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Introduction

1.1. General Introduction

children learn very quickly from their environment by trying out things and looking

to show some rather odd behavior and seem very antisocial and cold-blooded to us
(not only because some of them have killed someone which is probably one of the

adapt behavior based on the consequences of their acts (for a review on models

which forms of learning are impaired under which circumstances and what kind of

personality disorder1

investigating neurocognitive mechanisms related to reinforcement learning in

1.2. Psychopathy

Contemporary descriptions of psychopathy are based on work by Cleckley
Table 1.1.
insight into consequences of own behavior on other people and failure to plan

Factor 1.
Interpersonal and
affective traits
‘aggressive narcissism’

Factor 2.
History of impulsive
antisocial behavior
‘socially deviant lifestyle’

Traits not related to
either factor

Criminal versality
charm

goals

Grandiose sense of selfworth

Revocation of conditional
release

relationships

Cunning/ manipulative
Lack of remorse or guilt

is closest to the syndrome of antisocial personality disorder with which it shows

Shallow affect

Impulsivity

Callous/ lack of empathy

Irresponsibility

responsibility for own
actions

Need for behavioral
stimulation/ proneness to
boredom

behavior

impulsive antisocial behavior (Table 1.1.
In the class of self-report questionnaires measuring psychopathy a prominent

was designed for non-criminal and criminal populations and relies much less on

is ascribed to the fact that measures of psychopathy have largely been based on
insights from male populations while antisocial behavioral traits present in women

higher levels of antisocial behavior (mostly on the item of juvenile delinquency and

Treatment

with psychopathy do not react to treatment; others have even proposed that

Self report information about psychopathy is cheap and can be obtained

Prevalence
Now we know what psychopathy is and how it can be assessed one might wonder
only a subgroup of individuals with psychopathy responds poorly to treatment
was suggested that this low response group was characterized by lower levels of

with more promising results for treatment in samples of persons with psychopathy

states or schema modes most common in forensic patients with personality

suggesting the effectiveness of schema therapy for forensic patients have been

understanding might contribute to developing new and more effective treatment

1.3. Theories of Psychopathy
is that it relies too heavily on the negative aspects of psychopathy while ignoring

non-criminal individual with psychopathy presents with the personality traits

psychopathy might be different from non-successful psychopathy with respect to

psychopathy this process is thought to be impaired leading to reduced automatic

early attentional bottleneck prevents processing

impaired performance on both emotional tasks and learning related tasks related

demonstrated in a go/no-go discrimination tasks when both monetary rewards and
would predict problems in reversal learning as changes in stimulus-outcome
contingencies are not detected automatically due to increased attention to the

surprisingly a large amount of studies has then investigated behavioral adaptation

which lead to long lasting changes I will present studies investigating different
Table 1.2. these
models are summarized with regard to predictions about learning performance in
whether socialization occurs only through these forms of fear conditioning (Blair et

1.4. Outcome processing and adaptation of behavior in Psychopathy

Table 1.2.
Model

Description

Response
individuals

present

Hypothesis
automatic and involuntary shift of
attention from a deliberate goal-driven

and punishment outcomes are involved
in a task
It has been shown that individuals with psychopathy show abnormalities of
dominant response set and decreased atten-

Hypothesis

individuals are less
responsive to fear

Integrated
individuals

present
tions related to the
amygdala and closely connected structhose forms of learning which depend on

of associative learning are impaired for both
appetitive and aversive associations:
sponse to a visual stimulus which was previConditioned stimulus-affect representaConditioned stimulus-valenced sensory properties of the unconditioned stimulus

lems forming stimulus-response associations
as these would not depend on the integrity of

psychopathy have been shown to pause less after negative feedback (Newman et

evidence for this proposal was provided by Newman and colleagues (Newman et

focus on the feedback they performed more poorly than a control group on the

indicate that individuals with psychopathy have the ability to monitor information
and that they appropriately allocate late selective attention to different types of
while this result could not be replicated in slightly different Go/No-go paradigm

revealed abnormalities in several brain areas related to behavioral adjustments

error monitoring were demonstrated by lower signaling of error rates when asked

used a paradigm in which participants had to perform and observe performance

electrophysiological and neuroimaging studies demonstrate abnormalities in
with psychopathy and healthy controls relate to measures of psychopathy or even
analysis between structural abnormalities and facets of psychopathy and results

circuits that insert top-down control or regulate button-up signals from limbic

neurocognitive mechanisms as could be done based on knowledge about the same
is understood in much more detail than described in neurocognitive accounts of

evidence for increased activation in the striatum during anticipation of reward in
as problems with the anticipation of reinforcers which affects how someone reacts

neural vulnerabilities predispose a person to maladaptive outcomes associated

rapidly over the last decades and has resulted in models of reinforcement learning

that individuals with psychopathy do not seem to learn how to change their

In the following section I will give an overview of current reinforcement learning

1.5. Models and Mechanisms of Learning

In a typical paradigm for the second form of stimulus-outcome associative

which is akin to pavlovian learning the association is strengthened by repeated

associations between actions or stimuli and their consequences or reinforcements
these prediction errors can guide decision making by signaling the need to adjust

are presented with several stimuli and have to learn to make one of two possible

Another way in which a stimulus can affect behavior is by evoking a
A prerequisite for this to occur is that the system has the available knowledge at the

component can be observed following error feedback or negative outcomes when
such feedback/ outcome is necessary for the subject to know whether a preceding
is present about 200-400ms after negative compared to positive feedback or

these different versions of error-related negativity stems from studies showing that

thesis I will investigate several stages of the above outlined cascade of learningFigure 1.1. is provided to give the reader a schematic overview of
task is to learn the prediction of rewards from ongoing actions and environmental
a certain response has to be made following a stimuli by using the outcome

Box 1.1.
Task

Description

Approach
avoidance task

away from or pull them towards themselves depending on the instruction by using

StimulusResponse
learning task

Box 1.1.
of reinforcement learning will be investigated in both stimulus-response and

Stimuluslearning task

predict the outcome after each stimulus presentation with a button press (win/
which stimulus leads to a reward and which to a punishment is achieved by

Automatic
emotional
response

Reward prediction error

1.6. Aim and Scope of this thesis
Stimulus
Instrumental
response

Understanding the mechanisms underlying persistent maladaptive behavior is not
Action/ policy
behavioral
adjustment

patients learn to control maladaptive behavioral tendencies and that they learn new
advance our insights into the forms and causes of decreased learning which might

Figure 1.1. Conceptual representation of processes related to affective outcome
Box 1.1. descriptions of the paradigms used to investigate the

involving processes related to reinforcement learning and different techniques
and approaches will be used to systematically assess aspects of learning that could
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Abstract

2.1. Introduction

ignored question is whether automatic social approach-avoidance tendencies
mechanisms underlying this psychopathological pattern of behavior remain poorly

pattern may result from alterations in very basic social approach and avoidance
Social emotional behavior can be roughly divided into social approach and social

of fear to distress cues of others contributes to the emergence of violence (Blair

repertoires such as lack of automatic avoidance or even automatic aggressive

on behavioral responses in psychopathy were based on questionnaires or were
driven by implicit and automatic action tendencies as shown by work from Bargh

objective way to measure social approach and avoidance behavior is by using
reaction-time tasks in which participants either push emotional faces away

compared to affect-incongruent conditions in which individuals have to override
these automatic action tendencies and have to select a rule-driven response (push

not interested in fear recognition but in the magnitude of actual fear behavior in

Table 2.1.
PP (N=17)

HC (N=15)

Age

IRI total

Statistic

p-value
(2-tailed)

t

see Table 2.1.

t

medical/neurological history2
Table 2.1. for

t
t
t

2.2.2. Tasks

t

Approach-Avoidance Task

t
-

-

-

-

-

-

-

-

-

2.2. Methods

restriction that no more than three of the same stimulus response combination

2.2.1. Participants
M
SD
1

based
that by moving the joystick they either moved their arm towards or away from their

behalf of the state for people who committed serious criminal offences in connection with

F
pulling the joystick which resulted in the picture shrinking or respectively growing

F

p

F

p
p

Table 2.2.
Table 2.2.

Facial expression

PP (N=17)

HC (N=15)

Angry
Happy
Neutral

of approach and avoidance tendencies the reaction time to initiate the joystick

The Interpersonal Reactivity Index

Morphed facial emotion recognition task

Table 2.1.

order to reduce these feelings an egoistic reaction would be to withdraw from the

Reactive-Proactive Questionnaire
report questionnaire designed to measures two forms of aggression: instrumental

N
SD

SD
Table 2.1.
sample t

2.2.3. Procedure
by

for a second test session in which they performed the morphed facial emotions

2.2.4. Analyses

of our measures we will on a side note report correlations between the empathic

d
2.3. Behavioral results
2.3.1. AAT
Table 2.3.
rates (overall t

p

p

p

F

p

F

p
F

p

Table 2.3.
Direct gaze
PP
(N=17)

Averted gaze

HC
(N=15)

PP
(N=17)

HC
(N=15)

0

Controls

Angry

Happy
Straight gaze

Neutral

Averted gaze

Figure 2.1.

F

p

d

p>

remained when accounting for individual differences in recognition accuracy (for
Table 2.2.

effect-scores elicited by the averted gaze stimuli (F

p

d
the angry faces presented with direct gaze (F

p

(all p

d
t
did not show this effect (t
from zero (t
pictures (t

p

2.3.2. Relation instrumental aggression and personal distress

p

A multiple regression analysis was conducted to determine if instrumental

Figure 2.1.

p

F

p
t

p

t

p

lack these avoidance tendencies towards social threat cues and even show a (non-

results (all p

p

p
pone-sided

pone-sided

R2

RPQ_IA scores

0
0

10

20

Figure 2.2.

AAT effect scores in ms

AAT effect scores in ms

Healthy Controls

IRI_PD scores

0
0

10

20

Figure 2.3.

2.4. Discussion
model (F

p

Figure 2.2.

Aim of the present study was to directly and objectively assess mechanisms of social

Figure 2.3.
4

that are instrumental aggression and levels of personal distress measured by the

4 Additional correlation analyses were performed on the empathic concern scale which

r
p

p
p
p

p
p

for those angry face stimuli where the anger was directly communicated to the
driven motivational changes and not to changes in stimulus-response-compatibility

absence of fear in response to threat in the psychopathic individual itself which

threat stimuli and are likely mediated by direct connections between the amygdala
those psychopaths who show the lowest avoidance tendencies have the highest

highly instrumental aggressive individuals may be related to altered information

behavioral account of instrumental aggression proposing that it is characterized by
results in altered action tendencies and whether such changes in automatic action

tendencies depends on amygdala-frontal circuits that have also been implied

question whether alterations in basal or reactive testosterone levels associated
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Aberrant frontostriatal coupling
during reward processing in
criminal psychopathy

Aberrant frontostriatal coupling during reward processing in criminal psychopaths

Abstract

3.1. Introduction
haracterized by a socially deviant lifestyle

samples with high psychopathic traits (measured with the psychopathic personality

more recent studies suggest that psychopathy is also accompanied by aberrant

mechanism underlying reward anticipation in clinical and criminal psychopaths by

connectivity between the ventral striatum and a region in the medial prefrontal

differential transfer of aberrant reward signalling in the ventral striatum to medial
psychopathy comes from studies showing that aberrant responses to punishment

that certain psychopathic traits assessed in healthy control subjects are related to

connectivity patterns between the hyper-reactive region of the ventral striatum

3.2. Methods
3.2.1. Subjects
e selected from the in-patient population of a forensic
psychiatric hospital in the Netherlands1 based on available information about
problems (N

N
SD

underlying reward anticipation between individuals with psychopathy and healthy

who score high (HChigh

SD

low

SD
reward anticipation is seen in subjects scoring high on impulsive-antisocial traits

groups were checked for drug use and for medical/neurological history2
high

and HClow
were matched on IQ and age (both p

Table 3.1.

reward related hyperreactivity to be even more pronounced in the psychopathic
a disposal to be treated on behalf of the state for people who committed serious criminal

noncriminal groups (psychopathic group vs HChigh
per se cannot account for the obvious differences in criminal behavior between
the difference between psychopathic individuals and HChigh does not surface in the
ventral striatal signal per se

Use of cannabis or other illicit drugs within the week before measurement and use of

3.2.2. Procedure

Table 3.1.
factor (HChigh
(HClow
PP

HChigh
(>146 on PPI_IA)

Statistics

(<146 on PPI_IA)

-

-

-

-

-

-

-

-

-

HClow

(p-value)

Age

they were asked to refrain from any caffeinated drinks and chocolate on the scan

pads were placed inside the head coil to restrict movement and a heartbeat device

3.2.3. Experimental Task and Questionnaires
Monetary incentive delay task (MID task)
3.2.4. Analysis
of a cue (green square indicating reward trials and red square indicating no-

Behavioral analysis

high

in the reward condition and no points in the no-reward condition if they responded

low

MR Image acquisition and analysis
Image acquisition

total amount of points was converted to monetary rewards (1 point resulted in 20

Psychopathic Personality Inventory (PPI)

were projected on a screen and were viewed through a mirror attached to the head
acquisition gradient echo anatomical scan was obtained from each subject from

Preprocessing

Psychopathy Checklist – Revised (PCL-R)
echotime and consequently applied to images resulting from the three other

hypotheses of our study:
high

[HClow

low

/no-reward] - 2 *

high

/no-reward]

reactivity during reward anticipation relative to no-reward anticipation for criminal

Single subject analysis

Any region revealed by the previous contrast was assessed with the following
contrast for differences between the group of psychopaths and healthy controls
/no-reward]

high

threshold of puncorrected
for clinical psychopaths compared to HChigh
Functional connectivity analyses
between clinical psychopaths and HChigh

Group level analysis

/HClow

high

used to allow for unequal variance between subjects and possible deviations from
sphericity introduced by dependencies between levels in the repeated measures

that criminal psychopaths suffer from cognitive control problems instantiated by

3.3. Results
No behavioral differences between groups
Figure 3.1.
deconvolved based on the canonical hemodynamic response function to construct

condition (main effect of Reward anticipation on hits: F

p

leading to shorter target duration for the reward condition (F

p
F

Reward related signal in the ventral striatum
signal in the ventral striatum was higher in the two groups with high impulsivehigh

traits (Figure 3.1.

subject factor (corrected for multiple comparisons across the whole-brain: t
p
HChigh/HClow
contrast of interest assessed the difference between clinical psychopaths and
HChigh

t

p
between the high impulsive-antisocial group and the criminal psychopathy group
(t

puncorrected

Statistical thresholding of fMRI analysis
whole brain maps for the simple interaction effects in Figure 3.1.
multiple comparisons at the whole brain (p
appropriate for small volume correction of the right nucleus accumbens proper as

Main effects of reward expectation across groups

xyz
p

t

Reward related functional connectivity between the ventral striatum and the
PFC.

Functional connectivity
(reward - no reward)

Signal change
(reward - no reward)

high and criminal clinical psychopaths might suggest that the hyper-reactivity in
the anterior ventral striatum to reward anticipation is not central to the concept

+

(Figure 3.1.

Figure 3.1. suggest that this effect is

driven by a more positive contribution of the anterior ventral striatum to the
psychopaths than for HChigh
hyperactive signal of the anterior ventral striatum is processed differently in the

0.4
0
-0.4

1

**

**
0.8

N.S

Low impulsve/antisocial
High impulsive/antisocial
Criminal psychopathy

Reward induced connectivity between
ventral striatum and dmPFC (a.u.)

reward- compared to no-reward anticipation for HChigh and the psychopathic group

Reward induced activity
(a.u.)

-

0.5

0

-0.5

-1

-1.5

Figure 3.1. (a
psychopathic criminals and healthy noncriminal controls with high antisocial/
impulsive traits compared with healthy controls with low antisocial/impulsive traits
b

at a threshold of p

3.4. Discussion
reward anticipation per se

controls scoring high on impulsive-antisocial traits of psychopathy (HChigh

suggesting a central role for aberrant fronto-striatal connectivity in psychopathy

psychopathic individuals and HChigh
subjects scoring low on the impulsive-antisocial psychopathic traits (HClow

psychopathy is characterized by abnormal reward input to regions regulating

and HChigh

non-successful psychopaths and results can only be interpreted as being related

our HChigh group would be closest to the description of successful psychopathy
show differential task-dependent coupling between the anterior ventral striatum
high

high

that reward anticipation in the ventral striatum has been linked to this aspect of

characterized by psychopathic personality traits but who do not necessarily engage

card guessing game was negatively related to the lifestyle facet as measured with

some resemblance in that those individuals who show the personality traits but not
the behavior might be seen as successful in terms of being able to inhibit acting

striatum and associated regions play an important role in psychopathy (Glenn &
anterior ventral striatum is present in samples showing high traits of impulsivemight be equally affected in criminal clinical psychopathy and high scoring healthy

showed that criminal psychopaths (not only characterized by impulsive-antisocial
putatively non-criminal psychopaths by differential impact of aberrant ventral
of how and why some people act according to their impulsive-antisocial personality

some people however these preferences have larger impact than in others on

to show increased activation during reward in the total group and also the total
healthy control group using the NAcc proper in line with other studies (Knutson

Supplementary materials
Results

t-test revealed that this difference was driven by the difference between HChigh and
should consider this variation in traits to better understand individual differences

HClow (all p
from the HChigh group (all p
high

t

p

group scored higher compared to the psychopathic group

(Table 3.1.
p
see Table 3.2.

p
p
p

Table 3.2.
PPI total score
PPI_FD

(factor 1)
PPI_IA

(factor 2)

showing decreased error-related negativity during learning in psychopathic groups

Correspondence of the two measures of psychopathy - the PPI and PCL-R

Discussion
Correspondence of results with studies in individuals with child-psychopathy
Studies in adult psychopathic populations in general show increased activity in

found in orbitofrontal regions and the caudate nucleus but not in the ventral

the assumption is that a disruption of circuits involved in decision making based
will impair socialisation due to the decreased learning from mistakes and slower
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Abstract

4.1. Introduction

electrophysiological correlates of error monitoring (error-related negativity or
N
and healthy matched control subjects (N
learning conditions in which the amount of learning was manipulated by varying

that omitting a certain response will result in the termination or prevention of
error-monitoring processes play a central role in the often reported learning

receive feedback indicating that they gave an incorrect response (for an overview

stimulus-response mappings based on feedback about their performance (trial and

Although several studies have investigated learning in individuals with

4.2. Methods and material
4.2.1. Participants
SD
1

(mean

SD

Figure 4.1.
was presented informing participants whether their response was correct (green
SD

and without criminal records or a history of psychiatric disorders were recruited

24 h of the measurement; use of cannabis or other illicit drugs within the week

congruently mapped to either the left or the right response button throughout the
4.2.2. Task and Procedure

Figure 4.1. depicts

behalf of the state for people who committed serious criminal offences in connection with
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4.2.4. Data analysis
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5.1. Introduction

not selectively involved in error processing but are involved in a more general

outcome mappings through observation and were asked to predict whether a

in line with a currently held set of assumptions about the environment and thus

5.2.2. Task and Procedure
Task

response - but on the stimulus highlighted - thereby enabling us to test separate

could thus deduct which card leads to winning money (indicated by a happy face

of the subject was to predict if the chosen card would lead to winning or losing
If they noted that the reward rules were switched they would have to adjust their

5.2. Methods
5.2.1. Participants
Figure 5.1.

asked to predict whether the highlighted stimulus would lead to a happy or a fearful
SD
for participation and gave written informed consent in a manner approved by the

Stimulus A

Stimulus B
1000
1000

Stimulus B

1000
1000

Stimulus A

fearful face (presented after a stimulus that was previously followed by a happy

trail followed by a switch

Figure 5.1.
on this switch trial was identical to the stimulus highlighted on the previous
5.2.3. Electrophysiological recording

successful switch trial was performed (the same learning criterion as in the

5.2.4. Data analysis
Behavior
measure of interest was accuracy on trials immediately after

baseline of accuracy on non-switch trials that followed

after
t
analyses focussed on

t-test were

Electrophysiology

5.3. Results
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requires a model- or rule-based behavioral control system (associated commonly
prediction task are more likely to represent model- or rule-based prediction errors

for behavioral adjustment only when the outcome valence is fully predictable of

their stimulus-outcome associations and adjust their responses accordingly
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Abstract

6.1. Introduction

negative feedback processing and behavioral adaptation were confounded in prior

matched healthy male controls performed a reversal-learning task with facial

that psychopathy is accompanied by selective punishment processing problems

is that adequate performance on the punishment-related tasks required not only

the current study employs a stimulus-outcome reversal learning paradigm in
which positive and negative outcomes are matched in terms of the degree to

6.2. Methods
6.2.1. Participants
of a forensic psychiatric institute in the Netherlands1 with a psychopathy score

SD

SD
SD

All participants were checked for drug use and for medical/neurological history2
(for characteristics of the two groups see Table 6.1.

were stimulus-response tasks that only required behavioral adjustments after

prediction error coding and behavioral adjustment irrespective of the valence of

behalf of the state for people who committed serious criminal offences in connection with

Table 6.1. Characteristics and demographics for the group of patients with
p
PP

HC

P-value

corresponding number which had to be pressed in order to indicate which emotion

Age
IQ

report the intensity level for fearful and happy faces (used in the reversal-learning

Reversal-Learning Task (RL task)
6.2.2. Tasks and design

a pair of stimuli (a picture of a cow and a picture of a tractor was presented for
Figure 6.1.

this task were used to select optimal feedback stimuli for the subsequent reversal-

Morphed facial emotion recognition task
Individuals with psychopathy are known to have impairments in the recognition

control for the possibility that abnormal performance on this task was not caused

participants had to predict whether the highlighted stimulus would lead to a happy
or a fearful face by pressing one of two response buttons with their right or left

actual outcome in the form of a happy or fearful face was presented at the center

contingencies could change and that they had to adjust their predictions on the
switch
that was highlighted on this switch trial was identical to the stimulus highlighted on

EEG recording and data processing

6.2.4. Data analyses
Stimulus A

Stimulus B
1000
1000

after a certain
Stimulus B

1000
1000

analyses focussed on the outcome trial itself to investigate neurophysiological

Stimulus A

Behavior
trail followed by a switch

Figure 6.1.
too late responses (t

6.2.3. Procedure

p

(SD

Electrophysiology

F
p
Fs
FRN results
Results are illustrated in Figure 6.2. and Figure 6.3.

subject and condition separately using a 200 ms pre-outcome baseline

F

p

F

p

peak in the post- stimulus window of 200-400 and its preceding positive peak

Fs
F
F

p
p

Figure 6.2. and Figure 6.3.

Fs

p

Fs

p

F

p

F

F
p
F
6.3. Results

F
p

Morphed facial emotion recognition task

F

Independent samples t-tests revealed that the groups did not differ with respect
p
(fear: t

p

t

p

SD

SD
SD
outcomes (F

F

p

p

Fs
F
Fs

p

p

ps

FRN amplitude at Fz/FCz (V)

Reaction times (ms)
-7

850

-6

800

-5

750

-4

700

-3

PP
HC

-2

650

-1

600
UP

UR

EP

UP

ER

UR

ER

EP

Figure 6.3.
PP

HC

Accuracy (%)
Behavioral results

100
95

are illustrated in Figure 6.4.

90

F

85

p

80
75
UP

UR

EP

F

ER

p
F

Figure 6.2.

p
(F

p
Fs

Figure 6.4.

Correlation between FRN and accuracy

accuracy following these outcomes (r

p

p

accuracy on subsequent trials (see Figure 6.5.

FRN (µV) on UP trials

100
80
60
40
20
-10

PP
HC
-8

-6

-4

-2

0

Accuracy (%) on trials following UP

Figure 6.4.
Figure 6.5.

6.4. Discussion

Figure 6.4.
(F

p

F

p

F
F

p
t

774 ms; t
group (F

work demonstrating impaired learning using performance feedback in this group

p
p
Fs

Figure 6.4.

line with numerous studies showing reduced responsiveness to negative stimuli

suggesting a close link between negative prediction error coding and behavioral

studies showing that the size of the amplitude predicts behavior on subsequent

the psychopathic individuals showed decreased amplitudes in particular (but not

controls than in psychopathic subjects only when the outcome is directly relevant
Although these results suggest that psychopathy is associated with a general

in their ´revised violence inhibition model´ that individuals with psychopathy
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7.1. Summary
was negatively related to levels of instrumental aggression and positively related
cognitive and neural processes underlying psychopathy by investigating aspects of
the results indicate that responding to social outcome stimuli in psychopathy is
impaired at a basic level of automatic action tendencies and that this is related to

introduction an important aspect of correctly adjusting behavior according to
Figure 1.1.
approach or avoidance tendencies by evoking a representation of the associated

psychopathic behavior is predominantly driven by a focus on rewarding or positive

neuronal level in healthy persons from the community with psychopathic traits

tasks similar to the one used in this chapter that healthy people generally move

differentiate criminal psychopaths from noncriminal community members scoring
by assessing connectivity between the ventral striatum and frontal regions during

levels of instrumental aggression might be due to abnormal action tendencies

to reduced internalisations of stimulus-response mappings and reduced usage of
information needed to correctly adapt responses
are characterized by abnormal input from the reward-related ventral striatum to

show that enhanced processing of reward in the ventral striatum generalizes

aberrant reward signalling in the ventral striatum to medial frontal regions of the

were tested according to a prominent reinforcement learning model (Holroyd

In Chapter 6 the same task was employed in male offenders with high

group of psychopathic individuals showed decreased overall learning compared to

Amplitudes on both positive as well as negative prediction error trials were

psychopathy is related to impaired formation and generalization of stimulus-

a direct link between these outcomes and performance on subsequent trials could

positive and negative prediction error coding was disentangled and not confounded
show that individuals with psychopathy do show comparable electrophysiological

7.2.
psychopathic group were smaller to both positive and negative outcomes signaling

performance and prediction error coding could however only be demonstrated for

performance monitoring as the feedback in this paradigm provides information
Several processes involved in adapting behavior based on reinforcers are part

about whether a response is in accordance with the stimulus- response mapping

We have shown that the anticipation of rewarding outcomes is accompanied

While former research concerned with adaptation of behavior in psychopathy

by hyperactivity in the ventral striatum in individuals with high psychopathic traits
provide additional information about which processes related to reinforcement
suggest that clinical and criminal psychopathy is characterized by abnormal input

7.3. Current models of psychopathy
As reviewed in the introduction several neurocognitive models of psychopathy

be able to clarify in more detail which aspects of reinforcement processing are

there was no attentional competition between stimuli in the paradigms used in
respect to disentangling different sub-processes involved in adjusting behavior
but not stimulus-response associations as the latter does not involve an association

based on reinforcement information compared to how detailed these processes
aspects is compromised in psychopathy and leads to decreased performance on

typical trial in a reinforcement learning paradigm starts with the presentation of a

learning signal is conveyed by the mesencephalic dopamine system in the form of a

7.4. A model of outcome learning in psychopathy

a phasic dopaminergic signal which is used by the motor controller to optimize
the phasic dopamine signal causes changes in motor neuron activity in the anterior

detailed in terms of underlying neurocognitive processes involved in reinforcement

reinforcing events and make this information useful to the actor to increase the

stimulus-response or stimulus-outcome mapping has not yet been internalized the

which originates in the supplementary motor area and by the oculomotor circuit

and are largely segregated from each other both structurally and functionally

areas implicated in psychopathy by imaging studies and by studies demonstrating
correctly predict outcomes which subsequently results in maladaptive behavioral
choices made by the actor as the signal is incorrect with respect to updating state-

we have demonstrated that this is directly related to performance levels at least for
psychopathic individuals present with problems in internalizing prediction error

and in using this information to guide behavior but also in social interactions

system could potentially help understand their interconnections and lead to a
if one should aim at reducing all symptoms equally or instead focus on reducing

and even more structured and modern approaches of assessing recidivism risk
knowledge about neurocognitive processes in the healthy brain should be

doubt whether change during an intervention will be maintained beyond the
knowledge about healthy neurocognitive processes to come to a complete theory

7.5. Clinical implications

aspect will be discussed below and will focus on behavioral interventions and

not only a description of problem behavior but also an idea of what the underlying
demonstrated that absence of avoidance of social threat is related to levels of

Behavioral approaches

Results of chapter 2 showed that psychopaths lack the automatic avoidance of

describe the perception of others in psychopathy as one where the other is an

preliminary results were presented which showed that these trainings result in

that focussing on factor 2 is not a treatment of psychopathy as the factor closely

on a neural level (presentation by Wiers at the 12th world congress on biological

intervention has been adjusted for adult forensic populations and been evaluated
for patients with high levels of reactive aggression and low scores on factor 1 of

harmful effects of inducing avoidance orientations towards alcohol in clinical
We suggest that simple behavioral trainings could potentially change fundamental

reducing both approaching and avoiding behavior where avoidance behavior

might not only be applicable to decrease instrumental forms of aggression but
high on factor 1 and instrumental aggression should result in a focus on avoidance
offenders are addicted or repeatedly abuses illegal substances and even more

one should be aware that there is no evidence so far of the effectiveness of these
our study suggests that these relatively automatic action tendencies are related to

not clear what the relation between social action tendencies and reactive aggression

understanding of the relation between forms of aggression and action tendencies
this by listing all possible options with all their pros and cons and teaching them
Similar principles should then be applied to less controlled and ecologically more

Neurofeedback would be an option to directly increase brain activity generating
be styled in computer game fashion where the goal would be to achieve points or

possibility could be to use real-time functional magnetic resonance imaging to train
easy to combine behavioral monitoring with eyetracking and with autonomic or
electrophysiological measures which would give additional information on how
targeted in this study include those involved in approach avoidance behavior such
as the amygdala and prefrontal regions including the orbitofrontal areas (Roelofs

approach avoidance tendencies and prediction error processing could also result

individuals are unimpaired in decisions following feedback if they were forced to

well be that this approach makes the psychopathic patient even more controlled

Neural and pharmacological approaches
studies also give some clues about interventions at a neural level which might
either aim at increasing/decreasing activity in certain brain areas related to

the fronto-striatal network involved in the anticipation of reward are differentially
is only used on patients where no other treatment leads to an improvement of

link to behavior relevant for treatment success has to be established and long term

The context of an intervention

Not only does one have to take into account baseline levels of neurotransmitter
Surprisingly few studies have investigated effects of pharmacological agents on the

should be paid to gradually decrease predictability and control in order to assess

systems could thus be potential targets to improve aspects of reinforcement
Consideration of the above mentioned options to increase brain activity or
cognitive functions related to reinforcement processing should be taken with some

of behavior might be strongly driven by reward anticipation compared to healthy

could be used to create a reinforcement economy to further improve changes in

a decreased effectiveness of this signal to adjust future predictions in order to
proven to be effective for reducing total assaults and especially staff injuries in an

application in future identical situations or generalizing it to similar situations which

reinforcement properties of the drug and enhancing positive reinforcement

psychopathic behavior while increasing rewarding properties of social and adapted

avoidance training sessions could potentially change highly internalized and
cognitive-behavioral training should be implemented in which psychopaths learn
how to consciously weigh available choices of responding and their consequences
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een aandoening waarbij iemand sociaal-emotionele problematiek vertoont zoals
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personen gebeurt tijdens het in afwachting zijn van een gedragsconsequenties
hoofdstuk 2
waarin toenaderings- en vermijdingstendenties van patiënten met psychopathie

behandeling bieden aan individuen die zware delicten hebben gepleegd en

vormen door hun psychische stoornis een gevaar voor de maatschappij en/of voor
terwijl het vermijden van iets negatiefs juist ertoe moet leiden dat de negatieve
om de dader te resocialiseren en de kans op recidives te verminderen zodat deze
deelnemers te instrueren om op een computerscherm gepresenteerde gezichten

hangen met de mate waarin deelnemers het perspectief van iemand anders
kunnen innemen en met de mate van agressie die deelnemers over de laatste 6
van belang om te onderzoeken hoe hun brein functioneert tijdens de verschillende

te kunnen begrijpen dat iemand met die boze gezichtsuitdrukking het signaal wil
deze kennis gebruikt worden om effectievere behandelinterventies te ontwikkelen
die beter afgestemd zijn op de beperkingen en de vaardigheden van patiënten met
dus al op dit basale niveau van affectieve informatieverwerking een tekortkoming
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In hoofdstuk 3 wordt een studie gerapporteerd waarin met behulp van

In hoofdstuk 4 is het vermogen van psychopathische patiënten onderzocht om

van criminele psychopaten tijdens het in afwachting zijn van een beloning reageren
in vergelijking met een groep niet-criminelen met veel trekken van psychopathie

verhoogde breinactivatie in het striatum laten zien tijdens het in afwachting zijn

en niet-criminele psychopaten is te vinden in hoe dit signaal naar gebieden van de

hoofdstuk
5

In hoofdstuk 4, 5 en 6 wordt niet meer gekeken naar het in afwachting zijn van
zo ontworpen dat beide - een onverwachte negatieve maar ook een onverwachte

hoofdstuk 6
In hoofdstuk 6 werd onderzocht of psychopaten enkel moeite hebben met
op verschillende momenten optreden en heeft telkens een iets andere betekenis:

negatieve maar niet met positieve feedback zoals in de literatuur vaak wordt

psychopaten problemen hebben met het verwerken van negatief feedback of met de
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psychopathie gepaard gaat met zowel verminderde gedragsaanpassing als ook

verwerken van feedback en uitkomsten van gedrag bij patiënten met psychopathie

afwijkende automatische reacties op boze gezichten en afwijkingen tijdens het

Uit onderzoek zal moeten blijken of deze aanpassingen ook daadwerkelijk effectief

een andere wereld van onderzoek voor mij geopent dan wat ik tot nu toe uit de

de ruimte gegeven mijn eigen ideëen in te brengen en om diverse proefjes van
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successfully followed the masterprogam in Cognitive Neuroscience at the Radboud

which a neurocognitive testbatterij relevant for forensic psychiatric populations

department of Radboud University and works as a psychotherapist in training on
while following the postdoctoral education to become a psychotherapist at the
coordinates a research project aimed at reducing aggressive incidents on closed

In 2011 Katinka was awarded the Koningsheideprijs for outstanding and
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Impairment: development and evaluation of a psychological intervention

involvement of corticotropin-releasing factor and urocortin 1 in acute and
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