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Abstract

Chapter 1 introduced psychopathy and evaluated theories attempting to 

explain this disorder. Experiment 1 assessed passive avoidance learning in 

children with psychopathic tendencies. Results replicated previous findings with 

psychopathic adults indicating that this disorder is associated with poor passive 

avoidance learning. Experiment 2 developed a connectionist model of passive 

avoidance learning, the output of which was compared with the results obtained in 

experiment 1. The intact model successfully simulated performance of the 

comparison children whilst a model impaired in the formation of stimulus- 

punishment associations most successfully captured the performance of the 

children with psychopathic tendencies. Experiment 3 assessed the Blood Oxygen 

Level-Dependent (BOLD) responses associated with passive avoidance learning 

in healthy adults. Results revealed that successful passive avoidance learning was 

associated with activation within rostral anterior cingulate cortex, insula, caudate, 

hippocampus, and the amygdala. Experiment 4 assessed the performance of 

children with psychopathic tendencies on a novel probabilistic reversal learning 

paradigm. Results revealed that children with psychopathic tendencies presented 

with impairment only on the probabilistic contingencies. Further, it was revealed 

that the children with psychopathic tendencies committed more win-shift errors in 

the reversal phases. Experiment 5 assessed the performance of adult individuals 

with psychopathy using a similar task. Results revealed that adults with 

psychopathy were impaired in both the simple and probabilistic conditions. The 

adults with psychopathy also committed more win-shift responses in the reversal 

phases. Experiment 6 assessed the BOLD responses associated with probabilistic 

reversal learning in healthy adults. Results revealed that errors in both acquisition 

and reversal phases were associated with activations within dorsomedial and 

ventrolateral PFC and caudate, and deactivations within medial OFC cortex, 

amygdala and hippocampus. Chapter 6 re-evaluated the theories of psychopathy 

in light of the empirical work presented in this thesis, and discussed the 

implications of these results along with future research directions.
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Chapter 1 - Introduction

This chapter will introduce the phenomenon of psychopathy. Specifically 

research will be presented indicating that a small subset of antisocial individuals 

exist, who begin their criminal careers early in life and engage in a 

disproportionate amount of antisocial, violent and criminal behaviours. It will be 

suggested that at least some of these individuals are presenting with the disorder 

of psychopathy. Current tools for the measurement of psychopathy will be 

described and the important issue of co-morbidity between psychopathic 

tendencies and attention-deficit/hyperactivity disorder in childhood will be 

broadly discussed. The second half of this chapter will consider theories 

attempting to explain psychopathy.

1.1: Introduction to Antisocial Behaviour

There is considerable concern about the level of antisocial behaviour in 

modem societies. A recent Home Office report estimated that over 13 million 

crimes were committed against adults in England and Wales in 2001; 

approximately 3 million of these were violent crimes (Simmons, 2002). Further, 

in the UK the number of young people committing ‘grave’ crimes, such as 

murder, manslaughter and grievous bodily harm, has almost doubled in recent 

years (Simmons, 2002). Indeed, since 2001, rates of serious violent crimes 

against the person have increased by 15% (Dodd et al., 2004). Such high levels of 

crime and antisociality incur a huge financial cost to society. Scott and colleagues 

(2001) followed a group of 47 antisocial children into adulthood and observed that 

these children cost an average of 10 times more than children without behavioural 

disorders, with crime incurring the greatest cost. The prevalence and costs of 

violence in our society has stimulated both social and biological scientists to 

search for the predictors and causes of this destructive human behaviour.

In healthy community samples, during adolescence, antisocial behaviour 

can be normative (Moffitt, 1993a). By early adulthood, however, the number of 

active offenders decreases by 50%, and by age 28 over 85% of former offenders
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have usually desisted (Blumstein and Cohen, 1987; Farrington, 1986). Moffitt 

(Moffitt, 1993a) coined the term ‘adolescence-limited’ to describe this group of 

offenders whose antisocial behaviour is confined almost exclusively to 

adolescence. Research has also identified a group whose antisocial behaviour 

does not cease in adolescence, but instead continues into adulthood. For this 

group Moffitt coined the term iife-course persistent’ offenders (Moffitt, 1993a). 

Notably this group also tends to begin their criminal careers prior to adolescence. 

In keeping with this, studies have revealed that antisocial behaviour rarely 

presents for the first time in adulthood (i.e. antisocial adults were usually 

antisocial during childhood and adolescence) (Robins, 1978; Wolfgang et al., 

1972). Also, early onset of antisocial behaviour has been identified as a 

significant predictor of persistent antisocial behaviour (Tremblay et al., 1994).

Crucially, this subgroup of iife-course persistent’ offenders have poorer 

prognoses than do individuals beginning their criminal careers in adolescence or 

later life (Lahey et al., 1999; Loeber and Farrington, 2000; Moffitt, 1993a; Moffitt 

et al., 2002). Indeed, a negative correlation has been observed between age of 

onset of conduct problems and level of functional impairment (Lahey et al., 1999). 

Further, in adulthood these individuals continue offending and have erratic 

employment patterns in unskilled jobs, violent relationships with partners and few 

friends (Rutter et al., 1998).

1.1.1: Summary

Research has identified a subgroup of antisocial children who engage in 

crime from an early age and continue to present with chronic antisocial behaviour 

throughout adolescence and into adulthood. Early identification and neuro- 

cognitive characterisation of this subgroup would allow the development of 

targeted prevention efforts in early childhood. The next section will go on to 

describe psychopathy: a disorder that appears to successfully capture a sub-set of 

this group.
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1.2: Introduction to psychopathy

In contrast with the diagnoses of conduct disorder (CD) and antisocial 

personality disorder (APD), psychopathy is not currently recognised in the 

Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) (American 

Psychiatric Association; APA, 1994). DSM-IV antisocial behaviour disorders 

identify a heterogenous population. Importantly, only a subset of individuals 

presenting with CD and APD meet criteria for psychopathy.

1.2.1: The measurement of psychopathy; the PCL-R and APSD

The description of psychopathy originated with the work of Hervey 

Cleckley who delineated 16 diagnostic criteria (Cleckley, 1941). These included: 

superficial charm, lack of anxiety, lack of guilt, undependability, dishonesty, 

egocentricity, failure to form lasting intimate relationships, failure to learn from 

punishment, poverty of emotions, lack of insight into the impact of one’s 

behaviour on others, and failure to plan ahead. Subsequently, Robert Hare 

developed the first formalized tool for the assessment of psychopathy in adults, 

which is now in its third edition (Psychopathy Checklist-Revised; PCL-R; Hare, 

1991; Hare, 2003). Following observations of behavioural and neurocognitive 

consistencies between children and adults with the disorder, tools for the 

assessment of psychopathy in childhood and adolescence have also been 

developed. These include the Antisocial Process Screening Device (APSD; Frick 

and Hare, 2001) and the Psychopathy Checklist: Youth Version (Forth et al., in 

press; Kosson et al., 2002).1 Whilst the PCL-R and APSD index a similar 

syndrome in adults and children (Frick et al., 1994; Harpur et al., 1989), involving 

affective-interpersonal and behavioural components, there exist some content 

differences between the measures. These differences, at least partially, reflect the 

intention of both tools to be age appropriate. Thus some PCL-R items have no

1 In the present thesis psychopathic tendencies in children have been identified through use of the 

APSD so discussion will focus largely on this tool.
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APSD counterparts (e.g. parasitic lifestyle), and some APSD items have no PCL- 

R counterparts (e.g. concerned about school work).

Both the PCL-R and the APSD consist of 20 items which assess affect and 

behaviour. The PCL-R is scored on the basis of an extensive file review and a 

semi-structured interview (administered by trained interviewers). The APSD is 

scored on the basis of parental and/or teacher ratings. For both the PCL-R and 

APSD each behavioural item is scored between 0 and 2 points, leading to a 

maximum possible score of 40. Adults scoring 30 or more on the PCL-R are 

generally considered psychopathic while those scoring less than 20 are considered 

non-psychopathic. There are less well established inclusion criteria for children, 

however cut-offs varying from 25-30 points for the psychopathic tendencies group 

and 10-20 points for the comparison group have typically been used (Blair et al., 

2005; Blair et al., 2001a; Frick, 1995; Frick et al., 2000; Frick and Ellis, 1999; 

Frick and Hare, 2001).

Early factor analyses of the PCL-R and APSD derived similar solutions, 

comprising two inter-correlated factors (Frick, 1995; Frick et al., 2000; Frick et 

al., 1994; Hare, 1991; Harpur et al., 1988; Harpur et al., 1989). In adult studies 

(using the PCL-R) these were termed, factor 1; ‘interpersonal/ affective’, and 

factor 2; ‘impulsive/ antisocial lifestyle’ (Hare, 1991; Harpur et al., 1988; Harpur 

et al., 1989). In studies with children (using the APSD) they were termed, factor 

1; ‘callous and unemotional interpersonal style’ (or CU), and factor 2; 

‘impulsivity/ conduct problems’ (or I/CP) (Frick, 1995; Frick et al., 2000). The 

factors identified using the PCL-R and APSD are similar, with the factor 1 items 

referring to an emotional dysfunction (i.e. CU traits) and the factor 2 items 

referring to an impulsive and antisocial lifestyle. More recently 3-factor solutions 

have been offered in studies with adults and children (Cooke and Michie, 2001; 

Frick et al., 2000; Frick and Hare, 2001). Essentially, these have divided factor 1 

into two components: an interpersonal component and an abnormal affect 

component (see tables 1.1. & 1.2.), whilst factor 2 has remained the same.

Researchers, using these tools, have identified a relatively small subset of 

antisocial individuals as presenting with psychopathy. Indeed, in contrast to high
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prevalence rates reported for DSM-IV antisocial behaviour disorders, the 

diagnosis of psychopathy comprises only a small subset of antisocial individuals 

(Frick, 2000). For example while up to 80% of US inmates reach DSM-IV 

diagnostic criteria for APD, only 15 to 25% of US inmates meet criteria for 

psychopathy according to the PCL-R criteria (Fazel and Danesh, 2002; Hart and 

Hare, 1996). Preliminary epidemiological work with childhood community 

samples using the APSD has indicated a prevalence rate for psychopathic 

tendencies of between 1 and 3.5% (i.e. approximately one quarter of the 

community incidence rate of CD) (Frick, personal communication).

1.2.2; Criminality and Violence in Psychopathic Individuals

Importantly, the PCL-R and APSD have successfully identified a uniquely 

violent and criminal target group. Indeed, Kosson and colleagues (1990) 

demonstrated that the psychopathic offender commits more types of crimes, as 

well as more crimes of any type, relative to non-psychopathic offenders. Related 

to this, upon release from incarceration psychopaths are prone to recidivate 

(Grann et al., 1999; Hare et al., 2000; Hart et al., 1988; Hemphill et al., 1998; 

Serin and Amos, 1995). Hemphill, Wong & Hare (1998) observed that the 

correlation between psychopathy and recidivism was significantly higher than that 

between DSM-IV APD and recidivism. Furthermore, studies have often shown 

that psychopaths are more likely than non-psychopathic criminals to recidivate 

with a violent offence (Hare et al., 2000; Hare and McPherson, 1984). Hemphill, 

et al., (1998) examined 9 prospective studies of psychopathy and recidivism. 

Results showed that within a year of release, individuals with psychopathy were 

three times more likely to recidivate, and four times more likely to recidivate 

violently than non-psychopathic criminals.

In addition to a general increase in violent acts, it appears also that the type 

of violence associated with psychopathy may be different to that which is 

associated with other antisocial behaviour disorders. Specifically, psychopathy 

has been associated with high levels of predatory, instrumental violence and 

reactive violence (Cornell et al., 1996; Williamson et al., 1987; Woodworth and
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Porter, 2002). A distinction between reactive and instrumental aggression has 

been made for some time in the scientific literature (Barratt et al., 1999; Barratt et 

al., 1997b; Berkowitz, 1993; Crick and Dodge, 1996; Dodge and Coie, 1987; 

Linnoila et al., 1983; Vitiello and Stoff, 1997). Whilst reactive aggression is 

initiated without regard for any potential goal, instrumental aggression (also 

referred to as proactive aggression), in contrast, is purposeful and goal directed. 

Goals, for example, may be to gain a victim’s possessions or to increase status 

within a hierarchy) Woodworth and Porter (2002) demonstrated that 

psychopathic murderers were more likely to have committed a premeditated 

murder than non-psychopathic murders, who in contrast, were more likely to have 

committed a reactively aggressive, ‘crime of passion’, murder. The accumulating 

evidence linking high rates of predatory, violent, tendencies with psychopathy has 

been considered to reflect a lack of empathy in this population. Further, it has led 

to suggestions that the factor 1, affective component forms the core of the disorder 

(Barry et al., 2000; Blair, 2003a; Christian et al., 1997; Frick et al., 2000; Frick et 

al., 1994; Hart and Hare, 1997; Hawes and Dadds, in press; Viding et al., 2005). 

Indeed, the reason why most individuals with DSM-IV antisocial behaviour 

diagnoses do not fulfil the criteria for psychopathy is due to the absence of CU 

traits (Barry et al., 2000; Hart and Hare, 1997). Further, strong evidence for a 

substantial genetic component to CU traits has recently been reported (Viding et 

al., 2005).
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table 1.1: Three-factor structure of the PCL-R

Factor 1: Deficient affective experience 
items

Factor 2: Arrogant and deceitful 
interpersonal items

Factor 3: Impulsive and irresponsible 
items

Items failing to load on any factor

6. Lack o f remorse or guilt

7. Shallow affect

8. Callous/lacks empathy

16. Failure to accept responsibility for own 

actions

1. Glibness/Superficial Charm

2. Grandiose sense o f  self-worth

4. Pathological lying

5. Conning/Manipulative

3. Need for stimulation/proneness to boredom 

9. Parasitic lifestyle

13. Lack o f  realistic, long-term goals

14. Impulsivity

15. Irresponsibility

10. Poor behavioural controls

11. Promiscuous sexual behaviour

12. Early behavioural problems

17. Many short-term marital relationships

19. Revocation o f  conditional release

20. Criminal versatility

table 1.2: Three-factor structure of the APSD

Factor 1: Callous and unemotional items Factor 2: Narcissism items Factor 3: Impulsivity items Items failing to load on any 

factor/excluded from analysis

3. Concerned about school work*

7. Keeps promisest 

12. Feels bad or guilty*

18. Concerned about the feelings o f  others+

19. Does not show emotions

20. Keeps the same friends*

5. Emotions seem shallow 

8. Brags excessively

10. Uses or cons others

11. Teases others

14. Can be charming, but seems insincere

15. Becomes angry when corrected

16. Thinks he/she is better than others

1. Blames others for mistakes 

4. Acts without thinking 

9. Gets bored easily 

13. Engages in risky activities 

17. Does not plan ahead

2. Engages in illegal activities 

6. Lies easily and skilfully

fItems are reverse-scored



1.2.3: Co-Morbidity Between Psychopathic Tendencies and ADHD

Attention-deficit/hyperactivity disorder (ADHD) is another DSM-IV 

disorder that predicts the display of antisocial behaviour in childhood, adolescence 

and adulthood (Babinski et al., 1999; Farrington, 1990; Mannuzza et al., 1989; 

Simonoff et al., 2004). ADHD is defined as "a persistent pattern o f inattention 

and/or hyperactivity-impulsivity that is more frequent and severe than is typically 

observed in individuals at a comparable level o f development” (APA, 1994). Two 

independent components within ADHD are (i) inattention and (ii) hyperactivity- 

impulsivity. ADHD is one of the most common chronic disorders of childhood 

with rates in the US varying between 1% and 20% (DuPaul, 1991).

Recent reports have suggested that the diagnoses of psychopathic 

tendencies and ADHD are highly co-morbid (Barry et al., 2000; Colledge and 

Blair, 2001; Johansson et al., 2005; Lynam, 1996). For example Colledge and 

Blair (2001) observed that 75% of their sample of children with psychopathic 

tendencies also met criteria for ADHD. Interestingly, inter-correlations between 

ratings of psychopathic tendencies and ADHD were found to be due to an 

association between APSD factor 2 scores (i.e. impulsive and antisocial lifestyle 

items) and ADHD-defined impulsivity (Colledge and Blair, 2001). Indeed, 

hyperactivity-impulsivity (rather than inattention) in children with ADHD has 

been linked with later criminality and antisocial behaviour (Babinski et al., 1999; 

Barkley, 2002; Farrington and West, 1993). It is important to note that the 

combination of hyperactivity-impulsivity and antisocial behaviour should not be 

equated with psychopathy. Indeed hyperactivity-impulsivity and antisocial 

behaviour, without concomitant CU traits, are insufficient for a diagnosis of 

psychopathy (Barry et al., 2000; Hart and Hare, 1997; Viding et al., 2005). Due to 

reports of high co-morbidity between psychopathic tendencies and ADHD it is 

becoming increasingly important for researchers to be able to differentiate neuro- 

cognitive impairments associated with psychopathic tendencies and those 

associated with ADHD (Colledge and Blair, 2001).
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1.2.4: Summary

Psychopathy is a developmental disorder that incorporates only a small 

subset of antisocial individuals. It has been associated with an increased risk for 

violence and criminality from childhood to adulthood. Factor analyses have 

indicated that the disorder of psychopathy is comprised of an abnormal affect 

(CU) component, which, it has been suggested, may form the core of the disorder, 

and an impulsive-antisocial behavioural (1/CP) component. It is noteworthy that 

children with psychopathic tendencies are likely to present co-morbidly with 

ADHD. The next section will go on to present and evaluate six theories 

attempting to explain psychopathy, along with empirical research and 

observations that prompted them.

1.3: Theories of Psychopathy

This section will present six theories attempting to explain psychopathy. It 

will also assess their ability to account for the current neuro-cognitive data and 

behavioural observations associated with this population. Firstly it will discuss 

two theories focusing upon the emotional dysfunction observed in individuals 

with psychopathy. Secondly it will discuss two theories emphasizing the 

involvement of prefrontal brain regions in the expression of psychopathy. Thirdly 

it will present an attention-based account, and finally, it will present a theory 

attempting to integrate the emotion dysfunction and fear dysfunction positions.

1.3.1: The Violence Inhibition Mechanism Model

The violence inhibition mechanism (VIM) model of psychopathy (Blair, 

1995; Blair et al., 1997) emphasizes the importance of empathy for the normal 

development of morality. It was devised in light of data demonstrating that many 

social animals, including humans, appear to find the distress of conspecifics 

aversive (Church, 1959; Masserman et al., 1964; Rice, 1965; Rice and Gainer,
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1962). As regards humans, the model suggests that the experience of conspecific 

fear or sadness is an innate aversive stimulus. Furthermore it is suggested that this 

innate mechanism reduces the probability of an individual engaging in actions that 

previously led to the distress of another person. It is suggested that, when 

activated by distress cues, the VIM results in increased autonomic activity, 

attention and activation of the brainstem threat response system (Blair 1995). 

According to the model, moral socialization occurs when activation of the 

mechanism is paired with representations of the acts that caused the distress 

(Blair, 1995). Accordingly, by means of association, internal representations of 

moral transgressions also become triggers for the VIM. The normally developing 

child therefore initially finds the distress of other individuals aversive. Through 

socialization thoughts of acts that may cause distress to others also become 

aversive. It is proposed that this system is dysfunctional in individuals with 

psychopathy (Blair, 1995).

There is much evidence in support of the VIM theory as a model for 

human moral development. For example, the distress of others is considered 

aversive by most humans (Bandura and Rosenthal, 1966). Furthermore, the 

presentation of cues demonstrating another individual’s fear or sadness reduces 

the probability of physical aggression (Perry and Perry, 1974). Moreover, healthy 

developing individuals, by the age of 3 years, show successful performance on the 

moral/conventional distinction test (Smetana and Braeges, 1990). In this task 

participants must decide whether transgressions described in vignettes are of a 

moral (usually victim-based) or conventional (social order-based) nature (Turiel, 

1983). As predicted by the VIM position, individuals with psychopathy, even as 

adults, perform abnormally on the moral/conventional distinction test (Blair, 

1995; Blair, 1997; Blair et al., 1995a; Blair et al., 2001d). While they do 

generally regard moral transgressions as more serious than conventional 

transgressions, they are less likely to make reference to the victims when 

explaining why this should be the case (Blair, 1995; Blair, 1997; Blair et al., 

1995a; Blair et al., 2001 d). In addition, when rules prohibiting the transgressions 

are removed, individuals with psychopathy are less likely to make a distinction
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between moral and conventional transgressions (Blair, 1995; Blair et al., 200Id; 

Nucci and Herman, 1982). Further, in a task assessing emotion attributions, 

individuals with psychopathy have displayed anomalous concepts for guilt (but 

not for happiness, sadness or embarrassment) suggesting that their experience of 

this emotion may be abnormal (Blair et al., 1995b).

Additional support for the model comes from studies showing that 

appropriate empathic responses to victims lead to reduced levels of antisocial 

behaviour (Eisenberg et al., 1996; Feshbach, 1987; Perry and Perry, 1974). 

Indeed, one of the defining criteria of psychopathy, as indexed by both the PCL-R 

and APSD, is low empathy. Impairments in empathic responsiveness in 

individuals with psychopathy include reduced autonomic responses to the sadness 

of other individuals (Aniskiewicz, 1979; Blair, 1999; Blair et al., 1997; House and 

Milligan, 1976; Sutker, 1970) and impaired recognition of fearful and sad facial 

expressions and vocal affect (Blair et al., 2001c; Blair and Coles, 2000; Stevens et 

al., 2001). Notably, adult individuals with psychopathy and children with 

psychopathic tendencies do not present with impaired recognition of angry, 

happy, or surprised facial or vocal expressions (Blair et al., 2001c; Blair and 

Coles, 2000; Stevens et al., 2001).

In conclusion the VIM model provides a successful account of the 

development of morality and also of the emergence of instrumental antisocial 

behaviour in individuals with psychopathy. Furthermore, it successfully predicts 

impairment on certain tasks assessing morality and the processing of empathy 

cues. However it is unable to account for the range of impairments shown by 

individuals with psychopathy outside of the realm of empathy and moral 

development. Indeed, it is unable to explain much of the neuro-cognitive data 

associated with the fear dysfunction positions that will be presented in the next 

section. Further, the VIM model is under-specified at the neural level. As such, 

this model has essentially been superseded and re-formulated into the Integrated 

Emotion Systems model (see section 1.3.6.).
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1.3.2: The Fear Dysfunction Hypotheses

In an attempt to explain psychopathy, various researchers have made 

reference to the ‘fear system’. These hypotheses have asserted that the emotional 

impairment observed in psychopathy is due to dysfunction in the neuro- 

physiological systems modulating fear-related behaviour (Cleckley, 1976; 

Eysenck, 1964; Fowles, 1988; Gray, 1987; Lykken, 1995; Mealey, 1995; Patrick, 

1994; Pichot, 1978; Trasler, 1978; Trasler, 1973). David Lykken was one of the 

earliest theorists to associate psychopathy with reduced fearfulness (Lykken, 

1957). Lykken contended that the psychopathic individual "has an attenuated 

experience, not o f all emotional states, but specifically anxiety or fear ” (Lykken, 

1995, pg. 118). Essentially it was suggested that reduced fearfulness negatively 

impacts socialization and leads to the development of psychopathy. The 

explanation is as follows; in contrast to individuals with psychopathy, healthy 

individuals are frightened by punishment, and, during socialization, fear of 

punishment becomes associated with the action that resulted in punishment. This 

makes healthy individuals less likely to engage in that particular action in the 

future. It is hypothesized that individuals with psychopathy, because they are less 

aversively aroused by punishment, form weaker associations between a 

transgression and the consequent punishment, which in turn leads to an decreased 

propensity to avoid previously punished behaviours. Importantly, this process 

assumes that moral socialization is achieved through the use of punishment 

(Eysenck and Gudjonsson, 1989; Trasler, 1978).

The fear positions are able to account for a variety of empirical data from 

studies with psychopaths. Indeed, many of the earliest experimental 

investigations of psychopathy were prompted by the fear dysfunction hypotheses 

(e.g. Lykken, 1957). Specifically, these theories predict abnormally reduced 

emotional responses to aversive stimuli. Indeed, individuals with psychopathy 

have demonstrated reduced emotional responsiveness in a variety of experimental 

procedures such as, autonomic responses to aversive conditioning (Flor et al., 

2002; Hare and Quinn, 1971; Lykken, 1957), anticipation of punishment (Hare, 

1965; Hare, 1982; Hare et al., 1978; Ogloff and Wong, 1990), imagining
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threatening events (Patrick et al., 1994) and augmentation of the startle reflex by 

aversive primes (Lang et al., 1990; Levenston et al., 2000; Pastor et al., 2003; 

Patrick, 1994).

Additionally the fear positions predict impaired performance by 

individuals with psychopathy in tasks of passive avoidance learning, reversal 

learning and extinction; all tasks in which punished responses signal that a 

behavioural action is inappropriate. Adult psychopaths have consistently 

presented with impairment in investigations of passive avoidance learning 

(Kosson et al., 1990; Newman and Kosson, 1986; Newman et al., 1990; Newman 

and Schmitt, 1998; Thomquist and Zuckerman, 1995). Their behaviour is 

characterised by an increased rate of approach toward stimuli predictive of 

punishment as compared with controls. The case as regards passive avoidance 

learning in children with psychopathic tendencies, however, is less clear as 

conflicting results have been reported (Newman et al., 1985; Scerbo et al., 1990). 

Also in line with the predictions of the fear position, adult individuals with 

psychopathy have presented with impairment in tasks assessing reversal learning 

and extinction such as the reversal component of the intra-dimensional/extra- 

dimensional (ID/ED) task, Bechara’s Iowa gambling task and Newman’s card 

extinction task (Mitchell et al., 2002; Newman et al., 1987). As with passive 

avoidance learning, however, the case as regards reversal learning ability in 

children with psychopathic tendencies is somewhat unclear. Specifically, while 

they have presented with impairment in some investigations, they have performed 

comparably to controls in others (Blair et al., 2001a; Fisher and Blair, 1998; 

O’Brien and Frick, 1996).

Despite considerable empirical success, the fear dysfunction hypotheses 

face several problems. Implicit in these hypotheses is the tenet that socialization 

is achieved through punishment. This assumption has been questioned 

(Blackburn, 1988; Blair and Morton, 1995). Instead the developmental literature 

indicates that moral socialization is achieved through the induction and fostering 

of empathy (Hoffman, 1984). Indeed, data discussed in section 1.3.1. indicate that 

healthy developing children are able to distinguish between moral and
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conventional transgressions at an early age (Smetana, 1981; Smetana, 1985; 

Smetana, 1993). The fear position is unable to explain this distinction, instead it 

follows that the only way to distinguish between ‘good’ and ‘bad’ would be 

according to whether the action had been previously punished or not. Further, 

conditioning theory {e.g. Dickinson, 1980) would predict that rather than the 

transgression it would be the individual delivering the punishment that would 

become associated with the punishment. Essentially, the punisher would become 

a highly predictive conditioned stimulus [CS] due to consistent temporal 

contiguity with the punishment. This is in contrast with the transgression which 

would not always be temporally contiguous with the punishment, and thus a 

poorly predictive CS. Indeed evidence suggests that children subject to corporal 

punishment do display fear toward the punisher rather than fear toward 

committing the transgression in question (Hoffman, 1994). Also the 

developmental literature indicates that moral socialisation is better achieved 

through the induction and fostering of empathy than through harsh authoritarian 

practices which rely on the use of punishment (Baumrind, 1971; Baumrind, 1983; 

Hoffman and Saltzstein, 1967). Indeed, there have been suggestions that while 

empathy facilitates moral socialisation, fear actually hinders it (Brody and 

Shaffer, 1982; Hoffman, 1994).

Additionally, many theories of fear dysfunction are under-specified at both 

the cognitive and neural levels, with few details offered concerning the 

computational properties of the system. The behavioural inhibition system (BIS) 

model (Gray, 1987; Gray and McNaughton, 1996; McNaughton and Gray, 2000) 

is one of the few detailed accounts of a fear system that has been used to explain 

psychopathy. In this account the BIS is thought to generate autonomic responses 

to punishing stimuli (through a process of classical conditioning) and also to 

inhibit responses following punishment (through a process of instrumental 

conditioning). Importantly, the BIS model assumes that there is a unitary fear 

system. The empirical literature, however, strongly suggests that instead of a 

single fear system there exist a series of at least partially separable neural systems 

that are engaged in specific forms of processing (which may be subsumed under
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the term fear) (Amaral, 2001; Blair and Cipolotti, 2000; Killcross et al., 1997; 

Prather et al., 2001). For example, aversive conditioning and instrumental 

learning are two forms of processing in which the fear system is thought to be 

involved (Lykken, 1995; Patrick, 1994), yet the neural circuitry to achieve 

aversive conditioning and instrumental learning are doubly dissociable (Killcross 

et al., 1997). Whilst lesions to the central nucleus of the amygdala produce a 

deficit exclusive to aversive conditioning, lesions to the basolateral nucleus 

produce a deficit exclusive to instrumental learning (Killcross et al., 1997). 

Furthermore, early amygdala lesions lead to a massive reduction in neo-phobia 

but an increase in social phobia (Amaral, 2001; Prather et al., 2001).

In conclusion the fear positions have generated a considerable body of 

data, much of which is compatible with their hypotheses. However some of the 

assumptions upon which these positions rest have been questioned. In particular 

the assertion that moral development is achieved by means of punishment has 

been contested. Further, importantly, the assumption that there exists a unitary 

fear system appears to be false. Additionally, most theories of fear dysfunction 

are under-specified at both the cognitive and neural levels.

1.3.3: The Frontal Lobe Dysfunction Hypothesis

The term ‘executive functions’ refers to those cognitive processes that 

underlie flexible goal-directed behaviour, such as inhibiting dominant responses; 

and creating, maintaining and temporally sequencing behaviours (Burgess et al.

1998). Historically, investigations assessing executive functions have 

preferentially assessed those functions thought to rely, to a large degree, upon the 

integrity of the dorsolateral prefrontal cortex (DLPFC) such as tasks involving the 

planning, monitoring or inhibition of prepotent behaviours (Smith and Jonides

1999). While this may be a somewhat simplistic view, neuropsychological, 

functional imaging, and animal lesion evidence indicates that different aspects of 

executive functions may be dissociable and mediated by, at least partially, distinct 

neural systems subserved by different regions of the prefrontal cortex (Luria 1966;
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Fuster 1980; Roberts, Robbins and Weiskrantz, 1998; Shallice 1988; Baddeley 

and Della Sala 1998). Thus evidence suggests that certain functions may rely 

more heavily upon certain regions over others within the prefrontal cortex (PFC).

Abnormal executive functioning, as a result of frontal lobe dysfunction, 

has been associated with antisocial behaviour (Barratt, 1994; Elliot, 1978; 

Gorenstein, 1982; Moffitt, 1993a; Raine, 1997; Raine, 2002a). Consequently, this 

association has led to suggestions that frontal lobe dysfunction may be the cause 

of psychopathy in particular, but also antisocial behaviour more generally 

(Gorenstein, 1982; Moffitt, 1993a; Raine, 2002a; Raine, 2002b; Toupin et al.,

2000). Indeed reviews of the experimental literature have often concluded that 

executive functioning is impaired in adults and children with antisocial behaviour 

(Dolan and Park, 2002; Kandel and Freed, 1989; Moffitt, 1993b; Morgan and 

Lilienfield, 2000; Pennington and Ozonoff, 1996).

In contrast to other antisocial groups, however, individuals with 

psychopathy have not shown executive dysfunction on measures linked primarily 

to DLPFC functioning such as the Wisconsin Card Sorting Task (LaPierre et al., 

1995), the Controlled Oral Word Association Test (Roussy and Toupin, 2000; 

Smith et al., 1992) and the higher-order shift stages of the Intra- 

dimensional/Extra-dimensional (ID/ED) Shift task (Mitchell et al., 2002). Instead 

there are indications that individuals with psychopathy are impaired on measures 

of frontal functioning that have been preferentially linked to the integrity of 

orbital and ventrolateral PFC, such as tasks of reversal learning and extinction 

(introduced in the section 1.3.2.) (Mitchell et al., 2002; Newman et al., 1997; 

Roussy and Toupin, 2000). Indeed, as will be discussed further, patients 

sustaining lesions to these areas also present with reversal learning impairments 

(Bechara et al., 1994; Bechara et al., 1999; Bechara et al., 1997; Bechara et al., 

2001; Berlin et al., 2004; Fellows and Farah, 2003; Homak et al., 2004; Rolls et 

al., 1994).

In addition to the neurocognitive similarities described above, individuals 

with psychopathy appear to share a range of social behaviours with patients who 

have sustained damage to orbital, medial or ventral PFC. Patients with acquired
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lesions of these regions, for example, often present with emotional and personality 

changes such as irresponsibility, lack of concern for the present or future and 

increased aggression (Anderson et al., 1999; Barrash et a l, 2000; Blair and 

Cipolotti, 2000; Berlin et al., 2004; Grafman et al., 1996; Hecaen and Albert, 

1978; Stuss and Benson, 1986). Indeed some of these behaviours are consistent 

with the diagnosis of psychopathy (see tables 1.1. and 1.2.). It must be noted, 

however, that the type of aggression to which patients with lesions to the ventral 

PFC are prone is exclusively reactive in nature (Anderson et al., 1999; Damasio, 

1994; Grafman et al., 1996; Pennington and Bennetto, 1993). As noted in section

1.2.2., reactive aggression is usually triggered by a frustrating or threatening event 

and is not goal-directed (Dodge and Coie, 1987; Panksepp, 1989; Panksepp, 

1998). In contrast, individuals with psychopathy are renowned for displaying 

high rates of reactive and proactive aggression (Blair, 2001; Blair, 2003a; Cornell 

et al., 1996; Williamson et al., 1987; Woodworth and Porter, 2002). Human 

investigations have indicated that these two forms of aggression are mediated by 

at least partially separable neural systems (Barratt et al., 1999; Barratt et al., 

1997a; Berkowitz, 1993; Linnoila et al., 1983). In the case of the reactive 

aggression occasionally displayed by ventral-frontal patients, dysfunction within 

these areas might lead to dysregulated modulation of the brainstem systems that 

mediate the basic response to threat, in turn increasing the probability of reactive 

aggression (Blair, 2004). In keeping with this, a positron emission tomography 

study of patients with personality disorders revealed reduced regional cerebral 

blood flow in orbitofrontal cortex (OFC) which negatively correlated with a 

history of (mostly reactive) aggression (Goyer et al., 1994).

At the theoretical level, the frontal lobe dysfunction hypothesis lacks a 

sound argument of why lesions to the frontal lobes would increase the probability 

of psychopathy. Most accounts do not adequately specify a mechanism by which 

frontal cortex dysfunction might lead to this disorder. Frequently, reference is 

made to ‘reduced inhibition’ and dysfunction in ‘inhibitory mechanisms’ 

following frontal dysfunction. However reduced inhibition is unable to account
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for the full neurocognitive profile and behavioural sequelae associated with 

psychopathy.

In conclusion, the frontal lobe positions attempt to describe the association 

between frontal damage and psychopathy or more generally, antisocial behaviour. 

While these positions are successful in linking antisocial behaviour with executive 

dysfunction they require further specification in order to describe the link between 

frontal dysfunction and aggression. Specifically, aggression has been linked with 

damage to orbital and ventral regions, and not dorsolateral regions. Thus, with 

refinement, these positions would successfully describe the association between 

OFC/ ventrolateral PFC damage and reactive aggression. The frontal lobe 

positions do not attempt to account for other behavioural and neurocognitive 

observations associated with psychopathy. Most notably, the instrumental 

violence for which psychopathy is renowned is unaccounted for by these 

positions.

1.3.4: The Somatic Marker Hypothesis

The somatic marker (SM) hypothesis is an account of the functions of the 

ventromedial frontal cortex (Bechara et al., 2000a; Damasio, 1994). According to 

this position, the ventromedial frontal cortex acts as a repository, and is involved 

in the formation of linkages between factual knowledge and bio-regulatory states 

(Bechara et al., 2000a; Damasio, 1994). When emotionally significant decisions 

are being made (for example decisions involving rewards or punishments), bio- 

regulatory states provide ‘affective colouring’ that automatically biases the 

individual’s response. In short, bodily feedback {i.e. somatic markers) rapidly 

labels particular options as either good or bad, thereby influencing the likelihood 

that a particular response will be made. This labelling can occur via a ‘body loop’ 

whereby a SM is conveyed to somatosensory cortices, but it can also occur via an 

‘as-if body loop’ in which the body is bypassed and reactivation signals are 

conveyed to the somatosensory structures. In short, the somatosensory pattern 

marks the scenario as either good or bad, allowing the rapid rejection or
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endorsement of specific option-outcome pairs. It has been suggested that a 

dysfunctional SM system produces a syndrome known as ‘acquired sociopathy’. 

Further, Damasio has suggested that psychopathy might be the developmental 

form of acquired sociopathy (Damasio, 1994; Damasio et al., 1990).

The SM position was developed following observations that patients with 

lesions to the ventromedial frontal cortex fail to show autonomic responses to 

visually presented social stimuli, such as scenes of social disaster, mutilation and 

nudity (Damasio et al., 1990; Damasio et al., 1991). Also patients with lesions to 

ventromedial frontal cortex have performed poorly on Bechara’s Iowa gambling 

task, which was designed as a test of this position (Bechara et al., 1994; Bechara 

et al., 1999; Bechara et al., 1997; Bechara et al., 2001; Bechara et al., 2000b). 

Essentially, these patients, in contrast to controls, approach risky decks at high 

rates and do not produce anticipatory skin conductance responses (SCRs) when 

doing so. They do, however, produce outcome-related SCRs. These data have 

been interpreted as demonstrating a lack of somatic markers in this group.

As indicated in section 1.3.2., in line with the suggestion that psychopathy 

is a developmental form of acquired sociopathy, individuals with psychopathy 

present with impaired performance on the Iowa gambling task (Blair et al., 2001a; 

Mitchell et al., 2002). However, whilst the SCRs of psychopaths have not been 

measured during performance of the Iowa gambling task, unlike ventromedial 

patients individuals with psychopathy do not present with generally reduced 

autonomic responses to visually presented social stimuli (Blair, 1999; Blair et al., 

1997; Levenston et al., 2000; Patrick et al., 1993). It thus appears that individuals 

with psychopathy do generate somatic markers even if they do not use them 

effectively on tasks such as the Iowa gambling task. Also, as discussed in section

1.3.3., lesions of the ventral PFC lead to elevated levels of reactive (and not 

instrumental) aggression (Anderson et al., 1999; Barrash et al., 2000; Blair and 

Cipolotti, 2000; Burgess and Wood, 1990; Grafman et al., 1996; Pennington and 

Bennetto, 1993). As such, any account linking ventromedial function with 

antisocial behaviour would have to explain this dissociation. As a unitary account 

of antisocial behaviour the somatic marker hypothesis is unable to explain the
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increased preponderance of reactive aggression in patients with damage to the 

somatic marker system.

In conclusion, the SM hypothesis is an interesting model of ventromedial 

PFC functioning. However, its application to the understanding of aggression and 

antisocial behaviour has been less successful. Predictions of the functional 

deficits of individuals with psychopathy have only been partially confirmed.

1.3.5: The Response-Set Modulation Hypothesis

The response-set modulation (RM) hypothesis is an attentional account of 

psychopathy (Newman, 1998; Patterson and Newman, 1993). Newman and 

colleagues suggest that response-set modulation involves “a rapid and relatively 

automatic (i.e., non-effortful or involuntary) shift o f attention from the effortful 

organization and implementation o f goal-directed behaviour to its evaluation” 

(Newman et al., 1997, pg. 564). Further, it is suggested that this “brief and highly 

automatic shift o f attention ... enables individuals to monitor and, i f  relevant, use 

information that is peripheral to their dominant response set (i.e., deliberate focus 

o f attention)” (Lorenz and Newman, 2002, pg. 92). According to the model 

individuals with psychopathy are predisposed to function at a ‘non-effortful’ level 

of self-regulation. When functioning at this level, however, it is suggested that 

they fail to process peripheral information that would serve to improve task 

performance. Dysfunction within the system responsible for response-set 

modulation will result in impoverished performance under conditions where a 

salient stimulus ought to divert attention from on-going behaviour. Gorenstein 

and Newman (Gorenstein and Newman, 1980) proposed a physiological animal 

model of psychopathy that is based around Gray’s ‘Septo-hippocampal formation’ 

system (Gray, 1972). This circuit includes the medial septum, posterior 

hippocampus, and OFC (Gorenstein and Newman, 1980). In the animal literature, 

RM deficits were characterised as a failure to inhibit approach responses despite 

punishment, extinction or contingency reversal.
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The RM hypothesis has generated a considerable body of experimental 

work. For example, Newman and colleagues introduced the passive avoidance 

paradigm and the card extinction task, both of which individuals with 

psychopathy fail (Blair et al., 2004; Fisher and Blair, 1998; Newman et al., 1987; 

O’Brien and Frick, 1996). According to the RM hypothesis, the poor performance 

of individuals with psychopathy on these tasks relates to their inability to shift 

their attention, from their goal of responding to gain reward, to the peripheral 

punishment information (Lorenz and Newman, 2002; Newman, 1998; Newman et 

al., 1990; Newman et al., 1987; Patterson and Newman, 1993). A similar 

explanation would be used to describe the poor performance of individuals with 

psychopathy on reversal learning tasks.

The RM hypothesis has been associated with the development of an 

assortment of interesting paradigms. However it faces difficulties. In particular, 

while the RM hypothesis is an attentional account, it is unclear to what extent this 

account is compatible with contemporary models of attention. For example, in 

tasks of passive avoidance learning, stimuli are presented serially and feedback 

information is presented, independently o f any other information, that is, 

following responses the feedback is presented in the absence of potentially 

distracting information. According to attentional models {e.g. Desimone and 

Duncan, 1995; Lavie, 1995) it would be difficult to account for a lack of attention 

to this information (given the absence of competing stimuli). As such, the fact 

that the punishment information does not appear to modulate the behaviour of 

individuals with psychopathy would seem to suggest that these individuals have 

difficulties learning from punishing information, rather than that they are unable 

to attend to this information.

In conclusion, the RM hypothesis has resulted in the development of an 

assortment of interesting paradigms. However, it is unclear the extent to which 

this attention-driven hypothesis is compatible with contemporary positions on 

attention. Further, this position is unable to account for data relating to empathy 

and morality (see section 1.3.1.).
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1.3.6: The Integrated Emotion Systems Model

The integrated emotion systems (IES) model (Blair, 2004), a neuro

cognitive theory, may be considered an extension of the VIM and fear positions 

(Blair, 2003a; Blair, 2003b; Blair, 2004). This theory suggests that the primary 

dysfunction, with regard to psychopathy, is within the amygdala but that 

dysfunction also exists within OFC/ventral PFC.

This model assumes a fundamental impairment in the representation of 

affect that is implemented by the amygdala. These affect representations are also 

thought to be required for the successful processing of fearful and sad expressions 

(Aniskiewicz, 1979; Baird et al., 1999; Blair et al., 2001c; Blair et al., 2002; Blair 

et al., 1997; Blair et al., 1999; Breiter et al., 1996; Drevets et al., 2000; Morris et 

al., 1996; Phillips et al., 1998; Phillips et al., 1997; Schneider et al., 1994) and the 

appropriate development of moral socialization (Blair, 1995; Blair et al., 1997) 

(i.e. functions explained by the VIM account, see section 1.3.1.). Further, the 

amygdala is also considered to be required for successful acquisition of 

Pavlovian-type associations such as aversive conditioning and startle-reflex 

modulation (i.e. functions explained by the fear accounts, see section 1.3.2.).

This amygdala-based Pavlovian-type learning is represented within the 

IES model by two modules of non-linear, computational units, with one module 

representing the amygdala and one module representing sensory regions (e.g., 

auditory, visual and temporal cortex) (see figure 1.1.). The connections between 

the units in the different modules are reciprocal, reflecting the bi-directional 

interconnections of the amygdala with cortical regions (Amaral et al., 1992). The 

strength of the connections between units in the different modules increase 

through Hebbian Learning (Hebb, 1949). Indeed, recent data at the cellular level 

provides evidence that learning within the amygdala may indeed be of a Hebbian 

nature (Blair et al., 2001b).

In terms of instrumental learning, the IES model makes a critical 

distinction between emotional learning that is hypothesized to be amygdala-reliant 

and that which is hypothesized to be amygdala-independent (Blair, 2004). In
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stimulus-reinforcement learning {i.e. the formation of stimulus-reward and 

stimulus-punishment associations; see section 2.7.), an association must be made 

between the stimulus and a valence-representation of the outcome, that is, its 

intrinsic motivational value (Baxter and Murray, 2002). This type of learning is 

thought to be amygdala reliant (Baxter and Murray, 2002). Animal work has 

indicated that stimulus-reinforcement learning requires interaction between a 

neural circuit including amygdala and medial OFC (Ambrogi Lorenzini et al., 

1991; Bermudez-Rattoni et al., 1997; Bermudez-Rattoni and McGaugh, 1991; 

Cahill and McGaugh, 1990; Everitt et al., 2003; Schoenbaum et al., 2003; Treit 

and Menard, 1997). In contrast, in the formation of stimulus-response 

associations, an association is simply made between a stimulus and motor 

response (Baxter and Murray, 2002). This type of learning is thought to be 

amygdala-independent (Baxter and Murray, 2002). Instead, animal investigations 

have suggested that it is reliant upon a circuit including temporal cortex and 

caudate (Messinger et al., 2001; Packard, 1999; Packard and McGaugh, 1996).

Within the IES model, instrumental learning is represented using three 

modules of computational units. The first (non-amygdala reliant) module 

corresponds to units coding motor responses and includes premotor cortex and 

basal ganglia. The second (amygdala-reliant) module corresponds to units coding 

expectation of reward or punishment and represents medial OFC. It is suggested 

that units in medial OFC receive information in order to solve response 

competition on the basis of not only the activation of premotor units but also 

expectations of reinforcement that are provided by the amygdala. In addition, 

they receive input from units from the third module, which involves anterior 

cingulate, and represents desired goal states. In support of this formulation, 

empirical data suggests that amygdala lesions do impair instrumental learning 

(see above) (Ambrogi Lorenzini et al., 1999; Everitt et al., 2000; Killcross et al., 

1997; LeDoux, 2000; Treit and Menard, 1997). Moreover, individuals with 

psychopathy have shown impairment on measures of instrumental learning (Fine 

et al., submitted) and passive avoidance learning (Newman and Kosson, 1986; 

Newman and Schmitt, 1998; Thomquist and Zuckerman, 1995). Interestingly,
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recent data indicates that the hypothesized stimulus-punishment impairment is 

more pronounced than the stimulus-reward-impairment (Peschardt et al., 

submitted).

figure 1.1: The IES model (Blair, 2004)
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Sensory cortex (auditory, visual and tem poral cortex) and the hippocam pus 

allow the representation of conditioned stimuli. Contiguous activation of 

representations of conditioned stimuli in sensory cortex and amygdala 

activation by an unconditioned stimulus will increase the connections between 

the two representations through Hebbian learning, allowing the CS to activate 

the brainstem  even if the US is not present. Expectations of reinforcem ent 

transm itted from the am ygdala to medial OFC allow resolution if more than 

one m otor response option has been activated. Goal representations also 

m odulate this processing. It is suggested tha t there a re  com parator units in 

ventro lateral PFC th a t would detect mismatches between expectations of 

reinforcem ent (provided by the amygdala units) and actual reinforcement. 

W hen activated these would d isrupt the connections (weights) between 

am ygdala units and OFC units as a function of the degree of the previous 

strength of these connection weights.

32



The IES model also incorporates comparator units in ventrolateral PFC 

which detect mismatches between expected and actual reinforcement and allow 

successful performance on tasks of reversal learning and extinction. When 

activated, these units disrupt the connection weights between amygdala and 

medial OFC units. Importantly, this is expected to occur as a function of the 

degree of the previous strength of these connection weights. Thus, under 

conditions where reinforcement had been a certainty and the connection weights 

were high, there would be considerable disruption. Under conditions where the 

reinforcement contingency was less obvious and the connection weights were 

lower, there would be less disruption. This process allows another unit to develop 

the new expectation of reinforcement, associated with the new contingency. The 

role of ventrolateral PFC in reversal learning, following prediction error theory 

(O'Doherty et al., 2004; Schultz et al., 1997; Sutton and Barto, 1981), is viewed as 

a function of the degree to which there is a mismatch between the expectation of 

reinforcement and the occurrence of reinforcement. Moreover, the greater the 

degree of dysfunction, the more difficult it would be for the individual to identify 

the contingency change. Thus, ventrolateral PFC is thought to be particularly 

involved in the detection of contingency change and the gating of motor 

responding with reference to that contingency change.

In conclusion, the IES model successfully accounts for much data, 

including those data derived from other positions, such as the VIM, fear, SM, and 

RM positions. Particularly important for this thesis -  the IES position provides an 

alternative account for the reversal learning and passive avoidance deficits 

observed in psychopathic individuals.

1.3.7: Summary

Section 1.3. presented six theories attempting to explain psychopathy. 

While the violence inhibition mechanism (VIM) theory provided a successful 

account of the development of morality, and the adverse consequences of an 

impaired system, it was unable to account for the emotional learning data derived
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from other positions. Conversely, the fear positions provided an explanation for 

much of the emotional learning data, but were unable to explain data derived from 

the VIM position. Further, the fear positions rest upon the questionable tenet that 

moral socialisation is achieved through punishment. Next, the frontal lobe 

dysfunction positions provided an under-specified account of the association 

between frontal dysfunction and aggression, although they were able to describe 

the association between psychopathy and reactive aggression. The somatic 

marker (SM) position provided an unsuccessful account of psychopathy -  in 

particular, it appears that psychopaths are able to generate ‘somatic markers’. 

Further this position was unable to explain the preponderance of instrumental 

aggression displayed by psychopaths. The response-set modulation (RM) 

hypothesis introduced an assortment of experimental paradigms, including the 

passive avoidance learning paradigm, however this attentional account of 

psychopathy was incompatible with current models of attention. Finally the IES 

model attempted to integrate the VIM and fear positions. This position appeared 

to successfully account for a wide range of data, including those prompted by the 

other positions.

1.4: Summary and Aims

In summary Chapter 1 introduced the phenomena of antisocial behaviour 

and psychopathy, which is a developmental disorder characterized by display of 

violent, aggressive and criminal behaviours. Next theories attempting to explain 

psychopathy were discussed and evaluated on the basis of empirical data obtained 

with this population and theoretical issues. The remainder of this thesis will be 

devoted to the investigation of two neurocognitive tasks where conflicting data 

has been reported between children with psychopathic tendencies and adult 

psychopaths, and also where there exist alternative explanations of the 

dysfunction: passive avoidance learning and reversal learning.
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C h a p te r  2 - Passive A voidance L e arn in g  in C h ild ren  w ith 

P sychopath ic  T endencies

2.1: Introduction to Passive Avoidance Learning

Passive avoidance learning is the ability to avoid stimuli predictive of 

punishment. Human studies of passive avoidance learning involve randomized, 

serial presentation of stimuli on a computer screen. Participants are required to 

avoid conditioned stimuli predictive of punishment (CS-s) and approach 

conditioned stimuli predictive o f reward (CS+s). On each trial participants must 

decide whether to respond to the CS (responses are usually made by button-press). 

Consequently they receive reward or punishment (contingent upon correct or 

incorrect approach behaviour respectively). Importantly participants are not 

informed of reward- and punishment-contingencies prior to the experimental 

procedure. Instead, they must learn by trial-and-error responding.

figure 2.1: A depiction of all possible outcomes in a standard task of passive avoidance

learning

Action

Approach Avoid

Accuracy
Correct Hit CR

Incorrect •.P A E  | |

Correct responses are highlighted in green and incorrect responses are highlighted in red.

Key: CR = correct rejection, PAE = passive avoidance error, OE = omission error.

It has been recently hypothesized that the most effective method of 

performing this type o f instrumental learning involves the formation of stimulus- 

reinforcement associations (Baxter and Murray, 2002) (see section 1.3.6.). In 

explanation, the stimuli appear serially, and are consistently associated with either
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reward or punishment, this is thought to lead to the development of an association 

between the sensory features of the stimulus and the related affective value (i.e. 

the feedback information) (Blair, 2004). In short, a stimulus is ‘tagged’ as either 

‘good’ or ‘bad’. This conceptualisation of affect-driven learning may be 

contrasted with, motor-driven, stimulus-response learning (see sections 1.3.6. and 

4.1.).

The experimental design of passive avoidance learning tasks is typically a 

2 (Action) x 2 (Accuracy) factorial (see figure 2.1.). Thus individuals are able to 

make two types of correct response: correct approaches and avoidances (termed 

hits and correct rejections respectively). Likewise, they may make two types of 

incorrect response: incorrect approaches and avoidances (termed passive 

avoidance errors and omission errors) respectively.
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2.2: Experiment 1

As introduced in the previous chapter, adult individuals with psychopathy 

have consistently demonstrated impaired passive avoidance learning (Newman 

and Kosson, 1986; Newman et al., 1990; Newman and Schmitt, 1998; Thomquist 

and Zuckerman, 1995). The case is less clear, however, as regards children with 

psychopathic tendencies (Newman et al., 1985; Scerbo et al., 1990). Experiment 

1 aims to investigate and further characterise the passive avoidance learning 

difficulties presented by children with psychopathic tendencies.

The computerized number passive avoidance task, introduced by Newman 

and Kosson (Newman and Kosson, 1986), is the most frequently used measure of 

passive avoidance learning with psychopathic individuals. In this task, 

participants are presented with a series of two-digit numbers some of which, when 

approached, result in reward while others result in punishment (Kosson et al., 

1990; Newman and Kosson, 1986; Newman et al., 1990). In the original 

investigation using this task adult psychopaths were found to commit more 

passive avoidance errors than comparison individuals (Newman and Kosson, 

1986). This finding has been consistently replicated (Kosson et al., 1990; 

Newman et al., 1990; Thomquist and Zuckerman, 1995). Similarly, one study, 

using a non-computerized version of the passive avoidance learning task, reported 

impairment in passive avoidance learning in adolescents with psychopathic 

tendencies (Newman et al., 1985). In contrast, however, a second study reported 

no significant group differences in rates of passive avoidance errors; instead, the 

adolescents with psychopathic tendencies made significantly fewer misses than 

the comparison group (Scerbo et al., 1990).

Importantly, neither of the two existing investigations assessing passive 

avoidance learning ability of children with psychopathic tendencies assessed the 

potential influence of attention-deficit/hyperactivity disorder (ADHD). Given 

recent reports of high co-morbidity between these groups (Colledge and Blair, 

2001) it is becoming increasingly important for researchers to exercise 

experimental controls in order to differentiate neuro-cognitive impairments

37



associated with psychopathic tendencies and those associated with ADHD. 

Indeed, passive avoidance learning has also been assessed in children with 

ADHD, with these studies also providing conflicting results (Hartung et al., 2002; 

Iaboni et al., 1995; Milich et al., 1994). Milich et al (1994) found, for boys only, 

that ADHD symptoms were significantly positively correlated with passive 

avoidance error rates. Iaboni et al (Iaboni et al., 1995) also found that individuals 

with ADHD presented with increased passive avoidance errors than comparison 

individuals. More recently, Hartung et al (Hartung et al., 2002) found that the 

observed association between ADHD and passive avoidance learning impairments 

was in fact due to the association between ADHD and conduct disorder (CD).

2.2.1: Task Manipulation

As described in section 2.7., it has been suggested that passive avoidance 

learning requires participants to form appropriate stimulus-reinforcement 

associations. Following the IES model (Blair, 2004), a potential mechanism for 

this is Hebbian Learning (Hebb, 1949).

"  When the axon o f cell A is near enough to excite a cell B and repeatedly or 

persistently takes part in firing it, some growth process or metabolic change takes place 

in one or both cells such that A's efficiency, as one o f the cells firing B, is increased" .

The Hebbian Learning Rule (Hebb, 1949)

Application of the Hebbian Learning rule to the passive avoidance 

paradigm would generate specific predictions regarding rates of learning. 

Essentially, the pairing of a CS with reward or punishment would be hypothesized 

to increase the strength of the connection between the unit representing the 

stimulus and the unit representing the reward or punishment. As such, it would be 

expected that the degree to which the reward or punishment units would be active 

is a function o f the degree to which the individual receives reward or punishment. 

Following the IES model (Blair, 2004) this would predict that higher rewards and 

punishments would activate the corresponding units to a greater degree, and
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should therefore initiate faster learning, than would lower rewards and 

punishments. With respect to the purported deficit in passive avoidance learning 

in individuals with psychopathy, it may be suggested that the disorder is related to 

weaker activation of the reinforcement units by a given reward or punishment 

than would be found in a comparison individual (Blair, 2004).

A task manipulation aiming to test this position was incorporated into the 

passive avoidance task. Thus each CS+ was associated with a different (positive) 

point value, and each CS- was associated with a different (negative) point value. 

This task manipulation allowed a sensitive test of two contrasting sets of 

predictions regarding the proposed stimulus-reinforcement deficit in psychopathy. 

The first, most parsimonious position, suggests that there exists a general 

impairment in stimulus-reinforcement learning. This would predict impairment in 

the formation of both stimulus-reward and stimulus-punishment associations. 

Indeed, recent data has provided partial support for this view. Adult individuals 

with psychopathy have presented with impairment in punishment-related 

emotional learning, while reward-related learning was impaired, but to a lesser 

degree (Peschardt et al., submitted). The second position, on the basis of previous 

studies of passive avoidance learning in adult psychopaths, would predict that 

impairment in emotional learning is confined to aversive stimuli. Indeed, 

previous studies have suggested that adult individuals with psychopathy approach 

CS+s at rates comparable to controls (Kosson et al., 1990; Newman and Kosson, 

1986; Newman et al., 1990; Thomquist and Zuckerman, 1995). However, the 

case is unclear as regards children with psychopathic tendencies (Newman et al., 

1985; Scerbo et al., 1990).

2.2.2: Summary of Aims

There were two main aims of experiment 1. Firstly, to determine whether 

the psychopathic tendencies group would show impairment in passive avoidance 

learning. Specifically, experiment 1 aimed to investigate whether any group 

differences would be significantly related to psychopathic tendencies after the 

variation due to level of ADHD has been taken into account. Secondly, to
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determine whether the two groups would be differentially affected by varying the 

level of reward/ punishment associated with individual stimuli.

2.3: Methods 

2.3.1: Design

The independent variables were: group (psychopathic tendencies/ 

comparisons); and level of reinforcement (ranging from -2000 to +2000 points; 

see section 2.3.4. for details). Passive avoidance and omission error rates were 

measured as the dependent variables.

2.3.2: Participants

The participants were all boys aged between 8 and 16 years recruited from 

three UK government-run schools for children with emotional and behavioural 

difficulties. They had all received statements under the Education Act of 1993 as 

being too problematic for mainstream education. All boys taking part in the 

experiment were Caucasian.

Participants were selected on the basis of the combined APSD scores of 

two raters (usually two teachers or a teacher and a classroom assistant). In line 

with previous work (Blair et al., 2001a; Fisher and Blair, 1998), participants with 

an APSD score of 27 or above were eligible for the psychopathic tendencies group 

and participants with an APSD score of 15 or below were eligible for the 

comparison group. Of the boys available for participation, one boy with 

psychopathic tendencies declined the invitation to participate. Nineteen boys 

were included in the psychopathic tendencies group and 23 boys were included in 

the comparison group. It was made clear to all participants that they were free to 

withdraw from the study at any time.
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2.3.3: Measures

British Picture Vocabulary Scale (BPVS: Dunn et al.. 1982).

The BPVS was used to measure the participants’ verbal intelligence 

quotient (IQ). The BPVS measures receptive vocabulary for standard English.

Antisocial Process Screening Device (APSD: Frick and Hare. 2001)

Participant’s scores for each item were the averages assigned by the two 

raters. Pearson’s correlations of the two ratings for each child were r2 = 0.77 (P 

< 0.001) for total APSD score. Inter-rater correlations for the three factors were: 

r2 = 0.54 (P < 0.001) for callous/unemotional; r2 = 0.76 (P < 0.001) for 

narcissism, and; r2 = 0.13 (NS) for impulsivity).

ADHD Rating Scale-IV (DuPaul et al.. 1998)

Participant’s scores for each item were the averages assigned by the two 

raters. The Pearson’s correlation of the two ratings was r2 = 0.67 (P < 0.001) for 

total DuPaul score. Inter-rater correlations for the two factors were r2 = 0.65 {P < 

0.001) for hyperactivity-impulsivity and r2 = 0.66 (P < 0.001) for inattention.

2.3.4: Passive Avoidance Learning Task

The passive avoidance task was a modified version of Newman and 

Kosson’s task (Newman and Kosson, 1986). Stimuli were eight different two- 

digit numbers which were assigned values of plus-/minus- 1, 700, 1400, or 2000 

points. The numbers were controlled for being odd/even and being above or below 

fifty in order that no attribute could be differentially associated with reward or 

punishment. The stimuli were also counterbalanced so that those associated with 

punishment for half of the participants would be associated with reward for the 

other half. Each stimulus was presented 10 times leading to a total of 80 trials. 

Trials within each block were presented in a randomised order. Participants had 

to learn by trial-and-error to press the spacebar key upon presentation of CS+s and 

to refrain from responding to CS-s. Stimuli remained visible until a response was

41



made, for up to a maximum of 3 seconds. If a response was made the stimulus 

disappeared and a message immediately appeared in the centre of the screen 

indicating how many points had been won or lost (see figure 2.2. for a diagram 

depicting a passive avoidance learning trial). If no response was made no 

feedback was received and the points total remained the same. The stimuli were 2 

cm high, presented in white on a black screen. All participants were allocated 

10,000 points at the start of the test, and a running total was visible during the 

feedback display only.

2.3.5: Procedure

Each participant was tested individually in a quiet room allocated by the 

school. Subsequent to the administration of the BPVS by the experimenter, the 

participants completed the passive avoidance learning task. The experiment was 

described without informing the participant of the investigation’s specific 

objectives and expectations. Participants were given the following instructions 

presented on the computer screen and read aloud by the experimenter -  ‘In this 

task, you are going to be presented with a series o f numbers. Some o f these 

numbers are good and will gain you points i f  you press the button when they are 

showing. Some are bad and will lose you points i f  you press the button when they 

are showing. I f  you do nothing you will neither gain nor lose points. Try to win as 

many points as you can. ’

figure 2.2: An example of a passive avoidance learning trial

You lose 2000 poin ts 

You have 8500 poin ts

Until a response has been [RESPONSE] ms
made, or up to 3000 ms

In this tria l the partic ipant approached a CS- and was punished with the loss of 2000 points

42



2.4; Results

As expected one-way ANOVAs showed significant differences between 

groups in terms of APSD score (F(l,41) = 404.53, P < 0.001) and DuPaul ADHD 

score (F(l ,41) = 21.97, P < 0.001). As can be seen in table 2.1. children with 

psychopathic tendencies received higher scores on both measures. No significant 

differences were found between groups in terms of age (F(l,41) = 1.88, NS) or 

estimated verbal IQ (F(l ,41) < 1, NS) (see table 2.1. for full participant details). 

In order to control for level of ADHD, DuPaul ADHD score was included as a 

covariate in the analysis.

table 2.1: M ean age, BPVS score, and APSD and ADHD ratings 

(standard  deviations in parentheses)

G roup Age BPVS APSD ADHD

Psychopathic tendencies 

group (n=19)
12.31 (2.19) 88.58 (13.61) 30.01* (2.70) 32.53* (9.11)

Com parison group 

(n=23)
13.29 (2.38) 88.70 (19.74) 11.60(3.14) 17.43 (11.32)

* group differences significant a t P < 0.001

Key to table 2.1: APSD = Antisocial Process Screening Device (maximum score =

40); BPVS = British P icture V ocabulary scale; ADHD = attention-deficit 

hyperactivity d isorder (maximum score = 54); n = num ber of participants.

Following Newman and Kosson (Newman and Kosson, 1986) each initial 

presentation of a stimulus was treated as a learning trial, so the first block of trials 

were excluded from analysis. Data were scored as passive avoidance and omission 

errors (see figure 2.1.). A 2 (Group) x 2 (Error) x 4 (Level) mixed model 

ANCOVA was performed, with DuPaul ADHD score included as the covariate.

The ANCOVA revealed a significant main effect for group (F(l,39) = 

3.91, P < 0.05, 1-tailed). There was also main a effect for error (F(l,39) = 4.95, P 

< 0.05) and a significant interaction between group and error (F(l,39) = 4.71, P <
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0.05). Neither the main effect o f the covariate (F(l,39) < 1, NS) nor any 

interactions involving the covariate were significant. As can be seen in figure

2.3., the main effects involving group, and the interaction between group and error 

were driven by the group difference in passive avoidance errors: whilst the 

children with psychopathic tendencies made more passive avoidance errors, the 

level of omission errors was similar between groups. Figure 2.3. also clearly 

shows that the main effect o f error was due to an increase, by both groups, in 

number of passive avoidance rather than omission errors.

figure 2.3: Passive avoidance and omission errors by group

psychopathic tendencies  

com parisons

passive avoidance omission

Due to the non-significant effects produced by the covariate, the analysis 

was repeated excluding the covariate. As previously, the ANOVA revealed main 

effects for group (F(l,40) = 7.05, P < 0.01) and error (F(l,40) = 27.23, P < 

0.001), and also an interaction between group and error (F(l,40) = 6.29, P < 0.01) 

(see figure 2.3.). Additionally, the extra power led to a significant 3-way 

interaction, between group, error and level o f points (F(3,120) = 2 .3 3 ,/><0.05, 1- 

tailed) (see figure 2.4.). Follow-up tests were performed for both groups and 

errors separately. The main effects were neither significant for level of 

punishment (F(3,54) = 2.33, NS) nor level o f reward (F(3,54) = 2.04, NS) for the 

children with psychopathic tendencies. For the comparison children, however, 

there was a significant main effect o f level of punishment on number of passive
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avoidance errors committed (F(3,66) = 2.43, P < 0.05, 1-tailed). Further, a 

significant linear effect (F(l,22) = 9.27, P < 0.01) demonstrated that the 

comparison children made fewer passive avoidance errors as the point value 

associated with the CS- increased (see figure 2.4.). As regards the omission error 

data, there was no significant effect o f level o f reward for the comparison group 

(F(3,66) < 1, NS).

figure 2.4: Passive avoidance and omission errors by value
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2.5: Discussion

The main aim o f experiment 1 was to investigate passive avoidance 

learning ability in boys with psychopathic tendencies. Specifically it aimed to 

investigate whether any group differences were significantly related to 

psychopathic tendencies after the variation due to level o f ADHD had been 

removed. A further aim was to assess any effects o f varying the level o f reward 

and punishment associated with individual stimuli.

In line with predictions, the psychopathic tendencies group made more 

passive avoidance errors than the comparison group, moreover, the effects were 

still present after co-varying level o f ADHD. As regards level of punishment, the 

results looked similar to those recently obtained with adult psychopathic 

individuals (Blair et al., 2004). The children with psychopathic tendencies were
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less sensitive to the degree of punishment than the comparison boys. Further, the 

number of passive avoidance errors committed by comparison children decreased 

in a linear fashion as the negative point value associated with the stimuli 

increased. This effect was not observed in the psychopathic tendencies group. As 

expected there were no group differences according to omission errors. However, 

contrary to expectations, the performance of neither group was significantly 

modulated by level of reward.

The results of experiment 1 are in line with the adult literature and 

Newman and colleagues’ early experiment (Newman et al., 1985). Previous data 

from adults have consistently demonstrated impaired passive avoidance learning 

relative to comparison individuals (Newman and Kosson, 1986; Newman et al., 

1990; Newman and Schmitt, 1998; Thomquist and Zuckerman, 1995). This 

experiment provides further evidence that children with psychopathic tendencies 

also present with impairment in passive avoidance learning. As regards the 

previous literature, it is unclear why the results of Scerbo et al (Scerbo et al., 

1990) are inconsistent. Scerbo et al (Scerbo et al., 1990) reported no significant 

group differences in rates of passive avoidance errors. Instead it was reported that 

the adolescents with psychopathic tendencies made significantly fewer omission 

errors than the comparison adolescents. One possibility that may explain this 

inconsistency concerns participant selection. Scerbo et al (Scerbo et al., 1990) 

used a self-report measure of psychopathy which may have led to a heterogenous 

population of children. A recent study reported that children with bipolar disorder 

made fewer omission errors than comparison children (Gorrindo et al., in press). 

Indeed the two disorders share some similar identification criteria, such as 

grandiosity, inflated self-esteem and distractibility (see table 1.2.) (APA, 1994). 

Thus, it could be that at least some of the ‘psychopathic delinquents’ in the Scerbo 

et al study were actually suffering from bipolar disorder.

As regards ADHD, there were no significant effects involving this 

covariate. Two previous studies, however, have provided contradictory results, 

suggesting that passive avoidance learning is impaired in individuals with ADHD 

(Hartung et al., 2002; Iaboni et al., 1995; Milich et al., 1994). However, it should
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be noted that Iaboni et al (Iaboni et al., 1995) did not examine level of 

psychopathic tendencies, and further, children were included in the study 

regardless of conduct disorder (CD) diagnosis (although the presence of CD was 

not taken into account in analyses). In the current experiment, there would have 

been significant differences in the groups divided by their level of ADHD 

symptomatology (if level of APSD score had not been co-varied). The results of 

experiment 1 are in line with the results of Hartung et al (Hartung et al., 2002). 

While they found that ADHD symptoms in boys and girls were predictive of 

passive avoidance errors, a hierarchical regression analysis indicated that passive 

avoidance learning ability was related most strongly to CD (a diagnosis that most 

children with psychopathic tendencies would meet).

Finally, it must be noted that, contrary to expectations, there were no 

effects, in either group, regarding the level of reward. There were, however, very 

few errors of omission made by either group, thus there may have been ceiling 

effects. Level of reward could be tested in the future, possibly by increasing the 

number of CS+s in the task. Such a modification may increase task load, 

therefore reducing ceiling effects. Alternatively the task used in experiment 1 

may not have been sensitive enough to test for level of reward. This may be 

investigated by altering the incentive values associated with CS+s. In keeping 

with these suggestions, there were effects of reward value observed in a modified 

version of this task that involved a greater number of stimuli using adult 

psychopaths (Blair et al., 2004).

2.6: Summary and Conclusions

In conclusion, the present experiment has replicated previous findings with 

psychopathic adults indicating that this neuro-cognitive disorder is also associated 

with poor passive avoidance learning in childhood. Further, passive avoidance 

error rates were modulated in comparison children by modifying the incentive 

value of the CS-s. This effect was not observed in children with psychopathic 

tendencies.
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2.7: Experiment 2

Experiment 1 demonstrated that there exists passive avoidance learning 

impairment in children with psychopathic tendencies. Experiment 2 aimed to 

further characterise the impairment by comparing the data from experiment 1 with 

a simple connectionist simulation of passive avoidance learning.

figure 2.5: A connectionist model depicting successful passive avoidance learning

Input
units

CS+i (1 ) 

CS+2 (700) 

CS+3 (1400) 

CS+4 (2000) 

CS-, (-1) 

CS-2 (-700) 

CS-3 (-1400) 

CS-4 (-2000)

R

Reinforcem ent
representations

The model portrays the relative weights between the input units (CS+1 -  CS+4 

and CS-1 -  CS-4) and the reinforcem ent representation units (R and P). Red 

connections indicate the highest weights, followed by orange, yellow and pink. 

Black connections designate low weights (Le. minimal association) between a 

stimulus and the unit representing  rew ard/punishm ent.

Key, R =rew ard, P=punishm ent, values in parentheses following input units 

indicate hypothetical point values associated with the units following the task 

from experim ent 1.

As discussed above, it may be hypothesized that passive avoidance 

learning occurs during a process akin to Hebbian Learning (see figure 2.5.). The 

basic suggestion implicit in this model is that performance on the passive 

avoidance learning task requires the participant to form appropriate stimulus- 

reinforcement associations such that the individual approaches CS+s (stimuli 

associated with reward) and avoids CS-s (stimuli associated with punishment) 

(see section 2.1.). The pairing of a stimulus with reward or punishment would
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increase the strength of the connection between the unit representing the stimulus 

and the unit representing the reward or punishment through Hebbian Learning 

(Hebb, 1949). In other words activation of the reward unit initiates approach 

behaviour, whilst the converse occurs upon activation of the punishment unit.

To illustrate, (see figure 2.5.) a response to CS+i will result in reward. In 

terms of the model, the unit representing CS+i and the reward (R) unit will be 

simultaneously active and the strength of the connection between these units will 

increase as a function of the level of activation of the two units (Hebb, 1949) (see 

section 2.2.1. for the Hebbian Learning Rule). Moreover, as indicated above, the 

degree to which the reward or punishment units are active is a function of the 

degree to which the individual receives reward or punishment; higher rewards and 

punishments activate the corresponding units to a greater degree than do lower 

rewards and punishments. In short, the connection between the unit representing 

CS+4 and the reward unit ought to be stronger than that between the unit 

representing CS+i and the reward unit.

Following the positions outlined in experiment 1 regarding the nature of 

the proposed stimulus-reinforcement impairment in psychopathy, the 

computational model aimed to simulate passive avoidance learning under: (1) 

normal conditions {i.e. an attempt to simulate the performance of comparison 

individuals), (2) conditions of general emotional learning impairment {i.e. 

impaired stimulus-reward and stimulus-punishment associations) and finally, (3) 

conditions of impairment exclusive to the learning of stimulus-punishment 

associations.

2.7.1: Summary o f Aims

Experiment 2 aimed to develop a connectionist model of passive 

avoidance learning in order to further characterize the impairment shown by 

children with psychopathic tendencies in experiment 1.
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2.8: Methods

2.8.1: Connectionist Modelling

The model was based on the task from experiment 1, thus there were eight 

input units (four for each of the CS+s and four for each of the CS-s) and two 

reinforcement representations (reward and punishment) (see figure 2.5.). The 

input units were considered to be activated by the presentation of a stimulus. 

Activation of the reinforcement representations was determined by the following 

simple formula (see formula 2. /.):

Formula 2.1: ar = aj. w(aj.ar)

where ar is the activation of the reinforcement (reward or punishment) unit, 

aj is the activation of the input unit and w(aj.ar) is the weight of the connection 

between the input unit and that reward or punishment unit.

The decision to respond or not was a function of the degree to which the 

reward or punishment unit was activated (by the associated weight) (see formula 

2.2. ) \

Formula 2.2: p(respond) = a,y(ar + ap)

where ar is the activation of the reward unit and ap is the activation of the 

punishment unit.

At the beginning of learning, the weights between the inputs units and the 

reward unit were set at 0.7 and the weights between the input units and the 

punishment unit were set at 0.3; i.e., the model was initially biased to respond to 

stimuli2.

The model experienced each of the eight stimuli over the course of 10 

blocks of trials (following the task procedure described in experiment 1). If the 

model ‘decided’ to respond to a stimulus, it received reward (if the stimulus was a

2 This bias was introduced in order to simulate initial rates o f  approach and avoidance behaviour in 
the first block o f  trials by both groups.
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CS+) or punishment (if the stimulus was a CS-) i.e., the reward or punishment 

units would be activated. Following the receipt of the feedback, learning would 

occur; i.e., the weights between the input unit and the reward or punishment units 

were modified as a function of Hebbian Learning (Hebb, 1949) (see formulae 2.1. 

and 2.2.).

The degree to which the reward or punishment units were activated was a 

function of the level of points gained or lost using the prospect theory value 

function (Kahneman and Tversky, 1979). Essentially this value function states 

that gains and losses are evaluated relative to reference points rather than absolute 

value. Further, it states that losses are ‘disliked’ about twice as much as absolute 

equivalent gains are ‘liked’. The resulting value function is thus steeper for losses 

than gains.

The two alternative predictions regarding the performance of the 

psychopathic tendencies group {i.e. that there exists a general emotional learning 

impairment or that there exists a specific stimulus-punishment impairment) were 

modelled by assuming that either (i) there was general hypo-responsiveness of the 

reward and punishment representations in individuals with psychopathy {i.e., both 

reward and punishment units were 90% less active), or (ii) by assuming that there 

was only hypo-responsiveness of the punishment representations {i.e., only the 

punishment unit was 90% less active). Data generated by these two contrasting 

computational descriptions of psychopathy, together with the predictions of the 

model for comparison individuals {i.e. both reward and punishment units were 

functioning at 100%), were then compared against the actual data presented in 

experiment 1.
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2.9: Results

2.9.1: Passive Avoidance Errors

Figure 2.6. depicts the passive avoidance errors by CS- (point loss level) 

o f the psychopathic tendencies group, the comparison group and the three models 

(intact, general emotional learning impairment and specific stimulus-punishment 

impairment). Initially, the model of the comparison passive avoidance learning 

was compared with the data from the comparison children using a 2 (Group; 

comparison group vs. intact model) x 4 (Level o f point loss) ANOVA. There was 

a significant main effect o f point loss level (F(3, 123) = 6.17; P < 0.001). 

However, as predicted neither the main effect of group (F (l, 41) < 1; NS) nor the 

interaction between group and point loss level (F(3, 123) < 1; NS) were 

significant. In short, the intact model successfully captured the passive avoidance 

learning performance o f the comparison children.

figure 2.6: Passive avoidance errors made by the children and the connectionist models
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These revealed large group effects (F(l, 41) = 15.97 & 16.83 respectively; P < 

0.001). In short, as expected, the performance of neither the general emotional 

learning impairment nor specific stimulus-punishment impairment models 

described the passive avoidance learning of the comparison children accurately.

As regards the psychopathic tendencies group, the first analysis aimed to 

confirm that the model of the comparison individuals did not capture their passive 

avoidance performance. A 2 (Group; psychopathic tendencies group vs. intact 

model) x 4 (Level of points loss) ANOVA was conducted on the data. This 

revealed a highly significant group difference (F(l, 37) = 19.28; P < 0.001). In 

short, in line with predictions, the intact model did not capture the performance of 

the psychopathic tendencies children.

Following this, it was necessary to examine whether the general emotional 

learning impairment and specific stimulus-punishment impairment models 

successfully captured the passive avoidance performance of the psychopathic 

tendencies group. Two 2 (Group) x 4 (Level of points loss) ANOVAs were 

performed. Neither of these revealed significant group differences or significant 

interactions between group and point loss level; both (F(l,37) < 1, NS). This 

suggests that, as expected, both the general emotional learning impairment and the 

specific stimulus-punishment impairment models captured the passive avoidance 

impairment of the psychopathic tendencies group.

2.9.2: Omission Errors

The omission errors by CS+ (point gain level) of the psychopathic 

tendencies group, the comparison group and the three models (intact, general 

emotional learning impairment, specific stimulus-punishment impairment) are 

depicted in figure 2.7. Again an initial analysis was performed in order to confirm 

that the model of the comparison individuals captured the pattern of omission 

errors of the comparison children. A 2 (Group; comparison group vs. intact 

model) x 4 (Level of points gain) ANOVA was performed. Neither the main 

effect of group (F(l, 41) < 1; NS) nor the interaction between group and point loss
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(F(3, 123) < 1; NS) were significant. However, there was a significant linear 

effect of point level (F (l, 41) = 3.42; P  < 0.05, 1-tailed). This suggests that the 

intact model did capture the performance of the comparison individuals 

successfully. As can be seen in figure 2.7. the performance o f both groups was 

modulated by level of reward; with increasing reward leading to decreasing errors.

figure 2.7: Omission errors made by the children and the three connectionist models
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form the comparison group to the predictions o f the general emotional learning 

impairment model was performed on the data. This revealed only a group effect 

(F(l, 41) = 3.09; P < 0.05, 1-tailed). In short, general emotional learning 

impairment model did not describe the omission data generated by the comparison 

group.

The specific stimulus-punishment impairment model assumes no 
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the predictions of this model revealed no group effect or group by level of point 

gain interaction (F(l, 41) < 1 for both; NS). There was, however, again a 

significant linear effect of point level (F(l, 41) = 4.44; P < 0.05).

The general emotional learning impairment and the specific stimulus- 

punishment impairment models differed in their predictions for the omission data 

of the psychopathic tendencies group, with the former predicting impairment and 

the latter predicting intact performance. Two 2 (Group) x 4 (Level of points gain) 

ANOVAs were used to investigate the predictions of the general emotional 

learning impairment and the specific stimulus-punishment impairment models 

against the performance of the psychopathic tendencies group. The first, 

comparing the predictions of the general learning impairment model and the 

psychopathic tendencies group, revealed a significant group difference (F(l, 37) = 

5.94; P < 0.05). In short, the general learning impairment model did not capture 

the performance of the psychopathic tendencies group.

The second ANOVA, comparing the predictions of the specific stimulus- 

punishment impairment model and the psychopathic tendencies group, revealed 

no significant group effect (F(l,37) < 1, NS). There were, however, trends 

towards a significant main effect of point level (F(3,l 11) = 2.27, P < 0.085) and a 

significant interaction between group and points level (F(3,l 11) = 2.42, P < 0.07). 

As is apparent in figure 2.7., this indicates that the specific stimulus-impairment 

model did not fully fit the omission error data of the children with psychopathic 

tendencies.

2.10: Discussion

Experiment 2 described the development of a computational account of 

passive avoidance learning to simulate performance of the participants in 

experiment 1. The intact model was designed to replicate the performance of the 

comparison group. It was then impaired in two contrasting ways and performance 

of these models was compared with the performance of the children with 

psychopathic tendencies presented in experiment 1. The model was impaired in
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order to simulate: (1) a general emotional learning impairment (i.e. impaired 

ability to form both stimulus-reward and stimulus-punishment associations); and 

(2) a specific punishment-learning impairment (i.e. impaired ability to form 

stimulus-punishment associations, but intact ability to perform stimulus-reward 

associations).

The computational simulation of the passive avoidance task assumed that 

participants decided whether to respond to a CS as a function of the formation of 

stimulus-reinforcement associations. As can be seen in figures 2.6. and 2.7., the 

model very successfully described the performance of the comparison group. In 

particular, it modelled, relatively successfully, the impact of level of reward and 

punishment on the pattern of errors made.

As regards the two possible models of psychopathy, the data obtained in 

experiment 1 matched the predictions of the selective impairment for stimulus- 

punishment associations in terms of both overall error rate and pattern of errors 

produced (according to level of punishment). In terms of omission errors, the 

specific stimulus-punishment impairment model simulated the data of the children 

with psychopathic tendencies more successfully than the general emotional 

learning impairment model. A glance at figure 2.7., however, indicates that while 

there were no overall differences in omission error rates between the children with 

psychopathic tendencies and the selectively impaired model, the pattern of data 

was not consistent with the idea that stimulus-reward learning is entirely 

unimpaired. This result is consistent with a recent report, indicating that, while to 

a lesser degree than stimulus-punishment learning, stimulus-reward learning is 

also impaired in individuals with psychopathy (Peschardt et al., submitted).

2.11: Summary and Conclusions

Experiment 2 tested a Hebbian Learning simulation of passive avoidance 

learning against the data collected in experiment 1. The model captured the 

performance of the comparison children very successfully in terms of both passive 

avoidance and omission error data. As expected, the passive avoidance errors 

made by the children with psychopathic tendencies were modelled successfully by
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both the selectively impaired stimulus-punishment model and the general 

leaming-impairment model. The pattern of omission errors produced by the 

children with psychopathic tendencies was not captured entirely successfully by 

either the assumption that stimulus-reward learning is either entirely intact, or 

impaired to the same level as stimulus-punishment associations.

2.12: General Discussion

Experiment 1 demonstrated that, in line with the adult literature, children 

with psychopathic tendencies showed impairment in passive avoidance learning 

relative to comparison children. In addition, this impairment was observed even 

after controlling for level of ADHD. Experiment 2 compared the data from 

experiment 1 with a connectionist simulation of passive avoidance learning. The 

impaired models successfully captured the pattern of passive avoidance learning 

made by children with psychopathic tendencies.

2.12.1: Implications of these Results for the Characterization of Psychopathy

The results of experiments 1 and 2 indicate that children with psychopathic 

tendencies are impaired in passive avoidance learning. This is in line with 

previous data collected with adult psychopaths (Newman and Kosson, 1986; 

Newman et al., 1990; Newman and Schmitt, 1998; Thomquist and Zuckerman, 

1995) and also one previous report of passive avoidance learning impairment in 

adolescents with psychopathic tendencies (Newman et al., 1985). Following Blair 

(2004), these data, assuming an amygdala-based pathology, are also in line with 

previous data indicating that both adult psychopaths and children with 

psychopathic tendencies perform similarly poorly on other tasks hypothesized to 

be reliant upon the integrity of the amygdala, such as recognition of and emotional 

responsivity to fearful and sad affect (Aniskiewicz, 1979; Blair, 1999; Blair et al., 

1997; House and Milligan, 1976; Sutker, 1970; Blair et al., 2001c; Blair and 

Coles, 2000; Stevens et al., 2001).
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2.12.2: Impact of ADHD

As noted above, the group differences in passive avoidance learning were 

significant even after controlling for ADHD. This is in keeping with the idea, 

again assuming that passive avoidance is an amygdala-reliant form of emotional 

learning, that ADHD is not associated with amygdala dysfunction. Indeed, 

ADHD has been previously associated with ‘executive dysfunction’, and in 

particular, with impairment in ‘response inhibition’ (Barkley, 1999). It could be 

suggested that passive avoidance requires behavioural inhibition as the participant 

must inhibit responses to stimuli associated with punishment. However that 

ADHD was not a significant covariate in the analyses in experiment 1, suggests 

that the form of behavioural inhibition which, when impaired, may lead to ADHD 

is dissociable from the process that is involved in passive avoidance learning. 

Further, passive avoidance learning performance was modelled relatively 

successfully in experiment 2 in the absence of ADHD, that is, ADHD was not 

included in the connectionist model.

2.12.3: Implications of these Results for the Theories of Psychopathy

The current results are relevant for the fear dysfunction hypotheses, the 

Response-Set Modulation (RM) hypothesis and the Integrated Emotion Systems 

(IES) hypothesis. As regards passive avoidance learning, the fear positions would 

predict impairment owing to an insensitivity to punishment information. 

However, it must be noted that the pattern of performance on the rewarded trials 

was also abnormal in children with psychopathic tendencies. In contrast, the 

pattern of performance of the comparison children was predicted relatively 

successfully by the connectionist model, both in terms of reward- and 

punishment-related processing; in both cases there was a linear relationship 

between reinforcement and error rate. In contrast, the pattern of performance of 

the children with psychopathic tendencies was only partially successfully 

predicted by the specific stimulus-punishment impairment model; the specific 

stimulus-punishment account did not predict the abnormal pattern of performance 

as regards omission errors. In short, it appears that the ability to modulate
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performance as a function of punishment, but also to a lesser degree, reward, is 

impaired in children with psychopathic tendencies.

The RM model predicts that individuals with psychopathy will be more 

likely than comparison individuals to respond even when a salient punishment 

stimulus (i.e. a CS-) is present on the screen during tasks of passive avoidance 

learning. As regards the RM hypothesis, similar criticisms as were suggested 

above apply. Namely, that there was also evidence of an abnormal pattern of 

performance in the reward-related trials, thus an explanation focusing on 

punishment is essentially inadequate. Further, according to the model, “the 

impulsivity, poor passive avoidance, and emotion-processing deficits o f 

individuals with psychopathy may all be understood as a failure to process the 

meaning o f information that is peripheral or incidental to their deliberate focus o f 

attention” (Lorenz and Newman, 2002). However, as noted in section 1.3.5. in 

standard tasks of passive avoidance learning (as in the task used in experiment 1) 

the punishment information appears on screen in the absence o f any competing 

information. Thus it is unclear how this attentional explanation can account for 

the deficit.

Finally the IES model (Blair, 2004) predicted impairment in forming 

stimulus-punishment associations in this population. Further, it also predicts that 

there may too be impairment in the formation of stimulus-reward associations (as 

these are also hypothesized to be amygdala-reliant). Thus this position is 

successfully able to account for the results from chapter 2. The results here (as 

suggested above in section 2.12.1.) also therefore strengthen claims made by the 

IES position that there exists amygdala impairment in children with psychopathic 

tendencies.

2.13: Conclusions

Chapter 2 demonstrated that children with psychopathic tendencies are 

impaired in passive avoidance learning. The following chapter will investigate 

the neural substrates involved in successful passive avoidance learning. This may
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serve to identify neural regions that might be dysfunctional in individuals with 

psychopathy.
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Chapter 3 — The Neural substrates of Passive Avoidance Learning 

in Healthy Adults

3.1: Experiment 3

As demonstrated in chapter 2, and previous experimental work (Blair et 

al., 2004; Newman et al., 1990; Newman and Schmitt, 1998; Newman et al., 

1985), children with psychopathic tendencies and adult psychopaths present with 

impairment in passive avoidance learning. Experiment 3 aims to identify the 

neural substrates underlying passive avoidance learning in healthy adults. This 

may serve to identify neural structures as targets for future research efforts with 

this population.

As noted in section 2.1. passive avoidance learning is thought to require 

the formation of stimulus-reward and stimulus-punishment associations (Baxter 

and Murray, 2002). Electrophysiological, lesion, and pharmacological 

intervention studies with animals have indicated that passive avoidance learning is 

reliant upon a network of neural structures including amygdala, orbitofronal 

cortex (OFC), insula, striatum and hippocampus. Lesions and pharmacological 

interventions involving the amygdala (Ambrogi Lorenzini et al., 1991; Bermudez- 

Rattoni et al., 1997; Bermudez-Rattoni and McGaugh, 1991; Cahill and 

McGaugh, 1990; Treit and Menard, 1997), insula (Bermudez-Rattoni et al., 1997; 

Bermudez-Rattoni et al., 1991; Bermudez-Rattoni and McGaugh, 1991; Gutierrez 

et al., 1999), striatum (Ambrogi Lorenzini et al., 1995; Sandberg et al., 1984) and 

hippocampus (Ambrogi Lorenzini et al., 1997; Gray, 1987; McGaugh, 2002) have 

all impaired passive avoidance learning. Further, animal work has suggested that 

amygdala is crucial for learning associations between sensory stimuli and cues for 

incentive stimuli attributes (Blundell et al., 2003). In addition, single cell 

recording work with rodents has demonstrated that neurons in the OFC, striatum 

and basolateral amygdala come to show selective responding during odour-cue 

passive avoidance learning (Schoenbaum et al., 1999). Specifically, selective 

neurons in these regions show increased activity to odours predictive of reward
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while other neurons show increased activity to odours predictive of punishment 

(Schoenbaum et al., 1998; Schoenbaum et al., 1999; Setlow et al., 2003). 

Interestingly, while neurons in OFC do show selective responding during passive 

avoidance tasks (Gallagher et al., 1999; Schoenbaum et al., 1998; Tremblay and 

Schultz, 2000), these neurons do not appear to be necessary for successful 

behavioural performance in these tasks. Indeed, lesions of OFC have left ability 

to perform passive avoidance learning intact in rodents (Schoenbaum et al., 2002).

Surprisingly, there have been no functional imaging studies of passive 

avoidance learning in humans. Indeed, there have been relatively few 

investigations of the neural systems involved in instrumental learning in humans. 

In one of the few existing studies Elliott and colleagues (Elliott et al., 2004) 

reported that amygdala activation was enhanced when participants made 

instrumental responses for reward. In contrast error-related instrumental learning 

has been associated with activity in several striatal regions including the caudate, 

nucleus accumbens and putamen (Elliott et al., 2004; O'Doherty et al., 2004; 

Pagnoni et al., 2002). In addition, and consistent with suggestions that OFC plays 

an important role in incentive valuation (Tremblay and Schultz, 1999), Elliott and 

colleagues (Elliott et al., 2004) reported OFC and rostral ACC activation to 

rewarding stimuli whether these stimuli required an instrumental response to 

obtain reward or not. Further, other work (e.g. Cox et al., 2005; Elliott et al., 

2000a) has also implicated medial OFC/ rostral cingulate in the representation of 

reward.

3.1.1: Summary of Aims

This experiment aimed to determine the BOLD responses associated with 

passive avoidance learning in healthy human participants. Following the animal 

passive avoidance literature and previous FMRI results from human instrumental 

learning paradigms, it was predicted that successful passive avoidance learning 

would be associated with an integrated neural response including medial OFC/ 

rostral ACC, the insula, striatum, hippocampus and amygdala.
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3.2: Methods

3.2.1: Participants

Twenty right-handed adults participated in the study. One of the 

participants performed the task too well (precluding an adequate number of post

criterion passive avoidance error trials) so the data from nineteen participants (9 

women and 10 men, mean age = 30.74; SD = 6.07; range = 22-40 years) were 

analysed. All participants were in good health with no past history of psychiatric 

or neurological disease and gave informed written consent.

3.2.2: MRI Data Acquisition

Participants were scanned during task performance using a 1.5 Tesla GE 

Signa scanner. A total of 207 functional images were taken per run with a 

gradient echo echo-planar imaging (EPI) sequence (repetition time = 2500 ms, 

echo time = 40 ms, 64 x 64 matrix, flip angle 90°, FOV 24 cm). Whole brain 

coverage was obtained with 29 axial slices (thickness, 4-mm; in-plane resolution, 

3.75 x 3.75 mm). A high-resolution anatomical scan (three-dimensional Spoiled 

GRASS; repetition time = 8.1 ms, echo time = 3.2 ms; field of view = 24 cm; flip 

angle = 20°; 124 axial slices; thickness = 1 .0  mm; 256 x 256 matrix) in register 

with the EPI dataset was obtained covering the whole brain.

3.2.3: Passive Avoidance Task and Experimental Procedure

Experiment 3 involved an event-related design. Participants completed a 

total of three runs, each of 8.5 minutes, which were presented in a randomized 

order. Within each run the participants were presented with a separate version of 

the passive avoidance task (which differed only in the stimuli used). The 

participants were placed in a light head restraint within the scanner to limit head 

movement. Before entering the scanner, participants performed a 10 trial training 

run with one pair of stimuli to familiarize themselves with the paradigm. The 

tasks were programmed in E-Studio.
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Test stimuli (12 different two-digit numbers) were presented serially, in a 

randomized order. Six of these stimuli were ‘good’; if participants responded to 

these they received positive (i.e. rewarding; “you win 100points”) feedback. The 

remaining six were ‘bad’; if participants responded to these they received negative 

(i.e. punishing; “you lose 100 points”) feedback. If the participant chose not to 

respond to a test stimulus, they neither won nor lost points, and the feedback 

display was replaced with a fixation point. Trials lasted 3000 ms and involved the 

presentation of: a fixation cross for 200 ms, the test stimulus for 1200 ms, 

feedback for 1000 ms and finally a fixation cross for 600 ms (see figure 3. /.).

figure 3.1: A timeline depicting the passive avoidance learning task
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a fixation cross was displayed for 1500 ms. The stimuli were presented in a white 

font on a black computer display projected onto a mirror in the MRI scanner. 

Participants were able to respond, by right thumb button press, only while the test 

stimulus was present on the screen. Participants began the task with 0 points and 

a running score of their total points was displayed at the bottom of the screen 

during the feedback display.

As in the task used in experiment 1, the design yielded two types of correct 

response (hits and correct rejections) and two types of incorrect response (passive 

avoidance and omission errors) (see figure 2.1.). Pilot work indicated that healthy 

participants showed rapid learning during the first few presentations of individual 

stimuli, after which their behavioural performance reached a plateau. At this 

point it may be considered that the participant has learned the task successfully, 

i.e. they have reached criterion performance. On the basis of the behavioural data 

(see figure 3.2.), trials in blocks 2-4 were considered pre-criterion, and trials in 

blocks 5-10 were considered post-criterion. Data from block 1 were modelled 

separately (as an event of no interest) as this was the participant’s first experience 

with each of the stimuli. Thus, for the purposes of analysis, events were divided 

into eight types according to; (i) Learning Stage (whether the action occurred pre- 

or post- learning criterion); (ii) Response Accuracy (whether the action was 

correct or incorrect); and, (iii) Stimulus Valence (whether the participant’s action 

was to a ‘good’ or ‘bad’ stimulus).

These eight event types are: (1) pre-criterion hit; (2) post-criterion hit; (3) 

pre-criterion correct rejection; (4) post-criterion correct rejection; (5) pre-criterion 

miss; (6) post-criterion miss; (7) pre-criterion passive avoidance error; and, (8) 

post-criterion passive avoidance error.

3.2.4: Behavioural Data Analysis

The behavioural data were analysed using SPSS. Rates of incorrect 

responses were analysed using a 2 (Incorrect Response; approach/avoidance) x 10 

(Block) repeated measures ANOVA.
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3.2.5: FMR1 Analysis

Data were analysed within the framework of the general linear model 

using Analysis of Functional Neuroimages (AFNI; Cox, 1996). Both individual 

and group-level analyses were conducted. The first six volumes in each scan 

series, collected before equilibrium magnetization was reached, were discarded. 

Motion correction was performed by registering all volumes in the EPI dataset to 

a volume collected shortly before acquisition of the high-resolution anatomical 

dataset.

The EPI datasets for each participant were spatially smoothed (using an 

isotropic 6mm Gaussian kernel) to reduce the influence of anatomical variability 

among the individual maps in generating group maps. Next, the time series data 

were normalized (by dividing the signal intensity of a voxel at each time point by 

the mean signal intensity of that voxel for each run and multiplying the result by 

100). Resultant regression coefficients represented percent signal change from the 

mean. Following this, regressors depicting each of the eight response types (and 

one regressor of no interest modelling the data of block 1) were created by 

convolving the train of stimulus events with a gamma-variate haemodynamic 

response function to account for the slow haemodynamic response (Cohen, 1997). 

Linear regression modelling was performed using the nine regressors described 

above plus regressors to model a first order baseline drift function. This produced 

for each voxel and each regressor, a beta coefficient and its associated t-statistic.

Single subject beta coefficients were transforming into the standard 

coordinate space of Talairach and Toumoux (Talairach and Toumoux, 1988). 

Voxel-wise group analyses involved performing two-sample random effects t- 

tests contrasting the beta coefficients for the following:

(i) post-criterion correct responses vs. all incorrect responses ([post-criterion 

hits + post-criterion correct rejections]/2) -  ([pre-criterion misses + pre-criterion 

passive avoidance errors + post-criterion misses + post-criterion passive 

avoidance errors]/4). This contrast was performed specifically to observe 

activation related to the learned correct responses, that is, to examine the effects of
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accuracy irrespective of the stimulus valence (and thus also irrespective of the 

specific action performed);

(ii) post-criterion correct responses vs. pre-criterion correct responses ([post

criterion hits + post-criterion correct rejections)/2] -  ([pre-criterion hits + pre

criterion correct rejections]/2). This contrast was performed to examine the 

effects of stage of learning, that is, to assess changes in activation as learning 

improved. Again this contrast was interested in effects irrespective of the 

stimulus valence;

(iii) post-criterion hits vs. post-criterion correct rejections. This contrast was 

performed in order to examine any different effects produced by stimulus valence 

(and also then was confounded with action).

The contrasts produced group maps of areas of differential activation (P < 

0.001). To correct for multiple comparisons a spatial clustering operation was 

performed using AlphaSim (Ward, 2000) with 1,000 Monte Carlo simulations 

taking into account the entire EPI matrix (P < 0.05). Finally, a conjunction 

analysis of post-criterion hits vs. pre-criterion hits, plus post-criterion correct 

rejections vs. pre-criterion correct rejections, was also performed (due to reduced 

power, for this contrast P < 0.01). This was essentially the opposite of contrast 

(iii) above, that is, it examined common effects of learning the correct action to a 

stimulus (regardless of the valence of the stimulus).

A subset of clusters showing significant differential activation within each 

contrast were selected according to a priori predictions about the regions involved 

in passive avoidance learning. These clusters were used to define functional 

regions of interest (ROIs). In addition, a priori predictions about the involvement 

of the amygdala in passive avoidance learning justified use of an ROI approach to 

investigate activation within this region. Thus, standardized bilateral ROIs of the 

amygdala (identified using a pre-defined AFNI template) were applied to the data. 

Following this, areas of significant differential activation within the template were 

sampled, resulting in an ROI encompassing only significant activation within the 

amygdala (P < 0.05, uncorrected for multiple comparisons).
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Average percent signal change was measured within each ROI, and data 

were analysed using repeated measures ANOVAs [2 (Stimulus Valence; 

‘good’/’bad’) x 2 (Response Accuracy; correct/incorrect) x 2 (Stage; pre-/post- 

criterion)].

3.3: Results

3.3.1: Behavioural Data

Figure 3.2. depicts the number of passive avoidance errors and avoidances 

across blocks averaged across the three tasks completed (see table 3.1. for the 

average number of events). An ANOVA revealed significant main effects for 

Incorrect Response (F(l, 18) = 10.76, P < 0.001) and Block (F(9, 162) = 62.93, P 

< 0.001), and also interaction between Incorrect Response and Block (F(9, 162) = 

74.22, P < 0.001).

table. 3.1: Event frequencies according to Response Accuracy, Stimulus Valence and

Learning Stage

Positive Negative

Pre-criterion Post-criterion Pre-criterion Post-criterion

Correct 39.32(1.87) 76.84 (4.11) 27.00(1.93) 79.31 (5.19)

Incorrect 8.05 (1.06) 17.90(1.94) 20.37(1.72) 15.42 (3.25)

(standard  deviations in parentheses)

As can be seen in figure 3.2., participants showed clear indications of 

learning over blocks 1-4. From block 5 onwards, participants were regarded as 

task proficient. Following previous work (Blair et al., 2004; Newman and 

Kosson, 1986), data from block 1 were excluded. Consequently, trials in blocks 

2-4 were labelled pre-criterion and trials in blocks 5-10 were labelled post

criterion. If the mean post-criterion passive avoidance error or correct rejection 

rate for a participant was greater than two standard deviations from the group
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mean in a particular run, data for that run were excluded. This led to the 

exclusion of data from one run each for 7 o f the 19 participants.

figure 3.2: Mean rates of passive avoidance errors and misses averaged across separate runs
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pre-criterion blocks post-criterion blocks

(standard error bars) Red arrows indicate trials designated 

pre-criterion (blocks 2-4) and green arrows indicate trials 

designated post-criterion (blocks 5-10)

With respect to the participant’s reaction times (RTs), these were 

significantly shorter for post-criterion hits relative to pre-criterion hits (F (l, 18) = 

9.61; P < 0.01) (see figure 3.3.). In addition, they were significantly shorter for 

post-criterion passive avoidance errors relative to pre-criterion passive avoidance 

errors (F(l, 18) = 10.35; P < 0.005).
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figure. 3.3: RTs (ms) for correct and passive avoidance errors according to Learning Stage
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3.3.2: FMRIData

Post-criterion correct responses vs. all incorrect responses

The first contrast examined which regions showed significantly greater 

activation during performance of post-criterion correct responses relative to 

incorrect responses. This identified greater bilateral activation of anterior 

cingulate (ACC), left middle frontal gyrus, right posterior cingulate, left parietal 

lobe, bilateral caudate and left parahippocampal gyrus. This contrast was also 

performed on the anatomically defined ROI of the amygdala and revealed 

significant left amygdala activation (see table 3.2. and figure 3.4.).

Functionally defined ROIs were identified in left ACC, right posterior 

cingulate, left caudate and left parahippocampal gyrus. Mean BOLD responses in 

these ROIs were examined using a series of 2 (Stimulus Valence: ‘good’/’bad’) x 

2 (Response Accuracy: correct/incorrect) x 2 (Learning Stage: pre-/ post

criterion) ANOVAs (table 3.2. and figure 3.4.). As expected, in each case, the 

main effect of Response Accuracy was significant. Left ACC (P < 0.05), right 

posterior cingulate (P < 0.001), left caudate (P < 0.001), left parahippocampal
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gyrus (.P < 0.01), and left amygdala (P < 0.005) all yielded greater activation for 

correct than incorrect responses. The main effect of Learning Stage was 

significant in left ACC and right posterior cingulate cortex (both P < 0.05), with 

both regions showing greater responses during post-learning criterion trials rather 

than pre-learning criterion trials. There were no interactions between Response 

Accuracy and Learning Stage. There were also no main effects or interactions 

involving Stimulus Valence.

table 3.2: Significant differential activation produced by contrasting post-criterion correct 

responses with incorrect responses m ade throughout the task f

Anatomical location 1/r BA X y z volun

Anterior Cingulate 1 24 - 8 29 -7 247*

r 15 32 2 331

Middle Frontal Gyrus 1 8 - 2 0 33 42 432

Posterior cingulate r 31 18 -37 30 1905

Inferior Parietal Lobule 1 39 -45 -70 43 599

Caudate & Caudate Body 1 -15 -19 25 3089

r 14 -13 25 604

r 2 1 -31 2 2 1034

Parahippocampal Gyrus 1 -24 - 2 0 - 1 0 117*

Amygdala 1 -16 - 8 -16 7 3 **

fAH activations are  effects observed in whole brain  analyses corrected for multiple 

com parisons (significant a t P  < 0.05), except * significant a t P < 0.001 uncorrected for 

multiple com parisons; and ** significant using an ROI analysis thresholded at P <  0.05.
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figure 3.4: (A-F) Areas activated by post-criterion correct responses relative to incorrect

responses
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Activations are shown for: A left ACC; B left caudate; and, C left amygdala. 

The associated percentage signal change from baseline for these regions are 

shown in: D left ACC; E left caudate; and, F left amygdala.

Key: CR = correct rejection.
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Post-criterion correct responses vs. pre-criterion correct responses

The second contrast examined which regions showed significantly greater 

activation during performance of post-criterion correct responses relative to pre

criterion correct responses (i.e., a comparison of the neural responses after the 

participants had learned the task as opposed to neural responses before the 

learning plateau had been achieved). This contrast was associated with bilateral 

activation of ACC, right insula, and right hippocampus (see table 3.3. and figure 

3.5.).

Functionally defined ROIs were identified in bilateral ACC, right insula 

and right hippocampus. Mean BOLD responses in these ROIs were examined 

using a series of 2 (Stimulus Valence) x 2 (Response Accuracy) x 2 (Learning 

Stage) ANOVAs (see table 3.3. and figure 3.5.). These ANOVAs revealed 

significant main effects of Response Accuracy for left ACC (P < 0.05) and right 

hippocampus (P < 0.05, 1-tailed); correct responses in these areas led to greater 

activity than did incorrect responses. The main effect of Learning Stage was 

significant in left ACC (P < 0.05) and right insula (P < 0.005), with both regions 

showing greater activation during post-criterion trials. The Learning Stage x 

Response Accuracy interaction was significant for right ACC (P <0.01) and right 

insula (P < 0.05, 1-tailed); both regions showed notably greater activity when 

performing the task correctly in the post-criterion rather than pre-criterion phase. 

There were no main effects or interactions involving Stimulus Valence.
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table 3.3: Significant differential activation produced by contrasting post-criterion correct

responses with pre-criterion correct responsesf

Anatomical location 1/r BA X V z volum e (mm3)

Anterior Cingulate 1 24 - 1 1 34 5 156*

r 2 23 1 2 138*

r 2 0 31 16 328

Insula r 35 -15 11 944

Parahippocampal Gyrus r 25 -16 -16 107*

A ctivations are  effects observed in whole brain analyses corrected for multiple com parisons 

(significant a t P < 0.05), except * significant at P < 0.001 uncorrected for multiple 

comparisons.

Post-criterion hits vs. post-criterion correct rejections

The third contrast examined which regions showed significantly greater 

activation during performance of post-criterion hits relative to post-criterion 

correct rejections (i.e., a comparison of the neural responses to ‘good’ vs. ‘bad’ 

stimuli after the participants had learned the task). This contrast revealed 

significantly greater activation within right middle frontal gyrus, left precentral 

gyrus, right posterior cingulate and right striatum (see table 3.4. and figure 3.6.). 

No regions showed greater activation to post-criterion correct rejections relative to 

post-criterion hits.
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figure 3.5: (A-F) Areas activated by post-criterion correct responses relative to pre-criterion
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table 3.4: Significant differential activation produced by contrasting post-criterion hits with

post-criterion correct rejectionsf

Anatomical location 1/r BA X V z volume (mm3)

Middle frontal/inferior frontal gyrus r 8/45 58 12 44 6592

Precentral gyrus/Parietal lobe 1 4/6 -39 -22 67 41798

Lingual gyrus/fusiform gyrus 1 37 -11 -88 -21 123809

Posterior cingulate/thalamus r 2 -41 44 34393

Caudate/Putamen r 16 6 -7 855

+AI1 activations are effects observed in whole brain analyses corrected for multiple 

comparisons (significant at P  < 0.05).
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Conjunction analysis (post-criterion hits vs. pre-criterion hits plus post-criterion 

correct rejections vs. pre-criterion correct rejections)

The conjunction analysis examined activity common to post-criterion hits 

vs. pre-criterion hits and post-criterion correct rejections vs. pre-criterion correct 

rejections. Increased learning related activation common to both ‘good’ and ‘bad’ 

stimuli was seen in both ACC and insula (see table 3.5. and figure 3.7.).

table 3.5: Significant differential activation produced in a conjunction of post-criterion hits 

vs. pre-criterion hits and post-criterion correct rejections vs. pre-criterion correct rejections+

Anatomical location_________ 1/r BA x v z_____volume (mm3)
Anterior Cingulate 1 24 -7 33 4 42

Inferior frontal gyrus 1 45 -29 35 7 151

Medial frontal gyrus r 11 10 53 -17 19

Insula r 13 35 -20 13 21

Inferior parietal lobe 1 40 -57 -41 54 13

Precentral gyrus r 6 63 -14 44 21

+AI1 activations significant at P < 0.01 uncorrected for multiple comparisons.
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figure 3.7: (A-D) Areas activated in the conjunction of post-criterion hits 

(relative to pre-criterion hits) and post-criterion correct rejections (relative to pre-criterion

correct rejections)
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Activations are shown for: A left insula; and, B left ACC. The associated 

percentage signal changes from baseline for these regions are shown in: C left 

insula; and, D left ACC. Key: CR = correct rejection.

3.4: D iscussion

Experiment 3 investigated the neural substrates involved during successful 

performance of a task o f passive avoidance learning. Specifically, the pattern of 

activation associated with correct responses performed when participants were 

deemed to be task-proficient was contrasted with those elicited by incorrect 

responses and also correct responses performed prior to task-proficiency. The 

contrasts revealed that correct responses following successful learning of the task 

were associated with activation in regions including rostral ACC, insula, caudate, 

hippocampal regions, and the amygdala. Behaviourally, the participants showed a 

distinct pattern of performance, with initial exploratory responding (pre-criterion
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performance) followed by relatively rapid learning before a stable plateau of 

successful responding (post-criterion performance) was achieved (see figure 3.4.).

The results obtained in experiment 3 were broadly in line with the animal 

literature. Thus, animal work has indicated the importance of the insula, striatum, 

hippocampus and amygdala in passive avoidance learning (Ambrogi Lorenzini et 

al., 1997; Ambrogi Lorenzini et al., 1995; Bermudez-Rattoni and McGaugh, 1991; 

Cahill and McGaugh, 1990; Gray, 1987; McGaugh, 2002; Sandberg et al., 1984; 

Treit and Menard, 1997). In addition, single cell recording work with rodents has 

demonstrated that there exist reward- and punishment- specific neurons within 

OFC, striatum and basolateral amygdala, (Schoenbaum et al., 1998; Schoenbaum 

et al., 1999; Setlow et al., 2003). To explain this pattern of neural involvement, 

Schoenbaum and colleagues have suggested that orbital frontal regions “apply 

information regarding incentive value acquired or cued via input from amygdala 

to guide responding” (Schoenbaum et al., 2003). In experiment 3, differential 

activation in rostral ACC, insula, caudate, hippocampal regions, and amygdala 

was observed to post-criterion correct responses relative to incorrect responses 

and pre-criterion correct responses (see figures. 3.4. and 3.5.). It must be noted, 

however, that in the case of the insula and amygdala the differential activation 

reflected decreased deactivation making interpretation difficult. Even so, it 

appears that the pattern of activation here may be considered consistent with the 

idea that both the amygdala and insula provide input regarding the incentive value 

of the current stimulus to rostral ACC, which, in turn, guides behavioural 

responses which are mediated by the caudate.

Whilst the primary frontal region identified in experiment 3 was rostral 

ACC, it must be noted that much of the single cell recording work with animals 

has focused upon a posterior region of medial OFC (Schoenbaum et al., 1998; 

Schoenbaum et al., 1999; Setlow et al., 2003). It must be noted however that the 

rostral ACC activation observed here is within an area of ACC which has been 

considered the ‘emotional’ region (Bush et al., 2000; Rogers et al, 2004b; Whalen 

et al., 1998). This area of ACC projects densely to OFC, striatum, hypothalamus, 

and brain stem; all areas that have been implicated in emotional learning.
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Moreover, recent studies have reported activation in this region in response to 

positive outcomes during decision making (Rogers et al., 2004b) and also during 

amphetamine administration (Vollm et al., 2004). Additionally, as noted in 

section 3.1. Elliott et al (Elliott et al., 2000b) observed reward-related activity in 

subgenual cingulate during a decision making paradigm, and Cox et al (Cox et al., 

2005) reported medial OFC/ rostral ACC activity both with respect to reward 

itself as well as to conditioned stimuli that predicted reward. Furthermore, 

activations of similar medial regions have been seen in response to reward in the 

context of reversal learning paradigms (O'Doherty et al., 2001; O'Doherty et al., 

2003b). Several researchers have suggested that this medial region of frontal 

cortex is particularly involved in processing rewarding stimuli (Elliott et al., 

2000a; O'Doherty et al., 2001; Rolls, 2000). Alternatively, medial frontal cortex/ 

rostral ACC has been considered to serve a role in decision making/ response 

selection (Bechara et al., 2000a), perhaps utilizing expected reinforcement 

information to guide response selection and stimulus choice (Blair, 2004). Under 

these circumstances, medial frontal cortex/ rostral ACC activation might be 

anticipated to reflect expectancies of incentive value. This explanation may 

account for the activation in rostral ACC in this experiment, and is in line with 

data from the animal literature (Schoenbaum et al., 1998; Schoenbaum et al., 

1999; Setlow et al., 2003).

Importantly, the increased activation in rostral ACC, insula, caudate, 

hippocampal regions and amygdala to post-criterion correct responses relative to 

incorrect responses or pre-criterion correct responses was observed to both CS+s 

and CS-s, i.e., when approaching ‘good’ stimuli and avoiding ‘bad’ stimuli (see 

figures. 3.4. and 3.5.). This was also seen with respect to rostral ACC and insula 

in the conjunction analysis (see figure 3.7.). This is consistent with the proposal 

that stimulus-reward and stimulus-punishment associations are both important 

influences on behaviour and choice (Baxter and Murray, 2002). In addition, it is 

consistent with recent data suggesting that the amygdala, striatum and medial 

frontal regions are involved in processing both appetitive and aversive stimuli 

(Baxter and Murray, 2002; Everitt et al., 2003; Seymour et al., 2004). It is also
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worth noting that the current results cannot be attributed to outcome information. 

Notably, the increased neural responses in rostral ACC, insula, caudate, 

hippocampal regions, and amygdala to post-criterion correct responses was seen 

when participants made correct rejections; i.e., on trials when no performance- 

related feedback was given.

Previous work examining the response of the caudate to reinforcement 

information has frequently reported increased activity to reward information and 

decreased activity to punishment information (Delgado et al., 2003; Delgado et 

al., 2000; O'Doherty et al., 2003b; Rogers et al., 2000). In all of these paradigms 

participants responded to stimuli in the expectation of reward but sometimes 

received punishment. Consequently it was reported that the expectation and 

receipt of reward were associated with greater caudate activity than the 

expectation and receipt of punishment. This activation, however, may simply 

have reflected stronger stimulus-response associations following rewarded 

responses rather than punished responses. In the current experiment increased 

activation in caudate was observed to ‘good’ stimuli in comparison with ‘bad’ 

stimuli (see figures 3.4. and 3.6.). However, it is worth noting that there was also 

increased activation in caudate to correct rejections following successful learning 

relative to correct rejections before successful learning had been achieved (see 

figure 3.4.). In other words, there was increased caudate activity to the ‘bad’ 

stimuli as a function of learning. Importantly, in the current task, following 

learning, participants avoided the ‘bad’ stimuli in order to avoid punishment. In 

contrast with other neuroimaging tasks participants were not ‘surprised’ by an 

unexpected punishment [e.g. the decision making task of Delgado and colleagues 

(Delgado et al., 2000) or the reversal learning paradigms used by O’Doherty and 

colleagues (O'Doherty et al., 2003b) and Rogers and colleagues (Rogers et al., 

2000)]. It may be suggested that the increased caudate activity seen in experiment 

3 was a partial function of reinforcement outcome expectancy information. In the 

case of the ‘bad’ stimuli, either an expectancy of the punishment that would be 

avoided by withholding a response or even that the act of avoiding a punishment 

was in itself a rewarding experience.
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Finally, it is worth comparing the results of the third contrast (post

criterion hits vs. post-criterion correct rejections) to the results of previous studies 

examining the neural systems mediating performance on the human go/no-go task 

(e.g. Casey et al., 2001; Konishi et al., 1998; Liddle et al., 2001). In these tasks, 

participants are instructed to respond to one class of stimuli but refrain from 

responding to another. For example, in the study by Casey and colleagues (Casey 

et al., 2001), participants were instructed to respond to any letter other than ‘X’. 

A key difference between this go/no-go task and the passive avoidance learning 

task presented in experiment 3 is that it does not require the formation of 

stimulus-reinforcement representations. Instead participants are explicitly 

informed which stimuli should be approached and which should be avoided. 

Correct ‘go’ responses in go/no-go tasks have been associated with greater 

activity in the supplementary motor area (e.g. Liddle et al., 2001; Watanabe et al., 

2002). Increased BOLD activation within this region, as well as caudate, was 

observed in experiment 3 to post-criterion hits. This activation probably reflected 

the recruitment of neural systems to mediate the motor response. In contrast, 

correct ‘no-go’ responses in go/no-go tasks have been associated with greater 

activity in both dorsolateral and ventrolateral PFC. It has been commonly 

suggested that these regions are recruited in order to inhibit a motor response 

(e.g., Casey et al., 2001; Konishi et al., 1998; Liddle et al., 2001; Watanabe et al., 

2002). In terms of the passive avoidance learning task the avoidance response is 

hypothesized to be activated, as a function of outcome expectancy information 

(see sections 1.3.6. and 2.1.), that is, the act of avoidance is a response, over and 

above inhibition of an approach response. In line with this suggestion, the 

converse contrast (post-criterion correct rejections vs. post-criterion hits) was not 

associated with significant differential activation in any region, including 

ventrolateral PFC.

3.4.1: Summary and Conclusions

In conclusion, experiment 3 investigated the neural substrates involved in 

successful performance on a passive avoidance learning task. It was revealed,

82



consistent with the animal literature, that successful passive avoidance learning 

requires the appropriate recruitment of regions including rostral ACC, insula, 

caudate, hippocampal regions, and the amygdala.

3.5: General Discussion

The results of experiment 3 strengthen claims, in line with the integrated 

emotion systems (IES) model, that stimulus-reinforcement learning recruits a 

circuit including amygdala and medial frontal regions. Further, it may also be 

inferred then that experiment 3 lends further support that dysfunction within this 

circuit may be present in individuals with psychopathy.

The results of experiment 3 were largely in line with predictions of the IES 

model. Specifically, results indicated that stimulus-reward and stimulus- 

punishment associations were mediated by the same circuit -  a prediction of the 

IES account (Blair, 2004). Moreover, these data were in accordance with the 

conceptualisation that successful performance of passive avoidance learning 

reflects acquisition of valence representations. Indeed, the results obtained here 

were dissimilar to those that would have been expected had there been no 

emotional learning involved (i.e. in ‘go/no-go’ tasks). In contrast with IES model, 

however, the data from experiment 3 appear to indicate that rostral ACC/medial 

OFC, rather than ventrolateral PFC, is important in the detection of expectation 

violations. It is also interesting that the insula was activated in this task, indeed, 

the IES model suggests that the insula may be a locus for the storage of affect 

representations that are formed within the amygdala. This hypothesis was 

asserted based on the observation that adults sustaining amygdala lesions do not 

‘lose’ previously acquired affect representations (Blair, 2004). These data, 

therefore, indicate that whilst the predictions of the IES model are relatively 

accurate, it requires some modification if it is to be entirely successful in 

explaining passive avoidance learning.
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3.6: Conclusions

In conclusion, experiment 3 investigated the neural substrates involved in 

successful passive avoidance learning. In line with predictions, based on the IES 

account, correct responses to both rewarding and punishing stimuli (i.e. 

approaches and avoidances respectively) recruited similar regions, including 

amygdala, rostral ACC, insula, caudate and hippocampus.
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Chapter 4 -  Probabilistic Reversal Learning in Children with 

Psychopathic Tendencies and Adult Psychopaths

4.1: Introduction to Reversal Learning

Reversal learning is the alteration of a behavioural response to a 

previously rewarded stimulus in accordance with reversed reinforcement 

contingencies (Rolls, 1999). It is a cognitive flexibility that enables individuals to 

engage efficiently in the pursuit of rewards and the avoidance of punishments, and 

is thus important in a wide range of motivated and emotional behaviours (Rolls, 

1999). Reversal learning tasks usually involve separate acquisition and reversal 

phases. In the acquisition phase participants learn an object discrimination in 

order to gain reward {i.e., ‘i f  presented with stimulus pair A-B, choose A ’). 

Following satisfactory performance reinforcement contingencies are reversed, and 

in order to continue receiving reward (and avoiding punishment) participants are 

required to reverse their stimulus choice (i.e., ‘ifpresented with stimulus pair A-B, 

choose B '). Importantly, and similarly to passive avoidance learning, participants 

are not informed of the reward- and punishment-contingencies prior to task 

performance. Instead they must learn by trial-and-error which is the correct 

stimulus to select.

Extinction is a cognitive function that is conceptually similar to reversal 

learning. Instead of contingency reversal, during the second phase of the task a 

‘no response’ rule becomes correct (i.e. ‘i f  presented with stimulus A, withhold 

response ’). Thus in order to avoid punishment (and sometimes to receive reward) 

participants are required to cease (i.e. extinguish) responding.

Reversal and extinction tasks usually involve presentation of stimuli in a 

pair-wise fashion over the course of the experiment (e.g. Cools et al., 2002; 

Downes et al., 1989; Kringelbach and Rolls, 2003; O'Doherty et al., 2003a; 

O'Doherty et al., 2001; Remijnse et al., 2005). According to Baxter and Murray 

(2002) this type of instrumental learning, in contrast to passive avoidance 

learning, may be solved by forming stimulus-response associations (see section
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1.3.6.). That is, by forming an association between a conditioned stimulus (CS) 

and a motor response. It has been suggested that following repeated pair-wise 

presentations, two stimuli (i.e. A and B) come to form a single compound 

representation within temporal cortex (i.e. stimulus A-B) (Messinger et al., 2001). 

As such, this compound stimulus A-B may be either good or bad, dependent upon 

the behaviour of the participant (i.e. whether they do action X or Y). It is thought 

that this type o f stimulus-response learning may be easily solved by means o f an 

interaction between temporal cortex and caudate, which commands a particular 

response (e.g. perform action X) when the compound stimulus A-B is presented 

(Packard, 1999; Packard and McGaugh, 1996).

Commonly, reversal learning ability has been assessed by counting the 

number o f errors made before the participant meets a criterion of consecutive 

correct responses. Alternatively performance may be assessed by noting the 

proportion o f adaptive versus maladaptive responses (Berlin et al., 2004). In this 

type of ‘win-stay, lose-shift’ analysis responses are defined according to feedback 

received on the previous trial (i.e. ‘win’ or ‘lose’) in combination with the action 

committed on the current trial (i.e. ‘stay’ [reapproach the stimulus approached on 

the previous trial] or ‘shift’ [approach the alternative stimulus]). In simple 

reversal learning paradigms, adaptive responses are to win-stay and to lose-shift 

(see figure 4.1.).

figure 4.1: A representation o f all possible responses in a win-stay, lose-shift analysis of

simple reversal learning

Action
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Feedback

Win win-stay win-shift
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Adaptive responses highlighted in green and maladaptive responses highlighted in red
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Recently researchers have employed probabilistic reversal learning tasks 

(e.g. Lawrence et al., 1999; O'Doherty et al., 2001; Swainson et al., 2000). In 

these tasks the reinforcement contingencies are inconsistent. For example, the 

‘correct’ stimulus in a pair with an 80-20 probabilistic reinforcement contingency 

would be rewarded on 8 out of 10 presentations and punished on 2 out of 10 

presentations, and the opposite reinforcement contingency would be true of the 

‘incorrect’ stimulus (Lawrence et al., 1999; Swainson et al., 2000). Probabilistic 

contingencies have been used to simulate ‘real life’ problems where there is often 

less than a 1:1 matching between a stimulus and a reward (Lawrence et al., 1999). 

Importantly, sometimes patients present with selective impairments in 

performance of probabilistic tasks (e.g. Lawrence et al., 1999). In probabilistic 

tasks a consistent win-stay, lose-shift strategy becomes maladaptive. Instead 

participants must learn to lose-stay on some trials, which may be termed 

‘probabilistic error’ trials (Cools et al., 2002; Swainson et al., 2000).
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4.2: Experiment 4

As introduced in chapter 1, adult individuals with psychopathy have 

consistently demonstrated impaired reversal learning and extinction (Mitchell et 

al., 2002; Newman et al., 1987). The case is less clear, however, as regards 

children with psychopathic tendencies (Blair et al., 2001a; Fisher and Blair, 1998; 

O’Brien and Frick, 1996). Experiment 4 aims to investigate and further 

characterise the reversal learning impairment demonstrated by children with 

psychopathic tendencies.

Bechara’s Iowa gambling task is a complex reversal learning paradigm 

(Bechara et al., 1994; Bechara et al., 1999; Bechara et al., 2000b). On each trial 

participants must sample from one of four decks of cards. Reward or punishment 

(which takes the form of award or removal of hypothetical money) is issued 

dependent upon probabilistically-defined reinforcement contingencies. 

Importantly, initially selection from all decks leads to reward. However, as the 

task progresses, consistent selection from two of the decks -  the risky decks -  

leads to a net loss (due to the high rewards, and higher punishments associated 

with these decks). Inversely, consistent selection from the other two decks -  the 

safe decks -  leads to a net gain (due to the low rewards, and lower punishments). 

Participants usually begin the task by selecting cards from the risky decks, in 

order to redeem the associated high rewards. The imperative of the task (to win as 

much money as possible), however, may be achieved only by reversing responses 

away from the risky decks towards the safe decks. Indeed, healthy participants 

learn relatively quickly to reverse their responses towards the safe decks (Bechara 

et al., 1994; Bechara et al., 1997). In contrast, performance of individuals with 

psychopathy is characterized by consistent selection from risky decks. Deficits on 

this task have been observed in both adult psychopaths and children with 

psychopathic tendencies (Blair et al., 2001a; Mitchell et al., 2002). Although a 

complex task, the encouragement of an initial preference towards the risky decks, 

coupled with the introduction of increased punishment associated with these decks
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has led to suggestions that this task essentially assesses reversal learning ability 

(Blair et al., 2001a; Fellows and Farah, 2005; Mitchell et al., 2002).

Individuals with psychopathy have also presented with impairment on 

Newman’s card task, which may be described as an extinction task under partial 

reinforcement conditions (Newman et al., 1987). In this task participants must 

decide when to discontinue playing cards, from a single deck of 100, in order to 

maintain maximum points. Whilst initially all responses are rewarded (with 5 

cents), as the task proceeds the reward to punishment ratio decreases in 10% 

increments for each 10 cards played. This leads to a higher punishment rate as the 

task progresses. Adult psychopaths and children with psychopathic tendencies 

have consistently played significantly more cards than controls, leading to a lower 

cumulative reward (Fisher and Blair, 1998; Newman et al., 1987; O’Brien and 

Frick, 1996).

Finally, the IDED task is a multistage instrumental learning task that 

incorporates a simple reversal condition (Downes et al., 1989). In short, two 

stimuli are presented concurrently on a computer screen and after a pre-specified 

number of trials as the correct stimulus, the contingencies reverse and the 

previously correct stimulus suddenly becomes incorrect (and vice versa). In order 

to continue receiving rewarding feedback participants must reverse their responses 

away from the previously correct (now incorrect) stimulus, towards the newly 

correct stimulus. Whilst adults with psychopathy have presented with impairment 

on the task (Mitchell et al., 2002), in contrast, children with psychopathic 

tendencies have not (Blair et al., 2001a).

A commonality between the Iowa gambling task and Newman’s extinction 

task is that they involve complex reinforcement contingencies. Due to the design 

of these tasks the contingency changes are subtle. In contrast, the IDED task, on 

which children with psychopathic tendencies perform successfully, involves a 

simple reinforcement contingency. In this task, upon reversal, the previously 

consistently rewarded stimulus is now consistently punished. The contingency 

change, therefore, is more easily perceptible in the IDED task than in either the 

Iowa gambling task or Newman’s extinction task. It thus appears that the salience
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of the contingency change may be a critical factor determining the success of 

children with psychopathic tendencies on these tasks. In short, it appears that they 

may be sensitive to highly salient contingency changes, and less sensitive to more 

subtle contingency changes.

A further commonality between the two tasks on which children with 

psychopathic tendencies perform unsuccessfully are their complex natures. The 

Iowa task in particular involves other components unrelated to reversal ability, 

such as the ability to attend to, synthesize and remember complex reinforcement 

histories and to resolve the approach-avoidance conflicts that arise when a deck is 

associated with both reward and punishment (Busemeyer and Stout, 2002; 

Fellows and Farah, 2005; Rogers et al., 1999b). Also, Newman’s task assesses 

extinction and not reversal (Newman et al., 1987). Whilst these cognitive 

functions are conceptually related, they are not directly equivalent.

As is the case with passive avoidance learning, a recent study has indicated 

that children with attention-deficit/hyperactivity disorder (ADHD) may also 

present with impaired reversal learning performance. Itami and Uno (2002) tested 

children with ADHD (predominantly hyperactive-impulsive, or combined type) 

on tasks assessing reversal and extinction. Results indicated that the ADHD 

group committed more errors, on both tasks, than comparison children. Due to 

the high co-morbidity between ADHD and psychopathic tendencies it is important 

to clarify which disorder to driving the impairment (Colledge and Blair, 2001).

4.2.1: Summary of Aims

Experiment 4 attempted to assess the performance of children with 

psychopathic tendencies on a novel probabilistic reversal learning paradigm with 

four different contingencies (100-0; 90-10; 80-20; 70-30). Specifically 

experiment 4 aimed to determine the extent of the reversal learning impairment 

present, and in particular to determine whether any group differences were 

significantly related to psychopathic tendencies after the variation due to level of 

ADHD has been removed.
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4.3; Methods

4.3.1: Design

The independent variables were: group (psychopathic tendencies/ 

comparisons); the two phases (acquisition of the discrimination/reversal of the 

discrimination); and the four reinforcement contingencies (100-0/90-10/80-20/70- 

30). The dependent variable was errors to criterion (see section 4.3.4. for details).

4.3.2: Participants

The participants were all boys aged between 8 and 16 years recruited from 

three UK government-run schools for children with emotional and behavioural 

difficulties. They had all received statements under the Education Act of 1993 as 

being too problematic for mainstream education. Of the boys taking part, 38 were 

of Caucasian origin, the remaining 3 were of Afro-Caribbean origin (one of whom 

was in the psychopathic tendencies group).

Initially all boys whose parents’ granted consent were screened using the 

Antisocial Process Screening Device (Frick & Hare, 2001). The participants were 

selected on the basis of the combined APSD scores of two raters (usually two 

teachers but on occasion, a teacher and a classroom assistant). In line with 

previous work (Blair et al., 2001c; Fisher and Blair, 1998), participants with an 

APSD score of 27 or above were eligible for the psychopathic tendencies group 

and participants with an APSD score of 15 or below were eligible for the 

comparison group. Eighteen boys were included in the psychopathic tendencies
- j

group and 22 boys were included in the comparison group . It was made clear to 

the participants that they were free to withdraw from the study at any time.

3 8 children with psychopathic tendencies, and 5 comparison children from experiment 1 also 
participated in this experiment.



4.3.3: Measures

British Picture Vocabulary Scale (BPVS: Dunn. Wheklan & Pintillie. 1982).

The BPVS was used to measure the participants’ verbal intelligence 

quotient (IQ). The BPVS measures receptive vocabulary for standard English.

Antisocial Process Screening Device (APSD: Frick & Hare, 2001 )

Participant’s scores for each item were the averages assigned by the two 

raters. Pearson’s correlations of the two ratings for each child were r2 = 0.80 (P 

< 0.001) for total APSD score. Inter-rater correlations for the three factors were: 

r2 = 0.43 (P < 0.01) for callous/unemotional; r2 = 0.82 (P < 0.001) for 

narcissism, and; r2 = 0.68 (P < 0.001) for impulsivity.

ADHD Rating Scale - IV (DuPaul et al.. 1998)

Participant’s scores for each item were the averages assigned by the two 

raters. The Pearson’s correlation of the ratings was r2 = 0.63 (P < 0.001) for total 

DuPaul. Inter-rater correlations for the two factors were r2 -  0.59 (P < 0.001) for 

hyperactivity-impulsivity and r2 ~ 0.63 (P < 0.001) for inattention.

4.3.4: Probabilistic Reversal Learning Task.

The task was programmed in Visual Basic (6.0) and was presented on a 

Dell Laptop computer. Stimuli comprised 16 line drawings of animals (Snodgrass 

and Vanderwart, 1980) which were shaded in different colours (see figure 4.2.). 

Stimuli measured 4 cm by 4 cm and were presented on a grey background.

Stimuli were assigned into pairs randomly at the beginning of the task. On 

each trial, a pair of stimuli was presented. Stimulus locations were assigned 

randomly on each trial (there were 16 possible locations). The participant had to 

choose one of the stimuli by clicking on it with the mouse. Upon choosing they 

would receive either positive (‘you win 100 points’) or negative (‘you lose 100 

points’) feedback (for 1000 ms) depending on the reinforcement contingency of 

that pair. One of the animals in each pair was always more likely than the other to

92



be rewarded rather than punished. Participants began the task with 0 points. A 

running total of points was visible at the bottom of the screen only during the 

feedback display. Trials were self-paced.

figure 4.2: An example of a trial in the probabilistic reversal learning task 
The participant approached the sun stimulus and was rewarded with 100 points

You win 100 points 
You have 8500 points

Feedback for 1000 ms

The reinforcement contingencies were probabilistic such that the ‘correct’ 

pair was not always rewarded and the ‘incorrect’ pair was not always punished. 

The ‘correct’ stimulus in each pair was always the one with the greater ratio of 

reward to punishment. For example the ‘correct’ stimulus in a pair with a 90-10 

reward to punishment contingency would be rewarded on 9 out of every 10 trials 

and punished on 1 out of every 10 trials. Inversely, the ‘incorrect’ stimulus would 

be punished on 9 out of every 10 trials and rewarded on 1 out o f every 10 trials. 

The order o f probabilistic feedback was randomised within the program.

There were six different experimental pairs of stimuli: four that changed 

contingency (reversing pairs; R) and two that did not (non-reversing pairs; NR) 

(see figure 4.3.). The four reversing pairs had the following probabilistic 

contingencies: 100-0; 90-10; 80-20; and 70-30). The reinforcement contingency 

of the four pairs remained constant for 20 trials (phase 1; acquisition of the 

discrimination). Upon completing 20 trials the reinforcement contingency was 

reversed (phase 2; reversal o f the discrimination). Thus the previously correct 

stimulus became the incorrect stimulus and the previously incorrect stimulus now 

became the correct stimulus. The two non-reversing pairs had reinforcement

Self-paced selection
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contingencies 90-10 and 70-30. The contingencies of these pairs remained 

constant for the 40 trials for which they were presented.

Rather than learn about pairs of stimuli serially (e.g., all 40 trials of the 

100-0 contingency followed by all 40 trials of 80-20 contingency, and so on), 

participants had concurrent experience with two different pairs of stimuli at all 

times (i.e. trials from two pairs were presented alternately). This was done in 

order to increase task difficulty; serial presentation might have allowed the 

participant to more easily calculate that after a set amount of trials, many of the 

pairs changed contingency. The presentation order of the pairs was staggered so 

that the reversals did not coincide. Initially a practice pair (non-reversing with an 

80-20 probabilistic reinforcement contingency) was presented alone for 10 trials 

(to introduce participants to probabilistic reinforcement) and then alternately with 

the first experimental pair. Towards the end of the task a dummy pair was 

introduced and presented on alternate trials with the final experimental pair. Thus 

each experimental pair was presented on alternate trials with another pair of 

stimuli. All participants received 290 trials regardless of performance. The order 

of pair presentation was randomised.

For the purposes of analysis a learning criterion of 6 consecutive correct 

responses was imposed in both phases. Thus participants had to choose the 

correct stimulus in each pair six times consecutively before they had successfully 

passed that phase of the task. If participants did not meet the learning criterion in 

the acquisition phase, total errors made were analysed in the acquisition phase, 

and they were excluded from reversal phase analyses.
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figure 4.3: A schematic representation of the probabilistic reversal learning task

Segment 1 Segment 2 Segment 3 Segment 4 Segment 5 Segment 6 Segment 7 Segment 8

Dummy pair 100-0

..
Pair 1 100-0 (R )..................................  20 trialS 20 ,r ia*acquisition reversal

20 trials 20 trials
Pair 2 90-10 (R).................................................................  |  acquisition reversal

d  i  on  *>n 2 0  tr ia ,S  2 0  tr ia ,SPair 3 80-20 (R)   . . .  ,acquisition reversal

_ . . 20 trials 20 trials
Pair 4 70-30 (R )..................................................................................................................................  . ... ,v 7 acquisition reversal

20 trials 20 trials
Pair 5 100-0 (NR )....................................................................................................................................................

Pair 6 80-20 20 trials 20 trials
(NR )..........................................................................................................................................................................................................  acquisition reversal

Dummy pair 100-0

The presentation order o f pairs 1-6 was randomised. In each segment trials from pairs were presented alternately

Key to figure 1: R = reversing, NR = non-reversing



4.3.5: Procedure

Each participant was tested individually in a quiet room allocated by the 

school. Subsequent to the administration of the BPVS by the experimenter, the 

participants completed the reversal learning task. The experiment was described 

without informing the participant of the investigation’s specific objectives and 

expectations. Following Swainson et al (Swainson et al., 2000) the following 

instructions were presented on the computer screen and read aloud by the 

experimenter: ‘Pairs o f animals will appear on the screen. On each go you have 

to choose one o f these animals and the computer will tell you i f  your choice was 

correct or wrong. I f  it is correct you will win 100 points. I f  it is wrong you will 

lose 100 points. Each animal will sometimes be correct and sometimes be wrong, 

but one o f the animals will tend to be correct more often than the other one. Find 

out which animal is usually correct, and choose that animal every time. Stick with 

it even i f  it is occasionally wrong. At some point it may change so that the other 

animal is usually correct, in which case you should choose that one every time. 

Press 'begin ’ to start the experiment. ’

4.4: Results

As expected one-way ANOVAs showed significant differences between 

groups in terms of APSD score (F(l,38) = 374.94, P < 0.001) and DuPaul ADHD 

score (F(l,38) = 32.98, P < 0.001). No significant differences were found 

between groups in terms of age (F(l,39) < 1, NS) or estimated verbal IQ (F(l,39) 

< NS) (see table 4.1. for full participant details).

In order to control for level of ADHD, DuPaul ADHD score was covaried 

in analyses. As can be seen in figure 4.4. the distribution of DuPaul ADHD 

scores was bimodal, with sample mean (M = 22.71, SD = 11.89) falling between 

the two distributions. For this reason the discrete categorization (high/ low 

ADHD), was used as the covariate. Thus the children were divided into two 

groups (high/low ADHD) according to a median split of scores on the DuPaul 

ADHD rating scale; those children scoring up to and including 24 points were

96



included in the low ADHD group (n = 20), whilst those scoring above 24 were 

included in the high ADHD group (n = 20). Three of the boys presenting with 

psychopathic tendencies were included in the low ADHD group and five of the 

comparison boys were included in the high ADHD group.

table 4.1: Mean age, BPVS score, and APSD and ADHD ratings

Group Age BPVS APSD ADHD

Psychopathic tendencies group (n=18) 12.53

(2.01)

90.06

(11.05)

29.30*

(2.80)

31.64*

(8.60)

Comparison group (n=22) 13.03

(1.87)

88.09

(8.61)

11.77

(2.89)

15.35

(9.18)

* P  < 0.001 (standard deviations in parentheses)

Key to table 4.1.: APSD = Antisocial Process Screening Device (maximum score = 40); BPVS 

= British Picture Vocabulary scale; ADHD = attention-deficit hyperactivity disorder 

(maximum score = 54); n = number of participants.

figure 4.4: A distribution graph of DuPaul ADHD scores

a

«

a

Score on the DuPaul ADHD scale
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4.4.1: Pass rate data

See table 4.2. for the percentage pass rates for the children with 

psychopathic tendencies and the comparison children for the acquisition and 

reversal phases for each contingency. Chi-square tests revealed significant 

differences between groups only for acquisition in the 70-30 condition; %2 (1, N = 

40) = 4.82, P < 0.05) (Chi-square/Fisher’s exact test found no differences 

between groups for any other contingency at either phase).

table 4.2: Percentage pass rates in acquisition and reversal phases for each contingency

Contingency G roup
Phase

Acquisition Reversal

100-0
C om parison group 86% 89%

Psychopathic tendencies group 100% 89%

90-10
C om parison group 86% 79%

Psychopathic tendencies group 74% 71%

80-20
C om parison group 73% 75%

Psychopathic tendencies group 89% 47%

70-30
Com parison group 68% 80%

Psychopathic tendencies group 33% 50%

(percentages in the reversal phase include only those passing the acquisition for tha t 

p articu lar contingency)
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4.4.2: Error data

Errors to criterion (total errors made prior to reaching the criterion of 6 

consecutive correct responses) were analysed using 2 repeated measures 

ANCOVAs. Separate analyses were conducted for phase 1 (Acquisition of the 

discrimination) and phase 2 (Reversal o f the discrimination) as fewer participants 

were included in the reversal phase analyses. Participants were grouped 

according to scores on the APSD (psychopathic tendencies/comparisons). ADHD 

group membership (high/low) was the covariate. Probabilistic contingency (100- 

0, 90-0, 80-20, 70-30) was the within subjects factor.

Acquisition o f the discrimination

As expected, neither the main effect o f group (F(l,37) < 1; NS) nor the 

interaction between group and contingency (F(3, 111) = 2.31; NS) were 

significant (see figure 4.5.). There was, however, a significant main effect 

(F(3,l 11) = 2.78; P < 0.05) and linear contrast (F (l, 37) = 8.90; P < 0.005) for 

contingency. ADHD was not a significant covariate (F (l,37) < 1; NS).

figure 4.5: Errors to criterion made by children in the acquisition phase

16 

14

c  12 
o
' I  10.t;
£ 8 — ♦ — psychopathic
~  tendencies group

g 6 ' — comparison group

*  4

2 

0

- —  ----------------------------------------

100-0 90-10 80-20
contingency

70-30

(standard error bars) (Maximum possible errors = 20)
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Reversal of the discrimination

Those children not passing all four of the contingencies were excluded 

from the repeated measures ANCOVA (n = 25) assessing errors made in the 

reversal phase. There was a significant effect o f group (F(l ,12) = 4.77, P < 0.05) 

indicating that psychopathic tendencies group made more errors overall than 

comparison group. There was a also significant main effect of contingency 

(F(3,36) = 5.63, P < 0.005) and a significant linear contrast for contingency 

(F (l, 12) = 13.61, P < 0.005). Further, the group by contingency interaction was 

significant (F(3,36) = 2.98, P < 0.05), as was the linear contrast (F (l,12) = 6.99, P 

< 0.05). ADHD was not a significant covariate (F (l,12) < 1; NS). In short, the 

psychopathic tendencies group made more errors than comparison group and the 

rate of errors increased as the reward: punishment ratio reduced across 

contingencies (see figure 4.6.).

figure 4.6: Errors to criterion made by children in the reversal phase

• psychopathic 
tendencies group

■ comparison 
group

100-0 90-10 80-20 70-30

contingency

(standard error bars) (Maximum possible errors = 20)

Follow-up analyses involved performing univariate ANCOVAs, excluding 

only those children failing to meet criterion for the acquisition phase for the 

particular contingency being analysed. Significant differences between error rates 

of the two groups were revealed in the 90-10, 80-20 and 70-30 contingencies; 

100-0 (F(l,34) < 1, NS), 90-10 (F(l,29) = 2.33, P < 0.05, 1-tailed), 80-20 (F(l,30)
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= 4.53, P < 0.05) and 70-30 (F(l,18) = 4.60, P < 0.05). ADHD was not a 

significant covariate in any of the analyses.

Consecutive perseverative errors (from the point at which the reward 

contingencies reversed) were also analysed using a 2 (group) x 4 (contingency) 

repeated measures ANCOVA (including only those children passing all four of 

the contingencies). Neither the main effect of group (F(l ,12) = 2.11; NS), 

contingency (F(3,36) = 1.23; NS) nor group by contingency interaction (F(3,36) = 

2.03; NS) were significant; both groups made equal rates of perseverative errors 

across all four contingencies.

Non-reversing pairs

Performance on the non-reversing pairs, with contingencies 90-10 and 70- 

30, was assessed using a 2 group by 2 contingency ANCOVA. The main effect of 

group was not significant (F(l,37) < 1, NS). There was a significant main effect 

for contingency (F(l,37) = 6.13, P < 0.05); both groups made more errors in the 

70-30 rather than 90-10 contingency.

4.4.3: Winstay, lose-shift analysis

Finally, data were recoded to allow analysis of win-stay, lose-shift 

strategies. Data from all participants were included in these analyses. Data were 

collapsed across contingency and analysed using 2 (Group) x 2 (Phase) repeated 

measures ANCOVAs.

Initially, rates of win-stay (vs. win-shift) responses {i.e. the participant’s 

behaviour immediately following a correct, rewarded response) were assessed. 

As different participants made different numbers of correct responses, a win-stay 

percentage was calculated; [N. of win-stay/(N. of wins-stay + N. of win-shift) x 

100]. Whilst the main effect of group was not significant (F(l,36) < 1, NS), there 

was a significant effect of phase (F(l,36) = 11.48, P < 0.005). The interaction 

between group and phase was also significant (F(l,36) = 2.80, P < 0.06, 1-tailed) 

(see figure 4.7.). ADHD was not a significant covariate (F(l,36) < 1, NS).
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Follow-up within-group ANOVAs revealed that the proportion of win-stay vs. 

win-shift responses decreased significantly from the acquisition phase to the 

reversal phase in the children with psychopathic tendencies (F ( l, 16) = 10.71, P < 

0.005), but not in the comparison children (F (l,21) = 3.92, NS).

figure 4.7: Percentage win-stay (vs. win-shift) responses in the acquisition and reversal

phases
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(data is collapsed across contingencies) (standard error bars)

Following this, rates (expressed as percentages) o f lose-shift (vs. lose-stay) 

responses (i.e. the participant’s behaviour immediately following an incorrect, 

punished response) were examined; [N. o f lose-shift/(N. o f lose-shift + N. o f lose- 

stay) x 100]. Neither the main affect of group, nor the group by phase interaction 

were significant, both (F (l,15) < 1, NS) (see figure 4.8.). The main effect of 

phase was significant (F ( l, 15) = 10.38, P < 0.01).
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figure 4.8: Percentage lose-shift (vs. lose-stay) responses in the acquisition and reversal

phases

   ” • ’ "

acquisition reversal

phase

• psychopathic 
tendencies 
group

• comparison 
group

(data is collapsed across contingencies) (standard error bars)

4.5: Discussion

The main aim of experiment 4 was to investigate the ability of children 

with psychopathic tendencies to perform reversal learning under differing 

contingency conditions. Specifically, experiment 4 aimed to assess the effects of 

salience of the contingency change on performance, and to investigate whether 

any group effects were significantly related to psychopathic tendencies after the 

variation due to level of ADHD had been removed. In line with predictions, the 

children with psychopathic tendencies showed increasing reversal learning 

impairment, relative to the comparison group, as the salience o f the contingency 

change decreased. This deficit was observed even when the impact of level of 

ADHD was statistically controlled.

Previous studies of extinction and reversal learning in children with 

psychopathic tendencies have found impairment when using both the Iowa 

gambling task and Newman’s card extinction task but not when assessing the 

reversal learning phase o f the ID/ED shift paradigm (Blair et al., 2001a; Fisher 

and Blair, 1998; O ’Brien and Frick, 1996).
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An alternative method of analysing the data was to compare the likelihood 

that participants would shift away from a correct, rewarded response, or stay with 

an incorrect, punished response. Patients with lesions to OFC/ ventral PFC have 

been shown to be less likely to stay with a rewarded correct response and less 

likely to shift away from a punished incorrect response during reversal than 

comparison individuals (Berlin et al., 2004; Homak et al., 2004). Children with 

psychopathic tendencies performed similarly - they were more likely than 

comparisons to shift away from a correct, rewarded response. However, in 

contrast to OFC/ ventral PFC patients, there was no difference between groups in 

terms of likelihood of persisting with an incorrect punished response, that is, the 

impairment was not due to a perseverative tendency. Rather, it appears that the 

children with psychopathic tendencies were impaired in their ability to maintain 

new stimulus-response associations following reversal away from the newly 

incorrect stimulus.

Finally, in contrast to Itami and Uno (Itami and Uno, 2002), no significant 

impact of the ADHD covariate was observed. Neuro-anatomically ADHD has 

been linked to dysfunction in the right frontal cortex, anterior cingulate and basal 

ganglia (e.g. Casey et al., 1997; Castellanos et al., 1996; Giedd et al., 2001; 

Swanson et al., 1998), whilst psychopathy has been linked with dysfunction in 

amygdala and orbital/ ventrolateral frontal cortex (e.g. Blair et al., 2001a; Blair, 

2003a; Blair et al., 2004; Blair et al., 1999; Damasio, 1994; LaPierre et al., 1995; 

Mitchell et al., 2002; Patrick, 1994). It is possible that Itami and Uno (Itami and 

Uno, 2002) found group differences because of their participant selection criteria. 

They did not screen for psychopathic tendencies, and it is possible, given high co

morbidity rates between psychopathic tendencies and ADHD (Colledge and Blair, 

2001), that at least some children in their ADHD group had psychopathic 

tendencies. Alternatively they may have recruited an extreme ADHD group, with 

more severe symptomatology than observed in this experiment. Given the high 

co-morbidity of ADHD with CD/psychopathic tendencies (Babinski et al., 1999; 

Barry et al., 2000; Biederman et al., 1991; Colledge and Blair, 2001; Hinshaw, 

1987; Lynam, 1996; Taylor et al., 1986) and the interest in determining which
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deficits are specific to which disorder, this issue should be re-investigated in 

further work.

4.5.1: Summary and conclusions

In summary, this experiment investigated the performance of children with 

psychopathic tendencies on a novel probabilistic reversal learning task. In line 

with predictions, children with psychopathic tendencies showed dysfunctional 

reversal learning only in the probabilistic conditions. Also the performance 

decrement shown by children with psychopathic tendencies was an inverse 

function of the salience of the contingency change, that is, as contingencies 

became more probabilistic the children with psychopathic tendencies committed 

increasing rates of errors. Finally, it appeared that the reason for the reversal 

learning impairment was due to an inability to maintain new responses following 

contingency reversal.
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4.6: Experiment 5

As discussed above, previously, inconsistencies have been observed in the 

literature detailing performance of children with psychopathic tendencies and 

adult psychopaths on reversal learning paradigms. It appeared that while adult 

psychopaths presented with difficulties in reversal learning regardless of salience 

of contingency change, children with psychopathic tendencies seemed able to 

successfully perform simple reversals, presenting with difficulties only on less 

salient reversals. In line with this observation, the results of experiment 4 

provided further evidence that children with psychopathic tendencies are able to 

successfully perform simple reversals, and only present with impairment on less 

salient reversals. In addition, and somewhat consistent with the performance of 

patients with OFC lesions, the children with psychopathic tendencies were found 

to be more inclined to shift away from correct, rewarded responses than were 

comparisons. In contrast to children with psychopathic tendencies, adult 

psychopaths have reliably presented with impaired performance on reversal 

learning tasks (see section 4.2.). They have shown difficulties on tasks assessing 

reversal and extinction regardless of the salience of contingency change. In short, 

it appears that the reversal learning impairment may be more pronounced in adult 

psychopaths than it is in children with psychopathic tendencies.

4.6.1: Summary of Aims

Experiment 5 attempted to assess the performance of a group of adult 

individuals with psychopathy on a novel probabilistic reversal learning paradigm. 

Specifically experiment 5 aimed to replicate previous literature with adult 

psychopaths and also to investigate their behavioural strategy {i.e., win-stay and 

lose-shift).
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4.7: Methods

4.7.1: Design

The independent variables were: group (psychopaths/comparisons); the 

two phases (acquisition of the discrimination/reversal of the discrimination); and 

the two reinforcement contingencies (100-0/80-20). The dependent variable was 

errors to criterion (see section 4.7.4. for details).

4.7.2: Participants

The sample was made up of 38 men from a pool of 200 men incarcerated 

in a forensic institution in the London area. 30 of the participants were Caucasian, 

1 Asian, and 8 Afro-Caribbean (1 Asian and 2 Afro-Caribbean participants were 

in the comparison group, and 6 Afro-Caribbean participants were in the 

psychopathic group). Files were pre-screened to exclude individuals whose 

psychiatric reports revealed a diagnosis for psychosis, organic brain damage, or 

neurological disorder.

In accordance with the literature and the guidelines of the PCL-R (Hare, 

1991; Hare, 2003), individuals with a score of 30 or above on the PCL-R were 

assigned to the psychopathy group (n = 20), whilst those with a score of 20 or less 

were assigned to the comparison group (n = 18). Written consent was obtained 

from each participant who participated in the experiment, and all were informed 

that they were free to withdraw from the experiment at any time.

4.7.3: Measures

Raven’s Advanced Progressive Matrices. Set I (Raven. 1976).

Set 1 of the Raven’s Advanced Progressive Matrices was used to provide 

an estimation of full-scale intelligence quotient (IQ). This measure is not 

dependent on the participant’s ability to read.
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Psychopathy Checklist-Revised (PCL-R: Hare. 1991; Hare. 2003L

Participant’s scores for each item were the averages assigned by two 

independent raters. Pearson’s correlations of the two were; for total PCL-R score 

r2 -  0.98 (P < 0.001). The agreement between the two raters for diagnostic group 

(psychopathic vs. comparison) was 100%.

4.7.4: Probabilistic Reversal learning Task.

The task was programmed in Visual Basic (6.0) and was presented on a 

Dell Laptop computer. Stimuli comprised 12 line drawings of animals (Snodgrass 

and Vanderwart, 1980) which had each been shaded in a different colour (see 

figure 4.2). Stimuli measured 4cm by 4cm and were presented on a grey 

background.

Stimuli were assigned into pairs randomly at the beginning of the task. On 

each trial, a pair of stimuli was presented. Stimulus locations were assigned 

randomly on each trial (there were 16 possible locations). The participant had to 

choose one of the stimuli by clicking on it with the mouse. Upon choosing they 

would receive either positive (‘you win 100 points’) or negative (‘you lose 100 

points’) feedback (for 1000 ms) according to the reinforcement contingency of 

that pair. One of the animals in each pair was always more likely than the other to 

be rewarded rather than punished. Participants began the task with 0 points. A 

running total of points was visible at the bottom of the screen only during the 

feedback display. Trials were self-paced.

There were 2 reinforcement contingencies; 100-0 (simple) and 80-20 

(probabilistic). In the 100-0 condition the ‘correct’ stimulus was always rewarded 

and the ‘incorrect’ stimulus was always punished. In the 80-20 condition the 

‘correct’ stimulus was rewarded on 8 out of every 10 occasions and punished on 2 

out of every 10 occasions. Inversely, the ‘incorrect’ stimulus was be punished on 

8 out of every 10 trials and rewarded on 2 out of every 10 trials. The order of 

probabilistic feedback was randomised within the program.
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There were four different experimental pairs of stimuli: two of which 

changed contingency (reversing pairs; R) and two of which did not (non-reversing 

pairs; NR) (see figure 4.9 for a detailed task diagram). The 2 reversing pairs had 

contingencies 100-0 and 80-20 and the two non-reversing pairs had contingencies 

100-0 and 80-20. The reinforcement contingency of the reversing pairs remained 

constant for 40 trials (phase 1; acquisition of the discrimination). Upon 

completing 40 trials the reinforcement contingency the reversing pairs was 

reversed (phase 2; reversal of the discrimination). Thus the previously correct 

stimulus became the incorrect stimulus and the previously incorrect stimulus now 

became the correct stimulus. The contingencies of the non-reversing pairs 

remained the same for the entire 40 trials that they were presented for.

Rather than learn about pairs of stimuli serially (e.g., all 40 trials of 100-0 

contingency followed by all 40 trials of 90-10 contingency, and so on), 

participants had concurrent experience with two different pairs of stimuli at all 

times (i.e. trials from two pairs were presented alternately). This was done in 

order to increase task difficulty; serial presentation might have allowed the 

participant to more easily calculate that after a set amount of trials, many of the 

pairs changed contingency. The presentation order of the pairs was staggered so 

that the reversals did not coincide. Initially a practice pair (non-reversing with a 

100-0 reinforcement contingency) was presented alone for 20 trials (to introduce 

participants to probabilistic reinforcement) and then alternately with the first 

experimental pair. Towards the end of the task a ‘dummy’ pair (non-reversing 

with a 100-0 reinforcement contingency) was introduced and presented on 

alternate trials with the final experimental pair. Thus each experimental pair was 

presented on alternate trials with another pair of stimuli. All participants received 

290 trials regardless of performance.

For the purposes of analysis a learning criterion of 8 consecutive correct 

responses was imposed in both phases. Thus participants had to choose the 

correct stimulus in each pair eight times consecutively before they had 

successfully passed that phase of the task. If participants did not meet the learning 

criterion total errors made were analysed.
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figure 4.9: A diagrammatic representation of the probabilistic reversal learning task

Segment 1 Segment 2 Segment 3 Segment 4 Segment 5 Segment ( 

40 trials 40 trials
Pair 1 100-0 (R )....................................

acquisition reversal

20 trials 20 trials
Pair 2 80-20 (NR)................................................................  j

acquisition reversal

40 trials 40 trials
Pair 3 80-20 (R ).................................................................................................... R - . i S f i

acquisition reversal

20 trials 20 trials
Pair 4 100-0 (NR)...............................................................................................................................

acquisition reversal

Dummy pair 100-0 f f l K D j S S S

The orders presentation o f pairs 1-4 was randomized. In each segment trials from pairs were presented alternately 

Key to figure 4.9.: R = reversing, NR = non-reversing



4.7.5: Procedure

Each participant was tested individually in a quiet room allocated by the 

institution. Subsequent to the administration of the Raven’s Progressive Matrices 

by the experimenter, the participants completed the reversal learning task. The 

experiment was described without informing the participant of the investigation’s 

specific objectives and expectations. Following Swainson and colleagues 

(Swainson et al., 2000) the following instructions were presented on the computer 

screen and read aloud by the experimenter: ‘Pairs o f animals will appear on the 

screen. On each go you have to choose one o f these animals and the computer will tell 

you if  your choice was correct or wrong. I f  it is correct you will win 100 points. I f  it is 

wrong you will lose 100 points. Each animal will sometimes be correct and sometimes be 

wrong, but one o f the animals will tend to be correct more often than the other one. Find 

out which animal is usually correct, and choose that animal every time. Stick with it even 

i f  it is occasionally wrong. At some point it may change so that the other animal is 

usually correct, in which case you should choose that one every time. Press ‘begin ’ to 

start the experiment. ’

4.8: Results

As expected one-way ANOVAs showed significant differences between 

groups in terms of PCL-R scores (F(l,37) = 230.29, P < 0.001)). No significant 

differences were found between groups in terms of age or estimated IQ score (see 

table 4.3. for full participant details).

table 4.3: M ean age, PCL-R rating  and Ravens scores

Group Age PCL-R Ravens
Psychopaths (n = 20) 37.80 (7.64) 32.24 (1.95)* 8.05 (1.99)
Controls (n = 18) 34.17 (10.39) 8.59 (6.67) 8.22 (1.86)

* P <  0.001 
(standard  deviations in parentheses)

Key to table 4.3.: PCL-R  = Psychopathy Checklist -  Revised (maximum score = 40); Ravens 

= Raven’s Progressive M atrices (maximum score = 12); n = num ber of participants.
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4.8.1: Failure rate data

See table 4.4. for the percentage pass rates for the adult psychopaths and 

the comparison adults for the acquisition and reversal phases for both 

contingencies. Chi-square/Fisher’s Exact tests revealed no significant differences 

between groups in terms of pass rates.

table 4.4: Percentage pass rates for adult psychopaths and com parison adults in the 

acquisition and reversal phases for each contingency

Contingency Group
Phase

Acquisition Reversal

Comparison group 100% 100%
100-0

Psychopathic group 100% 95%

Comparison group 94% 94%
80-20

Psychopathic group 85% 82%
(percentages in the reversal phase include only those passing the acquisition for tha t

particu lar contingency)

4.8.2: Error data

Errors to criterion (total errors made prior to reaching the criterion of 8 

consecutive correct responses) were analysed using 2 repeated measures 

ANOVAs. Separate analyses were conducted for phase 1 (Acquisition) and phase 

2 (Reversal) errors. Participants were grouped according to scores on the PCL-R 

(psychopathic/ comparisons). Probabilistic contingency (100-0 and 80-20) was 

the within subjects factor.

Phase 1: Acquisition of the discrimination

As expected neither the main effect of group nor the interaction between 

group and contingency were significant: both (F(l,36) < 1; NS). There was a 

significant main effect of reinforcement contingency (F(l, 36) = 18.57; P < 

0.001). Thus, as predicted, all participants made more errors learning the 80:20 

contingency than the 100:0 contingency (See figure 4.10.).
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figure 4.10: Errors to criterion made by adults in the acquisition phase
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Phase 2: Reversal Phase of the discrimination

For the repeated measures ANOVA assessing errors made in the reversal 

phase, those individuals not meeting criteria for both o f the contingencies were 

excluded from the analysis (n = 4). As predicted there was a significant main 

effect of group (F(l,32) = 6.11, P < 0.05); adults with psychopathy made 

significantly more reversal errors than control adults. There was also a significant 

main effect of contingency (F(l,32) = 8.64, P < 0.01), however the group by 

contingency interaction was not significant (F(l,32) < 1, NS) (see figure 4.11.).

Follow-up univariate ANOVAs included all participants for the 100-0 

contingency, and excluded four participants failing to meet criterion in the 

acquisition phase for the 80-20 contingency. These revealed significant group 

differences for both contingencies; 100-0 (F ( l,36) = 3.44, P < 0.05, 1-tailed), and 

80-20 (F(l ,32) = 4.19, P < 0.05).

Consecutive perseverative errors were analysed from the point at which 

the reward contingencies reversed. There was a significant main effect for group 

(F (l,32) = 4.01; P < 0.05). Neither the main effect o f contingency (F(l,32) =

1.18; NS) nor group by contingency interaction were significant (F (l,32) < 1; NS) 

(see figure 4.12.). Follow-up univariate ANOVAs revealed that the group
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differences were significant for both contingencies: 100-0 (F (l,36) = 2.56, P < 

0.05, 1-tailed); 80-20 (F(l,32) = 2.79, P < 0.05, 1-tailed).

figure 4.11: Errors to criterion made by adults in the reversal phase
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figure 4.12: Consecutive perseverative errors made by adults in the reversal phase
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Non-reversing pairs

Performance on the non-reversing pairs was also assessed. Neither the 

main effect of group (F(l,36) = 3.10, NS) nor the group by contingency 

interaction (F(l,36) = 1.90, NS) were significant. There was a significant main 

effect for contingency (F(l,35) = 19.50, P < 0.001); both groups made more 

errors in the 80-20 rather than 100-0 contingency.

4.8.3: Win-stay, lose-shift analysis

Finally, data were recoded to allow analysis of win-stay, lose-shift 

strategies. All participants were included. For this analysis responses were 

collapsed across contingency. Data were analysed using 2 (group) x 2 (phase) 

repeated measures ANOVAs.

Initially, rates of win-stay (vs. win-shift) responses {i.e. the participant’s 

behaviour immediately following a correct, rewarded response) were assessed. 

As participants made different numbers of correct responses, a win-stay 

percentage was calculated [N. of win-stay/(N. of wins-stay + N. of win-shift) x 

100]. Neither the main effect of group nor phase were significant: both (F(l,36) <

I, NS). The group by phase interaction was significant (F(l,36) = 6.16, P < 0.05) 

(see figure 4.13.). Univariate follow-up ANOVAs were performed in order to 

assess the group differences between the proportion of win-stay vs. win-shift 

responses in the acquisition and reversal phases. These revealed a significant 

effect only for the reversal phase (F(l,34) = 3.02, P < 0.05, 1-tailed); there were 

no significant group differences in the acquisition phase (F(l,36) < 1, NS). 

Further, within-subject ANOVAs were also performed. These revealed that the 

proportion of win-stay vs. win-shift responses decreased significantly from 

acquisition to reversal phases only for the individuals with psychopathy (F(l ,17) =

II.25, P < 0.005); for the comparison group (F( 1,17) = 1.14, NS).
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figure 4.13: Percentage win-stay (vs. win-shift) responses in the acquisition and reversal

phases

(the data  are  collapsed across contingencies) (standard  e rro r  bars)

Following this, rates (expressed as percentages) of lose-shift (vs. lose-stay) 

responses (i.e. the participant’s behaviour immediately following an incorrect, 

punished response) were examined [N. of lose-shift/(N. of lose-shift + N. of lose- 

stay) x 100]. Neither the main effect of group nor the group by phase interaction 

were significant: both (F(l,36) < 1, NS) (see figure 4.14.). The main effect of 

phase was significant (F(l,36) = 46.86, P < 0.001). However, this was principally 

because punishment during the reversal phases of the paradigm had no predictive 

power with respect to the participant’s subsequent response; participants were at 

chance as to whether they would make the same incorrect response or the 

alternative correct response following a punished incorrect response.
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figure 4.14: Percentage lose-shift (vs. lose-stay) responses in the acquisition and reversal

phases

(The data  are  collapsed across contingencies) (standard  e rro r  bars)

4.9: Discussion

Experiment 5 examined the ability of adult individuals with psychopathy 

to perform a novel probabilistic reversal learning task. The task involved one 

simple contingency reversal and one probabilistic contingency reversal. As 

expected the individuals with psychopathy performed similarly to comparisons in 

the acquisition phase of the task, whilst, in the reversal phase, the individuals with 

psychopathy committed a greater number of errors in both contingencies. The 

salience of contingency change had a comparable impact on both groups across 

phases.

Results were in accordance with previous observations in the literature, 

indicating that adult individuals with psychopathy present with impairment in 

reversal learning regardless of the salience of contingency change (Mitchell et al., 

2002). Thus group error rates were significantly different for both the highly 

salient (100-0) and less salient (80-20) contingency reversals. One interesting 

feature of the current results (and in contrast to those obtained in experiment 4) is 

that there was no significantly greater impact of reduced contingency salience on
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reversal learning in the individuals with psychopathy than the comparison 

individuals.

On the basis of previous human neuropsychological work (Berlin et al., 

2004; Homak et al., 2004), it was predicted that individuals with psychopathy 

would be less likely to stay with a rewarded correct response and less likely to 

shift away from a punished incorrect response during reversal than comparison 

individuals. The first of these predictions was confirmed. The second was not; 

surprisingly, both groups were as likely to shift away from, as to stay with, a 

punished incorrect response during reversal. These results are in accordance with 

those obtained in experiment 4 with children with psychopathic tendencies.

4.9.1: Summary and conclusions

In summary, this experiment investigated the performance of adult 

individuals with psychopathy on a probabilistic reversal learning task. In line 

with predictions, adults with psychopathy performed the acquisition phases 

successfully. Also as predicted, they showed a performance deficit in both simple 

and probabilistic conditions relative to comparison individuals. Finally, as in 

experiment 4, it appeared that an inability to maintain new responses following 

contingency reversal contributed to the reversal learning impairment.
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4.10: General Discussion

Chapter 4 presented two experiments. Experiment 4 assessed the 

performance of children with psychopathic tendencies and comparisons on a 

novel reversal learning task. As predicted, children with psychopathic tendencies 

presented with increasing impairment as the salience of contingency change 

decreased, but only in the probabilistic conditions. Experiment 5 assessed 

performance of adults with psychopathy and comparison individuals on a 

modified version of the reversal learning task. The adults with psychopathy 

presented with impairment relative to comparisons in both the simple and 

probabilistic conditions. In addition children with psychopathic tendencies and 

adult psychopaths were found to be more likely to move away from a correct, 

rewarded response in the reversal phase of the tasks, relative to comparisons. 

These findings strengthen the claim that there exists some impairment within 

OFC/ ventrolateral PFC in children with psychopathic tendencies and adults with 

psychopathy. In addition experiments 4 and 5 provide further evidence in line 

with the suggestion that the impairment is greater in adult psychopaths than in 

children with psychopathic tendencies.

4.10.1: Dissociation between acquisition and reversal phases

Experiments 4 and 5 demonstrated that children with psychopathic 

tendencies and adult psychopaths show impairment, relative to comparisons, only 

in the reversal phase of reversal learning tasks; importantly the initial acquisition 

of the discrimination remains intact. Thus, whilst the ability of these individuals 

to perform reversal learning is compromised, they are able to perform object 

discrimination learning. This dissociation is of importance particularly as the 

current results cannot be attributed to a task difficulty effect. For example, the 

adult psychopaths found the reversal of the 100-0 contingency to be more difficult 

than acquisition of the 80-20 contingency, whilst the converse was true for 

comparison individuals (as evident by error rates, see figures 4.10. and 4.11.). In 

other words, the individuals with psychopathy showed impairment relative to the
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comparison individuals on the condition that was easier for the comparison 

individuals. This dissociation also precludes a motivational account of task 

performance. In particular, a motivation-based account would need to explain 

how reduced enthusiasm would give rise to impairment on the ‘easy’ 100-0 

reversal and the ‘difficult’ 80-20 reversal but not the ‘medium difficulty’ 80-20 

acquisition.

4.10.2: Implications of these Results for the Characterization of Psychopathy

Impairments in reversal learning have been observed in other psychiatric 

disorders that have been associated with a heightened risk of frustration or threat- 

based reactive aggression, such as intermittent explosive disorder (Best et al., 

2002) and paediatric bipolar disorder (Gorrindo et al., in press). Moreover, as 

noted in section 1.3.3., patients with lesions of the OFC/ ventrolateral PFC often 

present with increased rates of reactive aggression and also impaired ability to 

perform reversal learning. Indeed, it has been suggested that the presence of 

irritability and reactive aggression in certain psychiatric disorders might be a 

marker for dysfunction within OFC/ ventrolateral PFC (Blair, 2001; Blair, 2004; 

Leibenluft et al., 2003). The current data provide further support for the 

contention that there exists such dysfunction in individuals with psychopathy 

(Blair, 2003a; Blair, 2004; Blair et al., 2001a; Mitchell et al., 2002). Interestingly, 

and similar to individuals with OFC/ventrolateral damage, both children with 

psychopathic tendencies and adult psychopaths were observed to return to the 

previously correct stimulus after successful behavioural reversal has been 

achieved (Berlin et al., 2004; Homak et al., 2004). Specifically, this manifested as 

an increased tendency to shift stimulus choice directly following a rewarded, 

correct response. However, in contrast to individuals with OFC/ventrolateral PFC 

damage, both children with psychopathic tendencies and adult psychopaths were 

as likely as controls to shift away from, as to stay with, a punished incorrect 

response during reversal. In contrast OFC/ ventrolateral PFC patients present 

with a marked tendency to perseverate towards a previously rewarded (and now 

punished) stimulus (Berlin et al., 2004; Fellows and Farah, 2003; Homak et al.,
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2004; Rolls et al., 1994). It thus appears that the reversal learning deficit observed 

in children with psychopathic tendencies and adult psychopaths must be 

characterised at least somewhat differently to patients with OFC/ ventrolateral 

PFC lesions. Although adult psychopaths do perseverate somewhat, it appears 

that the deficit in children with psychopathic tendencies and adult psychopaths 

may be at least partly due to a tendency to return to a previously rewarded 

stimulus after they have successfully reversed responses.

Following Blair (2004), in order to successfully achieve reversal learning 

or extinction, the participant must encode the motivational significance of cues 

and detect whether the expected outcomes differ from the actual outcomes. On 

occasions when the incentive value of the expected outcomes differs from the 

actual outcomes the individual must alter their behaviour. Thus reversal learning 

must require: (1) the representation of the expected reward/punishment; (2) the 

representation of the actual reward/punishment; (3) the ability to detect 

contingency violations; and (4) the ability to alter stimulus-response associations 

following the detection of these violations. Data from chapter 4 indicates that 

children with psychopathic tendencies and adult psychopaths may present with 

difficulty in stage 4. Further, on the basis of these data, it appears that stage 4 

may be decomposed further into separable components; the ability to alter and the 

ability to maintain new stimulus-response associations.

The results of experiments 4 and 5 were broadly in line with each other. 

However, one difference was that the children with psychopathic tendencies were 

unimpaired on the simple (100-0) reversal whereas the adults with psychopathy 

were. That is, it appears that the reversal learning impairment in adult 

psychopaths is greater than that observed in children with psychopathic 

tendencies. It may be suggested that this age-group difference could be due to 

external factors, for example the different instruments used to identify 

psychopathy in the two age groups. However it must be noted that children with 

psychopathic tendencies and adult psychopaths, identified using the same 

measures used in experiments 4 and 5, have performed comparably in other 

investigations (e.g. in tasks aiming to assess the integrity of the amygdala;
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Aniskiewicz, 1979; Blair, 1999; Blair and Coles, 2000; Blair et al., 2001c; Blair et 

al., 1997; House and Milligan, 1976; Stevens et al., 2001; Sutker, 1970). Thus is 

seems unlikely that the adults were simply a more extreme group.

It remains unclear why the reversal learning impairment would be greater 

in adults with the disorder. However, several possibilities may be considered. 

Firstly, it could be developmentally independent of the core pathology, that is, 

(following the IES model; Blair, 2004), amygdala pathology. For example, the 

genetic anomalies associated with psychopathy (Viding et al., 2005) might affect 

the development of the amygdala and OFC/ ventrolateral PFC independently of 

one another. Secondly, it could be dependent upon dysfunction within other 

areas. A primary candidate structure allowing for such an impact would be the 

amygdala. It is known that the amygdala and OFC are interconnected (Amaral et 

al., 1992; Rolls, 1997). A reduction in afferent input from the amygdala could 

potentially have negative consequences for the responsiveness of the OFC, 

leading to reduced sensitivity to contingency change in individuals with 

psychopathy as they age. Indeed, rodent data indicates that damage within the 

basolateral nucleus of the amygdala leads to reduced firing within OFC 

(O'Doherty, 2003; Schoenbaum et al., 2003). Thirdly, the greater OFC/ 

ventrolateral PFC dysfunction seen in the adults may be a secondary consequence 

of some of the behavioural characteristics of psychopathy. For example, one of 

the criteria of psychopathy, stimulation seeking, is often associated with drug use 

(Hare, 1991). Indeed, studies have indicated that psychopathy is associated with 

higher rates of drug abuse, and poly drug use (e.g. Hemphill et al., 1994; Smith 

and Newman, 1990). Bechara and colleagues observed that the majority of 

substance dependent patients performed the Iowa gambling task within the range 

of patients with ventromedial lesions (Bechara et al., 2001). Further, using a 

novel decision-making task, Rogers et al (Rogers et al., 1999b) assessed the 

quality of decision-making and deliberation time of individuals with focal OFC 

damage, and individuals who abused amphetamine or opiates. All three groups 

showed impaired performance on the task relative to comparison groups. 

Furthermore, chronic amphetamine abusers showed a pattern of sub-optimal
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decision-making, that was similar to the pattern shown by the OFC patients, and 

which correlated with their years of abuse (Rogers et al., 1999b). Given the 

neuro-cognitive impairments associated with chronic drug abuse, and the data 

suggesting higher rates of abuse and dependence among psychopathic individuals, 

it is possible that the greater reversal learning deficit seen in adults with 

psychopathy, relative to children with psychopathic tendencies, is a secondary 

consequence of the stimulus seeking behaviour characteristic of the disorder.

4.10.3: Implications of these Results for the Theories of Psychopathy

Of the six theories discussed in the previous chapter, the current results are 

relevant for the fear dysfunction hypotheses (Cleckley, 1976; Eysenck, 1964; 

Fowles, 1988; Gray, 1987; Lykken, 1995; Mealey, 1995; Patrick, 1994; Pichot, 

1978; Trasler, 1978; Trasler, 1973), the response-set modulation (RM) hypothesis 

(Newman, 1998; Patterson and Newman, 1993) and the integrated emotion 

systems (IES) hypothesis (Blair, 2004).

The dissociation between task performance in the acquisition and reversal 

phases (discussed in section 4.10.1.) is potentially problematic for two of the main 

positions on psychopathy. The fear and the RM positions stress a general 

impairment in processing punishment-related information and an inability to shift 

away from the goal of responding to gain reward to the peripheral punishment 

information as the primary impairments in psychopathy respectively. According 

to these formulations, both positions should predict impairment during acquisition 

and reversal. The fear dysfunction position asserts that individuals with 

psychopathy are impaired in processing punishment-related information (Lykken, 

1995; Patrick, 1994). This suggests that impairment in both phases should be 

predicted, as both require appropriate learning on the basis of punishment-related 

information. In the least, the fear positions require adaptation, to specify that the 

processing of punishment information is only impaired in the context of tasks 

reliant on the amygdala. According to the RM hypothesis, the poor performance 

of individuals with psychopathy on emotional learning tasks such as passive 

avoidance learning and the one-pack card playing tasks is related to their inability
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to shift attention from their goal of responding to gain reward, to the peripheral 

punishment information. Again this position should predict impairment in both 

the acquisition and reversal phases of reversal learning tasks as, for successful 

performance both require the participant to shift attention from the goal of gaining 

reward to process the ‘peripheral’ punishment information. The results of 

experiments 4 and 5 therefore also suggest that the RM hypothesis needs 

adaptation. In the very least, the current results suggest that psychopaths are able 

to shift their attention away from the goal of responding to gain reward to 

peripheral punishment information in the context of an object discrimination 

paradigm (i.e. during the acquisition phase). However, the RM hypothesis has yet 

to provide a reason why the putative attentional difficulties might be confined to 

reversal of an object discrimination (or acquisition of a stimulus-reinforcement 

association, as indexed by passive avoidance learning).

The results of experiments 4 and 5, however, are relatively successfully 

compatible with the IES model (Blair, 2004). According to this model, 

individuals with psychopathy present with dysfunction within amygdala and OFC/ 

ventrolateral PFC. Following Baxter and Murray (2002), object discrimination 

(i.e. stimulus-response learning) does not recruit the amygdala. However, OFC/ 

ventrolateral PFC are believed to play roles in the modification of stimulus- 

response associations (e.g. in reversal learning) (Blair, 2004). The IES model 

would therefore not expect that individuals with psychopathy would present with 

impairments in the acquisition (i.e. object discrimination) phase of the 

probabilistic reversal learning task. Previous data provided by the ID/ED task did 

not allow an adequate test of the contrasting predictions of the fear/RM and the 

IES. The object discrimination phases of the ID/ED task are considerably easier 

than the two reversal learning phases. Failure to find group differences might 

have simply reflected a floor effect: the task may have been too simple for both 

groups. The replications and extensions provided by experiments 4 and 5, 

however, lend further support to the IES model of psychopathy.

Within the model (see section 1.3.6. and figure 1.1.), there are two systems 

that are particularly relevant to reversal learning. The first consists of units that
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code the expected level of reward following the commission of specific actions to 

specific stimuli. These units allow rapid decision making and are thought to be 

implemented by medial OFC. This second system is thought to be implemented 

by ventrolateral PFC. It codes if a contingency expectation is violated; i.e., if the 

expected reward does not occur. Ventrolateral PFC is thought to be involved in 

preventing responses that are no longer appropriate. In a reversal learning task, 

the response activated as a result of the previously acquired stimulus-response 

association is no longer appropriate. In contrast to this formulation, however, on 

the basis of the results of experiment 3 it appears that medial OFC, rather than 

ventrolateral PFC is important in the detection of expectation violations (see 

section 3.5.)

The IES model follows Dayan and colleagues in stressing the importance 

of temporal difference calculations (O'Doherty et al., 2004; Schultz et al., 1997; 

Sutton and Barto, 1981). The temporal difference error is the difference between 

the expected value associated with a stimulus/action and the actual value currently 

received with respect to that stimulus/action. In other words, unexpected rewards 

induce large positive temporal difference errors (initiating rapid learning). In 

contrast, absent highly expected rewards induce large negative temporal 

difference errors (initiating reversal learning/extinction). As regards the reversal 

learning task; for salient contingency changes, the previous action has always 

been rewarded and now is always punished. In this case the initial negative 

temporal difference errors following contingency change will be very large, (i.e. 

there will be a strong impetus for reversal learning/extinction). For less salient 

contingency changes, the expected reward value associated with the old action 

will be less (because it was inconsistently rewarded) and the current values are 

less likely to be punishments (because these are also inconsistent). In this case the 

initial negative temporal difference errors following contingency change will be 

smaller. It appears that children with psychopathic tendencies and adult 

psychopaths may be impaired in their response to these negative temporal 

difference errors.
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The results of the win-stay, lose-shift analysis, specifically the increased 

tendency to for the children with psychopathic tendencies and adult psychopaths 

to win-shift, were rather surprising and are not currently successfully accounted 

for by either the fear, RM or IES models. It has been recently shown that patients 

with damage to orbital/ventrolateral PFC also present with an increased tendency 

to perform win-shift responses (Berlin et al., 2004; Homak et al., 2004). 

However, whilst both children with psychopathic tendencies and adult 

psychopaths exhibited an increased tendency to shift stimulus choice directly 

following a rewarded, correct response, both groups were as likely to shift away 

from, as to stay with, a punished incorrect response during reversal. It thus 

appears that the reversal learning deficit observed in children with psychopathic 

tendencies and adult psychopaths must be characterised at least somewhat 

differently to patients sustaining lesions to OFC/ ventrolateral PFC.

The results of the win-stay, lose-shift analysis are difficult to account for 

by either the fear or RM positions. Both emphasize impaired processing 

following the receipt of punishment, however, on the basis of these results, it 

appears that the cause for reversal learning impairment in psychopathy is not 

simply due to insensitivity to punishment and thus a tendency to perseverate with 

a punished response. The IES model is also currently unable to account for these 

findings. In particular, the model states that the OFC codes expectations of 

reward and punishment, whilst ventrolateral PFC comprises units involved in 

detecting contingency violations and preventing motor responses that are no 

longer appropriate (Blair, 2004). Specifically, it is thought that, in a reversal 

learning task, the response activated as a result of the previously acquired 

stimulus-response association is no longer appropriate, and in healthy individuals 

the ventrolateral PFC acts to inhibit these responses. The results of the win-stay 

analysis suggests that this formulation requires modification, specifically, that it 

must also detail a process whereby new responses become established.
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4.10.4: Conclusions

Chapter 4 demonstrated that children with psychopathic tendencies and 

adult psychopaths are impaired in probabilistic reversal learning. The following 

chapter will investigate the neural substrates involved in probabilistic reversal 

learning. This may serve to identify neural regions that might be dysfunctional in 

children with psychopathic tendencies and adult psychopathic individuals.
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Chapter 5 -  The Neural substrates of Probabilistic Reversal 

Learning in Healthy Adults

5.1: Experiment 6

Chapter 4 demonstrated that children with psychopathic tendencies and 

adult psychopaths are impaired in probabilistic reversal learning. Further, this 

impairment was demonstrated to be primarily a problem with maintenance of the 

new response. That is, children with psychopathic tendencies and adult 

psychopaths were more likely than controls to revert back to the previously 

correct stimulus after reversing away from it. Experiment 6 aims to further 

characterize the neural processes involved in probabilistic reversal learning in 

healthy adults. Doing so may serve to identify neural structures as targets for 

future research efforts with this population.

Lesion studies with rodents and non-human primates have demonstrated 

reversal learning impairments following surgical ablation of the OFC (Bohn et al., 

2003a; Bohn et al., 2003b; Dias et al., 1996; Dias et al., 1997; Iversen and 

Mishkin, 1970; Izquierdo et al., 2004; McAlonan and Brown, 2003; Meunier et 

al., 1997) and striatum (Divac et al., 1967; Taghzouti et al., 1985). This deficit 

has been attributed to a perseverative tendency (e.g. Iversen and Mishkin, 1970). 

Similarly, neuropsychological work with humans has emphasized the importance 

of OFC/ventrolateral PFC and striatum (Berlin et al., 2004; Cools et al., 2001; 

Fellows and Farah, 2003; Homak et al., 2004; Rahman et al., 1999; Rolls et al., 

1994; Swainson et al., 2000). Human neuro-imaging studies of reversal learning 

have also implicated OFC/ ventrolateral PFC and striatum albeit with some degree 

of inconsistency across studies (Cools et al., 2002; Kringelbach and Rolls, 2003; 

Nagahama et al., 2001; O'Doherty et al., 2003a; ODoherty et al., 2001; Remijnse 

et al., 2005; Rogers et al., 2000). In addition, there have been reports of activation 

within dorsomedial frontal cortex during reversal learning (Kringelbach and Rolls, 

2003; Nagahama et al., 2001; O'Doherty et al., 2003a; O'Doherty et al., 2001; 

Remijnse et al., 2005; Rogers et al., 2000).
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Despite these studies, however, the functional roles of these regions during 

reversal learning remain unclear. Previous FMRI work examining reversal 

learning has associated medial OFC with the representation of reward (O'Doherty 

et al., 2001) or response maintenance (O'Doherty et al., 2003a). In contrast lateral 

OFC/ ventrolateral PFC has been associated with the representation of punishment 

(O'Doherty et al., 2001; Remijnse et al., 2005), the detection of mismatches 

between expected and actual reinforcement (Kringelbach and Rolls, 2003) or the 

inhibition of inappropriate behavioural strategies (Cools et al., 2002; Kringelbach 

and Rolls, 2003; Remijnse et al., 2005). These characterisations led to two 

contrasting predictions regarding ventrolateral PFC. If it codes punishment 

information, activation would be expected in response to errors irrespective of 

phase; alternatively, if it inhibits inappropriate behavioural responses, activation 

would be expected in response to errors in the reversal phase only.

Reports of striatal activation during reversal learning are compatible with 

suggestions that the striatum is involved in the prediction/anticipation of reward 

(Breiter et al., 2001; Knutson et al., 2001; O'Doherty et al., 2003b) and 

punishment (Seymour et al., 2004). These conceptualisations of striatal activation 

may be successfully explained by prediction error theory (Cohen, 1997; 

O'Doherty et al., 2004; O'Doherty et al., 2003b; Seymour et al., 2004). Finally, 

reports of activation within dorsomedial frontal cortex / dorsal ACC during 

studies of reversal learning have been attributed to response selection and conflict 

monitoring (Kringelbach and Rolls, 2003; O'Doherty et al., 2003a; Remijnse et 

al., 2005).

Typically neuroimaging investigations of reversal learning have employed 

paradigms whereby the reinforcement contingencies of a single pair of stimuli 

reverse serially throughout (Cools et al., 2002; Kringelbach and Rolls, 2003; 

O'Doherty et al., 2003a; O'Doherty et al., 2001; Remijnse et al., 2005). There are 

two potential shortcomings inherent in this design. Firstly, it is relatively difficult 

to disentangle acquisition and reversal trials as the acquisition of novel stimuli 

occurs only once at the beginning of the task. Secondly, it is possible that 

alternative strategies might be employed (e.g., rule-based strategies such as
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“reverse after three incorrect responses”). Indeed, animal lesion studies using 

this type of ‘serially-reversing’ paradigm have sometimes reported reversal 

learning impairment only on the first reversal (Dias et al., 1996; Dias et al., 1997; 

Iversen and Mishkin, 1970; Schoenbaum et al., 2002).

5.1.1: Summary of Aims

Experiment 5 aimed to use event-related functional magnetic resonance 

imaging (FMRI) to identify the neural regions involved in reversal learning in 

healthy humans. In order to minimize the paradigm-limitations associated with 

previous neuroimaging studies of reversal learning a task was designed (following 

those used in experiments 4 and 5) whereby participants encountered a number of 

different stimulus pairs (some of which reversed after a pre-defined number of 

trials). Following previous FMRI results from human instrumental learning 

paradigms, it was predicted that medial OFC would be activated by the receipt of 

reward irrespective of learning phase (acquisition or reversal). Further, 

experiment 6 allowed a test of two contrasting predictions regarding ventrolateral 

PFC. If it codes punishment information activation would be expected to errors 

irrespective of phase; alternatively, if it inhibits inappropriate behavioural 

responses, activation would be expected in the reversal phase only.

5.2: Methods 

5.2.1: Participants

Twenty-eight right-handed adults participated in the study. Due to a 

technical error, data from one participant was unusable. A further 6 participants 

were excluded from analysis due to poor performance on the reversal learning 

task (see methods section 5.2.4. for further details). Consequently data from 

twenty-one participants (11 women and 10 men, mean age = 24.71, SD = 2.72; 

range = 22-34 years) were analysed. All participants were in good health with no 

past history of psychiatric or neurological disease and gave informed written 

consent.
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5.2.2: MRI data acquisition

Participants were scanned during task performance using a 3 Tesla GE 

Signa scanner. In each run a total of 150 functional images were taken with a 

gradient echo echo-planar imaging (EPI) sequence (repetition time = 2300 ms, 

echo time = 23 ms, 64 x 64 matrix, flip angle 90°, FOV 24 cm). Whole brain 

coverage was obtained with 29 axial slices (thickness, 3.3mm; in-plane resolution, 

3.75 x 3.75 mm). A high-resolution anatomical scan (three-dimensional Spoiled 

GRASS; repetition time = 8.1 ms, echo time = 3.2 ms; field of view = 24 cm; flip 

angle = 20°; 124 axial slices; thickness = 1.0 mm; 256 x 256 matrix) in register 

with the EPI dataset was obtained covering the whole brain.

3.2.3: Probabilistic Reversal Learning Task and Experimental Procedure

On each trial a pair of stimuli (line drawings of common, neutrally- 

valenced, items) were displayed on a white background. One stimulus was 

positioned in one of four possible left-sided screen locations and the other was 

positioned in one of four possible right-sided screen locations. Participants had to 

choose a stimulus and received either positive (‘you win 100 points’) or negative 

(‘you lose 100 points’) feedback according to their accuracy and the 

reinforcement contingency of that pair. Each trial lasted 2300 milliseconds (ms) 

and involved the presentation of: the test stimuli for 1100 ms, feedback display for 

900 ms and finally a fixation cross for 300 ms (see figure 5.7.). Participants were 

able to respond by left or right thumb button press (corresponding to selection of 

the left- or right-positioned stimulus respectively) only during the 1100 ms stimuli 

presentation window. If participants failed to make a selection they received the 

following feedback: ‘please respond faster next time’, and their points total 

remained the same. Participants began the task with 0 points. A running total of 

points was visible at the bottom of the screen only during the 900 ms feedback 

display window.
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figure 5.1: The probabilistic reversal learning task

A

You win 100 points 
You h av e  800 m in ts

▼

☆B

You lose 100 points
YOU I 7HO nnin tr-

C

You lose 100 points 
You h ave  ftflfi m in ts

▼

D

You lose 100 points 
You h av e  SOP m in ts

E

You win 100 points 
You !■—

A, depicts a correct 
rewarded trial (i.e. 
the participant chose 
the correct stimulus 
[the star] and was 
rewarded)

B, depicts a 
probabilistic error 
trial (i.e. the 
participant chose the 
correct stimulus and 
was punished)

C, depicts a punished 
error (i.e. the 
participant chose the 
incorrect response 
and was punished)

D, depicts a punished 
reversal error (i.e. the 
participant chose the 
incorrect response 
and was punished) 
(the contingencies 
reversed at this 
point)

E, depicts a correct 
rewarded trial

An example of several consecutive trials in the probabilistic reversal learning task is shown 

(running from top to bottom). On each tria l participants a re  presented with two stimuli (line 

drawings of common items) for 1100 ms. Using tria l-an d -erro r feedback, participants must 

discover which of the two stimuli is correct (partic ipant choice [right o r left stimulus] is 

indicated by a small arrow head above the relevant stimulus). Feedback is presented for 900 

ms, and then finally, a fixation cross is presented for 300 ms.
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Participants were scanned performing the task in eight successive 6 minute 

runs. Each run comprised three consecutively presented stimulus pairs. This led 

to a total of 24 pairs, (each of which involved different line drawings). Stimulus 

pairs were presented for 40 successive trials. The reinforcement contingencies of 

two of the pairs in each run reversed after 20 trials. The reinforcement 

contingency of the third pair remained constant throughout. Pairs in half of the 

runs had a 90-10 probabilistic reinforcement contingency (i.e. the participant was 

rewarded for selecting the correct stimulus on 90% of trials and rewarded for 

selecting the incorrect stimulus on 10% of trials [the inverse was true for 

punishment contingencies]), and the other half had a 70-30 probabilistic 

reinforcement contingency. The order of runs and stimulus pairs within runs was 

randomised for each participant.

The following instructions, taken from Swainson and colleagues 

(Swainson et al., 2000), were presented and read aloud to the participant: ‘Pairs o f 

objects will appear on the screen. On each go you have to choose one o f these 

objects and the computer will tell you i f  your choice was correct or wrong. I f  it is 

correct you will win 100 points. I f  it is wrong you will lose 100 points. Each 

object will sometimes be correct and sometimes be wrong, but one o f the objects 

will tend to be correct more often than the other one. Find out which object is 

usually correct, and choose that object every time. Stick with it even i f  it is 

occasionally wrong. At some point it may change so that the other object is 

usually correct, in which case you should choose that one every time. ’

In addition to the experimental trials, 24 fixation trials were presented per 

run to serve as a baseline. Stimuli were presented on a computer display projected 

onto a mirror in the MRI scanner. The task was programmed in E-Studio. 

Participants were placed in a light head restraint within the scanner to limit head 

movement. Prior to the scanning session participants performed a 20 trial 

probabilistic discrimination training run, without reversal, comprising 1 pair of 

stimuli. The reinforcement contingency for the practice pair was 80-20.

Trials were split into 8 types according to; the discrimination phase 

(acquisition/reversal); the participants’ response accuracy (correct/incorrect); and
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the feedback received (positive/negative). The interaction between response 

accuracy and feedback was such that participants were able to make one of four 

responses: (i) a correct response with congruent {i.e. positive) feedback, (ii) a 

correct response with incongruent {i.e. negative) feedback, termed a probabilistic 

error, (iii) an incorrect response with congruent feedback, termed a punished 

error, and (iv) an incorrect response with incongruent feedback, termed a 

rewarded error. All trials in the non-reversing conditions were defined as 

acquisition trials. There were also occasionally trials on which participants did 

not respond at all, these were modelled as events of no interest.

5.2.4: Behavioural data analysis

Experiment 6 aimed, specifically, to assess successful reversal learning 

ability, therefore datasets were included in the analysis only if participants met 

criterion for successful performance (according to a binomial distribution, set at P 

< 0.05). This calculation was performed separately on correct responses 

(regardless of feedback) for acquisition and reversal trials within each run. If a 

participant failed to perform at least 2 runs of each contingency successfully 

according to the binomial distribution (precluding an adequate number of cases of 

each event) their entire dataset was excluded from analysis. Remaining data were 

analysed using SPSS. Rates of errors were analysed using a 2 (Contingency; 90- 

10/70-30) x 2 (Phase; acquisition/reversal) repeated measures ANOVA.

5.2.5: FMRI analysis

Data were analysed within the framework of the general linear model 

using Analysis of Functional Neuroimages (AFNI) (Cox, 1996). Both individual 

and group-level analyses were conducted. The first six volumes in each scan 

series, collected before equilibrium magnetization was reached, were discarded. 

Motion correction was performed by registering all volumes in the EPI dataset to 

a volume collected shortly before the high resolution anatomical dataset was 

acquired. The EPI datasets for each participant were spatially smoothed (using an 

isotropic 6mm Gaussian kernel) to reduce the influence of anatomical variability

134



among the individual maps. Next, the time series data were normalized by 

dividing the signal intensity of a voxel at each time point by the mean signal 

intensity of that voxel for each run and multiplying the result by 100. Resultant 

regression coefficients represented a percent signal change from the mean. 

Following this, regressors depicting each of the 8 response types (and one 

regressor of no interest modelling the data when participants did not respond) 

were created by convolving the train of stimulus events with a gamma-variate 

haemodynamic response function to account for the slow haemodynamic response 

(Cohen, 1997). The haemodynamic response function was modelled to the onset 

of the trials {i.e. the presentation of the stimuli). Linear regression modelling was 

performed using the regressors described above plus 2 regressors to model a first 

order baseline drift function. This produced for each voxel and each regressor, a 

beta coefficient and its associated t-statistic.

Voxel-wise group analyses involved transforming single-subject beta 

coefficients into the standard coordinate space of Talairach and Toumoux 

(Talairach and Toumoux, 1988) and performing a two-sample random effects t- 

test. Following previous neuroimaging studies of reversal learning (Kringelbach 

and Rolls, 2003; O'Doherty et al., 2001) punished errors committed in the reversal 

phase of the task (i.e. punished reversal errors) were contrasted with rewarded 

correct responses committed throughout the task. This resulted in a group map of 

areas of differential activation (P < 0.00005). To correct for multiple 

comparisons a spatial clustering operation was performed using AlphaSim (Ward, 

2000) with 1,000 Monte Carlo simulations taking into account the entire EPI 

matrix (P < 0.001).

A subset of clusters showing significant differential activation were 

selected according to a priori hypotheses about the regions involved in reversal 

learning. These clusters were used to define functional regions of interest (ROIs). 

Finally average percent signal change was measured within each ROI, and these 

data were analysed using repeated measures analysis of variance (ANOVAs). 

Mean BOLD responses within these ROIs were examined using a series of 2 

(Accuracy) x 2 (Phase) x 2 (Feedback) ANOVAs.
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5.3: Results

5.3.1: Behavioural data

Datasets for 6 people were excluded due to poor behavioural performance 

(see section 5.2.4.). In the remaining runs, participants made an average 176.67 

(s.e. = 5.37) correct responses in the acquisition phases and 208.19 (s.e. = 6.29) in 

the reversal phases of the pairs that reversed contingency. Reaction time (RT) 

data was analysed using a 2 (Phase) x 2 (Accuracy) x 2 (Feedback) ANOVA. 

Significant main effects were revealed for Phase (F(l,19) = 16.5, p< 0.001) and 

Accuracy (F(l,19) = 63.8, P < 0.001). There were also significant interactions 

between Phase and Accuracy (F(l,19) = 50.4, P < 0.001), and Phase and 

Feedback (F(l,19) = 4.34, P < 0.05). These effects were primarily driven by the 

increased latencies when performing errors in the acquisition phase (see figure 

5.2.).

figure 5.2: Behavioural results (reaction times)
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C_win C_lose E_win E_lose

Reaction Time (RT) data  (milliseconds; ms) is shown separately for rew arded 

correct responses (C_win), probabilistic erro rs  (C Jose), and rew arded (E_win) 

and punished e rro rs  (E_lose). Acquisition and reversal phase responses are 

represented by black and white bars respectively.

■  acquisiton 

□  reversal
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5.3.2: FMRI data

Punished reversal errors were contrasted with all rewarded correct 

responses. Areas showing significantly greater BOLD responses for punished 

reversal errors included bilateral ventrolateral PFC, right dorsomedial frontal 

cortex (extending bilaterally), right middle frontal gyrus, left precentral gyrus, 

bilateral caudate and bilateral parietal lobe. Areas showing greater activation for 

rewarded correct responses included right medial OFC (extending bilaterally), 

bilateral amygdala/ hippocampal regions and left posterior cingulate (see table 

5.1.).

On the basis the predictions outlined in the introduction, five functionally- 

defined ROIs were identified in: (i) right ventrolateral PFC, (ii) dorsomedial 

frontal cortex, (iii) right caudate, (iv) medial OFC, and (v) right amygdala/ 

hippocampus (figures. 5.3. and 5.4.). Mean BOLD responses within these ROIs 

were examined using a series of 2 (Accuracy) x 2 (Phase) x 2 (Feedback) 

ANOVAs.

As expected, given the contrast that identified these ROIs, the main effect 

of feedback was significant for all five ROIs (all P < 0.001, except caudate P < 

0.05). Ventrolateral PFC, dorsomedial frontal cortex and caudate showed 

significantly greater activity to punishing feedback information (see figure 5.3.) 

while medial OFC and amygdala/ hippocampus showed significantly greater 

activity to rewarding feedback information (see figure 5.4.). The BOLD response 

associated with feedback did not interact significantly with those associated with 

either discrimination phase or accuracy. Significant main effects of phase and 

accuracy and significant phase by accuracy interactions were revealed for 

ventrolateral PFC, dorsomedial frontal cortex and caudate (in all cases, P at least 

< 0.005); BOLD responses within these areas were significantly greater during 

acquisition and to errors and were particularly strong to errors during acquisition 

(see figure 5.3.).

137



table 5.1: Significant differential activation produced by contrasting punished reversal

errors with all rewarded correct responses1

Anatomical Location_________ 1/r BA____ x y z volumefmm3)

Punished error reversal > Rewarded correct responses:
Dorsomedial frontal cortex r 32,6 4 7 53 5907
Middle frontal gyrus r 9,6,8 52 14 39 4547
Middle frontal gyrus r 6 33 0 64 253
Precentral gyrus 1 9 -38 24 40 288
Ventrolateral PFC r 47,13 36 18 7 5108
(extending to anterior insula) 

Insula/ ventrolateral PFC 1 13 -32 15 5 1552

Caudate/thalamus r 11 6 12 5031

Caudate 1 -7 5 11 267

Inferior parietal lobule r 40 47 -48 48 1037

Superior/inferior parietal lobule 1 40,7 -30 -59 43 1645

Rewarded correct > Punished error reversal

Medial OFC* r 10

responses:

3 52 -5 354

Amygdala/ hippocampus r 34 22 -11 -18 817

Parahippocampal gyrus 1 35,28 -19 -17 -16 2129

(extending to hippocampus/amygdala) 

Posterior cingulate 1 23,30 -1 -55 14 553

+A11 activations are  significant a t P < 0.001 (corrected for multiple com parisons), except * 

significant a t P < 0.00005 uncorrected for multiple com parisons.
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figure 5.3: Areas showing greater activation to punished reversal errors
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Histograms detailing percent signal change from baseline for the following events: rewarded 

correct (C w in ), punished correct (C lose), rewarded incorrect (E win) and punished_ 

incorrect (E lose) responses. Acquisition phase responses are represented by blue bars and 

reversal responses are represented by red bars. Shown for; A, right ventrolateral PFC; B, 

dorsomedial frontal cortex; and, C, right caudate.
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figure 5.4: Areas showing greater activation to rewarded correct responses
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B
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Histograms detailing percent signal change from baseline for the following events: rewarded 

correct (C_win), punished correct (C_lose), rewarded incorrect (E win) and punished_ 

incorrect (E lo se )  responses. Acquisition phase responses are represented by blue bars and 

reversal responses are represented by red bars. Shown for; A, medial OFC; and, B, right

amygdala/hippocampus.

Subsequently, a correlational analysis was used to examine relationships 

between differences in activity, within each ROI, with respect to punished reversal 

errors and rewarded correct responses. These revealed highly significant inter

relationships between activity changes measured in ventrolateral PFC, 

dorsomedial frontal cortex and caudate (see table 5.2. & figure 5.5.). In other 

words, within these regions, the increase in BOLD response during punished 

reversal errors relative to rewarded correct responses were highly correlated. 

There were also relationships between activity changes across conditions in 

caudate, medial OFC and amygdala/ hippocampus, however these correlations 

were somewhat lower (see table 5.2. & figure 5.5.).
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table 5.2: Significant correlations between each R O I in the difference in BOLD signal 

between punished reversal e rro rs  and all rew arded correct responses

Dorsomedial 
Frontal Cortex Ventrolateral PFC Caudate Medial OFC

Ventrolateral PFC r2 = 0.86 P <  0.001 -

Caudate r 2 = 0.65 P <  0.0015 r2 = 0.75 P  < 0.001 -

Medial OFC NS NS r2 = 0.46 P <  0.05 -

Amygdala/
Hippocampus NS NS r2 = 0.42 P <  0.05 

(1-tailed) r2 = 0.43 P <  0.05

NS = non-significant correlations.

figure 5.5: C orrelations of mean percent BOLD signal between ROIs
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Values represent the difference in BOLD activation between punished reversal e rro rs and 

rew arded correct responses made throughout the task.
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5. 4: Discussion

Experiment 6 used event-related FMRI to examine BOLD responses 

associated with performance of a probabilistic reversal learning task. Punished 

reversal errors were associated with significantly greater activity than rewarded 

correct responses in ventrolateral PFC, dorsomedial frontal cortex and caudate. 

Investigation of the BOLD signal changes associated with specific events within 

these ROIs revealed, unexpectedly, that the error-related activity occurred during 

both acquisition and reversal. Indeed, the BOLD responses were generally greater 

for errors during acquisition. Punishment, relative to reward, was associated with 

increases in activation in ventrolateral PFC, dorsomedial frontal cortex and 

caudate but decreases in activation in medial OFC and amygdala/ hippocampus. 

Correlational analyses indicated two influences on behaviour as indexed by 

caudate activity: one involving inferior and dorsomedial frontal cortex and the 

second involving medial OFC and the amygdala/ hippocampus.

Previous neuroimaging studies of reversal learning have associated lateral 

OFC/ ventrolateral PFC with the representation of punishment (O'Doherty et al., 

2001; Remijnse et al., 2005) or the suppression of previously rewarded responses 

(Cools et al., 2002; Elliott et al., 2000a; Monchi et al., 2001). These positions led 

to divergent predictions regarding the current data. If this area codes punishment 

information activation should have been expected during errors in both the 

acquisition and reversal phases, however if it inhibits previously appropriate 

behavioural responses then activation should have expected in response to errors 

during the reversal phase only. The current data was in line with the former 

hypothesis; ventrolateral PFC was activated on punished trials not only in the 

reversal phase, but also during acquisition; i.e., before response suppression was 

necessary. Moreover, and problematic for both positions, ventrolateral PFC also 

showed significant activation to rewarded errors during acquisition. Thus, on the 

basis of these results, it appears that ventrolateral PFC may be coding for accuracy 

rather than punishment per se.

Highly significant inter correlations were observed between the increase in 

BOLD response for punished reversal errors relative to rewarded correct
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responses in inferior and dorsomedial frontal cortex and caudate. Activation

within these regions has been reported in previous neuroimaging studies of

reversal learning (Cools et al., 2001; Kringelbach and Rolls, 2003; Nagahama et 

al., 2001; O'Doherty et al., 2003a; O'Doherty et al., 2001; Remijnse et al., 2005; 

Rogers et al., 2000; Swainson et al., 2000). In particular the results are similar to 

those of Kringelbach and Rolls who observed similar patterns of activity within 

lateral OFC and dorsal ACC (Kringelbach and Rolls, 2003). These data are also 

in line with previous human neuropsychological work which has emphasized the 

role of striatal regions in reversal learning (Cools et al., 2001; Swainson et al., 

2000). In experiment 6 ventrolateral PFC, dorsomedial frontal cortex and caudate 

all showed significantly greater response to punishment than reward during both 

phases, and significantly greater responses to errors rather than correct responses. 

Interestingly, this error-related activity was irrespective of feedback during the 

acquisition phase, that is, it occurred even when errors were rewarded. Moreover,

within these regions, the degree of increase in BOLD response to punished

reversal errors relative to rewarded correct responses were highly correlated 

across participants (see figure 5.5.). On the basis of the results from experiment 6, 

it appears that an integrated response is executed within these regions to modulate 

behaviour during reversal learning.

It is commonly suggested that dorsal anterior cingulate cortex (ACC), a 

region proximal to the dorsomedial frontal cortical activation observed here, is 

implicated in monitoring response conflict (Botvinick et al., 1999; Botvinick et 

al., 2004; Bush et al., 2000; Carter et al., 1998; Kerns et al., 2004; Kringelbach 

and Rolls, 2003; Schall et al., 2002). Further, activation of dorsal ACC has often 

co-occurred with activation in dorsolateral PFC (DLPFC) especially during 

performance of attentional tasks (Botvinick et al., 1999; Kerns et al., 2004). 

(Botvinick et al., 1999; Kerns et al., 2004). In keeping with this, and consistent 

with a recent study by Remijnse and colleagues (Remijnse et al., 2005) activation 

was also observed in DLPFC (BA 9) during commission of punished reversal 

errors. Concurrent activation within these regions following response conflict has 

been used as evidence indicating that ACC plays a role in augmenting a
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representation of stimulus features within DLPFC. Specifically, it has been 

suggested, that this augmentation results in increased cognitive/ attentional control 

of stimuli represented in temporal cortex (Garavan et al., 2002; MacDonald et al., 

2000; Ruff et al., 2001). On the basis of the results of experiment 6 it appears that 

an analogous account may be used to explain the relationship between 

dorsomedial and ventrolateral PFC. Specifically, that dorsomedial frontal cortex, 

in situations of response conflict, augments the representation of object/ motor 

features within ventrolateral PFC that allow control over motor responding, which 

is mediated by the caudate. Importantly, the functions outlined above would not 

be expected to occur only in reversal. Activation of these regions ought to be a 

consequence of response conflict also during acquisition of a stimulus-response 

association. In light of this explanation, it is less surprising that these systems are 

activated by punishment signals; punishment indicates an erroneous response and 

should therefore engender response conflict. It is also less remarkable that 

activation was also observed in these regions to rewarded errors. The commission 

of errors ought to be associated with response conflict, regardless of feedback. In 

line with this position, ACC/ dorsomedial frontal cortex, inferior / ventrolateral 

frontal cortex and caudate activation has been reported in other paradigms that 

evoke motor response conflict (Bush et al., 1999; Casey et al., 2002; Casey et al., 

2000; Menon et al., 2001; Peterson et al., 2002).

Importantly, this account suggests that activation of dorsomedial and 

ventrolateral PFC ought to be a consequence of response conflict during 

acquisition and reversal of stimulus-response associations, this circuit is not the 

only region implicated in the acquisition of a stimulus-response association. 

Indeed, neuropsychological data indicate that, following lesions to the 

ventrolateral PFC, the ability to acquire new stimulus-response discriminations 

remains intact (Fellows and Farah, 2003; Homak et al., 2004; Rolls et al., 1994). 

Animal data indicate that stimulus-response associations may be acquired through 

the interaction of temporal cortical regions and caudate (Messinger et al., 2001; 

Packard, 1999; Packard and McGaugh, 1996). The augmentation of a motor 

response need not be necessary for response acquisition. In contrast, however, the
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augmentation of a competing motor response would be particularly important in 

reversal; the newly incorrect stimulus-response habit would need to be overridden 

and superseded by the newly correct response. Indeed, behavioural data suggest 

that successful reversal learning does reflect acquisition of a competing response 

(Rescorla, 1996).

Activation within medial OFC has previously been associated with the 

representation of reward (Elliott et al., 2000a; Kringelbach and Rolls, 2004; 

O'Doherty et al., 2001) or response maintenance (O'Doherty et al., 2003a). In 

keeping with these observations it is interesting to note that the activation in 

medial OFC observed in experiment 6 was not modulated by accuracy or 

discrimination phase -  medial OFC activity here was modulated exclusively by 

feedback. Further, consistent with the results of O’Doherty and colleagues 

(O'Doherty et al., 2003a) the differences in percent signal change reflected 

reduced deactivation following the receipt of reward in contrast with punishment. 

Following Schoenbaum and colleagues, these data are consistent with the notion 

that medial OFC codes the expectation of reinforcement, which is acquired via 

input from amygdala, and is used to guide behaviour (Schoenbaum et al., 2003). 

Specifically, that the reception of punishment leads to disruption of the 

reinforcement expectation signal guiding behaviour and perhaps signals that a 

change in behaviour is required. Consistent with this idea, it is interesting to note 

the positive correlations between medial OFC, caudate and 

amygdala/hippocampus.

5.4.1: Summary and Conclusions

Experiment 6 investigated reversal learning under conditions of 

probabilistic feedback. Errors were associated with increased activation in a 

circuit including right ventrolateral PFC, dorsomedial frontal cortex and right 

caudate. In contrast, reward, independent of accuracy, was associated with 

activation in medial OFC and amygdala/hippocampus.
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5.5: General Discussion

As discussed in the previous chapter (section 4.10.2.) it appears that there 

exits, in individuals with psychopathy, an inability to successfully override a 

previous motor response habit and/or form a stable new motor response habit. 

The results of experiment 6 lend further support to the suggestion that the neural 

basis of the reversal learning impairment is within ventrolateral PFC.

These data provide a strong impetus for a modification to the integrated 

emotion systems (IES) model (Blair, 2004). Specifically, that ventrolateral PFC 

was responsive to rewarded errors, and also during the acquisition phase indicates 

that this region is not specifically involved in gating previously adaptive motor 

responses. Instead, and consistent with the results of experiments 4 and 5, the 

results of experiment 6 indicate that ventrolateral PFC is important in boosting 

representations, and particularly in overriding previously correct motor responses. 

Further, and in line with suggestions made in section 3.5. activation within medial 

OFC is consistent with the idea that this area codes for accuracy and thus may be 

a critical substrate in signalling if expectation violations have occurred.

5.6: Conclusions

In conclusion, experiment 6 investigated the neural substrates involved in 

successful probabilistic reversal learning. In line with predictions, and previous 

literature, a circuit including ventrolateral PFC, medial OFC, dorsomedial frontal 

cortex, caudate and amygdala was activated. These results provide an interesting 

interpretation of the reversal learning deficit present in individuals with 

psychopathy and provide a potential refinement for the IES model of emotional 

learning.
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Chapter 6 -  Discussion and Future Directions

6.1: Summary of Experimental Work

This thesis began by introducing the phenomenon of psychopathy, a 

developmental disorder that is associated with an increased risk for violence and 

criminality in child- and adulthood. Also, the important issue of co-morbidity 

between psychopathic tendencies and attention-deficit hyperactivity disorder 

(ADHD) in childhood was introduced. The second half of Chapter 1 went on to 

discuss and evaluate six theories attempting to explain psychopathy. Particularly 

pertinent to this thesis, it was noted that the fear (e.g. Cleckley, 1976; Eysenck, 

1964; Fowles, 1988; Gray, 1987; Lykken, 1995; Mealey, 1995; Patrick, 1994; 

Pichot, 1978; Trasler, 1978; Trasler, 1973), response-set modulation (RM; 

Newman, 1998; Patterson and Newman, 1993) and integrated emotion systems 

(IES; Blair, 2004) models all provided different accounts of the passive avoidance 

and reversal learning deficits observed in psychopathic individuals. It was also 

noted, however, that the nature of these deficits in children with psychopathic 

tendencies is as yet unclear. Indeed, the remainder of the thesis was dedicated to 

the investigation of passive avoidance learning and reversal learning. Firstly, 

attempts were made to characterise the deficits in children with psychopathic 

tendencies and then to go onto investigate the neural substrates involved in these 

processes during performance by healthy adults.

Chapter 2 reviewed previous experimental data collected using the passive 

avoidance learning task with adult psychopaths and children with psychopathic 

tendencies which indicate that whilst adults with psychopathy have consistently 

presented with impairment in passive avoidance learning, children with 

psychopathic tendencies have not. It was also noted that previous research has 

indicated that passive avoidance learning may be impaired in children with 

ADHD. Experiment 1 assessed passive avoidance learning in children with 

psychopathic tendencies and removed any variation due to level of ADHD. In
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addition, a paradigm modification was introduced to determine whether the two 

groups would be differentially affected by varying the level of reward/ 

punishment associated with individual stimuli. The results of experiment 1 

replicated previous findings with psychopathic adults indicating that psychopathic 

tendencies in children are associated with poor passive avoidance learning. 

Further, passive avoidance error rates were modulated in comparison children by 

modifying the incentive value of the CS-s. This effect was not observed in 

children with psychopathic tendencies. Experiment 2 developed a Hebbian 

Learning model of passive avoidance learning in order to further characterize the 

impairment shown by children with psychopathic tendencies in experiment 1. In 

order to simulate the various predictions the model was either left intact, impaired 

with regard to all stimulus-reinforcement learning, or selectively impaired with 

regard to stimulus-punishment learning. The model was found to capture the 

performance of the comparison children very successfully in terms of both passive 

avoidance and omission error data. In contrast, the data of the children with 

psychopathic tendencies was most successfully captured by a specific impairment 

in the formation of stimulus-punishment associations.

Chapter 3 began with a review of previous animal and human instrumental 

learning literature, concluding that a network including medial OFC/ rostral 

ACC, the insula, striatum, hippocampus and amygdala had been identified. 

Experiment 3 assessed the BOLD responses associated with passive avoidance 

learning in healthy human participants, specifically late correct responses were 

contrasted with early correct responses and incorrect responses. The results of 

experiment 3 revealed, consistent with the animal literature, that successful 

passive avoidance learning requires the appropriate recruitment of regions 

including rostral ACC, insula, caudate, hippocampal regions, and the amygdala.

Chapter 4 introduced the phenomenon of reversal learning and reviewed 

previous experimental data collected with adult psychopaths and children with 

psychopathic tendencies, concluding that whilst adults with psychopathy have 

consistently presented with impairment in reversal learning, children with 

psychopathic tendencies have not. It was also noted that a previous report
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indicated that reversal learning may be impaired in children with ADHD. It was 

suggested that, on the basis of the previous literature, a critical factor in the 

success of children with psychopathic tendencies may the salience of the 

contingency change. In order to test this hypothesis experiment 4 assessed the 

performance of children with psychopathic tendencies on a novel probabilistic 

reversal learning paradigm with four different contingencies (and removed any 

variation due to level of ADHD). The results of experiment 4 revealed that 

children with psychopathic tendencies presented with impairment only on the 

probabilistic contingencies. Moreover, as contingencies became more 

probabilistic the impairment became more pronounced. Further, it was found that 

the children with psychopathic tendencies committed more win-shift errors only 

in the reversal phases. It was suggested that these data replicated previous 

investigations of reversal learning and extinction in children with psychopathic 

tendencies. It was also suggested that they lend further support to the idea that the 

salience of contingency change may be a critical factor in the reversal learning 

ability of children with psychopathic tendencies.

Experiment 5 investigated probabilistic reversal learning ability, as a 

function of salience of contingency change, in a group of adult individuals with 

psychopathy. Given the results obtained in experiment 4, experiment 5 aimed to 

further characterise the impairment in adult psychopaths, and particularly to 

examine the data using a win-stay, lose-shift analysis. In line with predictions, 

results of experiment 5 revealed that adults with psychopathy showed a 

performance deficit in both the simple and probabilistic condition relative to 

comparison individuals. Also, similarly to the children, the adults with 

psychopathy committed more win-shift responses, specifically in the reversal 

phases. It was suggested that these data are line with previous suggestions that the 

reversal learning impairment in adult psychopaths is more pronounced than that in 

children with psychopathic tendencies. Potential reasons for this difference were 

discussed.

Chapter 5 reviewed the previous animal and human literature investigating 

the neural substrates associated with reversal learning, concluding that
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consistently medial/orbital and ventrolateral regions, in addition to dorsal ACC 

and striatum have been identified. Experiment 6 aimed to investigate the neural 

substrates involved in successful probabilistic reversal learning with healthy 

participants, using a novel task which attempted to remediate some shortcomings 

present in previous investigations. Following previous studies, punished errors 

made in the reversal phase were contrasted with rewarded correct responses made 

throughout the task. In line with predictions, the results of experiment 6 revealed 

that punished reversal errors were associated with BOLD increases in dorsomedial 

and ventrolateral PFC and caudate. Surprisingly, investigation of the percent 

signal change for different events within these regions revealed that these areas 

were also active during punished errors in the acquisition phase. Punished 

reversal errors were also associated with BOLD decreases in medial OFC and 

amygdala/hippocampus.
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6.2: Implications for the Theories of Psychopathy

The experimental research presented in this thesis has implications for 

several theories attempting to explain psychopathy. This section will go on to 

summarize implications for four of the theories presented in section 1.3.

6.2.1: The Frontal Lobe Dysfunction Hypothesis

The FL hypothesis (Barratt, 1994; Elliot, 1978; Gorenstein, 1982; Moffitt, 

1993a; Raine, 1997; Raine, 2002a) attempts to describe the association between 

frontal damage, antisocial behaviour and psychopathy. This position was found to 

successfully describe the association between frontal dysfunction and aggression. 

As an account of psychopathy, however, it is unsuccessful. Specifically, it is able 

to describe the reactive aggression associated with psychopathy which, it appears, 

may be a result of OFC/ ventral; PFC dysfunction. This position, however, is 

unable to describe the ‘core’ instrumental aggression that is relatively unique to 

this disorder. Indeed, it is unclear how this position would be able to differentiate 

between the different types of aggression displayed by individuals with 

psychopathy. Further, a general ‘frontal lobe’ impairment position would 

probably predict wide-ranging executive dysfunction, which is not generally 

observed in psychopathy (LaPierre et al., 1995; Roussy and Toupin, 2000). In 

conclusion, this neural-level theory requires further specification at the cognitive 

level. In particular, abnormal functioning of the ventral PFC does not sufficiently 

account for the range of data available regarding individuals with psychopathy 

beyond the presence of reversal learning deficits.

6.2.2: The Fear Dysfunction Hypotheses

The fear positions (e.g. Cleckley, 1976; Eysenck, 1964; Fowles, 1988; 

Gray, 1987; Lykken, 1995; Mealey, 1995; Patrick, 1994; Pichot, 1978; Trasler, 

1978; Trasler, 1973) would successfully predict impaired passive avoidance 

learning performance, owing to an insensitivity to punishment. However, it must 

be noted that the pattern of performance on the rewarded trials was also abnormal
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in children with psychopathic tendencies. In contrast, the pattern of performance 

of the comparison children was predicted relatively successfully by the 

connectionist model, both in terms of reward- and punishment-related processing; 

in both cases there was a linear relationship between reinforcement and error rate. 

In contrast, the pattern of performance of the children with psychopathic 

tendencies was only marginally successfully predicted by the specific stimulus- 

punishment impairment model; the specific stimulus-punishment account did not 

predict the abnormal pattern of performance as regards omission errors. In short, 

it appears that the ability to modulate performance as a function of punishment, 

but also to a lesser degree, reward, is impaired in children with psychopathic 

tendencies. The fear positions explicitly predict impaired passive avoidance 

learning due to an insensitivity to punishment information, as such they are unable 

to account for overall performance.

The reversal learning data presented in chapter 4 is also problematic for 

the fear positions. Firstly, these models are unable to account for the dissociation 

between performance in acquisition and reversal phases. Essentially, it is unclear 

how the model would explain why individuals with psychopathy are only 

insensitive to punishment in the reversal phase. Further, and even more 

problematic for these positions, the results from the win-stay, lose-shift analysis 

suggest that rather than perseverating with a punished response, as would be 

predicted by these positions, both children with psychopathic tendencies and adult 

psychopaths perform increased rates of win-shift responses. In short, after 

successfully reversing responses away from the newly incorrect (and newly 

punished) stimulus, the individuals with psychopathy reverse their responses back 

towards the newly incorrect stimulus. Thus, it appears that individuals with 

psychopathy are able to process punishment information in some cases (as 

indexed by their lose-shift responses).

6.2.3: The Response-Set Modulation hypothesis

The RM model (Patterson & Newman 1993; Newman 1998) predicts that 

individuals with psychopathy will be more likely than comparison individuals to
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respond even when the salient stimulus (i.e. a CS-) is present on the screen in 

tasks of passive avoidance learning. As regards the RM hypothesis, similar 

criticisms as were suggested above apply. Namely, that there was evidence of an 

abnormal pattern of performance in the reward-related trials, thus an explanation 

focusing on punishment is essentially inadequate. Further, according to the 

model, “the impulsivity, poor passive avoidance, and emotion-processing deficits 

o f individuals with psychopathy may all be understood as a failure to process the 

meaning o f  information that is peripheral or incidental to their deliberate focus o f  

attention” (Lorenz & Newman, 2002; p. 92). However, and as noted in section 

1.3.5., both the passive avoidance learning task and the reversal learning tasks 

used in this thesis, presented the punishment information appears on screen in the 

absence o f any competing information. Thus it is unclear how this attentional 

explanation can account for the deficit.

Similarly, the reversal learning data presented in chapter 4 are also 

problematic for the RM hypothesis. Particularly, the RM hypothesis appears 

unable to account for the dissociation between performance in acquisition and 

reversal phases, and also the propensity to perform win-shift (rather than lose-stay 

responses). Essentially, it is unclear how the model would predict that the 

inability to divert attention from the goal of gaining reward to ‘peripheral’ 

punishment information would be present only in the reversal phase. Further, it 

appears that individuals with psychopathy are able to attend to punishment 

information (as indexed by normal rates of lose-shift responses) in the reversal 

learning paradigm.

6.2.4: The Integrated Emotion Systems Model

Finally the IES model (Blair, 2004) was able to account for much of the 

data presented in this thesis. Importantly, the conceptualisation of fundamental 

differences between the neural substrates involved in stimulus-reinforcement and 

stimulus-response learning were supported. The model would predict impairment 

in the formation of stimulus-reinforcement associations as indexed by the passive
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avoidance learning data in chapter 2. Indeed, it also specifies that whilst the 

ability to form stimulus-reinforcement associations is impaired, the formation of 

stimulus-punishment associations is impaired to a greater degree than stimulus- 

reward associations. This would successfully account for abnormal patterns of 

passive avoidance and omission errors.

Further, the IES model predicts that the ability of individuals with 

psychopathy to perform stimulus-response associations remains intact, whilst the 

ability to reverse these stimulus-response associations is impaired. This would 

allow for the observed dissociation between performance in acquisition and 

reversal phases that was problematic for the fear and RM hypotheses. The results 

of the win-stay, lose-shift analysis, and experiment 6, indicate, however, that the 

IES model requires modification. Specifically, the IES model states that 

ventrolateral PFC comprises units involved detecting when reinforcement 

expectations have been violated and in gating previously appropriate (and now 

inappropriate) motor responses. This is hypothesized to be implemented by 

means of altering the strength of connections between amygdala and medial OFC. 

Instead, on the basis of data in chapters 4 and 5, it appears that the ventrolateral 

PFC acts to allow new responses to become established. Further, the role ascribed 

to ventrolateral PFC of the detection of expectation violations appears to be 

fulfilled rather by medial OFC.
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6.3: Implications of these Results for the Characterization of Psychopathy 

and Possible Causes of these Deficits

In line with the IES model, the research presented in this thesis suggests 

that psychopathy is caused by an impairment in the performance of specific forms 

of emotional learning, namely stimulus-reinforcement, (exemplified by passive 

avoidance learning), and reversal learning. The impairments in passive avoidance 

and reversal learning in adult psychopaths and children with psychopathic 

tendencies may have implications regarding the presentation of the disorder. This 

section will refer back to the review of behavioural observations and symptoms 

presented in section 1.2.2. and will attempt to integrate these with the 

experimental results obtained in this thesis.

6.3.1: Passive Avoidance Learning and Empathy

According to the IES model of emotional learning, psychopathy is 

associated with amygdala dysfunction (Blair, 2004; Blair, 2001; Blair, 2003b; 

Blair et al., 1999; Patrick, 1994). This dysfunction manifests, at the cognitive 

level as, an impaired ability to associate a stimulus with an affect representation 

(i.e. to perform passive avoidance learning). Importantly, it appears that this 

dysfunction may form the core of the deficit in psychopathy; that is, the impaired 

ability to form stimulus-reinforcement associations could lead to the presentation 

of CU  traits. Essentially, it appears that the emotional deficit interferes with 

socialization such that individuals with the disorder do not find the prospect of 

goal directed antisocial behaviour aversive (importantly, this does not suggest that 

the emotional deficit associated with psychopathy in itself motivates the 

individual to offend). Such an explanation would account for empirical data 

indicating that individuals with psychopathy display high levels of instrumental 

aggression, possess anomalous concepts of guilt, are shallow and manipulative, 

display impaired recognition of fearful expressions, demonstrate attenuated 

aversive conditioning and startle reflex modulation, and, of course, impaired 

passive avoidance learning (e.g. Aniskiewicz, 1979; Blair, 2001a; Blair et al.,
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2001c; Blair, 2003a; Blair, 1995; Blair, 1997; Blair et al., 1995a; Blair, 1999; 

Cornell et al., 1996; Flor et al., 2002; Frick, 1995; Frick et al., 2000; Hare, 1991; 

Hare and Quinn, 1971; Harpur et al., 1988; Harpur et al., 1989; House and 

Milligan, 1976; Kosson et al., 1990; Lang et al., 1990; Levenston et al., 2000; 

Lykken, 1957; Newman and Kosson, 1986; Newman et al., 1990; Newman and 

Schmitt, 1998; Pastor et al., 2003; Patrick, 1994; Sutker, 1970; Thomquist and 

Zuckerman, 1995; Williamson et al., 1987; Woodworth and Porter, 2002). 

Interestingly, many (though not all) of these impairments are also presented by 

individuals with amygdala damage (e.g. Angrilli et al. 1996; Bechara et al. 1995; 

Fine, 2000; Fine and Blair, 2000; LaBar et al. 1995), lending further support to the 

hypothesis that there exits amygdala dysfunction in psychopathy (Blair, 2001; 

Blair, 2003a; Blair, 2004; Patrick, 1994).

It has been suggested that genetic abnormalities may give rise to the 

purported amygdala dysfunction, specifically, that the abnormality may manifest 

as a specific deficit in neurotransmitter function (Blair, 2004). In keeping with 

this idea, as noted in section 1.2.2. strong evidence has recently been reported for 

a substantial genetic component to CU traits (Viding et al., 2005). However, it 

remains unclear which neurotransmitter systems might be dysfunctional in 

individuals with psychopathy. A candidate would be the noradrenergic system. 

In line with this suggestion, McIntyre and colleagues (McIntyre et al., 2002) 

reported that, in rodents, noradrenaline levels within amygdala predicted prior 

retention of passive avoidance associations. Also, it has been recently suggested 

that that noradrenaline is involved in mediating the impact of aversive cues in 

human choice (Rogers et al., 2004a). Moreover, recent pharmacological data 

imply that noradrenergic manipulations selectively impact on the processing of 

sad expressions (Harmer et al., 2001; Sustrik et al., in preparation). Thus, a 

possibility that requires further study is that the putative genetic anomalies disrupt 

the functioning of the noradrenergic system such that the impact of aversive 

stimuli is muted.
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6.3.2: Reversal Learning and Reactive Aggression

Experiment 6 (and other neuroimaging and neuropsychological studies) 

have indicated a clear role of ventrolateral frontal cortex in reversal learning. 

Further, on the basis of the results of experiment 6, it was suggested that 

ventrolateral PFC may be important in ‘boosting’ a representation of competing 

motor responses in situations where response conflict has been signalled (thus 

suppressing the activation of the prepotent response). In essence it may be 

suggested that ventrolateral PFC is involved in the regulation of on-line 

instrumental behaviour; particularly with respect to changing this behaviour 

following changes in contingency or task demands. Further, the results of 

experiments 4 and 5 suggested that this function may be impaired in individuals 

with psychopathy, leading to an increased tendency to shift away from a correct, 

rewarded response and return to an incorrect, punished response (the previously 

correct response). Thus, it may be tentatively inferred on the basis of the pattern 

of deficits present in experiments 4 and 5, in conjunction with the results of 

experiment 6, suggest that there exists dysfunction within ventrolateral PFC in 

psychopathy.

It was suggested in section 4.10.2 that the underlying dysfunction that 

renders individuals with psychopathy unable to engage efficiently in reversal 

learning may be the same dysfunction that causes these individuals to engage in 

reactive aggression. Indeed, a further commonality between individuals with 

psychopathy and individuals sustaining lesions to orbital, ventromedial, or 

ventrolateral frontal cortex, in addition to reversal learning impairment, is the 

increased propensity to engage in reactive aggression (Anderson et al., 1999; 

Barrash et al., 2000; Cornell et al., 1996; Grafman et al., 1996; Pennington and 

Bennetto, 1993; Williamson et al., 1987; Woodworth and Porter, 2002). 

Moreover, Rolls and colleagues (Rolls et al., 1994) noted that impairment in 

reversal learning ability correlated with socially inappropriate and ‘disinhibited’ 

behaviour. A dedicated neural circuitry allows the expression of reactive 

aggression in mammalian species, with the final tier being explosive attack 

behaviour (Blanchard et al., 1977). This basic threat circuitry is regulated by
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executive systems which are considered to be able to either augment or suppress 

the baseline level of stimulation of the basic threat circuitry. Following from this, 

it has been suggested that this regulation may be executed by medial, orbital and 

inferior frontal regions (Anderson et al., 1999; Grafman et al., 1996; Gregg and 

Siegel, 2001; Panksepp, 1998; Pennington and Bennetto, 1993). The increased 

propensity towards the display of reactive aggression may be essentially due to a 

reduced ability to reverse responses resulting in an increased tendency to become 

frustrated. Indeed, it is well known that frustration is a cue for aggression 

(Berkowitz, 1993). In addition, ventrolateral PFC has been activated in 

neuroimaging studies when individuals were induced to feel angry (Dougherty et 

al., 1999) and also when processing situations that were likely to cause anger 

(Berthoz et al., 2002).

In terms of the mechanism of dysfunction, the 5-hydroxytryptamine (5- 

HT) may be a candidate neurotransmitter system. In a reversal learning paradigm 

rodents injected with a neurotoxin selective for 5-HT were impaired (Clarke et al., 

2004; Clarke et al., 2005). Moreover, reversal learning has been impaired, by 

tryptophan depletion, in some studies in humans (Rogers et al., 1999a), whilst in 

others has just led to slowing effects (Murphy et al., 2002). Further, studies have 

reported a negative correlation between criminality/reactive aggression and 5-HT 

function (Aim et al., 1996; Dolan and Anderson, 2003; Goveas et al., 2004). 

Indeed, 5-HT has long been implicated in the modulation of (particularly reactive) 

aggression and impulsivity (Aim et al., 1996; Dolan and Anderson, 2003; Goveas 

et al., 2004). Specific gene knock-out studies on mice have reported increased 

aggressiveness for several knock-outs affecting serotonergic functioning including 

the 5-HTib receptor (Ramboz et al., 1996) and MAO (monoamine oxidase) A but 

not B (Shih et al, 1999). Interestingly, recent work has suggested the possibility 

that the emergence of aggression might be a necessary interaction of 

environmental stressors with particular genetic contributions to the functioning of 

the serotonergic system (Moffitt et al., 2002). Thus, Caspi et al (2002) observed 

that a functional polymorphism in the gene encoding MAOA moderated the effect 

of maltreatment. Maltreated children with a genotype conferring high levels of
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MAOA expression were less likely to develop antisocial problems than maltreated 

children with a genotype conferring low levels of MAOA expression. Thus, a 

possibility that requires further study is that the putative dysfunction within 

ventrolateral PFC leads to reduced 5-HT transmission within this area.
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6.5: Limitations of Current Work and Future Directions

There were some limitations of the experimental work presented in this 

thesis. Firstly, all individuals included in the sample were male. Research which 

assesses the cognitive impairments present in female psychopaths would be 

valuable (Cale and Lilienfeld, 2002). Indeed, it has been suggested that there may 

exist gender differences in certain neurocognitive tasks, especially those relying 

upon orbital and ventrolateral PFC, and especially in childhood (Kerr and Zelazo, 

2004; Overman, 2004; Overman et al., 1996). Secondly, the comparison groups 

used, in the case of the children, attended the same schools for children with 

emotional and behavioural disorders, and in the case of the adults, were inmates in 

maximum security prisons. Whilst this might reduce other confounds such as 

school and home environment or socio-economic status, it also suggests that the 

comparisons do not form a ‘healthy’ group in the classic sense. An issue related 

to this is that both groups (especially in the child groups) demonstrated relatively 

low estimated IQ. It must be noted, however, that the measure used was an 

estimator of verbal IQ which has been negatively associated with antisocial 

behaviour. Importantly, however, there were no differences in IQ between the 

groups. A third issue, related to this, is that the comparisons may have presented 

with other disorders associated with antisocial behaviour such as anxiety or 

depression. Further studies should assess both target and comparison groups, in 

addition to the psychopathy measures, with a standard psychiatric interview. 

Related to this, ADHD was not measured in the adult sample. ADHD is purely a 

disorder of childhood in DSM-IV, however it is unlikely that ADHD simply 

disappears in adulthood (the issue of ADHD will be discussed further in section 

6.5.1.).

It would be valuable to use the current tasks in neuroimaging 

investigations of children with psychopathic tendencies and adult psychopaths. In 

particular,volumetric studies examining the size of amygdala and functional 

studies examining performance on these tasks would be useful. In relation to 

passive avoidance learning, given the increased dysfunction relating to
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punishment-related learning it should be expected that an attenuated signal, albeit 

within the same regions, would be expected. On the basis of the results of 

experiment 3 and the predictions of the IES model, it might be predicted that a 

reduced signal would be observed in the amygdala and rostral ACC, especially 

during correct rejection trials {i.e. the signal might be stronger to hits). A 

complementary, attenuated ‘punishment’ signal might also be observed. In terms 

of reversal learning it would be expected that a psychopathic group would display 

a normal response in medial OFC, in relation to expectation violations, however 

the response in ventrolateral PFC may be expected to be attenuated during the 

commission of errors. Further, in a comparison of children with psychopathic 

tendencies and adult psychopaths during reversal learning a reduced signal, 

especially in the adults, might be expected. It would also be valuable to conduct 

pharmacological manipulations testing the performance on these tasks in order to 

attempt to simulate the psychopathic profile.

Finally, it would be interesting to test individuals with other disorders on 

the tasks used in this thesis. Individuals suffering with post traumatic stress 

disorder, depression, anxiety, intermittent explosive disorder, and paediatric 

bipolar disorder have all demonstrated increased propensities to react to 

frustration with aggression (e.g. Best et al, 2002; Blair, 2001a; Blair, 2004; 

Leibenluft et al., 2003). It is unlikely though that the underlying cause is the same 

in all of these disorders. Interestingly, individuals with depression, intermittent 

explosive disorder, and paediatric bipolar disorder have all also presented with 

impaired reversal learning ability (Best et al., 2002; Gorrindo et al., in press; 

Murphy et al., 2003). Notably, in the study by Best and colleagues (Best et al.,

2002), performance on tasks attempting to asses DLPFC functioning were intact. 

This suggests that they may share similar aetiology, and thus present with similar 

neuroimaging profiles, as regards reversal learning. It must also be noted, 

however, that some disorders have been related to reversal learning impairment in 

the absence of increased tendencies towards reactive aggression, for example 

frontal variant fronto-temporal dementia (FvFTD) and Parkinson’s disease, the 

latter being associated predominantly with striatal impairment (Swainson et al.,
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2000). This cautions against pure ‘frontal’ accounts of ‘executive functions’ such 

as reversal learning (Elliott, 2003). It has been suggested that psychopathy, with 

regard to the emotional learning component, is almost the inverse of an anxiety 

disorder (Blair, 2004). In this sense it would be interesting to test individuals with 

anxiety disorders on the passive avoidance learning task.

6.5.1: The Impact of ADHD

ADHD has previously been associated with deficits in both passive 

avoidance and reversal learning (Iaboni et al., 1995; Itami and Uno, 2002; Milich 

et al., 1994). However the results of both experiments 1 and 4 indicated that the 

deficits on these tasks were associated with psychopathic tendencies even when 

level of ADHD was co-varied. Further ADHD was not found to be a significant 

covariate. In short, it appears that passive avoidance and reversal learning were 

preferentially impaired by the presence of psychopathic tendencies and not 

ADHD. In both experiments 1 and 4, however, the psychopathic tendencies group 

scored significantly higher on a measure of ADHD than did the comparison 

group. In fact, if the groups had been separated according to level of ADHD 

(disregarding psychopathic tendencies) group differences would have been 

observed -  specifically, the high ADHD group would have demonstrated impaired 

passive avoidance and reversal learning compared with the low ADHD group.

What then accounts for the significant co-morbidity between the two 

disorders? As discussed in section 1.3.3. there does not appear to be significant 

impairment in individuals with psychopathy on traditional measures of DLPFC 

functioning (LaPierre et al., 1995; Mitchell et al., 2002; Roussy and Toupin, 2000; 

Smith et al., 1992). Individuals with ADHD do, however, show difficulty with 

these tasks (Oosterlaan et al., 2005; Pennington and Ozonoff, 1996; Williams et 

al., 2000). Further whilst individuals with psychopathy do not demonstrate 

impairment on Stroop interference tasks (Newman et al., 1997; Peschardt et al., 

under revision; Smith et al., 1992), individuals with ADHD present with striking 

difficulty (Corbett and Stanczak, 1999; Leung and Connolly, 1996; Nigg et al., 

2002; Pennington and Ozonoff, 1996; Reeve and Schandler, 2001). These
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empirical results might be explained by differing neural bases purported to be 

involved in these two disorders. Whilst psychopathy has been associated with 

primary impairment in amygdala, ADHD has been associated with dysfunction of 

right-sided prefrontal-striatal systems (Casey et al., 1997; Castellanos et al., 1996; 

Giedd et al., 2001; Swanson et al., 1998). Indeed, Oosterlaan and colleagues 

(Oosterlaan et al., 2005) concluded that the presence of comborbid ADHD 

accounts for executive functioning impairments observed in children with 

disruptive behaviour disorders.

There have, however, been reports of common impairments between these 

two disorders. As suggested in section 1.3.3. there is some evidence of impaired 

response control in individuals with psychopathy (LaPierre et al., 1995; Roussy 

and Toupin, 2000). Further, considerable data indicates that individuals with 

ADHD present with difficulty on response control paradigms (Berlin and Bohlin, 

2002; Castellanos et al., 2000; Langley et al., 2004; Murphy, 2002; Oosterlaan et 

al., 1998; Oosterlaan et al., 2005; Oosterlaan and Sergeant, 1998a; Oosterlaan and 

Sergeant, 1998b; Pennington and Ozonoff, 1996; Rubia et al., 1998; Trommer et 

al., 1988; Wodushek and Neumann, 2003). Also, as noted in section 4.2. there has 

been a report of impaired reversal learning in children with ADHD (Itami and 

Uno, 2002).

As demonstrated in experiment 6, neuroimaging investigations have 

critically associated reversal learning with ventrolateral PFC/lateral OFC (Cools et 

al., 2002; Kringelbach et al., 2003; O'Doherty et al., 2003a; O'Doherty et al., 

2001; Remijnse et al., 2005). Similarly, neuroimaging studies have implicated 

this region in the successful performance of response control tasks (Casey et al., 

2001; Garavan et al., 1999; Konishi et al., 1998; Konishi et al., 1999; Rubia et al.,

2003). Thus, in explanation, it may be suggested that both children with 

psychopathic tendencies and children with ADHD share impairment within 

ventrolateral PFC, which leads to impaired reversal learning and response control. 

In short, it appears that ventrolateral PFC is involved in the regulation of on-line 

instrumental behaviour; particularly with respect to changing this behaviour 

following changes in contingency or task demands. It follows then that damage to
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this region should be associated with difficulties in behavioural regulation, 

possibly manifesting as increased hyperactivity. Further, that that individuals 

with psychopathy presenting with this ventrolateral PFC dysfunction may also be 

at heightened risk of presenting with the impulsivity component of ADHD, and 

also that individuals with ADHD may, if this is associated with ventrolateral PFC 

dysfunction be at heightened risk for the display of reactive aggression. In 

accordance with these suggestions, as noted in section 1.2.2., it is the 

hyperactivity rather than the inattention component of ADHD that is associated 

with psychopathic tendencies (Colledge and Blair, 2001). In short, high co

morbidity of at least a hyperactive form of ADHD with psychopathic tendencies 

might be expected. Further, in keeping with the empirical data presented above, 

children with psychopathic tendencies would not be expected to present with the 

inattention component of ADHD.

The issue of ADHD is one that requires further study. It would be 

interesting to find ‘pure’ groups to test the predictions suggested in section 6.5. 

For example, a pure ‘inattentive’ group would not be expected to perform poorly 

on either measure used in this thesis (or at least not for the same reasons as 

individuals with psychopathy), and would also not be expected to demonstrate 

abnormal responses within amygdala or ventrolateral PFC. In contrast, a 

‘hyperactive-impulsive’ group would be expected to perform poorly on response 

control and reversal learning tasks, but to perform normally on the passive 

avoidance learning task. Further a pure ‘callous-unemotional’ group would be 

expected to perform abnormally only on the passive avoidance learning task, and 

to display defective amygdala responses. To find such groups may be difficult, or 

even impossible however, since impairment in one system over time might lead to 

impairment in others.
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6.7: Conclusions

In conclusion, this thesis examined passive avoidance and probabilistic 

reversal learning in children with psychopathic tendencies and adult psychopaths. 

Both functions were impaired in these groups, however, it appears that the 

underlying neural networks required to perform each is largely different. It may 

be suggested that, in combination, the two underlying dysfunctions present in 

psychopathy, and investigated in this thesis, may form the bases of the two 

components within psychopathy. It has been suggested that the amygdala 

dysfunction is the primary, ‘core’, dysfunction within this disorder. Specifically, 

it appears that the emotion dysfunction, leading to the development of callous- 

unemotional traits and instrumental aggression (i.e. the presentation of factor 1 

behaviours) may be exemplified by passive avoidance learning impairments. In 

addition, the dysfunction leading to the development of reactive aggression (i.e. 

behaviours relating to factor 2) may be exemplified by reversal learning 

impairments. The results in this thesis were largely compatible with the IES 

model of emotional learning.
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