and for
the two stop-signal blocks.

Ethical considerations

Study I was conducted after the study protocol was approved by the
Regional Ethical Review Board in Umea (Dnr 2014-280-31M). Study III was
conducted after the Ethical Review Board in Umed& announced that the
research project was not considered in need of ethical approval (Dnr 2015-381-
310). Participation in Study I and IIT has been voluntary and it has been
emphasized that participants are free to terminate their participation at any
time during the experiment. Since both the BIS/BAS Scales and the RST-PQ
were included in the above described ethical reviews, it was concluded that
there was no need for ethical approval for Study II. In Study II the
questionnaire was sent to 2948 persons stratified by age and gender. The
respondents were informed in writing about the research purpose and
questions concerning confidentiality, anonymity and the respondent’s rights
were emphasized. All data collected have been presented only at group level.
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The three studies

In this section, the most relevant elements of each study will be presented
along with the key analysis and results. Further details can be found in the
respective manuscripts.

Study |

The interactive effect of the Behavioral Inhibition System (BIS) and the response
inhibition on accuracy in a modified stop-signal task.

Lina Eriksson, Billy Jansson, Jan Lisspers, and Orjan Sundin, 2016.

Background and aim

In everyday life, the ability to adjust to a changing environment is critical
for successful goal-directed behavior. The stop signal paradigm (Logan &
Cowan, 1984) is a paradigm that has been used to study response inhibition.
Another aspect of goal-directed behavior is behavioral inhibition that is
motivationally driven. The Reinforcement Sensitivity Theory (RST; Gray &
McNaughton, 2000) proposes three neuropsychological systems that underlie
motivated behavior: The Fight-Flight-Freeze System (FFFS), the Behavioral
Approach System (BAS), and the Behavioral Inhibition System (BIS). The BIS
is sensitive to goal-conflict of all kinds, and when there is coactivation of
approach (BAS) - avoidance (FFFS) tendencies risk assessment, rumination,
and so on produce negative emotion (Corr, 2002). Activation of these three
systems is suggested to be succeeded by psychophysiological changes
(Gomez & McLaren, 1997). An increase in heart rate has been proposed to be
associated with BAS activity (Fowles, 1980), and increased electrodermal
activity has been associated with BIS activity. The stop signal paradigm
provides the possibility to investigate aspects of the relation between the BIS
(Gray & McNaughton, 2000) and performance including response inhibition
and behavioral precision (i.e., accuracy). Due to the fact that both go and stop
tendencies are being presented in a stop signal task (SST) it imposes a goal-
conflict, and SSTs have been used in relation to BIS as defined by RST (Neo,
et al., 2011; McNaughton et al., 2013).

The aim of this study was twofold with the main objective being to use a
modified stop-signal task to examine if the relationship between behavioral
inhibition and behavioral precision (i.e., accuracy) was dependent on levels of
BIS and/or BAS. The secondary objective was to examine if there were
associations between BIS and skin conductance level (SCL) reactivity and BAS
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and heart rate (HR) reactivity. A positive association between BIS and SCL
reactivity and a non-association between BAS and HR reactivity was expected.

Method and analysis

Forty-five (26 females) university undergraduates and administrative staff
conducted the Swedish version of the BIS/BAS Scales (Carver & White, 1994)
and a modified SST. In the SST, a black circle (80x80 pixels) was displayed at
one of five different positions (see Figure 1.). In 25 percent of all trials the black
circle changed color to red for 150 ms, indicating that the response should be
withheld. The initial SSD was set to 350 ms and was then dynamically
adjusted with the tracking procedure (Logan et al., 1997). The participants
were asked to respond to go trials by moving the cursor on the screen to the
black circle and pressing the trigger, and to withhold their response if the
black circle turned red.

Slop-zignal
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Figure 1. A schematic representation of (A) a stop trial, and (B) a go trial. The
participant is instructed to move a joystick to a circle that is displayed at one of five
different positions, and to press a button when the cursor is within the area of the
circle.

Performance was measured by accuracy (ACC) and stop signal reaction
time (SSRT) was estimated based on go reaction time (RT), stop signal delay
(SSD) and p(respond | signal). HR and SCL were used as measures of the
physiological response. A hierarchical regression analysis was conducted on
the accuracy with SSRT and BIS entered in Step 1, and the interaction term
(cross product of mean centered scores) of BIS and SSRT entered in Step 2.
Reactivity scores for HR (AHR) and SCL (ASCL) were computed by
subtracting baseline levels from the mean levels during the stop-signal task.
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Results and conclusions

An interaction effect of BIS and SSRT on ACC was found, indicating that
the relationship between the ability to inhibit and accuracy is dependent on
levels of BIS. Thus, longer SSRT (i.e. poorer inhibitory ability) was associated
with decreased accuracy among those with higher levels of BIS (see Figure 2.).

—e— Short SSRTi
g Long SSRTI

Accuracy (%)
)\/

Low BIS High BIS

Figure 2. Interaction between SSRTi and BIS (plotted at 1 SD below and above the
mean of each predictor) on accuracy (in percentage). Long SSRTi represent poorer
inhibitory ability and short SSRTi represent better inhibitory ability.

Increased change in HR from baseline to test was associated with increased
accuracy. There was no relationship between BAS and HR reactivity, same for
BIS and change in SCL between baseline and the task. According to Perkins
and Corr (2014) there seems to be an association between the cognitive
resources used to handle a goal-conflict and the likeliness to resolve it. When
the cognitive strategies that are used to resolve the goal-conflict do not work
there is an experience of anxiety-related outputs. It is possible that the
relationship between poorer inhibitory ability and decreased accuracy among
those with higher levels of BIS could be explained by the capacity to
cognitively analyze the goal-conflict.

The main findings from these results indicate that when response
inhibition is involved and behavioral precision (i.e., accuracy) is of
importance for task performance, higher levels of BIS could be a vulnerability
factor when the individual’s inhibitory ability is also poor.
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Study I

Psychometric properties of the Swedish version of the reinforcement sensitivity theory
of personality questionnaire (RST-PQ).

Lina Eriksson, Billy Jansson, and Orjan Sundin, 2019.

Background and aim

The revised Reinforcement Sensitivity theory (rRST; Gray & McNaughton,
2000; McNaughton & Corr, 2004) provides a theoretical account of the
neuropsychological processes underlying three major systems: The
Behavioral Approach System (BAS); and the two defensive systems, the Fight-
Flight-Freeze System (FFFS) and the Behavioral Inhibition System (BIS; Corr,
2008). One of the most widely used RST-questionnaire, the BIS/BAS Scales
(Carver & White, 1994), was based on the original RST (Gray, 1970; 1982).
Several questionnaires have been developed based on the rRST (Corr &
Cooper, 2016; Reuter et al., 2015; Jackson, 2009; Smederevac et al., 2014).
Although the different questionnaires seem to produce adequate global
model fit estimates, there are issues concerning the convergent validity (Corr,
2016; Krupic¢ et al., 2016). The Reinforcement Sensitivity Theory of Personality
Questionnaire (RST-PQ) was developed based on a theoretical analysis of
rRST (see Corr & Cooper, 2016 for a review), has been translated into several
different languages and used in published research. The validity of the RST-
PQ has been assessed in several studies (Corr & Cooper, 2016; Puganghi, et
al.,, 2017; Wytykowska, et al., 2017), and appears to have considerable promise
in measuring the rRST. However, there are still limitations in the assessment
of the RST-PQ’s validity.

The aim of this study was twofold with the main objective being to use a
Swedish sample stratified by age and gender to test the factor structure of a
Swedish version of the RST-PQ. The secondary objective was to look more
systematically at the convergent and discriminant validity compared to
previous studies.

Method and analyses

The participants consisted of 320 (182 women, 137 men and 1 other)
individuals between 16 and 65 years of age randomly selected in Sweden. The
respondents answered a Swedish version of the RST-PQ. The final response
rate was 11 percent and the proportions of participants were somewhat
skewed (for more details about the sample stratified by age and gender, see
manuscript for Study II). Following the same rationale as in Corr and Cooper
(2016), a confirmatory factor analysis (CFA) was used to test the RST-PQ
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structure. Initially a first-order factor model with six correlated first-order
factors was tested. Composite reliability (CR) was used as a measure of
internal consistency of the factors. Values greater than 0.70 is indicative of
good reliability. Discriminant validity is achieved when the average variance
extracted (AVE) is greater than maximum shared squared variance (MSV).
For convergent validity, AVE should be equal or greater than 0.50 and lower
than CR.

Results and conclusions

With respect to the six-factor model, inspection of the factor loadings
showed that there were a number of loadings below 0.50, and all items with
factor loadings below 0.50 were removed in an attempt to achieve a better
model fit. The new model containing 52 items showed a significantly better
model fit than the six-factor model with 65 items. The CR indices for the 52-
item model indicated a good reliability for all factors (all above 0.70). Indices
of discriminant validity indicated good validity for three of the six factors
(FFFS, BIS, and I), with an AVE that was higher than MSV. However, indices
of convergent validity suggested validity concerns; all factors AVE were less
than 0.50. This was an indication that more than 50 percent of the variance
was due to error. When inspecting factor loadings in previously reported
studies (Corr & Cooper, 2016; Pugnaghi et al., 2017; Wytykowska et al., 2017)
the factor loadings of these studies also seem too low to reach an acceptable
level of AVE. In summary, the findings showed that the RST-PQ has
considerable promise in measuring the rRST. However, there is a need for
more empirical work in order to investigate the convergent validity of the
RST-PQ.
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Study I

Response Inhibition and the Behavioral Inhibition System (BIS) in Athletes and Non-
Athletes

Lina Eriksson, Orjan Sundin, and Billy Jansson, 2021.

Background and aim

The cognitive component skills approach has been used to examine the
relationship between sport expertise and cognitive skills relevant in
competitive sport (Voss, 2010). Inhibition is often referred to as one of the
executive functions (EFs) that are of relevance for sport performance. A
number of studies have used the stop-signal paradigm (Logan & Cowan, 1984)
to investigate inhibitory control in soccer where experienced players
outperformed less experienced players on response inhibition (Huijgen et al.,
2015; Verburgh et al., 2014). Similar results have also been demonstrated in
other sports, for example, volleyball (Alves et al., 2013; Meng et al., 2019) and
tennis (Wang et al., 2013). Nevertheless, there are questions regarding the
development of EFs and whether or not experience in sports (i.e., expertise)
could explain EF performance (e.g., Beavan et al., 2020; Hagyard et al., 2020).
In addition, Krenn et al. (2018) suggested that EF performance could be
dependent on type of sport rather than levels of expertise. One way to define
sports is by the division of sports into three different types: (1) interceptive
sports (e.g., tennis, boxing, biathlon, alpine skiing), (2) static sports (e.g.,
swimming, long distance running), and (3) strategic sports (e.g., soccer,
volleyball, hockey, basketball; see Voss, 2010). Inhibitory control seems to be
central for performance in interceptive sports as they require the coordination
between body and an object in the environment as well as fine and gross
motor responses (Davids et al., 2002). Besides inhibitory control there are
motivational aspects of goal-directed behavior. The revised Reinforcement
Sensitivity Theory (rRST; Gray & McNaughton, 2000; McNaughton & Corr,
2004) describes three neuropsychological systems which are suggested to
explain individual differences in motivated behavior. The three systems are
the Behavioral Approach System (BAS), the Fight-Flight-Freeze System
(FFFS), and the Behavioral Inhibition System (BIS). The BIS is sensitive to
something called a “goal-conflict” (McNaughton & Corr, 2008). There can be
different kinds of goal-conflicts and the essential aspect of a goal-conflict is
that it involves a conflict between competing available goals. A stop-signal
task (SST) imposes a goal-conflict due to the fact that both go and stop
tendencies are being presented and SST has been used in relation to BIS as
defined by rRST (Neo, et al., 2011; McNaughton et al., 2013).
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The aim of this study was to apply the cognitive component skills
approach to investigate possible differences in response inhibition that could
be associated with experience in interceptive sport such as biathlon and alpine
skiing. A non-sport specific SST was used to examine possible differences in
response inhibition based on experience in and interceptive sport. In addition,
gender differences in response inhibition and levels of BIS were also examined.

Method and analyses

Ninety-three (40 females) athletes and non-athletes were included in the
sample. Twenty-nine (15 males) participants were biathletes, thirty (12 males)
were alpine skiers and thirty-four (13 males) were non-athletes. The athletes
had been admitted to a nationally approved sport program at high school or
sports academy. They all conducted a Swedish version of the BIS/BAS Scales
(Carver & White, 1994), the RST-PQ (Corr & Cooper, 2016) and an SST. In the
SST, a white arrow that pointed to the left or to the right was presented in a
fixation circle at the center of a black screen. In 25 percent of all trials the white
arrow changed color to red for 150 ms, indicating that the response should be
withheld. The initial stop-signal delay (SSD) was set to 250 ms and then
dynamically adjusted with the tracking procedure (Logan et al., 1997).

Performance was measured by accuracy and stop signal reaction time
(SSRT) was estimated based on go reaction time (RT), SSD and
p(respond | signal). There was a ceiling effect for accuracy and therefore
accuracy was excluded from further analyses. Pearson’s correlations
coefficients were computed to examine the relations between the SSRT and
the two different trait variables, BIS measured by RST-PQ and BIS-Anxiety
measured by BIS/BAS scales. Two separate one-way ANOVAs were
conducted to examine group differences in SSRT and the trait variables. Three
separate independent samples t-test were conducted to examine gender
differences in SSRT and the trait variables.

Results and conclusions

There was no significant main effect of group in terms of SSRT. Thus,
athletes with experience in interceptive sports did not show significantly
faster response inhibition than non-athletes. The relationship between
response inhibition and precision (i.e. accuracy) and possible dependence on
levels of BIS could not be analyzed in the present study due to ceiling effects
in the variable Accuracy. Although there are studies that have demonstrated
contradictory results (e.g., Alver et al., 2013; Huijgen et al., 2015; Verburgh et
al., 2014), there are issues that need to be addressed concerning the
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interpretations of the empirical findings within the field. One issue is the
operationalization and assessment of the EF inhibition and the stop-signal
paradigm is one of several others. Another issue is that the there are no clear
answers concerning the effect of physical activity on, for example, the
development of the EFs (e.g.,, Diamond, 2015; Diamond & Ling, 2016). In
addition, Krenn et al. (2018) have suggested that strategic sports may place
higher cognitive demands compared to static and interceptive sports. Based
on the null-findings in the current study, it is possible that experience in an
interceptive sport do not challenge the EF inhibition in a way that is
transferable to response inhibition in a non-sport-specific stop-signal task. In
the current study, females showed significantly slower response inhibition
than males and scored significantly higher on the trait variable BIS. There was
also a weak positive correlation between the trait variable BIS-Anxiety
(measured by the BIS/BAS scales) and SSRT, and an explorative analysis
showed that after controlling for the effect of levels of BIS-anxiety, there was
no longer a significant effect of gender on SSRT. In summary, the findings
showed that there were no differences between athletes and non-athletes in
response inhibition. However, there were gender differences, but analysis
indicated that levels of BIS moderated the gender effects on response
inhibition. Taken together, the findings of the present study suggests, that
further investigation of the relationship between the BIS and response
inhibition in athletes and non-athletes is needed.

35



General discussion

In this thesis, a theoretical framework of approach and avoidance
motivation, the revised RST (Gray & McNaughton, 2000; McNaughton & Corr,
2004) was combined with a paradigm for assessment of response inhibition;
the stop-signal paradigm (Logan & Cowan, 1984) with the general aim to
explore the BIS, response inhibition and possible implications in sports. With
this objective, Studies I-IIl were a progression of steps, and each step was
taken to gain further insight that could be valuable when trying to obtain that
objective. Along the way, there have been methodological and conceptual
issues associated with using the revised RST as a theoretical framework for
approach and avoidance motivation and the stop-signal paradigm for
conceptualization and assessment of response inhibition. Those
methodological considerations have been important not only for the
interpretations and implications of the findings of the present research but are
also important for future studies. Although the aim for the present research
was set on exploring possible implications in sports, there are also possible
implications in other domains where this kind of goal-directed behavior is
involved. Since only Study III included athletes in the sample, implications
from a broader perspective will also be discussed.

Two aspects of inhibition

In both Study I and III, the aim was to investigate the relationship between
the BIS and response inhibition, and in Study I non-athletes were used as a
sample while Study III used both athletes and non-athletes. The BIS and
response inhibition are two aspects of the inhibition of prepotent behavior or
responses. Response inhibition is frequently described as an EF that is used
for goal-directed behavior (Diamond, 2013; Friedman et al., 2006; Miyake et
al., 2000). The BIS on the other hand serves an explanation for how prepotent
behavior gets extracted and subjected to higher-level cognitive analysis by
controlled processes (Corr, 2010). According to the revised RST the BIS is
included in the hierarchical system of defense, which is distributed across
multiple brain systems ranging from the prefrontal cortex (PFC) to the
periaqueductal gray. The EFs, response inhibition included, have also been
ascribed to the PFC (Hughes & Graham, 2008) and hence both the BIS and
response inhibition are encompassed in the functioning of the PFC. Therefore,
it is likely that these two forms of inhibition interact rather than being
independent of each other.
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In Studies I and I1I, the choice of paradigm for the assessment of response
inhibition was the stop-signal paradigm and there were several reasons for
that. First of all, the estimation of response inhibition (i.e., SSRT) rests on a
theoretical model that has a good amount of support and is frequently used
as a paradigm for assessment of response inhibition (e.g., Alves et al., 2013;
Avila & Parcet, 2001; Lijffijt et al., 2004; Liao et al., 2017; Logan et al., 1997;
Marsh et al., 2002; Rodriguez-Fornells et al., 2002; Verburgh et al., 2014; Wang
et al., 2013). Secondly, since others have previously used a stop-signal task to
impose a goal-conflict (Neo et al., 2011; McNaughton et al., 2013), the SST
provided the opportunity to explore the possible effects of the BIS on response
inhibition.

Study I used a modified SST in which the participants did not only need
to inhibit their responses when a stop signal was presented, they also needed
to maneuver the cursor to the position of the target stimulus: a black circle. By
modifying the SST, the complexity of the task became higher than in a more
traditional SST for assessment of response inhibition. In a more traditional
SST the participants are asked to indicate, for example, whether or not an
arrow is pointing to the left or to the right, whereas in the current study, the
participants had to maneuver the cursor to the target position before
executing the response. The complexity of the task made precision (i.e.,
accuracy) interesting as a dependent variable. The modification of the SST in
Study I lead to questions concerning whether or not the task provided a
reliable measure of response inhibition or not. Although the SST in its
traditional form aims to assess response inhibition it could be argued that the
modifications done in Study I also included, for example, response selection
(i.e., decision making; Bender et al., 2016). Furthermore, in the current study,
the movement of the joystick and RT was not distinguished which effects the
SSRT since RT is one of the measures used in the estimation of response
inhibition.

In Study I, the BIS was assessed by the BIS/BAS scales (Carver & White,
1994) which was the best option for assessment of the three systems (the BAS,
the FFFS, and the BIS) available at that point in time. The results from Study I
demonstrated that individuals with higher levels of BIS and longer SSRT (i.e.,
poorer inhibitory ability) were associated with a decrease in accuracy. Based
on the theoretical assumptions of the BIS in the revised RST it is possible that
the modified SST used in Study I succeeded in causing a mismatch between
the input stimulus and the expected stimulus which could be one explanation
to the outcome of the study. According to the revised RST (Gray &
McNaughton, 2000; McNaughton & Corr, 2004), the BIS works as a
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comparator that compares incoming stimuli with expected stimuli and when
there is a mismatch error signals are generated (Gray & McNaughton, 2000;
McNaughton & Corr, 2004; 2008) and as a consequence, behavior that is
usually under automatic regulation need the engagement of conscious
awareness. Thus, the goal conflict attracts cognitive processing (Corr, 2011),
and according to the theory, the threshold for the triggering of error signals is
determined by individual differences in the BIS (Corr, 2010). That is,
individuals with high BIS sensitivity or active BIS are more likely to have a
lower threshold for the activation of error signals. The conclusion of the
results in Study I was that when the ability to inhibit prepotent responses and
behavioral precision is central for task performance, higher levels of BIS could
be a vulnerability factor when the individual’s inhibitory ability is poor.
Although the effect size when the interaction term between SSRT and the BIS
was included only increased the explained variance by 13 percent it still could
have implications in relevant contexts, and these implications will be
discussed further on.

In Study III the SST was designed more in accordance with a traditional
SST for the assessment of response inhibition. The modifications of the SST
made in Study I raised methodological considerations concerning the role of
the joystick movement in the estimation of SSRT and these considerations
could be applied in Study III. A more traditional SST would still impose a
goal-conflict since the instructions were the same (i.e., stopping and going
were equally important). However, something that we did not predict was
that the complexity of the task decreased compared to the task in Study I,
which resulted in a ceiling effect of the variable Accuracy. Since that ceiling
effect was so evident, it was not possible to explore a possible interactive effect
of the BIS and response inhibition on accuracy (i.e., behavioral precision) as
found in Study I. In study III there was no significant main effect of group in
terms of response inhibition, nor for the BIS, however there was a weak
positive association between response inhibition and the BIS assessed by the
BIS/BAS scales (Carver & White, 1994).

As mentioned in the introduction of this thesis, cognitive expertise in
sports has traditionally often been studied through either the expert
performance approach (e.g., Mann et al., 2007; Williams & Ericsson, 2005) or
the cognitive component skills approach (e.g., Scharfen & Memmert, 2019). In
Study III the cognitive component skills approach was applied, which means
that the relationship between sport expertise and cognitive abilities or skills
such as EFs, that are assumed to be relevant are measured outside the sport
context. Within this approach there is an assumption that experience in sport

38



can improve EFs, nevertheless the results in Study III showed that there is
absolutely no difference in response inhibition between the two groups of
athletes and non-athletes. In Study III the decision to use athletes from two
interceptive sports was based on the fact that although these two sports,
biathlon and alpine skiing, can be defined as interceptive sports they differ
from each other in terms of the demands of precision and involvement of fine
motor skills. However, there are several other classifications or definitions of
sport, for example, the one-dimension classification system, which is a
continuum that allows a skill to be classified in terms of which category the
skill characteristic is more like (Magill & Anderson, 2014). One of these
classifications is based on the two categories gross and fine motor skills. Gross
motor skills refer to the use of large musculature and fine motor skill involves
especially those involved in hand-eye coordination, and require a high degree
of precision in hand and finger movement. Consequently, based on that
classification, biathlon and alpine skiing would be classified as being at
different places along the continuum from gross motor skills to fine motor
skill. Nevertheless, the definition of sport into the three different types, (1)
interceptive sports (e.g., tennis, boxing, biathlon, alpine skiing), (2) static
sports (e.g., swimming, long distance running), and (3) strategic sports (e.g.,
soccer, volleyball, hockey, basketball; see Voss, 2010) is recurrently used in
the previous research within the field and therefore chosen as a definition in
Study III.

The findings on cognitive skills in athletes and non-athletes are
contradictory and based on the literature there are different ways to interpret
the results in Study III. First of all, the athletes in Study III did not have
sufficient levels of expertise and therefore they did not show superior
response inhibition. Secondly, since Krenn et al. (2018) suggested that it is
possible that strategic sports places higher cognitive demands on the athlete
compared to static and interceptive sports, it is possible that the result in
Study III is a consequence of the type of sport, that the athletes in Study III
had experience in interceptive sports rather than strategic sports. Previous
research that has used the stop-signal paradigm that have found significant
differences in response inhibition have used samples of athletes from strategic
sports such as soccer (e.g., Huijgen et al., 2015; Verburgh et al., 2014; Vestberg
et al., 2012; Vestberg et al., 2017) and volleyball (e.g., Alves et al., 2013; Meng
et al, 2019). From another perspective, there is also an ongoing debate
concerning how and in which way physical activity has an effect on EFs
(Diamond & Ling, 2016) The bottom line is that there are no clear answers to
whether or not extensive experience in sport can improve EFs as there are
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difficulties when comparing results from studies on EFs and cognitive
expertise in sport. There are differences both in methods of the assessment of
EFs as well as in in the sampling of expert and novices (Krenn et al., 2018;
Swann et al., 2015).

In summary, the results of Studies I and III indicated that individual
differences the BIS has the potential to serve as a possible explanation for
variations in response inhibition. As mentioned in the introduction the SST
has frequently been used for assessment of inhibition but there are
methodological differences concerning the design of the SSTs. In addition,
there is also a variety of procedures for estimation of the SSRT and although
the integration method for estimation of SSRT was used in both Studies I and
III there are issues concerning the difficulty of the two different tasks. The
difficulty or complexity of the SST in Study I was higher than in Study III
which is one of the explanations to the ceiling effect found in the variable
Accuracy in Study III. Due to that fact, the relationship between response
inhibition and precision (i.e., accuracy) and possible dependence on levels of
BIS could not be examined in Study III. Nevertheless, the two aspects of
inhibition are central for goal-directed behavior and based on the results of
Studies I and III these two aspects are of interest for further investigation,
especially in relation to performance such as behavioral precision.

Assessment of the neuropsychological systems

When Study I was conducted the RST-PQ (Corr & Cooper, 2016) had not
yet been published, hence the best choice for assessment of the three
neuropsychological systems were the BIS/BAS scales (Carver & White, 1994).
The RST-PQ was released in 2016, and suggested to be a better reflection of
the revised version of the RST. There were other options (e.g. Jacksson, 2009;
Reuter et al., 2015; Smederevac et al., 2014), nonetheless the RST-PQ appeared
to have considerable promise in measuring the revised RST. Since this thesis
rests on the revised RST as a theoretical framework for approach and
avoidance motivated behavior, and the BIS is one of the central variables, it
was important to have an adequate self-report measure for the BIS. This was
also something that was suggested from reviewers in the publication process
of Study 1. Therefore, Study II investigated the psychometric properties of a
Swedish version of the RST-PQ. The validity of the RST-PQ had been assessed
in several studies (Corr & Cooper, 2016; Pugnaghi et al., 2017; Wytykowska et
al., 2017), although the development of the questionnaire was conducted on
undergraduate populations. In Study II, a Swedish sample stratified by age
and gender was used as well as a focus on convergent and discriminant
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validity, since that was something that had not fully been addressed in
previous studies. The findings in Study II showed that there were concerns
regarding the convergent validity of the RST-PQ. Nonetheless, the overall
finding was that the Swedish version of the RST-PQ to some extent provided
support for the six-factor structure suggested by Corr and Cooper (2016). In
Study II the final response rate for study II was 11 percent, which is low and
could be seen as somewhat problematic as it could indicate sampling issues.
It is also important to acknowledge that the results in Study II could reflect
issues due to linguistic aspects and/or there could be a selection bias since we
cannot know if the sample in Study II is representative of the population.
However, when inspecting factor loadings in previously reported studies
(Corr & Cooper, 2016; Pugnaghi et al., 2017; Wytykowska et al., 2017), and
furthermore when calculating the composite reliability and average variance
extracted for those samples based on reported factor loadings, it became
evident that the findings in Study II were in line with the findings of previous
studies. Consequently, the low response rate in Study II may not be
problematic in the sense that the trend of the factor loadings did not deviate
that much from those reported in previous studies.

In Study III both the BIS/BAS scales (Carver & White, 1994) and the RST-
PQ (Corr & Cooper, 2016) were used for assessment of the BIS. Something that
is both interesting and problematic is that in Study III the correlation between
the two different measures of the BIS was .63, leaving 60 percent of
unexplained variance for two measures that are supposed to capture the same
neuropsychological system. In study I the BIS was measured with the BIS/BAS
scales and the items that reflect FFFS were subtracted from the BIS in that scale
(see Heym et al., 2008; Poythress et al., 2008). Thus, the differentiation of fear
and anxiety is done in an instrument that was not originally designed for
assessment of that differentiation. However, the division of one scale into two
separate subscales is controversial (e.g., Corr et al., 2013). Consequently, it is
important to recognize that the revised RST (Gray & McNaughton, 2000;
McNaughton & Corr, 2004) explains individual differences in sensitivity in
the neuropsychological system from a bottom-up approach and the neural
systems are assessed through top-down driven constructs, which means that
they do not have biological anchors. Although Corr and McNaughton (2008)
emphasize that factor analysis enables a descriptive framework, the large part
of unexplained variance for the two measures of the BIS included in Study II
raises concerns regarding whether or not self-report measures are reliable for
assessment of the neuropsychological systems. It is also worth noting that in
Study III, while there was a significant weak positive relationship between the
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BIS measured by the BIS/BAS scales and SSRT, this was not found for the BIS
measured by the RST-PQ. It is somewhat problematic that these two measures
do not have a lager overlap since that raise concerns regarding what the two
different measures reflect.

In addition to the self-report measure, Study I also included assessment
of the three systems through peripheral psychophysiological measures.
According to the revised RST, the additional output of the activation of the
systems is arousal. The BAS has been associated with increased heart rate
(Fowles et al., 1982) and the BIS with increased electrodermal activity (Fowles,
1980). Therefore, an additional aim in Study I was to investigate if there were
any relationships between the trait variables and the psychophysiological
response. The reactivity from baseline during the pre-test and the two stop-
signal blocks was computed. However, there were no significant correlations
between BAS and heart rate or BIS and electrodermal activity. These results
are consistent with Arnett and Newman (2000) and Gomez and McLaren’s
(1997) findings and speculatively the findings could be a consequence related
to the issues concerning the validity of the self-report measures. If that is the
case, correlations between trait variables and measures of the
psychophysiological response will not tell us that much.

Implications in sport

There are several implications of the present research and one of the most
important is the notion of considering individual differences in terms of
approach and avoidance motivated behavior. Athletes per se are not a
homogeneous group. Athletes are individuals that for some reason or other
have pursued a career in competitive sport and there is most likely going to
be individual differences within that group. Roberts and Woodman (2015)
point out that there has been a tradition within sport psychology of a one-size
fit all mentality, especially within psychological skills training. This approach
might not be beneficial at the individual level. Although different designs
were used in Study I and Study III, the results from these studies indicate that
it may be relevant to consider the BIS in relation to cognitive expertise in sport.
The BIS encompassed both the subjective experience of anxiety and individual
differences in the threshold when error signals were triggered. In Study III the
results show that there are no differences between athletes and non-athletes
in response inhibition. However, there were differences based on gender both
in the BIS and response inhibition. This implies that there are several aspects
that need to be considered rather than whether it involves an athlete or non-
athlete and in addition, as Krenn et al. (2018) suggested, depending on the
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type of sport the cognitive demands will differ. Whether it involves an athlete
or not, specific sports places specific cognitive demands. Therefore, it is
important to not only take on an individual differences approach, the specific
demands of the specific sport also need to be considered. The difficulty within
the field of cognitive expertise in sport is that it boils down to what came first,
the chicken or the egg. We cannot know if young athletes that have well
developed EFs seek the challenge in sport because they are perceived as
talented. Or, if they are talented because the experience of exercising a sport
has had an effect on the development of the EFs.

Another implication is that maybe the cognitive component skills
approach does not provide the whole picture. Perhaps the cognitive skills are
best understood in the context in which they are relevant. This reasoning is
based on the fact that the different EFs do not operate in isolation. For example,
in relation to goal-directed behavior, response inhibition most likely co-occur
with working memory (Diamond, 2013) i.e. the information about the goal
representation must be kept in mind in order for behavior to be coordinated
in line with it. It might be that the relevant information exists in the context
and not outside the context. When entering the field of EFs and cognitive
expertise in sport it becomes clear that there are many different parameters
that are involved, which complicates the interpretation of the empirical
findings related to sport. For example, the variations in the development of
EFs that are due to age, the engagement in various forms of cognitive
demanding tasks and its short-term and long-term effects on the EFs, the
effect of physical activity, and so forth. The results of the present research can
not answer those questions, however the results do implicate that outside the
sport context the athletes are not superior to non-athletes in response
inhibition.

Implications in a broader perspective

Although the present research focused on the possible implications in
sport there are implications outside the sport domain as well. The
combination of a theoretical framework for approach and avoidance
motivation such as the revised RST and response inhibition could provide
valuable insights in any other domain when the ability to inhibit prepotent
responses and behavioral precision is central for task performance. For
example, if one looks at the task of driving a car, based on the present research,
if a person has poor inhibitory ability and high levels of BIS that could have
consequences for the behavioral precision in traffic. In fact, it could have
consequences regardless of whether you are driving a car or whether you are
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a pedestrian trying to get from point A to point B during rush hour traffic.
Therefore, a strength of the present research is the variety of samples included
which enables the discussion of implications in a broader perspective.
However, it is important to bear in mind that the present research also
demonstrated that these implications are dependent on the instrument for
assessment of the BIS.

Methodological considerations and future studies

Many of the methodological considerations have already been addressed
in the previous discussion. However, in this section they are condensed and
followed by suggestions for future studies.

The stop-signal paradigm is an established and quite robust experimental
paradigm used for estimation of response inhibition, nevertheless it is not as
straightforward as it might seem. Although the paradigm was introduced in
1984 (Logan & Cowan), it was not until recently that a consensus guideline
for capturing response inhibition with a stop-signal task was published.
Hence, there is a large variation between studies in aspects ranging from task
design to data analysis (Verbruggen et al., 2019). There is also the fact that
there are a variety of experimental paradigms that have used the concept of
inhibition (Kok, 1999) while it has also been suggested that these paradigms
capture different aspects of inhibition (Bender et al., 2016). Friedman and
Miyake (2004) emphasized that specificity is needed since it is problematic to
view inhibition as a unifying mechanism. Based on this, it might be the case
that inhibition is best understood in the context of the paradigm in which
inhibition is operationalized. To be able to further investigate the relation
between the BIS and response inhibition, the SST has to be designed in
accordance with the consensus guidelines in order for a reliable measure of
response inhibition to be obtained. At the same time the task must have a high
level of complexity to avoid ceiling effects for behavioral precision.

In Study I there was an attempt to incorporate peripheral
psychophysiological measures of the trait variables BIS and BAS. A major
methodological concern was that the design of the SST was not optimal for
assessment of electrodermal activity in terms of skin conductance levels. For
example, the inter stimulus interval in the stop-signal task should have been
significantly longer in order to enable better conditions for assessment of SCL.
Based on the difficulties with designing a task that would allow for a
meaningful measurement of electrodermal activity (but also due to the fact
that others have failed to show correlations between psychophysiological
measures and self-report measures), the psychophysiological indices were not
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further explored in Study III. However, in the light of the large proportion of
unexplained variance between the two self-report measures of the BIS it is
important for future studies to combine self-report measures with
psychophysiological measures in order to address the concerns regarding
what the self-report measures reflect.

In terms of choice of assessment of the neuropsychological systems, the
results from Study III showed that if the RST-PQ had not been used, the
interpretations of the results would have been less nuanced. The RST-PQ
consists of 65 items which is a lot and since Study II and III were conducted a
short version of the RST-PQ has been developed and validated (RST-PQ-S;
Vecchione & Corr, 2020). Based on the literature, there is no consensus on
which self-report measure best reflects the revised RST. For future studies the
RST-PQ-S should be validated in a Swedish population and tested together
with the BIS/BAS scale and response inhibition.

In Study III the sample consisted of athletes from two different
interceptive sports (i.e., biathlon and alpine skiing) and non-athletes. In terms
of level of expertise, the athletes in Study III were at best at sub-elite level and
Swann et al. (2015) pointed out that there are issues in the definition expert.
Something that could have been brought to Study III were stricter criteria for
inclusion in terms of level of expertise. Here the only inclusion criterion was
that the participants were accepted at a nationally approved sports program
at high school or at a sports academy. Another methodological consideration
is that biathlon and alpine skiing can both be classified as interceptive sports.
For future studies it would be interesting to further investigate possible
differences based on the demands of the sport, that is, if the sport is defined
as static, interceptive or strategic. It would also be interesting to take a step
back from the categorization of athlete and non-athlete and explore the role
of individual differences in the BIS the association between those individual
differences and performance.

The attempt to combine two different fields, approach and avoidance
motivation and EFs, also involve having to choose theoretical frameworks
within each field. The choice for this thesis was done in a pragmatic way in
the sense that the paradigm chosen for assessment of response inhibition was
to some extent compatible with the theoretical assumptions of the BIS as
outlined in the revised RST. Nevertheless, the revised RST is a very complex
theory and honestly, is not that easy to wrap your head around the theory
since the revised RST seem to have an explanation for almost everything.

There are several things that would be interesting for future research on
approach and avoidance motivated behavior and EFs in sports. First, to
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expand and not only focus on response inhibition since working memory is
highly relevant in combination with response inhibition. Second, to use, for
example, achievement motivation (e.g., Atkinson, 1957; Elliot, 1999; Elliot &
Church, 1997) as a theoretical standpoint would still entail approach and
avoidance motivation but more from a perspective that has to do with motives
in relation to achieving goals.

Conclusions

In the current thesis, the result in Study I, which used a modified stop-
signal task, indicated that the relationship between response inhibition and
accuracy is dependent on levels of BIS assessed by the BIS/BAS scales. Poorer
inhibitory control (i.e., longer SSRT) was, in individuals with higher levels of
BIS, associated with decreased accuracy. Study II, which validated a Swedish
version of a newly developed instrument for assessment of the three
neuropsychological systems (the RST-PQ), indicated that the Swedish version
of the RST-PQ provided support for the suggested six-factor structure.
However, Study II suggested that there is need for more empirical work that
investigate the convergent validity of the RST-PQ. The results of Study III,
which used a sample of athletes from two different interceptive sports
(biathlon and alpine skiing) and non-athletes, showed that there was no
significant difference in response inhibition between athletes and non-athletes.
This result indicated that athletes do not outperform non-athletes in response
inhibition outside the sport context. In addition, gender differences were
found, males had significantly shorter SSRT than females and females scored
significantly higher levels of BIS both when assessed with the BIS/BAS scales
and with the RST-PQ.

This thesis has showed that it is possible to combine a theoretical
framework of approach and avoidance motivation and a paradigm for the
assessment of response inhibition, the stop-signal paradigm, with the purpose
of exploring the BIS, response inhibition and possible implications in sport. It
has also showed the complexity with using self-report instruments for
assessment of neuropsychological systems that, in theory, underlies
personality and the difficulties with using SSTs for assessment of an estimated
measure (i.e., SSRT) of the EF response inhibition. By exploring the BIS and
response inhibition, this thesis offer an approach to view sport expertise that
questions the view of athletes as a homogeneous group and raises questions
concerning the value of focusing on individual differences, more specifically
the personality trait BIS since, at least theoretically, the BIS has the potential
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to serve as a possible explanation for variations in response inhibition and
possible association with behavioral precision (i.e., accuracy).
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