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ABSTRACT

The relation between brain and personality is still undefined, and it seems that this topic has a
long future in psychological research. This doctoral thesis focuses on the neuropsychological
theory of personality — Reinforcement Sensitivity Theory (RST). It recognises three main
dimensions; Behavioural Approach System (BAS), Behavioural Inhibition System (BIS) and
Fight/Flight/Freezing System (FFFS). There are currently several competing questionnaires
designed to measure these constructs. These questionnaires are frequently used interchangeably
without evidence to what extent they converge. Thus the aim of this thesis is to examine whether
the results of RST studies conducted with different RST-based questionnaires are comparable.
The objective is to provide the theoretical framework to interpret results from RST studies
conducted with different questionnaires and to provide suggestions for further development of
RST and its psychometric instruments. Six studies were conducted to test convergent and
predictive validity of RST questionnaires. The results showed that RST questionnaires should
not be used interchangeably since: (a) they do not converge; (b) their BIS and FFFS scales do
not predict defensive behaviour in the same way; (c) they do not predict emotional and
motivational outcomes after performance feedback in the same way; (d) constructs measured
by different BAS scales do not serve the same evolutionary function. The dissertation
acknowledges the existence of four types of the BAS scales and provides the theoretical
framework to reinterpret earlier findings from RST studies conducted with different
questionnaires. The BIS scales converged highly with only one exception, while the FFFS

scales converge, but show significant weaknesses in examining the theory.

Key words: personality, questionnaires, neuropsychology, psychometrics, Reinforcement
Sensitivity Theory, BAS, BIS, FFFS



PROSIRENI SAZETAK

Prema neuropsihologijskoj teoriji licnosti — Teoriji Osjetljivosti na Potkrepljenja (TOP)
postoje tri temeljne dimenzije li¢nosti koje su rezultat varijacija u aktivaciji tri zasebna neuralna
kruga u mozgu; Bihevioralni Aktivacijski Sustav (BAS) koji se nalazi u sklopu
dopaminergickog sustava u mozgu koji je zaduzen za sva ponaSanja pristupanja okolini s ciljem
pribavljanja resursa potrebnih za prezivljavanje i reprodukciju; Sustav Borbe/Bijega/Blokiranja
(BBBS) koji je povezan s aktivacijom limbi¢kog sustava i mozdanog debla, a predstavlja
mehanizam obrambenih ponasanja vaznih za prezivljavanje; te Bihevioralni Inhibicijski Sustav
(BIS) koji se veze uz aktivaciju septohipokampalnog kruga koji generira stanje anksioznosti u
situacijama podjednake aktivacije BAS i BBBS. Cilj anksioznosti je stvoriti nelagodno
afektivno stanje kojim bi se potaknulo brze donosenje odluke, tj. razrjeSenje konflikta kao
posljedica istovremene aktivacije BAS-a i BBBS-a.

Ove dimenzije li¢nosti se mjere putem upitnika, tj. samoprocjena. Trenutno postoji vise
upitnika koji se koriste za mjerenje dimenzija TOP. Problem je $to se rezultati razlic¢itih upitnika
interpretiraju pod pretpostavkom da se medusobno ne razlikuju. Medutim, ranije provedena
istrazivanja upucuju na sustavne razlike medu njima. Trenutno ne postoje radovi koji ispituju
razinu podudarnosti upitnika TOP, $to prijeci daljnji razvoj ove teorije. Glavni istrazivacki
problemi koji se razmatraju u sklopu ove disertacije su; () ispitati mjere li postojeci upitnici
TOP konstrukte na jednak nacin, te shodno tomu; (b) ispitati opravdanost generalizacije
zakljucaka ranije provedenih istrazivanja u kojima su se koristili razli¢iti upitnici i (c) koliko je
svaki od tih upitnika u skladu s teorijskim pretpostavkama.

Kako bi se odgovorilo na postavljene probleme, provedeno je Sest istrazivanja kojima
su se testirale cetiri hipoteze. U sklopu disertacije nalaze se istrazivanja koja ukljucuju
eksperimentalnu manipulaciju s ciljem izazivanja reakcija, te zatim ispitivanja povezanosti
osobina li¢nosti s intenzitetom izazvanih emocionalnih i motivacijskih reakcija, kao i klasi¢na
korelacijska istrazivanja koja se baziraju na usporedbi upitnika TOP s drugim upitnicima.
Rezultati su se analizirali nizom razlicitih oblika regresijskih, te konfirmatornih faktorskih
analiza i strukturalnog modeliranja.

Prva hipoteza ove disertacije glasi da upitnici ne mjere dimenzije TOP-a na jednak
nacin, zbog Cega je ispitana konvergentna i divergentna valjanost pet najkoriStenijih upitnika
TOP. Na uzorku od 821 ispitanika konfirmatorna faktorska analiza je pokazala da; (a) se
upitnici razlikuju u operacionalizaciji BAS skala §to je rezultiralo s detektiranjem Cetiri razlicite

operacionalizacije BAS-a; (b) operacionalizacija skale Borbe ne odgovara teorijskim
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pretpostavkama; (c) BIS i BBBS skale konvergiraju u veéem stupnju. Generalno, rezultati
govore u prilog prvoj hipotezi. Drugom hipotezom se pretpostavilo kako ¢e razliciti upitnici
TOP razli¢ito predvidati obrambene reakcije u prijete¢im situacijama. Na uzorku od 1082
ispitanika koristeno je Cetiri upitnika TOP i samoprocjena obrambenih ponaSanja. Rezultati
regresijske analize ukazuju na podudarnost triju upitnika TOP, dok jedan znaCajno odstupa.
Time je i druga hipoteza podrzana. Konkretnije, upitnici TOP-a u vec¢oj mjeri sukladni u
operacionalizaciji skala BIS i BBBS u usporedbi sa skalama BAS-a. U sklopu trece hipoteze,
pretpostavilo se da ¢e se razliciti upitnici TOP razlikovati u predvidanju emocionalnih reakcija
u kontekstu obrazovanja. U kvazi-eksperimentalnom istrazivanju u sedam zavisnih mjerenja na
uzorku od 91 studentice psihologije u stvarnom akademskom kontekstu, BAS skale su bile
razli¢ito povezane S pozitivnim i negativnim afektima uslijed dobivene dobre ili lose ocijene.
Ista hipoteza testirana je i Cetvrtoj studiji na uzorku od 94 studentice, u kojoj se pokazalo da
pojedinci koji postizu visoke rezultate na razli¢itim skalama BAS-a reagiraju drugacije u
situacijama kada dozive uspjeh i neuspjeh. I ovi rezultati jasno govore u prilog trecoj hipotezi.
Posljednja hipoteza se takoder testirala u dvije odvojene studije, a glasila je da razli¢ite
komponente BAS-a predstavljaju razli¢ite evoluirane mehanizme pribavljanja resursa, te da
koreliraju s razli¢itim oblicima zivotnog stila prema evolucijskoj teoriji osobne povijesti, §to su
rezultati u obje studije i potvrdili.

Rezultati testiranja sve Cetiri hipoteze jasno ukazuju na velike razlike izmedu upitnika
TOP u operacionalizaciji dimenzija. Op¢i zakljuéci ove disertacije jesu; (a) da postoje Cetiri
operacionalizacije BAS-a i da svaka od njih objasnjava drugi aspekt motivacije priblizavanja;
(b) da se BAS ne bi trebao smatrati jednodimenzionalnim konstruktom; (c) da se rezultati BIS-
a i BBBS-a mogu lakse usporedivati, tj. rezultati se lakSe mogu generalizirati; (d) BBBS se ne
moze smatrati jednodimenzionalnim konstruktom, buduci da subskale u sklopu ove dimenzije
medusobno ne koreliraju. Pritom, treba naglasiti kako se veca odstupanja odnose na skale BAS-
a, Sto uvelike doprinosi nekonzistentnim nalazima u radovima koji koriste razli¢ite upitnike
TOP. Na temelju rezultata istrazivanja u kojima se usporedivala prediktivna valjanost BAS-a,
ponuden je teorijski okvir za interpretaciju rezultata dobivenih upotrebom razli¢itih upitnika
TOP. Cilj tog okvira jest doprinijeti preciznijem definiranju hipoteza u sklopu TOP, §to bi
doprinijelo vecoj provjerljivosti teorije, te omogucéilo njen daljnji razvoj. Konac¢no, razmatraju

se i konkretne sugestije za daljnji razvoj upitnika ove teorije.

Kljuéne rijeci: licnost, upitnici, neuropsihologija, psihometrija, teorija osjetljivosti na
potkrepljenja, BAS, BIS, FFFS
\



CONTENTS

ACKNOWLEDGMENT ..ottt sa et e ssesbestesteaneeneeneeneenees Il
ABSTRACT .ottt et st e R bR e Rt ettt e benteeReereere e e re e v
PROSIRENI SAZETAK .........coooiiiieieeiessessesiesses e V
CONTENT S ettt et et be s b e e beese e s e et e e e nbeneesbesrenreeneans VII
L INTRODUCTION ......o ottt st sa e e e et e sae st e tesbeeneeneeneennens 1
I =T o T 1] 42T 2
1.2. Historical and philosophical background of RST ........ccccoivieiieiiececeeeeeceeee, 2
1.2.1. Original reinforcement sensitivity theory (0-RST) ....cccccevievieieiieeceeeeeee, 5
1.3. REVISEA RST (F-RST) ottt sttt et ae et e s e s aeeaeennas 6
1.3.1. Redefinition of the RST diMENSIONS .....cceeciirieriieiecieieee e 6
1.3.2. Relations of the BAS with BIS and FFFS ........c.ocovoiiiieeeeceee e, 9
1.3.3. Psychometric operationalisation of the r-RST dimensions............cccccevveevueenne 10
1.3.3.1. Undefined standard measure of RST traitS.........ccccocevenenerieeienenenenene. 10
1.3.3.2. Brief review of the current RST questionnaires..........c.cccceveeveeeeveesieennns 10
1.3.3.3. r-RST QUESTIONNAITES ....c.veeeeeiieieetecteeie ettt e re e 11
1.3.3.4. Review of the current findings on differences between RST
(0 U TS L] g F= L P 12
1.4. Research question, hypotheses and 0DJECtIVE .........ccccveveveeiiecieeeeeee e 13
2. ELABORATION ...ttt sttt sttt ta s e e e snesaennesteanaenaeneeneens 17
2.1. Content of approach motivation SCales ...........ccoveveeieiieviecie e 18
2.2. Content of avoidance MOotivation SCAIES ..........cccevereereriiinieneee e 20
A S 1 U1 0 1 4= U PSS 22
2.3. Review of the condUCEed STUTIES .......ovuiiiiriieieieee et 23
2.3.1. Construct and convergent validity of RST questionnaires...........ccceccevvevuernnnne 23
2.3.2. Predicting defensive DENAVIOUNS ...........cccuevieiiiieseeeee e 28

2.3.3. Predicting emotional states and motivational outcomes in real life settings .. 30
2.3.4. Predicting motivation and self-efficacy after positive and negative feedback in

EXPErTMENTAl SETLINGS....ccvieiieiie et sre e saaeeteesaaeens 31
2.3.5. BAS scales predicting evolved individual differences in motivation................ 32
2.4. Integration of findings and new directions in the theory .........cccccoovvevvececvecieenenns 34

Vi



2.4.1. The multidimensioNal BAS ... eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneennes 36

2.4.1.1. Wanting — extrinsic MOtIVAtION........c.ccecvevierieneeie e 37

2.4.1.2. INCENTIVE MOTIVALION......eoitieiieiieieeiesiee et 38

Nt G TS 1 1Y/ o SRR 39

At S I |1 T TP 39

2.4.1.5. Dynamic model of the BAS...........coo e 40

2.4.1.6. The BAS components and neurotransmitters and hormones............... 42

2.4.1.7. Interaction between BAS COMPONENTS.......ccceeveeveereerieeiesiesieeieseesveennas 44

2.4.2. The BIS as an emotional rather than cognitive construct............ccccccevvvevennenne 45
2.4.3. The FFFS — panic, Not DENAVIOUT .........cccoovieicieeeeceeeeeeeee e 46
2.4.4. Interaction between RST SYSTEMS .......coiririririeieieeerereee et 47
2.5. Suggestions for the further development of RST ......cccooviiivieiineeeeeereee e 48

. CONGCLUSION . ...ttt s e e et estentesbenteeteenaeneeseeeens 51
CREFERENGCES ...ttt ettt 57
CLIST OF TABLES ...ttt 71
CLIST OF FIGURES ...t bbbt 73
CAPPENDIX ...t b e et b et 75

7.1. Five reinforcement sensitivity theory (RST) of personality questionnaires:
Comparison, validity and generalization ..............cccoeveeeeiieeeceeseeeceee e 77

7.2. Personality and defensive behaviour: A factor analytic approach to threat
SCENANTO CROICES ...ttt sttt st b e st be bbb b e saes 95

7.3. Individual differences in emotion elicitation in university examinations: A quasi-
EXPEFTMENTAL STUAY ...ttt s e e ne s 114

7.4. High BAS and low BIS in overconfidence, and their impact on motivation and
self-efficacy after positive and negative performance..........ccccevveveeeeeveeceeceeceecee e, 131

7.5. The evolution of the Behavioural Approach System (BAS): Cooperative and
competitive resource acqUISItion STrategiesS.......ccvveeereeiierierieie e 150

7.6. Slow and fast BAS: Interpretation of the behavioural approach system (BAS)
WIthIN Life HISTONY TREOIY ....coiiciieceeee ettt ettt snaa e 167

Vil



Introduction



1. INTRODUCTION

1.1. Personality

Personality can be understood as aggregated measures of behaviour tendencies or traits
that predispose an individual to act in a specific manner (Chamorro-Premuzic & Furnham,
2005). Personality makes people predictive, which is important for establishing mutual trust
among them, and hence social relationships. As social animals, our reproductive success and
survival depend on the social environment that surrounds us. It is personality that shapes our
position in the social environment, and thus, subsequently, determines our survival and
reproductive success (Kenrick & Shiota, 2008). This is especially true when it comes to
approach/avoidance motivation, which is the main topic of this dissertation.

Personality is usually described by personality traits. There are many traits derived from
different personality theories and models. Hence, people can be described in numerous ways.
However, some traits are found more relevant that the others. Among many theories and
models, there are few that have tradition as long as the Reinforcement Sensitivity Theory (RST)

of Personality, whose validity is examined in this doctoral dissertation.

1.2. Historical and philosophical background of RST

What is the core of personality traits? Are personality traits placed somewhere in the
body, and if they are - where exactly? This question has a long history in philosophical
discussions. The first who explored this question was Galen, in second century CE. He
reinterpreted the theory of Ancient Greek's philosopher Hippocrates (four centuries BCE), who
claimed that human body contains four basic humours (body fluids) that can have an impact on
health. These body fluids were blood, phlegm, yellow and black bile. Galen extended this theory
by associating these fluids with some typical behavioural patterns, which in return became the
first temperamental typology in the history. The Hippocrates-Galen typology recognised four
types of temperament named after dominant bodily fluid; sanguine, choleric, melancholic and
phlegmatic. Sanguine reflects the description of warm, pleasant individual enjoying the
company of others, choleric of hot tempered and highly reactive (aggressive) one, phlegmatic
of one that’s slow-moving and apathetic, whereas melancholic of slow-moving and depressed
one (Stelmack & Stalikas, 1991). Strelau (2002) highlights two main ideas of this typology that
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significantly contributed to the study of biological basis of personality. The first one is that
individual differences in behaviour can be explained by physiological mechanisms. The second
idea is that a variety of behaviours can be reduced to a small number of basic concepts, which
is the fundamental logic of factor analysis. Almost two thousand years later, this remained the
core approach to the study of biological basis of personality.

The Hippocrates-Galen typology remained dominant for a long time. It was Wundt
(1897) who reorganized the description of Galen-Hippocrates types into a two-dimensional
perspective. He recognised the importance of strong versus weak emotions and the speed of
activity (changeability) (Revelle, Wilt, & Condon, 2013). Sanguine individuals were described
as stable and changeable, choleric ones as unstable and changeable, melancholic as unstable
and unchangeable ones, whereas phlegmatic individuals were stable and unchangeable (see
Figure 1). Later, Carl Jung coined the term extraversion to replace the changeability dimension.
Extraversion was also used by Cattell, while Eysenck, in addition, introduced neuroticism as a

new label for the degree of strength of emotion.

Unstable

Melancholic Choleric

Unchangeable Changeable

Phlegmatic Sanguinic

Stable

Figure 1. Wundt's coordinates explaining Hippocrates-Galen typology of temperament

Eysenck's work was highly inspired by Pavlov, one of the pioneers of the experimental
study of temperament, who studied the relationship between the central nervous system and
differences in temperament. In his famous experiments with dogs, he related certain
characteristics of the conceptual nervous system (CNS) with the Hippocrates-Galen
temperamental types. He described the CNS of sanguine individuals as strong, balanced and

stable; strong and unstable in choleric; strong, balanced and slow in phlegmatics; and weak in



melancholics (Ruch, 1992). Later, Pavlov's work inspired Eysenck to develop one of the most
influential personality theories in the 20" century. His interest was to discover the biological
basis of extraversion and neuroticism. According to Eysenck, melancholics were described as
neurotic introverts, cholerics as neurotic extroverts, phlegmatics as emotionally stable
introverts, whereas sanguines as emotionally stable extroverts (Ruch, 1992).

Following Pavlov's and Hull's work, Eysenck tried to explain personality in terms of
susceptibility to punishment and rewarding cues. Hull (1952) assumed that human behaviour

could be explained by this simple formula;
Behaviour = Drive X Habits.

According to Hull, Drive acted as the energizer of behaviour, while Habits were
responsible for directing said behaviour. Eysenck's theory of personality highly relied upon
Hull's theory of motivation. Eysenck defined neuroticism as individual differences in the
energizer of behaviour, which corresponded to Hull's Drive concept, whereas his
extraversion/introversion continuum was intended to explain the susceptibility to reward or
punishment, which corresponded to Hull's the Habit construct. Figure 2. shows the
susceptibility to reward and punishment for the four types of temperament derived by
combining extraversion and neuroticism. The main idea was that the behaviour of extraverts is
easily conditioned by rewards, of introverts by punishment, while the strength of

conditionability depends on the level of neuroticism (Corr, 2008).

| ]

| ;
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™

| .\
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Introwverted Extraverted

Figure 2. Eysenck's theory explaining extraversion and neuroticism by sensitivity to

punishment (black column) and reward (white column). Gray's dimensions the BAS and

BIS are presented as impulsivity and anxiety, respectively (explained in the text below).



Contrary to Eysenck'’s theory, his student Jeffrey Gray proposed that the approach in
which the personality is explained through two mechanisms, one energizing (i.e. Drive) and
one directive (i.e. Habit), should be replaced by one that utilises two independent systems — one
reflecting reward sensitivity and the other reflecting punishment sensitivity. These two systems
were later named behavioural approach system (BAS) and behavioural inhibition system (BIS)
(Corr, 2008).

1.2.1. Original reinforcement sensitivity theory (0-RST)

Psychology in the 1970-s was highly influenced by behaviourism which is why Gray's
theory aimed to explain personality in terms of susceptibility to reward and punishment. At the
beginning, the theory was based on the idea that the BAS represents the biological foundation
of the system responsible for processing positive and negative reinforcers, whereas the BIS
processes positive and negative punishments (Corr, 2008). Later, Gray has noticed the
difference between fear and anxiety reactions. Based on laboratory experiments on rats, he
found that the brain centres for fear and aggression are placed in regions different than those
for anxiety (i.e. septohippocampal circuit). Thus, he introduced the third dimension into the
theory - Fight-Flight System (FFS). Conceptualization of the FFS was based on Kluver-Bucy
syndrome, which occurs as the result of amygdalotomy (McNaughton & Corr, 2008). When
amygdala was excited by electrodes, an animal would show extreme fight and fear reactions,
while after destroying the amygdala, these reactions wouldn't occur in situations in which they
were expected (e.g. when faced with a predator). However, reactions that correspond to anxiety
were intact after amygdalotomy. This was the reason for including another avoidance
mechanism along with the BIS in the theory. few decades later, a large number of studies have
provided evidence that fear and anxiety do differ in manifestation, brain locations,
biochemistry, and are explained by different psychological mechanisms (a comprehensive
review on this topic can be found in Corr & McNaughton, 2012).

This theory is quite untypical in personality psychology. Gray used the bottom-up
approach in developing his theory of personality (Smillie, Pickering, & Jackson, 2006), which
is not common. Most of the theories use the top-down approach, where personality traits are
usually defined by means of factor analysis, and then their underlying processes are studied.
Gray decided first to establish the link between the brain and behaviour, and then to
conceptualise the final description of the dimensions. He defined RST dimensions as emotional-
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motivational systems of the highest order, and personality traits as factors of the lower order
that derive from them (Beauducel, Kersting, & Liepmann, 2005). The final version of the theory
defined the BAS to be sensitive to conditioned appetitive stimuli, activated by the stimuli
associated with reward and omission of punishment and related to positive affect. It was
hypothesised that impulsivity is the personality trait representing the BAS. The BIS was
hypothesised to be sensitive to conditioned, and the FFS to unconditioned aversive stimuli
(Corr, 2008).

However, since Gray's work was mostly based on laboratory studies on rats, many
researchers have questioned how these findings relate to human personality. Faced with
growing criticisms, Gray shifted the focus of his research from animal to human studies at the
beginning of the 1990s.

1.3. Revised RST (r-RST)

Changing the subjects in RST research inevitably led to the shift in methodology.
Instead of observation of behaviour of rats with selective lesions in laboratory conditions, new
methods and instruments were required. Faced with this challenge, Jeffrey Gray and colleagues
undertook a decade of studies that led to the refinement of the theory. In 2000, Jeffrey Gray and
Neil McNaughton summarised all the data from the aforementioned studies and presented the
revised RST (r-RST; Gray & McNaughton, 2000). There are two main groups of changes in the
revised theory; (a) redefinition of the BAS, BIS and FFS dimensions and (b) introducing the

concept of interactive functioning of the systems.

1.3.1. Redefinition of the RST dimensions

In the 0-RST, the BAS processed only conditioned stimuli, while in the new version its
functions were spread over the unconditioned ones as well. Furthermore, Gray hypothesized
that impulsivity underlies the BAS in 0-RST. As Pickering and Smillie (2008) noted, this was
set purely arbitrarily without firm evidence. Later studies in biology of personality point to
extraversion as the most likely candidate for the representation of the approach-related trait (e.g.

Depue & Collins, 1999). However, since this topic awaits for neuroscientific evidence, the



personality trait truly representative of the BAS is a controversial theme (see Pickering &
Smillie, 2008).

The FFS has become Fight, Flight and Freezing System (FFFS). This change was mostly
motivated by works of Blanchard and colleagues (e.g. Blanchard, Griebel, Henrie, & Blanchard,
1997), where freezing was postulated as a unique defensive behaviour observed in animal
studies. The FFFS in the revised version of the theory is now responsible for processing both
conditioned and unconditioned aversive stimuli, while the FFS was responsible only for the
unconditioned ones. In r-RST, the function of the FFFS is to enhance the chance of survival in
a dangerous situation. Its behavioural repertoire highly depends on environmental context
(Krupi¢ & Dini¢, 2017). Flight response is the unconditioned type of defensive behaviour that
is triggered in situations where threatening stimuli are distant enough to provide a secure
escape. It enhances the chance of survival by moving the organism away from the source of the
threat. Freezing is the second unconditioned type of defensive behaviour. It activates when the
source of the threat is in near spatiotemporal distance, thus removing an option to escape.
Freezing or "playing dead" enhances the chance for survival by reducing tonic mobility in order
not to attract the attention of the predator. The final option, the fight, occurs when the organism
is spotted by a predator and has no option to escape. In such situations, fighting against the
predator would have the purpose of afflicting damage to the predator in order to create an
opportunity for escape (McNaughton & Corr, 2012).

The most significant changes were related to the redefinition of the BIS. It is still the
central concept explaining anxiety, but, instead of punishment cues postulated by 0-RST, the
triggers that activate it are conflicts. The conflicts arise from having to choose between
approaching and avoiding goals, but also when having to choose between approach-approach
and avoidance-avoidance goals. The ambiguity of the situation, present when having to choose
between several options/goals, is common to all three types of conflict. This is followed by an
increase of arousal (i.e. physiological symptom of anxiety) that motivates an individual to make
the decision. Hence, the role of the BIS in r-RST can be seen as a conflict detection and
resolution system. When a conflict is detected, the BIS inhibits proponent behaviour, elevates
arousal and directs attention toward the source of the conflict. The BIS and FFFS are strongly
related because it was more adaptive to avoid uncertain stimuli that could cause some
considerable damage, than to recklessly approach them (Corr, 2008). Figure 4 shows the
dynamics of the BIS in action.

Even though the BIS and FFFS are strongly related (see Elaboration section), the r-RST
emphasizes the four key arguments why they should be studied as separate systems. Firstly,
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they differ in the defensive direction they promote. The BIS potentiates risk analysis and a
cautious approach toward aversive stimuli, while the FFFS potentiates avoidance of the
aversive stimuli (Perkins, Cooper, Abdelall, Smillie, & Corr, 2010). Secondly, different types
of psychopharmacological drugs eliminate symptoms of anxiety and symptoms of panic
attacks, suggesting different neurobiological foundations of the BIS and FFFS (Gray &
McNaughton, 2000; McNaughton & Corr, 2004). Thirdly, the FFFS and BIS are located in
different brain regions (Gray & McNaughton, 2000). Fear and anger brain circuits are located
in the amygdala, whereas anxiety in the septohippocampal system (McNaughton, 1982). In
addition, recent studies emphasise the importance of the prefrontal cortex and the anterior
cingulate cortex for the BIS functions, whereas the FFFS is related to the periaqueductal gray
matter and the amygdala (Amodio, Master, Yee, & Taylor, 2008; Kennis, Rademaker, & Geuze,
2013). Finally, anxiety and fear can be also distinguished by the latency of affect. Anxiety has

much longer latency and is less intense than fear and anger (McNaughton & Corr, 2008).
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Figure 3. Dynamics of RST dimensions; Dynamics of RST; Sp and Sr - punishment and
reward input stimuli; wgr, wp and wc reaction of the reward, punishment and conflict system,
respectively; “I” in the middle of the figure represents the interaction between the BAS and
FFFS that evokes conflict and consequently the BIS. Depending on the strength of the
stimuli, the BIS would resolve the conflict in favour of the BAS or FFFS (taken from Smillie,
Pickering, et al, 2006).



1.3.2. Relations of the BAS with BIS and FFFS

However, Figure 3 displays just one possible relation between the BAS and BIS/FFFS.
There are three hypotheses on how RST dimensions mutually interact. According to the original
version of RST, the BAS and the BIS should function independently; the BAS is linked to
positive affect (PA) and the BIS/FFFS to negative affect (NA) (Avila & Torrubia, 2008). The
independent functioning of the BAS and the BIS/FFFS is known as separable subsystems
hypothesis (SSH). After introducing r-RST (Gray & McNaughton, 2000), several studies did
not supported the SSH. Consequently, Corr (2001, 2002, and 2004) introduced an alternative
joint subsystem hypothesis (JSH) assuming that sensitivity to reward (the BAS) and sensitivity
to punishment (the BIS and FFFS) have mutually inhibitory effects (see Figure 3). In other
words, activation of sensitivity to reward should inhibit sensitivity to punishment and vice versa
(Corr, 2001). Evidence for both hypotheses is mixed. Studies providing empirical evidence for
the JSH are Corr’s (2002) two experimental studies, studies by Hundt, Nelson-Gray, Kimbrel,
Mitchell, & Kwapil (2007) from clinical psychology perspective, Jackson & Francis (2004)
psychometric study on religiosity, etc. (for further review see Corr, 2004 and Avila & Torrubia,
2008). On the other hand, Gomez and Cooper (2008), in their review article on mood induction
studies of RST, conclude that most of the studies support the SSH against the JHS. That means
that mechanisms of sensitivity to reward and sensitivity to punishment are working
independently and they correlate exclusively to PA and NA, respectively. However, Gomez
and Cooper (2008) reviewed papers conducted with the questionnaires built on 0-RST, which
makes their review biased.

Besides the SSH and the JHS, there are data that do not fit either of mentioned
hypotheses. Harmon-Jones (2003) and Carver (2004) present “velocity” hypothesis (VH),
which asserts that either type of motives (approach or avoidance) can give rise to either valence
of affect (positive or negative), depending on how well the action serving the motive is going.
Carver explains that individuals higher on the BAS can have a higher expectation of positive
events; as a result, they are more prone to frustration, anger and sadness in case a situation does
not meet their expectations (Carver, 2004; Carver & Harmon-Jones, 2009). Clearly, there is no
agreement on how the BAS and BIS/FFFS interacts. The unresolved case of RST dynamics
may lie in the problematic operationalisation of the RST construct by self-report questionnaires.



1.3.3. Psychometric operationalisation of the r-RST dimensions

As long as personality models and theories are in question, self-report questionnaires
are the most important (and very often the only) measurement instrument. The theory
development heavily depends on the validity of the psychometric operationalisation of the main
constructs. Currently, the state of psychometric operationalisation of r-RST is incoherent,
which is why this doctoral dissertation aims to test the validity of r-RST questionnaires in order

to help clear the current confusion in the literature.

1.3.3.1. Undefined standard measure of RST traits

More than fifteen years have passed since Gray and McNaughton (2000) introduced the
r-RST, and yet, some of the basic assumptions of the revised theory have not been fully tested
and discussed on a conceptual level. Most importantly, psychometric operationalisation of the
main dimensions seems to be the Achille's heel of the theory. In its long history, there have
been numerous attempts to develop an RST questionnaire (for more details see Torrubia, Avila,
& Caseras, 2008). Currently, six of them are in a use, fact that leads to a reasonable question,
also the topic central to this doctoral dissertation: Which one to use? The aim of the studies
conducted within this dissertation is to acknowledge that the state present in this field of
research leads to inconsistencies within RST literature. As a result, the outcome of this
dissertation would be to provide a theoretical framework that could enhance the generalisability

of studies conducted with different RST questionnaires.

1.3.3.2. Brief review of the current RST questionnaires

The BIS/BAS scales, developed before the revision of the theory (Carver & White,
1994) is currently the most widely used RST questionnaire. It contains only the BIS and BAS
scales. Furthermore, the BAS is divided into three subscales named Drive, Fun seeking and
Reward responsiveness. Drive reflects the persistence and striving to achieve important goals,
Fun seeking is defined as impulsive seeking of fun activities, whereas Reward responsiveness
measures individual differences in reaction to the reward. More recently, several authors

proposed to divide the BIS scale into the Anxiety and the Fear subscale (e.g. Heym, Ferguson,
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& Lawrence, 2008). However, as it will be discussed later in the text, this has not turned out to
be a satisfying solution.

Sensitivity to Punishment Sensitivity to Reward Questionnaire (SPSRQ; Torrubia,
Avila, Molt6, & Caseras, 2001) was also developed upon original RST (0-RST; Gray, 1982). It
contains the Sensitivity to Punishment (SP) and the Sensitivity to Reward (SR) scales. Several
studies showed problematic psychometric properties of the translated versions of this
questionnaire. In order to achieve a two-factor structure, many researchers had to adjust the
questionnaire by excluding items. This resulted in the original Spanish version containing 48
items (Torrubia et al., 2001), the French version 35 (Lardi, Billieux, d’Acremont, & Linden,
2008), the English version 39 items (Cogswell, Alloy, van Dulmen, & Fresco, 2006); and the
Romanian 40-item version had a three-factor solution (Sava & Sperneac, 2006) - in addition to
sensitivity to reward and punishment, there was a BAS ‘financial’ factor relating to earning
money. Aluja and Blanch (2011) developed a short version of SPSRQ (SPSRQ-20) in order to
enhance its psychometric properties. Except problematic construct validity, the questionnaire
is based upon the original version of the RST which assumes impulsivity to be the manifest trait
of the BAS. On the contrary, r-RST considers extraversion, rather than impulsivity, as the
manifestation of the BAS dimension (Depue & Collins, 1999; Smillie, Pickering, et al., 2006).
As will be discussed later, compared to the BIS/BAS Scales, the clearest difference of the
SPSRQ is reflected in the definition of the BAS and SR. However, most researchers treat them

as synonymous constructs.

1.3.3.3. r-RST questionnaires

The rest of RST questionnaires that will be discussed in this dissertation, are based on
revised version of RST. The first one is the Jackson 5 (Jackson, 2009) that comprises five scales:
BAS, BIS, Fight, Flight and Freezing. The author’s validation data of this questionnaire
revealed some theoretically ambiguous results. Firstly, the BAS and BIS scales correlate
positively — this is not surprising given that some of the ‘BIS’ items reflect social comparison
or competition (item example "I aim to do better than my peers"), content more typical of the
BAS. Secondly, the Fight scale is not correlated with the putative FFFS-related Flight and
Freezing scales, which creates problems in forming a unidimensional FFFS scale.

The shortcomings of the previous RST questionnaires motivated other authors to

develop new, improved ones. Reinforcement Sensitivity Questionnaire (RSQ; Smederevac,
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Mitrovié, Colovi¢, & Nikolasevié, 2014) consists of five scales, the same as the Jackson 5. In
contrast, it shows more theoretically congruent BIS and FFFS scales, but shares the same
problem with the Fight scale.

A year later, Reuter, Cooper, Smillie, Markett, & Montag (2015) published their
questionnaire named Montag and Reuter Reinforcement Sensitivity Theory Questionnaire (r-
RST-Q) with the same factor structure as the two previous r-RST questionnaires, and with
content and construct validity similar to the RSQ.

The Reinforcement Sensitivity Theory — Personality Questionnaire (RST-PQ; Corr &
Cooper, 2016) contains four BAS subscales: Reward Interest, Goal-Drive Persistence, Reward
reactivity, and Impulsivity; the BIS and FFFS scale, accompanied with a separate measure of
Defensive Fight. The RST-PQ was based on the r-RST, taking into account previous findings
concerning the problematic nature of the Fight scale not correlating with the Flight and Freezing

scales.

1.3.3.4. Review of the current findings on differences between RST questionnaires

Differences between the BIS/BAS Scales and SPSRQ are well examined, since these
two were published earlier. Cogswell et al. (2006) compared the BIS/BAS Scales and SPSRQ
and concluded that these two scales do not measure the same construct and suggested caution
in interpreting the data, particularly for the BAS and SR constructs. Other studies also showed
that the BAS and SR scales do not converge and that they correlate differently with the
Eysenck's EPQ-Impulsivity. However, more congruence exists between the BIS and SP scales
(Sava & Sperneac, 2006; Smillie, Jackson and Dalgleish (2006). Cogswell et al. (2006) assume
the SPSRQ is a better measure of dimensions within 0-RST than the BAS subscales within the
BIS/BAS Scales, since the latter do not have a solid conceptual ground. Namely, the three BAS
factors have been designed by the results of exploratory factor analysis, not the theory.

Psychometric properties of the new instruments were mostly examined by comparing
the instrument in question with the BIS/BAS Scales and SPSRQ. Evidence for the new r-RST
questionnaires have been mostly provided by the authors in their validation studies, which will
be reviewed later in the Elaboration section. It is important to note that there are earlier studies
exploring relation of other RST questionnaires with the BIS/BAS Scales and SPSRQ, such as
Knyazev, Slobodskaya, & Wilson (2004) examining Gray-Wilson Personality Questionnaire,

or Caseras, Avila and Torrubia (2003) examining General Reward and Punishment Expectancy
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Scales (GRAPES; Ball & Zuckerman, 1990). However, these questionnaires are outdated and
no longer in use, which is why they will not be discussed any further in this dissertation.

Overall, aforementioned studies indicate clear statistical differences between the
questionnaires. At present, these differences are acknowledged, but not studied in detail. Calling
for caution in interpreting the data of the BAS and SR scales aside, not much has been done to
eliminate the confusion in RST literature. In order to resolve this issue, it should be clear (a)
which scales differ and which not, and (b) why they differ, i.e. what they represent.

1.4. Research question, hypotheses and objective

Different operationalisations of the BAS, BIS and FFFS provide evidence for a lack of
agreement on how these constructs are measured. The cause of the problem may lie in imprecise
definition of the main dimensions. Reasonable, since authors of the questionnaires aimed to
improve the operationalisation of the RST dimensions each in his own way, their own
operationalisations differed somewhat. Notwithstanding the differences, RST questionnaires
are frequently used interchangeably and the differences between them are often neglected. This
may, and often does, produce confusion in the RST literature and, consequently, results in the
accumulation of knowledge within RST becoming more complicated. This leads to the research
question of the dissertation: To what extent can the results of RST studies conducted with
different RST-based questionnaires be generalised?

In order to detect and, in addition, to explain the differences between RST questionnaires,
series of studies were conducted within this doctoral thesis. At the moment, the issue of
different operationalisations within RST has not yet been explored systematically. Thus, the
objective of this dissertation is to provide the theoretical framework for the interpretation of the
results from RST studies conducted with different questionnaires and to provide suggestions
for further development of RST measurement instruments.

In order to meet the main aim of the dissertation, the set of studies was conducted to
examine whether and how RST questionnaires differ. Conducted studies focus on differences
between various forms of the validity of RST questionnaires. The outcome of the studies will

be to provide suggestions and solutions for the psychometric issue concerning RST.
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The first study (Krupi¢, Corr, Rucevié¢, Krizani¢, & Gracanin, 2016) explores the
construct validity and reliability of all above-mentioned questionnaires, except for Reuter et al's
(2015) rRST-Q, whose publication post-dated data collection of the studies within dissertation.
The main aim was to examine the convergent and divergent validity of the various RST
questionnaires. It was expected that the scales aimed to measure the same-named constructs
would not load onto the same (corresponding) latent variable in confirmatory factor analysis
(CFA). If the null hypothesis were correct, this would prove that various RST questionnaire
should not be used interchangeably, i.e. they do not present isomorphic measures of RST

dimensions. Thus;

Hypothesis 1 — The same-name scales from five RST questionnaires would not load on the same

latent factor in CFA model

More specifically, theoretical model predicts that the BAS scales from Jackson 5, RSQ,
BIS/BAS scales (Drive, Reward responsiveness and Fun Seeking), RST-PQ (Reward Interest,
Goal-Drive persistence, Reward reactivity and Impulsivity) and the SR from SPSRQ load onto
the BAS latent factor. Secondly, the BIS scales from the BIS/BAS Scales, Jackson 5, RSQ,
RST-PQ and the SP from SPSRQ load onto the BIS latent factor. Finally, the FFFS scales from
Jackson 5, RSQ and RST-PQ load onto the FFFS latent factor (see Figure 5). Any other solution
than the aforementioned one would point to a discrepancy between the measurement model and
the theory.

The second study (Krupi¢, Krizani¢, & Corr, 2016) examines differences between the
BIS and FFFS constructs within different RST questionnaires in predicting defensive
behavioural reactions. It was predicted that the same name avoidance scales of the
questionnaires would have a different predictive validity of the defensive behaviours, i.e. they
would predict differently. This was mostly expected due to the difference in operational
definition of the BIS scale in the Jackson 5 questionnaire. Logic of this study is quite
straightforward. RST scales will be used as predictor, and defensive behavioural reactions as
criterion variables, and the relationship between the two will be tested by a series of multiple
hierarchical regression analyses. According to r-RST (see above), it is expected that the BIS
scales predict defensive orientation toward the source of threat, and the FFFS scales defensive
orientation away from the threat. The difference in prediction of defensive behaviours between
the questionnaires would suggest that the avoidance scales of RST questionnaires cannot be

used interchangeably. Hence;
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Hypothesis 2 — Relationship between the BIS and FFFS scales and defensive behavioural

reactions depends upon the choice of the RST instrument
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Figure 4. Theory driven model of RST

Note; BIS/BAS — BIS/BAS scales; J5 — Jackson 5 questionnaire; DF_RSTPQ — Defensive
fight; SP — Sensitivity to punishment; SR; Sensitivity to reward; FS — Fun seeking;
RR_BIS/BAS - Reward responsiveness; Rewint_ RSTPQ — Reward Interest; GDP_RSTPQ —

Goal Drive Persistence; RR_RSTPQ — Reward reactivity; Imp_RSTPQ — Impulsivity.

The next two studies explore the contribution of RST dimensions in emotion regulation

and motivation following positive and negative feedback. The third study (Krupi¢ & Corr,
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2014) is a quasi-experimental study examining whether different RST questionnaires predict
emotional and motivational reactions to positive and negative academic outcomes differently.
It was expected that the BAS and SR differ in the prediction of emotional and motivational
responses to positive and negative feedback. This was mainly expected because the SR is
operationalised as impulsivity, while the rest of the BAS scales are operationalised more in line
to extraversion. Similarly, the fourth study (Krupi¢, 2016) explores the impact of performance
feedback on motivation and self-esteem in correspondence to RST dimensions, but this time in
typical experimental settings. This study was expected to replicate the findings of the former
study, i.e. it was expected to find the differences in predictive validity between the SR and BAS
scales in predicting the emotional and motivational responses to positive and negative feedback.
If correct, this would prove that RST questionnaires cannot be used interchangeably in

predicting emotional and motivational outcomes after positive and negative feedback.

Hypothesis 3 — RST questionnaires would differ in predicting emotional and motivational
outcomes after positive and negative feedback

The fifth (Krupi¢, Gracanin, & Corr, 2016) and sixth study (Krupi¢, Banai, & Corr, 2017)
examine the differences between the BAS scale