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‘ It is not easy to convey this concept, that of a biological organism, outwardly 
intact, showing excellent peripheral function, but centrally deficient or disabled, 
in such a way that abilities, excellent at the only levels where we can formally 
test them, cannot be utilized consistently for sane purposes or prevented from 
regularly working toward self-destructive and seriously pathological results.’ 

Hervey Cleckley, 1955
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1.1  Introduction

Most people are familiar with the term ‘psychopath’, which is often used to label 
someone who is “morally insane”, “murderous”, and “coldhearted”. Its popularity 
among the general public is reflected by the wide variety of novels, movies, tv 
series, and computer games, in which a notorious ‘psychopath’ fulfills the starring 
role. Importantly, their characterizations often only partly relate to the concept of 
psychopathy as it is defined in psychiatry, criminology, and in research. Psychopathy  
is a personality disorder that has received a great deal of attention over the past 
centuries. In the history of psychiatry, psychopathy was first used as a generic 
term for any severe psychiatric illness. Only later, it became linked to what is now 
known as psychopathy. The Mask of Sanity by the American psychiatrist Hervey 
M. Cleckley, first published in 1941 and with revised editions appearing for several 
decades, is considered a seminal work that marked the beginning of the modern 
clinical construct of psychopathy. Cleckley was not the first to recognize the 
 characteristics of psychopathy, as over the preceeded two centuries many other 
scholars, including Pinel, Prichard, Koch and Kraepelin, have theorized about 
psychopathy or conditions that are much alike (Arrigo & Shipley, 2001). Nevertheless, 
Cleckley was the first to lay out in detail the key characteristics of the disorder, 
and moreover, his conceptualization of psychopathy became more influential 
and familiar to laypersons and academics than those of other scholars (Crego & 
Widiger, 2015).
 Cleckley characterized psychopathy based on sixteen criteria he believed 
formed the core features of psychopathy. These criteria are (1) superficial charm 
and good “intelligence”, (2) absence of delusions and other signs of irrational 
thinking, (3) absence of nervousness and psychoneurotic manifestations, (4) 
unreliability, (5) untruthfulness and insincerity, (6) lack of remorse or shame, (7) 
inadequately motivated antisocial behavior, (8) poor judgment and failure to learn  
by experience, (9) pathological egocentricity and incapacity for love, (10) general 
poverty in major affective reactions, (11) specific loss of insight, (12) unresponsiveness  
in general interpersonal relations, (13) fantastic and uninviting behavior with drink 
and sometimes without, (14) suicide rarely carried out, (15) sex life impersonal, trivial, 
and poorly integrated, and (16) failure to follow any life plan (Cleckley, 1941/1976, 
pp. 338–339). Increasing interest in the field has led to different conceptualizations  
of psychopathy, and the exact definition of the construct is stil a matter of debate 
(Hare & Neumann, 2010; Miller & Lynam, 2015; Skeem & Cooke, 2010). However, 
the idea that emotional disturbances and lack of morality play key roles in 
psychopathy is still prominently present. 
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an ‘antisocial’ facet. The ‘interpersonal’ facet measures arrogant and deceitful 
interpersonal style, which is characterized by superficial charm, grandiosity, 
manipulative behavior and deceitfulness. The ‘affective’ facet measures the 
degree of deficient affective experience which encompasses callousness, lack of 
empathy, failure to accept responsibility and lack of remorse or guilt. The ‘lifestyle’ 
facet measures impulsive-irresponsible behavioral style which is characterized by 
impulsivity, boredom, sensation seeking, parasitic lifestyle, irresponsibility, and 
lack of goals. The ‘antisocial’ facet encompasses aggressiveness, early behavior 
problems, juvenile delinquency and criminal versatility (Hare & Neumann, 2005). 
Although the items of the PCL-R are generally interrelated, confirmatory factor 
analysis provided evidence for four uni-dimensional facets. Factor 1 and Factor 2 
are still used and referred to as the interpersonal-affective factor and the impulsive- 
antisocial, respectively, in order to include both the two superordinate factors  
and the presence of the four facets (Figure 1.1). Hare’s four-factor model received 
extensive support from several large PCL-based studies including a wide variety 
of samples (Hill, Neumann, & Rogers, 2004; Kosson, Cyterski, Steuerwald, Neumann, 
& Walker-Matthews, 2002; Neumann, Hare, & Newman, 2007; Olver, Neumann, 
Wong, & Hare, 2013; Vitacco, Neumann, & Jackson, 2005), and is the most validated 
and popular method for measuring psychopathic traits (Anderson & Kiehl, 2012).
 Psychopathy is a particularly dangerous and malignant constellation of personality 
traits and an extensive amount of research has been devoted to unravel its nature 
and correlates. Nevertheless, psychopathy is not recognized as a disorder in the 

1.2  The construct of psychopathy

Although Cleckley’s criteria were often treated as if they reflect psychopathy as a 
unitary construct, ample evidence suggested that psychopathy consists of a 
constellation of traits that vary along a continuum (DeLisi, 2016). Cleckley’s criteria 
did not allow to measure the extent to which individuals matched the criteria. To 
overcome this limitation, Hare developed the Psychopathy Checklist (PCL, 1980) 
and its successor, the Psychopathy Checklist—Revised (PCL-R; Hare, 1991/2003), 
which were greatly inspired by Cleckley’s work. The PCL-R covers twenty items 
that are used to assess the presence of psychopathic traits in adults based on a 
semi-structured interview and an extensive review of collateral file information. 
Factor analyses demonstrated that the PCL-R distinguishes between two factors; 
disturbed interpersonal-affective behavior (Factor 1; F1) and impulsive-antisocial 
(Factor 2; F2) traits. Where Factor 1 is associated with personality features (e.g. 
lack of empathy, lack of guilt, superficial charm and pathological lying) that capture 
the core features that are unique to psychopathy, Factor 2 describes behaviors 
(e.g. parasitic lifestyle, impulsive behavior, poor behavioral controls and juvenile 
delinquency) that represent a more general set of antisocial tendencies that can 
be found across several subtypes of antisocial individuals (Hansen, Johnsen, 
Thornton, Waage, & Thayer, 2007; Hare, 2003; Ross & Rausch, 2001). The two-  
factor model proposed by Hare dominated the literature on psychopathy for a 
long time (Harpur, Hakstian, & Hare, 1988). 
 However, alternative conceptualizations have been developed in parallel to 
the two-factor model of the PCL-R (Cook & Michie, 2001; Feilhauer & Cima, 2013; 
Lilienfeld & Andrews, 1996; Patrick, Fowles, & Kreuger, 2009). For instance, Cooke 
and Michie (2001) argued that antisociality is a consequence of affective-emotional 
impairments and is, therefore, of secondary importance to the definition of 
psychopathy. They proposed a three-factor hierarchical model of psychopathy 
that emphasized criminal behavior to a lesser extent (Cooke & Michie, 1997). 
According to this model, the construct is underpinned by three correlated factors; 
‘arrogant and deceitful interpersonal style’, ‘deficient and affective experience’, 
and ‘impulsive and irresponsible behavioral style’, and this was supported by 
confirmatory factor analyses on several large data sets (Cooke & Michie, 1997). 
Hare and colleagues disputed a three-factor model and cited the importance of 
differentiating between antisocial and criminal behavior (Hare & Neumann, 2008; 
Hare & Neumann, 2010; Neumann, Vitacco, Hare, & Wupperman, 2005). They 
argued that antisociality (generalized rule breaking) is an intrinsic component  
of the psychopathy construct. A further refinement of Hare’s two-factor model 
distinguishes two individual facets for each factor, where F1 is divided into  
an ‘interpersonal’ and an ‘affective’ facet and F2 is divided into a ‘lifestyle’ and 

Figure 1.1 Hare’s four-factor model with the two factors Interpersonal-Affective (Factor 1) 
and Social deviance (i.e. Lifestyle-Antisocial, Factor 2) and the four facets Interpersonal, 
Affective, Lifestyle, and Antisocial.

Psychopathy

Factor 1: Interpersonal-A�ective Factor 2: Social Deviance
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Interpersonal

Facet 2: 
A�ective

Facet 3: 
Lifestyle

Facet 4: 
Antisocial

• Glibness/
 Superficial charm
• Grandiose self-worth
• Pathological lying
• Conning/Manipulative

• Lack of remorse or guilt
• Shallow a�ect
• Callous/Lack of empathy
• Failure to accept 
 responsibility for actions

• Need for stimulation
• Parasitic lifestyle
• Lack of realistic, 
 long-term goals
• Impulsivity
• Irresponsibility

• Poor behavioral 
 controls
• Early behavioral 
 problems
• Juvenile delinquency
• Criminal versatility
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secondary psychopathy was associated with strong BAS scores combined with 
high trait anxiety, while the role of BIS in this subtype remained unclear (Newman, 
MacCoon, Vaughn, & Sadeh, 2005). Another study supported this distinction and 
found support for an association between interpersonal- affective traits (Factor 1 of 
the PCL-R) and the BIS after controlling for the presence of impulsive-antisocial 
traits (Factor 2 of the PCL-R), and between Factor 2 and BAS after controlling for 
Factor 1 traits (Wallace, Malterer, & Newman, 2009). This idea was followed up  
by other empirical studies that proposed similar subtypes of psychopathy and 
further characterized these subtypes based on related personality and behavioral 
 characteristics (e.g., Driessen et al., 2018 (chapter 2); Patrick, Hicks, Krueger, & 
Lang, 2005; Skeem, Poythress, Edens, Lilienfeld, & Cale, 2003). 

1.4  Psychopathic traits in the general population

The majority of published literature on psychopathy has focused on psychopathy 
in criminal offenders (Thompson, Ramos, & Willett, 2014). Interestingly, the early 
conceptualizations of psychopathy were not at all focused on the criminal aspects 
of the disorder. In one of his seminal reports, Cleckley (1941) recognized that many 
psychopaths never became involved with the criminal justice system. Some 
researchers suggested that Hare’s model underexposed the adaptiveness of 
certain psychopathic traits which could account for a successful adjustment to 
society (Patrick & Bernat, 2009). These adaptive traits were also recognized in 
one of Cleckley’s early reports, in which he highlighted different expressions of a 
similar core deficit of psychopathy. On one hand, the callous-unemotional traits 
were described as a prerequisite for disinhibition, and antisocial and destructive 
behavior. However, on the other hand, some individuals scoring high on these 
behaviors appeared to be equipped with advanced social skills and use them in 
their advantage (e.g. to manipulate). Nowadays, the existence of psychopathic 
personality traits in the general population has been widely recognized (Gao & 
Raine, 2010; Levenson, Kiehl, & Fitzpatrick, 1995), and individuals are indicated as 
psychopathic based on the PCL-R are thought to express these traits to an extreme 
extent (Hare & Neumann, 2008).
 Since scoring criteria for several items of the PCL-R strongly refer to criminal 
behavior, its value for measuring psychopathic traits in the general population has 
been criticized. Nevertheless, there are several methods for assessment of 
psychopathic traits in non-offender samples, such as the Self-Report Psychopathy 
scale (SRP; Paulhus, Neumann, & Hare, 2015), the Triarchic Psychopathy Measure 
(TriPM; Paulhus et al., 2015), the Levenson’s Self-Report Psychopathy Scale (LSRP; 
Levenson et al., 1995), and the Psychopathic Personality Inventory (PPI; Lilienfeld 

American Psychiatric Association’s (APA) Diagnostic and Statistical Manual of 
Mental Disorders (DSM; American Psychiatric Association, 2013). The Cleckley- 
oriented conceptions of psychopathy that were present in the first two editions of 
the DSM were replaced by Antisocial Personality Disorder (ASPD) in the later 
editions. ASPD was intended to be equated to psychopathy, but this has been 
intensly debated. One common criticism is that ASPD is almost exclusively based 
on behavioral characteristics, but hardly recognizes the underlying personality 
traits. Importantly, research has suggested that psychopathy can also be present 
in the absence of antisocial behavior (e.g. Hall & Benning, 2006), and in addition, 
psychopathic individuals are known for their ability to deceive and manipulate 
therapists and cover their crimes (Hare, Forth, & Hart, 1989). Thus, predominantly 
focusing on the antisocial aspects and criminal behavior could cause an important 
subgroup of individuals with psychopathic traits to remain undetected. This also 
suggests that individuals with psychopathic and antisocial traits can be classified 
into distinct subtypes, which is   another topic of debate in psychopathy literature.

1.3  Subtypes of psychopathy

In line with Hare’s conceptualization, multiple proposals on how to subtype 
individuals based on psychopathic features are based on the distinction between 
primary psychopathy and secondary psychopathy. Early proposals suggested 
that primary psychopathy is a genetically determined affective deficit, while 
secondary psychopathy reflects an affective disturbance caused by the influence of  
a broader set of factors, including early psychosocial learning. Primary psychopathy 
is characterized by low anxiety and goal-directed behavior, while secondary 
psychopathy was characterized by high anxiety, and impulsive actions (Brazil & 
Cima, 2016; Brazil, van Dongen, Maes, Mars, & Baskin-Sommers, 2018; Poythress, 
Skeem, & Lilienfeld, 2006). An influential theory that inspired the formulation of 
other hypotheses about subtyping of psychopathy was Gray’s reinforcement 
sensitivity theory (Gray, 1970). This theory described the Behavioral Inhibition 
System (BIS) and the Behavioral Activation System (BAS) as drivers of instrumental 
behavior. The BIS system is involved in inhibition of goal-directed behavior in 
reponse to aversive stimuli, while the BAS system is responsible for initiation and 
modulation of behavior that is driven by factors such as reward or lack of 
punishment. Based on this theory, Lykken (1995) and Fowles (1980) formulated a 
distinction of primary psychopathy, characterized by low levels of BIS, and 
secondary psychopathy, associated with hyperactive BAS. Empirical support for a 
similar distinction was provided by a study that showed that primary psychopathy  
was linked to weak BIS and normal BAS combined with low trait anxiety, while 
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the PCL-R was designed to measure psychopathic traits in clinical and offender 
populations, its factor structure was also found to be valid in community samples. 
Self-report questionnaires have been developed to ease testing of large community 
samples, and their use has been validated in a variety of samples. The existence 
of multiple conceptualizations highlights the lack of consensus about the construct  
of psychopathy. Many researchers recognize that a personality- based characterization 
of psychopathy is insufficient and argue that insight into the neural and cognitive 
mechanisms underlying their behavior is necessary to further understand the 
construct and to be able to distinguish subtypes. Knowledge about these 
mechanisms is also important for the development of better and personalized 
treatment interventions, as currently their effectiveness have been disappointing 
(Baskin-Sommers, Curtin, & Newman, 2015; Brazil et al., 2018). 

1.6  A neurocognitive perspective on psychopathy

Recent technological advances have contributed to a remarkable progress into 
our understanding of cognitive and neurobiological mechanisms that are driving 
abnormal behavior in various personality disorders, including psychopathy. This 
has led to an increase in perspectives that aim to explain psychopathy not only 
based on its personality and behavioral characteristics, but also on the underlying 
cognitive and neurobiological components.  Several of these accounts couched 
their explanations primarily at either the cognitive level (e.g. response modulation 
theory; Newman, 1998; Patterson & Newman, 1993) or at the neural level (e.g. the 
frontal lobe dysfunction hypothesis; Elliott, 1978; Gorenstein, 1982; Moffitt, 1993; 
Raine, 2002). However, these single level approaches could not provide a 
complete account of the range of impairments that characterized individuals with 
high levels of psychopathic traits. Conversely, the Integrated Emotions System 
model (IES; Blair, 2005, 2013) integrates the cognitive and neural levels and 
provides an explanation for how specific functional impairments in a restricted set  
of interacting neural systems give rise to psychopathy-related behavior (Figure 1.2). 
According to this model, psychopathic traits can be characterized by core impairments 
in emotional empathy, particularly in the processing of distress cues, and core 
impairments in decision-making, more specifically in reinforcement learning and 
outcome representation. These affective and cognitive impairments have been 
found to be associated with dysfunction in the amygdala, the ventro medial prefrontal 
cortex (vmPFC), and the striatum. Although other neural regions, including the 
dorsomedial prefrontal cortex and the anterior insular cortex, were proposed to 
be implicated as well, the amygdala, vmPFC, and the striatum regions play a 
central role in this theory of psychopathy.

& Widows, 2005). Each method has its particular strengths and weaknesses 
(Lilienfeld & Fowler, 2006). Given the extensive amount of support for the four- 
factor model with offender samples (Neumann et al., 2007) and psychiatric samples 
(Jackson, Neumann, & Vitacco, 2007), but also in a large community sample  
(Hare & Neumann, 2008), the theoretical proximity of the SRP and the PCL-R offers 
an advantage over all other self-report inventories in psychopathy research. 
 An increasing interest of assessing psychopathy in the general population 
also led to the investigation as to whether the same factor structure that has been 
found in criminal populations may apply to community samples (Williams, Paulhus, 
& Hare, 2007). A few studies examined the distribution of psychopathic traits in 
community samples and distinguished profiles that were also described in the 
offender literature (Falkenbach, Poythress, Falki, & Manchak, 2007; Hare & Neumann, 
2008; Lee, Salekin, & Iselin, 2010). A review on psychopathic traits in non-offender 
populations proposed a neurobiological model that distinguished ‘successful’  
and ‘unsuccessful’ psychopaths (Gao & Raine, 2010). According to this model, 
impairments in brain structure and function are thought to underlie cognitive and 
affective dysfunction and increased violent offending in unsuccesful psychopaths. 
As a consequence, they are more likely to end up in penitentiary institutions. On 
the contrary, an intact neurobiological functioning combined with strong PCL-R 
interpersonal and affective features of successful (or adaptive or non-criminal) 
psychopaths are suggested to be advantageous in the business and corporate 
world (Babiak, Hare, & McLaren, 2006; Hall & Benning, 2006; Lykken, 1995). 
Nevertheless, this ‘success’ is often temporary, dependent on the circumstances, 
and has a negative impact on others (de Oliveira-Souza et al., 2008). Thus, 
although some psychopathic traits can be advantageous on a personal level, 
people that have psychopathic tendencies and are prone to express antisocial 
behavior, are a potential threat to society. Moreover, their decisions can cause 
great suffering to their families, friends, and colleagues (Mathieu & Babiak, 2016). 
Therefore, it is important to learn more about the presence of psychopathic traits 
in the general community (Anderson & Kiehl, 2012). 

1.5  Interim summary

Psychopathy is a concept that has been studied for a long time. In the past century, 
psychiatrists started to lay out in detail the key characteristics of the disorder. 
Reseachers built on this knowledge and further structured the concept and 
developed methods to assess the presence of psychopathic traits. Over the years,  
a variety of different conceptualizations of psychopathy have been proposed. 
Nowadays, the PCL(-R) is the most commonly measure of psychopathy. Although 
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relationships are more likely to commit an action that causes harm to others and 
are less likely to inhibit harmful behavior when confronted with distress in others. 
The exact neurobiological underpinnings of such behaviors remain unclear, but 
abnormalities in endogenous testosterone levels were proposed to be an underlying 
source of impaired functioning in the amygdala, because of its association with 
approach-related behaviors including reward-seeking (Baskin-Sommers, Wallace, 
MacCoon, Curtin, & Newman, 2010; Buckholtz et al., 2010), dominance (Archer & 
Webb, 2006), and aggression (Kiehl & Hoffman, 2011). Given that these behaviors 
are characteristic to psychopathy as well, testosterone is one of the factors that 
has been taken into account in psychopathy literature (Yilderim & Derksen, 2012).
 Like the amygdala, the prefrontal cortex has featured prominently in theories 
of psychopathy, because of its association with poor moral judgement and 
impulsivity that also characterizes psychopathic decision-making (Blair, 2007; Kim 
& Lee, 2011). The vmPFC remains the most common prefrontal region implicated  
in recent neuroimaging investigations of psychopathy. The structural differences 
related to psychopathy typically indicate reduced grey-matter and cortical thickness 
(Boccardi et al., 2011; Tiihonen et al., 2008; Yang et al., 2010), and functional 
disturbances reflect reduced activation during social cooperation (Rilling et al., 
2007), emotion integration (Müller et al., 2008), and moral reasoning (Pujol et al., 
2012). In addition, atypical functional connectivity with the amygdala has been 
suggested (Waller et al., 2019; Marsh et al., 2011), which indicates reduced 
interactions between these two regions. 
 Lastly, a large number of brain imaging studies have identified differences  
in the structure and functioning of the striatum in individuals with high levels of 
psychopathic traits and antisociality (Glenn & Yang, 2012; Korponay et al., 2017). 
The striatum is a subcortical region that is involved in the processing of reward- 
related information and has been linked to reward seeking and impusivity, which 
are both prevalent in psychopathy. In addition, it has been found to play a role in 
stimulus-response and response-outcome learning (Horvitz, 2009). Neuroimaging 
studies found an increased striatal volume (Glenn, Raine, Yaralian, & Yang, 2010), 
and increased functioning in individuals with psychopathy. In particular, the 
striatum was found to be hyperactive in a situation where a rewarding stimulus 
changes in a non-rewarding stimulus, resulting in continuous responding to a 
stimulus that is no longer rewarding. This could reflect a decreased ability to 
respond to changes in the environment, and may be involved in impulsive and 
antisocial behavior (Glenn & Yang, 2012).
 According to Blair’s IES model, structural and functional disturbances in  
these three key areas heavily contribute to the core impairments in empathy and 
decision- making that are associated with psychopathy. Empathic reactions can  
be elicited in response to cues that signal emotions others, such as facial or vocal 

 The amygdala is a subcortical structure that is involved in the acquisition of 
stimulus-reinforcement associations and the recognition of emotionally salient 
information, including threat detection (Davis & Whalen, 2001). A division between 
the basolateral and the central nuclei of the amygdala was already proposed 
almost a century ago (Johnston, 1923), and this distinction is still widely implemented  
in modern research. In line with expectations based on behavioral and psycho-
physiological findings, a large amount of evidence has indicated the presence of 
structural (Boccardi et al., 2011; Ermer, Cope, Nyalakanti, Calhoun, & Kiehl, 2012; 
Kaya, Yildirim, & Atmaca, 2020; Yang, Raine, Colletti, Toga, & Narr, 2010) and 
functional disturbances in the amygdala of individuals with high levels of psycho -  
pathic traits (Dolan & Fullam, 2009; Harenski, Harenski, Shane, & Kiehl, 2010; 
Harenski, Kim, & Hamann, 2009; Johanson, Vaurio, Tiihonen, & Lähteenvuo, 2020, 
Kiehl et al., 2001). The structural differences typically indicate grey-matter volume 
reductions (Ermer et al., 2012; Yang et al., 2010), and the functional disturbances 
often concern diminished activation during aversive conditioning (Birbaumer et 
al., 2005), facial emotion recognition (Dolan & Fullam, 2009; Gordon, Baird, & End, 
2004), and moral judgement (Harenski, Harenski, & Kiehl, 2014; Marsh & Cardinale, 
2014). An important aspect of the amygdala in relation to psychopathy is its 
involvement in establishing stimulus-reinforcement associations, in particular in 
learning about cues that signal distress in others (e.g. fearful, anger or sad facial 
expressions) (Dawel, O’Kearney, McKone, & Palermo, 2012; Marsh & Blair, 2008; 
Vieira, Tavares, Marsch, & Mitchell, 2017). Individuals that are unaware of these 

Figure 1.2 a) Overiew of the core neural regions implicated in psychopathic traits; the amygdala, 
the striatum, and the ventromedial prefrontal cortex (vmPFC). b) Model representation of 
the interactions between the neural regions and the associated cognitive impairments. 
Adapted from (Blair, 2013).

CognitiveNeural
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1.7  Psychopathic traits and decision-making

The cognitive and affective deficits of individuals with psychopathic tendencies 
have a large impact on their choice behavior. Often these choices are made in a 
social context, thereby affecting the well-being of others in a negative way.  
An extensive amount of research has been devoted to understanding the 
processes underlying decision-making in individuals with psychopathic traits. 
However, the amount of proposed neurocognitive models is substantial and a single 
answer to the presumably simple question “Why do psychopathic individuals 
make poor choices?” remains elusive.
 The IES model highlighted the core regions that seem implicated in psychopathy 
and provided an explanation for how these interacting neural systems give rise to 
the cognitive impairments that characterize psychopathy. Although this model, 
and other neurobiological and cognitive models, contributed significantly to our 
understanding of psychopathy, it also has its limitations. First, most of the individual 
core regions and impairments that were described by the IES are not unique to 
psychopathy. For instance, impairments in striatal functioning deficits have been 
associated with other populations that are characterized with impulsive and 
antisocial tendencies, such as ADHD (Jensen et al., 2001; Oldehinkel et al., 2016 ), 
externalizing (Byrne, Patrick, & Worthy, 2016; Gatzke-Kopp et al., 2009), and 
substance disorders (Yau et al., 2012; Tervo-Clemmens, Quach, Calabro, Foran, & 
Luna, 2020). Second, the direction of altered functioning in some of the regions 
and the associated impairments are not always found to be consistent. For 
instance, although most studies report reduced amygdala activation in relation to 
psychopathy (Birbaumer et al., 2005; Glenn, Raine, & Schug, 2009; Kiehl et al., 
2001; Rilling et al., 2007), some findings suggest the opposite (Schultz & Balderton, 
2016). Such inconsistencies could be (partly) explained by the fact that there are 
few studies that investigated the neurocognitive characterizations in relation to 
the subtypes that were mentioned by the personality-based conceptualizations  
of psychopathy. A more general criticism on the IES concerns its limited scope, 
due to the emphasis on the amygdala, vmPFC, and the striatum. A growing body 
of evidence indicates that the deficits linked to psychopathy are not confined to  
the amygdala and vmPFC (Anderson & Kiehl, 2012). Additional brain regions, 
prominently the anterior cingulate (Hornak et al., 2003), the insula (Weller, Levin, 
Shiv, & Bechara, 2009), and temporal pole (superiortemporal gyrus) (Ermer et al., 
2012) were suggested to be implicated as well. Lastly, the overlap of diagnoses 
based on the core regions and impairments associated with psychopathy, as well 
as the inconsistencies in the literature, also demonstrate the lack of specificity of 
the neural regions and underlying mechanisms of psychopathy. The current 
neurocognitive models indicate the cognitive processes that are believed to be 

expressions, body posture, but also images or text. Empathy has an important 
communicatory function and contributes to prosocial behavior and socialization 
(Blair, 2003; Weinstein, Feldman, Goodman, & Markowitz, 1972). Essential components 
of empathy have been found to be impaired in individuals with psychopathic traits. 
Meta-analytic findings demonstrated that psychopathy was associated with 
altered emotion recognition (Dawel et al., 2012) and reduced responsiveness 
(Brook, Brieman, & Kosson, 2013; Jensen et al., 2001; Lykken, 1957; Patrick, 
2018) across different modalities. These recognition and processing deficits were 
predominantly found in distress cues, such as fear and sadness (Marsh & Blair, 
2008), and are associated with amygdala dysfunction. Importantly, individuals 
with elevated psychopathic tendencies tend to engage in violent behavior that 
causes great harm and pain to others (Mathieu & Babiak, 2016). While most people 
experience feeling pain and causing pain to others as aversive, studies showed 
that individuals with high levels of psychopathic traits show atypical neural activity 
in response to imagining others’ pain (Decety, Chen, Harenski, & Kiehl, 2013; 
Seara-Cardoso, Viding, Lickley, & Sebastian, 2015). Psychopathy is also associated 
with altered pain experience, which could (partly) explain their reduced empathic 
responses to others in pain. For instance, Marcoux and colleagues (2014) found a 
higher pain threshold in people with psychopathic tendencies. In addition, it was 
suggested that individuals with high levels of psychopathic traits attend to and 
experience pain differently (Van Heck et al. 2017; chapter 4). Furthermore, empathy 
processes are dependent on intact learning about stimulus-reinforcement and 
 response-outcome associations, which also involve the amygdala. Disturbed 
learning of these associations results in inaccurate representations of the value  
of cues, actions or responses in the vmPFC. Thus, impairments in amygdala and 
the vmPFC functioning are proposed to underlie core impairments revelant to 
empathy- related processes in psychopathy. 
 Disturbances in associative learning and and outcome representation affect 
decision-making in psychopathy as well (Blair et al., 2004; Mitchell, Richell, Leonard, & 
Blair, 2006; Newman & Kosson, 1986; Patterson & Newman, 1993). Psychopathic 
individuals tend to make decisions that harm others (Mathieu & Babiak, 2016), and 
do not learn optimally about the negative consequences of these decisions for 
themselves and others. Particularly, striatal impairments reflect abnormal prediction 
error signaling, that is the signaling of differences between the amount of reward 
(or punishment) that is expected and the amount that is received (Blair, 2013).  
As a consequence, these individuals show a decreased ability to respond to 
changes in the environment, which is reflected in their impulsive and antisocial 
behavior. According to the IES model, impairments in the vmPFC and the striatum 
are suggested to underlie the core decision-making deficit in individuals with  
high levels of psychopathic traits (Blair, 2013). 
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1.8  Outline of the thesis

In this thesis, I aim to dive deeper into some of the mechanisms that are believed 
to play a role in the cognitive disruptions seen in individuals with high levels of 
psychopathic traits. More specifically, I combined behavioral, electrophysiological 
and computational approaches to study affective and social behavior in a series 
of experiments. 
 Chapter 2 describes an experiment in which distinct antisocial profiles in male 
offenders were investigated by performing latent profile analysis using the 
Self-Report Psychopathy Checklist Short Form (SRP-SF). This experiment yielded 
extensive and multifaceted characterizations of the different profiles that were 
previously suggested by studies using the PCL-R, thereby attributing to the validity 
of the SRP-SF. The latter was important for the other studies, as the SRP-SF was 
used to recruit participants based on their level of psychopathic traits. 
 The following chapters can be divided in two sections. The first part 
encompasses two chapters in which social-affective functioning is examined in 
relation to psychopathic traits. The IES model suggests that psychopathic behavior 
is driven by disturbances in specific associative learning processes of affective 
information in the amygdala. One particular aspect that seems to be impaired is 
the automatic processing of distress cues. Previous studies found support for this 
hypothesis in antisocial and psychopathic offender samples (Dawel, O’Kearney, 
McKone, & Palermo, 2012; Marsh & Blair, 2008). In chapter 3, automatic approach 
and avoidance responses to emotional facial expressions were assessed in a 
sample of healthy adults with a range of low to high levels of psychopathic traits. 
As a recent study suggested reduced threat avoidance in psychopathic offenders 
(von Borries et al., 2012), our main interest was the automatic response towards 
angry facial expressions. We were interested whether this effect was associated 
with the level of psychopathic traits in a community sample, and, more importantly, 
whether testosterone mediates this effect given its link with aggression and threat 
approach.
 Another affective modality that has often been linked to psychopathy is the 
processing of pain. Chapter 4 describes a study in which we examined pain 
sensitivity and empathy by measuring event-related potentials (ERPs) extracted 
from the ongoing EEG in an interactive setup. Each participant first fulfilled the role 
of “villain” (observing another person receiving electronic shocks) and later of 
“victim” (receiving the shocks while another person is watching). In addition, 
control over the painful stimulus was modulated, where “passive” refers to having 
no control over the shocks, while “active” refers to having control over delivering 
the shocks. This resulted in four different conditions; passive villain, active villain, 
active victim and passive victim. In addition, their level of psychopathic traits was 

impaired and provide a broad interpretation of the mechanisms that give rise to 
these processes. However, cognitive processes have been suggested to consist 
of smaller interacting units that reflect aspects of cognition or brain function which 
are difficult to observe with our traditional experimental approaches (i.e. latent 
components). Neurocognitive models of psychopathy, including the IES, have 
been based on behavioral and neuroimaging findings, and therefore do not reflect 
the exact latent cognitive operations and interactive processes. Thus, they provide 
only a limited view on the computational processes that underlie behavior. The 
need for greater specification is also reflected by the current situation regarding 
treatment of antisocial offenders in general. Although a variety of treatment 
approaches have been described in literature, the responsivity to treatment in this 
group is relatively low. In addition, there is no compelling evidence for positive 
treatment outcomes for psychopathic offenders in particular (Harris & Rice, 2006). 
Deeper insight into the underlying impairments could be used to further stratify 
antisocial individuals and could facilitate the development of personalized treatment 
interventions that are tailored to fit the characteristics of these individuals. 
 Computational modelling is suggested as an alternative to study mechanistic 
properties on a deeper level (Kaplan & Craver, 2011; Mars, Shea, Kolling, & 
Rushworth, 2012). Such mathematical models provide a mechanistic account of 
what computations are performed and how they generate behavioral or neuro-
physiological data. They allow us to zoom in on the exact sources underlying the 
cognitive impairments and investigate its function, hierarchical structure and 
interaction. To date, only a few studies have employed computational models that 
allow for a more detailed view into the latent cognitive operations underlying 
impairments in psychopathy (Blair, 2013; Brazil et al., 2013; Brazil, Mathys, Popma, 
Hoppenbrouwers, & Cohn, 2017; Oba, Katahira, & Ohira, 2019). These results 
provided important insights into reinforcement-learning and decision-making in 
individuals with psychopathic traits. Insight into the mechanistic account of 
psychopathy could open new avenues for developing treatment interventions 
targeting impairments in specific cognitive mechanisms. 
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measured. We were interested in sensitivity and processing of pain in self and 
others and how this is related to psychopathic traits. 
 Next to the affective impairments, the IES postulates that impaired decision- 
making is a core component of psychopathy. Nowadays, in our socially complex 
society, most of our decisions have an effect on others. High levels of psychopathic 
traits have been linked to poor social decisions and a disregard for the impact of 
own decisions on oneself and others. The second part of this thesis describes two 
studies that examined mechanisms of decision-making and the link to psychopathic 
traits. In Chapter 5, we investigated how individuals make use of social and non- 
social information in a reinforcement learning task in which the trade-off between 
the two types of information affects the task performance and the associated 
monetary reward for the participant. More specifically, we examined latent cognitive 
processes that are involved in associative learning of stable and volatile information 
and investigated the effect of psychopathic traits. In addition, we studied oscillatory 
theta activity given its potential involvement in adaptive control processes. 
 Chapter 6 describes an experiment in which moral strategies (i.e. decision 
styles) were studied by assessing reciprocity in an interactive socio-economic 
trust game. In such a context, choice behavior of the participant affects both the 
participant and the confederate. We applied a computational model to estimate 
the role of different moral strategies in this task and examined how this was related 
to psychopathic traits. 
 The final chapter, Chapter 7, I will provide a summary of the findings that were 
presented in each chapter, integrate the key findings, and discuss them in the light 
of the IES model. Furthermore, implications for future research will be discussed. 
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2.1  Introduction

Antisocial behaviour is a heterogeneous construct that covers a wide range of 
behaviours that cause harm to others. Importantly, it is now recognized that these 
behaviours represent the outcome of different etiological pathways (Baskin-
Sommers et al., 2015), and there is evidence supporting the existence of different 
subtypes of antisocial individuals (for an overview see Brazil, van Dongen, Maes, 
Mars, & Baskin-Sommers, 2016), which seem to differ in their externalizing 
tendencies (Patrick et al., 2005) and the level of violence involved in their crimes 
(DeLisi et al., 2011; Odgers et al., 2007; Vincent, Vitacco, Grisso, & Corrado, 2003). 
Several taxonomies have been proposed that differ in how the subtypes are 
characterized, but most of these views share the notion that there is a distinction 
between antisocial individuals with and without psychopathy (Brazil et al., 2016; 
Kiehl & Hoffman, 2011). Traditionally, psychopathy has been seen as a severe 
disorder typified by interpersonal-affective dysfunctions (e.g., lack of empathy, 
manipulativeness) combined with severe antisocial behaviour and an erratic 
lifestyle. Psychopathy has been linked to increased chance of recidivism (McCuish, 
Corrado, Hart, & DeLisi, 2015), excessive use of aggression, and large financial 
costs to society (Kiehl & Hoffman, 2011).
 The currently dominant approach to differentiate between psychopathic- and 
non-psychopathic antisocial individuals is based on the framework developed by 
Hare and colleagues (1980). Driven by the idea that there was no appropriate 
measure to diagnose antisocial individuals at the time, Hare developed the 
Psychopathy Checklist (Hare, 1980), and later on the Psychopathy Checklist- 
Revised (PCL-R; Hare, 2003; Hare et al., 1990). The PCL-R is a semi-structured 
interview that can be combined with criminal records to derive a score that 
indicates the extent to which psychopathic characteristics are present in an 
individual. An individual is diagnosed with psychopathy if the total score of the 
PCL-R>30 in the U.S., or >26 in Europe (Cooke & Michie, 1999). However, the PCL-R 
score represents the combination of four dimensions or facets believed to 
constitute psychopathy. The ‘interpersonal’ facet concerns arrogant and deceitful 
interpersonal style, which is characterized by superficial charm, grandiosity, 
manipulative behaviour and deceitfulness. The ‘affective’ facet captures the 
degree of disturbed affective experience, which encompasses callousness, 
lack of empathy, failure to accept responsibility and lack of remorse or guilt. The 
‘lifestyle’ facet describes an impulsive-irresponsible behavioural style, which is 
typified by impulsivity, boredom, sensation seeking, a parasitic lifestyle, irrespon-
sibility, and lack of goals. Finally, the ‘antisocial’ facet encompasses aggressiveness, 
early behaviour problems, juvenile delinquency and criminal versatility (Hare & 
Neumann, 2005). These facets are inter-related and load on a set of second-order 

Abstract

The purpose of the present study is to identify distinct antisocial profiles in male 
offenders and investigate how these profiles differentiate based on psychopathic 
personality correlates and personality traits linked to criminogenic factors. Such 
profiles could provide a more complete view of the individual, and in the future, 
could aid diagnosis and foster the development of personalized treatment programs 
for individuals showing severe antisocial behaviour. First, we investigated the 
robustness and replicability of the profiles reported by previous profiling studies 
by performing latent profile analysis using the Self-Report Psychopathy Short- 
Form. Second, we studied how these profiles differentiate based on personality 
correlates believed to be relevant to psychopathy. Third, we investigated how each 
profile relates to externalizing behavior. Four antisocial profiles were identified: 
generic offenders, impulsive-antisocial traits offenders, non-antisocial psychopathic 
traits offenders, and psychopathic traits offenders. The validity of these profiles 
was supported by their links with external variables concerning psychopathic 
personality correlates and externalizing behaviors. Consistent with previous 
research using the PCL-R, the present study provides support for the presence  
of four distinct antisocial profiles based on self-report psychopathy scores in a 
male offender sample. Furthermore, findings provide relatively extensive and 
multifaceted characterizations of each profile.
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with one type (60% of the sample) scoring high on PCL facets 1-3 (interpersonal, 
affective, lifestyle), but low on anxiety and the other type (40% of the sample) 
showing a moderate score on PCL facets 1-3 and high on anxiety. Notably, the 
antisocial facet did not differ between the two clusters. A more recent study by 
Mokros and colleagues (2015) used Latent Class Analysis (LCA) on PCL-R data 
from male offenders with a high PCL-R score (>27). Three subtypes were obtained: 
manipulative (Latent Class 1), aggressive (Latent Class 2) and sociopath (Latent 
Class 3). The manipulative and aggressive classes reflected early clinical concep-
tualizations of psychopathy and were proposed to represent empirically derived 
variants of primary psychopathy that differ in the manifestation of F1 and F2 traits. 
Moreover, the sociopath class was believed to reflect secondary psychopathy as 
this latent class was characterized by social deviance, and low expression of the 
affective features of psychopathy. Whereas previous studies were mostly 
conducted using offender samples with high PCL-R scores, some recent studies 
have examined the full range of PCL-R scores in mixed offender (Hare, 2016) and 
sex offender (Krstic et al., 2017) samples. These studies provided evidence for the 
existence of four latent classes: psychopaths, callous-conning offenders, 
sociopaths and general offenders. The general offenders were at the low end of 
the psychopathic spectrum, and the psychopaths were at the high end of the 
spectrum. The sociopaths showed mainly elevated F2 traits, while elevated F1 
traits were the most prominent features of the callous-conning offenders. Taken 
together, findings from these studies suggest that antisocial behaviour can be 
subtyped by using psychopathy measures, and these subtypes represent different 
profiles with regard to psychopathic traits. 
 Notably, the vast majority of the current empirical research on subtyping of 
psychopathy has predominantly been based on the PCL(-R). However, 
administering and scoring the PCL-R requires a relatively large time investment. 
Therefore, self-report measures of psychopathy are gaining popularity in forensic 
research, especially in studies that are interested in subtyping psychopathic traits 
in the general population (e.g., Colins, Fanti, Salekin, & Andershed, 2017). The 
Self-Report Psychopathy checklist (SRP; Hare, 1985) is a well-known self-report 
questionnaire for psychopathic traits which uses a similar four-dimensional 
structure to the PCL-R. The SRP is significantly associated with the PCL-R (latent 
r=0.68) and has been proven to be valid across genders (Neumann & Hare, 2008; 
Neumann & Pardini, 2014). However, to date, there are no studies addressing the 
suitability of self-report measures for subtyping of adult offenders based on 
psychopathic features. 
 The main purpose of the present study was to identify different antisocial 
profiles in a sample of male offenders and investigate how these profiles differ 
based on general personality factors and other traits linked to criminogenic 

factors, forming an Interpersonal-Affective Factor (Factor 1; F1) and a Lifestyle- 
Antisocial Factor (Factor 2; F2). Whereas the Interpersonal-Affective factor 
captures the core features that are unique to psychopathy, the Lifestyle-Antisocial 
factor represents a more general set of antisocial tendencies that can be found 
across several subtypes of antisocial individuals (Hansen et al., 2007; Hare, 2003). 
The framework offered by the PCL-R has received extensive empirical support in 
a wide variety of samples and is now regarded as the most reliable method to 
measure psychopathic traits (Hare, Clark, Grann, & Thornton, 2000; Hare & 
Neumann, 2006; Neumann, Schmitt, Carter, Embley, & Hare, 2012). 
 Historically, there have been many proposals on how to subtype individuals 
based on psychopathic features (see Brazil et al., 2016). One of the most prominent 
distinctions has been that between primary and secondary psychopathy, which 
has been defined in various ways. For instance, primary psychopathy has been 
described as antisocial individuals that score relatively high on F1 traits compared  
to F2 traits, whereas secondary psychopathy has been characterized by relatively 
high F2 traits relative to F1 traits (Skeem et al., 2003; Wong & Hare, 2006). Others 
have suggested subtypes based on levels of anxiety. Primary psychopathy has 
been defined as a high PCL(-R) total score and a low level of anxiety, whereas 
secondary psychopathy has been characterized as a high PCL(-R) total score  
with a high level of anxiety (Lykken, 1995; Skeem, Johansson, Andershed, Kerr,  
& Louden, 2007). Another proposal is based on differences in behavioural 
motivation, and suggest that primary psychopathy is typified by an underactive 
behavioural inhibition system (BIS) in those scoring above the PCL-R cutoff score, 
while secondary psychopathy concerns an overactive behavioural activation 
system in these individuals (BAS; Newman et al., 2005; Ross et al., 2007). 
Furthermore, studies that aimed to subtype psychopathy suggested a role for 
emotional aspects (Hicks, Markon, Patrick, Krueger, & Newman, 2004; Hicks & 
Patrick, 2006) and externalizing behaviour (Patrick et al., 2005), where F1 traits 
were negatively associated with low negative emotionality and low externalizing 
behaviours, and F2 traits were positively associated with high negative 
emotionality and high externalizing behaviours. Importantly, however, many 
proposals on how to best subtype individuals with psychopathy were based on 
theoretical assumptions (e.g., Murphy & Vess, 2003; Skeem et al., 2003), and often 
use diverse methodologies, as well as different sample selection procedures 
(Neumann, Vitacco, & Mokros, 2016).
 Recent studies have employed structural equation modeling as a quantitative 
approach to subtyping of antisocial individuals. For example, Skeem et al. (2007) 
performed a model-based cluster analysis on a sample of Swedish male offenders 
with a PCL-R score >28. The clustering was based on the four PCL-R facet scores 
and a self-report measure of trait anxiety. The analysis resulted in two clusters 
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2.2.2  Questionnaires
Psychopathy. Psychopathic traits were assessed with the short form of the 
Self-Report Psychopathy scale (SRP-SF; Paulhus, Neumann & Hare, 2015). This 
measure was designed to assess the four facets of psychopathy as described by 
Hare’s PCL-R framework; interpersonal manipulation (e.g., “Sometimes you need 
to pretend that you like someone to get what you want”), affective callousness 
(e.g., “I never feel guilty over hurting others”), erratic lifestyle (e.g., “I’ve often done 
dangerous things just for the thrill”) and overt antisociality (e.g., “Sometimes I carry  
a weapon (knife or gun) to protect myself”). A total of 29 questions were rated on 
a 5-point Likert scale (1=strongly disagree, 5=strongly agree). The full version SRP 
is strongly correlated (r=0.92) with the SRP-SF (Paulhus et al., 2015) and the PCL-R 
(Declercq, Carter, & Neumann, 2015). The SRP and SRP-SF both have good basic 
psychometric properties (Neumann et al., 2012), are theoretically sound (Carré, 
Fisher, Manuck, & Hariri, 2012), and have robust latent structures (Neumann & 
Pardini, 2014; Williams, Paulhus, & Hare, 2007). Internal consistency in our sample 
was high for the total score (Cronbach’s α=.88), and acceptable for the factor 
scores (interpersonal α=.80, affective α=.67, lifestyle α=.70, antisocial α=.63). 
 External correlates. A set of measures was selected as external correlates 
due to their relevance for subtyping of psychopathy. Anxiety was measured with 
the Welsh Anxiety Scale (WAS; Welsh, 1952), which consists of 39 items that are 
rated on a true/false scale. Motivational tendencies were measured with the 
Behavioural Inhibition/ Behavioural Activation scales (BIS/BAS; Carver & White, 
1994). This measure consists of 20 items measuring four scales: BIS, BAS – Reward 
Responsiveness, BAS – Drive, and BAS – Fun Seeking. The items were rated on a 
4-point Likert scale (1=strongly agree, 4=strongly disagree) (Jorm et al., 1998). 
Where the BIS scale is related to neuroticism and negative affect, BAS is more 
related to extraversion and positive affect (Carver & White, 1994). The three BAS 
subscales load strongly on the second-order BAS scale. Therefore, we only 
included the higher-order BAS scale in our analysis. General emotionality was 
assessed with two subscales of the Multidimensional Personality Questionnaire 
(MPQ; Tellegen & Waller, 2008). The brief version of this questionnaire consists  
of 155 items that measure three subscales: Positive Emotionality; Negative 
Emotionality and Constraint. The Positive Emotionality subscale consists of four 
lower-order scales (Well-Being, Social Potency, Achievement, and Social 
Closeness). Negative Emotionality has three lower-order factors (Stress Reaction, 
Alienation, and Aggression), as does Constraint (Control, Harm Avoidance, and 
Traditionalism). The Constraint subscale was not taken into account in the current 
analysis. Externalizing behaviour was measured with a brief version of the 
Externalizing Spectrum Inventory (ESI; Krueger, Markon, Patrick, Benning, & 
Kramer, 2007) in a subgroup (N=355) of the total sample. The ESI is a well validated 

factors. To achieve this, we (1) performed latent profile analysis (LPA) on the 
SRP-Short Form and compared our results with the only three previous studies 
that employed LPA in adult offenders, (2) studied how the profiles differed on 
descriptive and personality factors traditionally believed to be relevant for 
distinguishing among subtypes based on levels of psychopathy (e.g., anxiety, 
valence of affect, motivational tendencies), and (3) sought to further extend 
previous studies on subgrouping in adult offenders by also obtaining a more 
detailed view of how the profiles differed on externalizing behaviors commonly 
seen in antisocial offender populations (i.e., aggression, disinhibition, substance 
abuse). LPA is a data-driven approach that classifies individuals or cases into 
homogenous groups (i.e., latent profiles) based on conditional probabilities. This is 
in contrast with the majority of the subtyping studies that have used hypothesis- 
driven analyses and are dependent on strong a priori assumptions. Given that 
there have only been three studies examining PCL-based subtypes of offenders 
using LCA in incarcerated adult offenders and that these studies differed in the 
number of latent classes identified, it is important to test whether these results are 
stable and replicate when using alternative measures of psychopathy derived 
from the PCL-R. Based on previous literature, we expect to identify four different 
profiles that are similar to previously identified subtypes. Regarding the external 
variables, we expect that the profile with the lowest SRP scores is characterized 
by high anxiety score. Furthermore, we expect that the profile with high scores on 
antisocial behavior is associated with high rates of violent crimes. Also, we expect 
that the profile with the highest SRP scores is linked to a high amount of crimes, 
low anxiety scores and high negative affectivity and reward sensitivity.

2.2  Methods

2.2.1  Participants
The current study investigated behavioural data from 576 male offenders that 
were institutionalized in maximum security prisons throughout Wisconsin. 
Participants ranged in age from 18 to 45 years (M=31.31, SD=7.13). Race among 
the sample was heterogeneous, with 389 participants (67.5%) self-identifying as 
White, 142 participants (24.7%) as Black, 17 (3.0%) as Hispanic, 3 (0.5%) as Native 
American, one (0.2%) as Asian and two (0.3%) as a mix of two or more races. 
Procedures were approved by the Ethics Committee of the University of Wisconsin 
(IRB SE-2011-0358).
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corrected when necessary. After correction, the model was retested and the fit 
measures based on the corrected model are reported. 
 Pairwise comparisons. Following the LPA, questionnaires were imported to 
the statistical analysis program JASP (JASP Team, 2016, Version 0.8.0.0) and the 
profiles were compared on several personality and behavioural measures. A one-way 
Analysis of Variance (ANOVA) was conducted to test for significant differences 
(α=0.05) between item averages of the latent classes. Post-hoc comparisons were 
further conducted to obtain all possible pairwise comparisons between the profiles. 
Standard Bonferroni correction was used to account for multiple comparisons. 
 In addition, we repeated the analyses using Bayesian independent t-tests and 
calculated Bayes Factors (BF) to determine how likely to be true the results 
obtained with each group comparison were, given the data. Some advantages of 
using Bayesian statistics are that it can provide a quantification of the evidence 
supporting of the null-hypothesis, rather than only against it (Wetzels, Odekerken- 
Schröder, & Van Oppen, 2009), and this statistical approach does not suffer from 
the drawbacks of classical testing, such as the need to correct for multiple 
comparisons and reliance on various assumptions (Morey, Rouder, Verhagen, & 
Wagenmakers, 2014). We considered an effect to be strongly supported only 
when both analytical approaches yielded a similar result.

2.3  Results

2.3.1  Latent Profile Analysis
To identify the optimal number of groups to retain, models with one to five classes 
were estimated using LPA. To obtain the best possible solution, we repeated this 
procedure by using automatic, random, and user-specified starting values, and by 
relaxing the default equality constraints used in Mplus (i.e., means and variances 
of the latent class indicators). The BIC statistic increased from Class 4 (BIC=13235.01) 
to Class 5 (BIC=13247.89) and decreased from Class 3 (BIC=13279.73) to Class 4. 
In addition, the LMR statistic fell out of significance for the five-class model (p=.26). 
Thus, the four-class model better represented the data based on the BIC and LMR 
statistics. The mean posterior probability scores ranged from .85 to .90 and the 
entropy value was .76, suggesting that the identified classes were well separated. 
The four-class model included a group referred to as the generic offenders of 256 
male offenders whom scored low on all facets of the SRP (Int: M(SD)=13.15(3.15), 
Aff: M(SD)=14.53(2.76), Lif: M(SD)=17.28(4.30), Ant: M(SD)=16.33(3.28)). The second 
group of 89 male offenders, labeled as impulsive-antisocial traits offenders, 
scored high on the lifestyle and antisocial facet of the SRP and relatively low on 
two other facets of the SRP (Int: M(SD)=16.77(3.26), Aff: M(SD)=17.17(2.69), Lif: 

self-report questionnaire that is used to measure disinhibitory behaviours and 
traits in both clinical and research settings (Venables & Patrick, 2012; Widiger & 
Sankis, 2000). The brief version used in the current study encompasses 100 items 
that form 18 subfactors, which ultimately measures three superordinate factors: 
Inhibition, Aggression and Substance abuse. 
 Descriptive variables. Intelligence and number of offenses were also analyzed 
given prior indications that antisocial subgroups could differ on these variables 
(Kandel et al., 1988; Laurell, Belfrage, & Hellström, 2010). Intelligence was measured 
with the Wechsler Adult Intelligence Scale IV (WAIS-IV; Wechsler, 2008), which is 
considered to be one of the best measures of general intellectual functioning. 
Offending was assessed using the number of violent and non-violent crimes 
convictions. 

2.2.3  Statistical analyses
Latent Profile Analysis (LPA). In the present study, we conducted LPA, in which  
the variables used to generate classes (or profiles) are continuous instead of 
categorical. LPA is an extension of Latent Class Analysis, and estimates the 
probability of an individual or case to belong in one class versus another class 
based on a set of observable characteristics. One of the assumptions of LPA is 
that the variables are independent within each latent class, as correlations 
between variables are explained through the structure of the classes. Statistical 
criteria are used to determine the number of classes that best describe the data 
(Bauer & Curran, 2004). 
 Mplus 7 (Muthén & Muthén, 1998-2015) was used to run the LPA and identify 
subtypes in our sample (N=567) based on SRP-SF scores. The four SRP facets 
interpersonal (Int), affective (Aff), lifestyle (Lif), and antisocial (Ant), were used as 
observed variables for the LPA model. The optimal number of classes was defined 
based on a set of statistical criteria: the Bayesian information criterion (BIC), the 
Lo-Medel-Rubin (LMR) statistic, the posterior probabilities, and the entropy value 
(Nylund, Asparouhov, & Muthén, 2007). The model with the lowest BIC value was 
considered the best model. The LMR is considered as a likelihood ratio test 
between models with a different number of latent classes. It tests k-1 classes 
compared to k classes and results in a chi-square value that indicates whether the  
k-1 class model should be rejected in favor of the k class model. The posterior 
probabilities are considered to determine the accuracy of the classification and 
the entropy value (ranges from zero to one) gives an indication of the amount of 
diversity of the latent classes. Both posterior probability and entropy imply 
satisfactory fit when values exceed .70 (Muthén, 2000; Nagin, 2005). Because 
LPA might result in some individuals being misclassified (Bakk, Tekle, & Vermunt, 
2013), scores of all participants were inspected and classification errors where 
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M(SD)=21.61(4.36), Ant: M(SD)=25.99(2.64)). The third group, referred to as the 
non-antisocial psychopathic traits offenders, included 121 male offenders whom 
scored low on the antisocial facet of the SRP and relatively high on the other  
three facets of the SRP (Int: M(SD)=19.80(3.87), Aff: M(SD)=20.15(3.03), Lif: M(SD)= 
22.62(3.95), Ant: M(SD)=19.44(3.07)). The last group was labeled as psychopathic 
traits offenders and consisted of 101 male offenders whom scored high on all 
facets of the SRP (Int: M(SD)=23.01(4.20), Aff: M(SD)=23.00(3.06), Lif: M(SD)= 
25.31(3.93), Ant: M(SD)= 27.75(3.53)). Additional analyses indicated that there were 
no differences across groups based on age (χ2(81)=99.67, p=.08) and race (white vs. 
others: χ2(15)=14.66, p=.48). An overview of the latent classes is shown in Figure 
2.1. Means and standard deviations of the psychopathic subscales for each profile 
are represented in Table 2.1 (for BFs see Table S2.1 in the Supplementary materials). 

Figure 2.1 Latent profiles of antisocial behaviour in male offenders. Mean item score of each 
latent profile on the SRP factors.
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significant differences in motivational tendencies compared to the other profiles. 
The BAS score was significantly higher in the psychopathic traits offenders 
compared to the other profiles. The non-antisocial psychopathic traits offenders 
reported a significantly higher BAS score than the generic offenders and the 
impulsive- antisocial traits offenders. Offending was measured as violent- and 
non-violent crime rates. The non-antisocial traits offenders and the psychopathic 
traits offenders reported a significantly higher number of violent crimes compared 
to the other profiles. The non-antisocial psychopathic traits offenders reported a 
significantly higher number of violent crimes compared to the generic offenders. 
The latter profile also reported a lower number of non-violent crimes compared to 
the other profiles. Intelligence and positive emotionality scores did not differ 
among profiles. The scores on the external variables for each of the latent classes 
are visualized in Figure 2.2.
 A representative subset of the total sample (N=355; generic offenders=161, 
impulsive-antisocial psychopathic traits offenders=57, non-antisocial psychopathic 
traits offenders=73, psychopathic traits offenders=64) filled in the ESI to measure 
externalizing behaviours (see Table 2.2, for BFs see Table S2.2). Eighteen 
subscales were represented by three higher-order factors: Disinhibition, Callous- 
Aggression, and Substance Abuse. The psychopathic traits offenders scored 
significantly higher on disinhibition compared to the non-antisocial psychopathic 
traits offenders and the generic offenders. The impulsive-antisocial traits offenders 
scored significantly higher than the generic offenders. The latter profile scored 
significantly lower on Disinhibition compared to all other profiles. The level of 
callous aggression was the highest in the psychopathic traits offenders, while the 
generic offenders scored lower compared to the other profiles. The generic offenders 
scored significantly lower on substance abuse compared to the impulsive- antisocial 
traits offenders and the psychopathic traits offenders. 

2.4  Discussion

The main purpose of the present study was to identify and characterize different 
antisocial subtypes in a general male offender sample based on a self-report 
measure of psychopathic traits by using latent profile analysis. Four antisocial 
profiles were identified: generic offenders, impulsive-antisocial traits offenders, 
non-antisocial psychopathic traits offenders, and the psychopathic traits offenders. 
The generic offenders scored relatively low on all dimensions of the SRP. The im-
pulsive-antisocial traits offenders scored high on the antisocial and lifestyle facets, 
whereas the other dimensions were relatively low. The non-antisocial psychopathic 
traits offenders showed relatively high scores on the interpersonal, affective and 

2.3.2  Descriptives and personality correlates of the latent profiles
Means were compared across the latent profiles (see Table 2.1, for BFs Table S2.1). 
Anxiety measures showed that the generic offenders scored significantly lower 
on anxiety than the other profiles. Negative emotionality differed significantly 
across all profiles. The generic offenders reported lowest negative emotionality, 
followed by the impulsive-antisocial offenders, the non-antisocial psychopathic 
traits offenders and the psychopathic traits offenders. Motivational tendencies 
were measured with BIS and BAS. The generic offenders scored significantly 
higher on BIS than the psychopathic traits offenders. The impulsive-antisocial 
traits offenders and non-antisocial psychopathic traits offenders did not show any 

Figure 2.2 Psychopathic and external correlates of the latent profiles. Mean z-scores 
of each latent profile on the SRP factors and a selection of the external correlates. 
Interpersonal- affective, lifestyle, antisocial (SRP), anxiety (Welsh anxiety), appetitive motives 
(BISBAS), negative affectivity (MPQ), disinhibition, aggression (ESI), and violent crimes.
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lifestyle dimensions, whereas the score on the antisocial facet was low. In contrast 
to the generic offenders, the psychopathic traits offenders showed high scores on 
all dimensions of the SRP. 

2.4.1  LPA results based on the SRP-SF 
Our first aim was to investigate the robustness of the previously reported findings 
on PCL-based profiles obtained using LCA by replication of this method while 
using the SRP-SF. Overall, our LPA outcomes resemble prior findings obtained in 
a large North American male offender sample (N=4865) using the PCL-R (Hare, 2016). 
The impulsive-antisocial traits offenders and the non-antisocial psychopathic 
traits offenders in our sample seem to parallel the primary (high F1) and secondary 
(high F2) psychopaths in Hare’s sample. Despite the similarities, there were some 
differences with respect to the lifestyle facet. Hare (2016) and Krstic et al. (2017) 
found a significant difference on the lifestyle dimension between the primary and 
the secondary group, while our results showed similar scores on the lifestyle facet 
for the impulsive-antisocial traits offenders and the non-antisocial psychopathic 
traits offenders. One possible explanation could be that offenders under-report 
tendencies captured by the lifestyle facet, which is one of the potential risks of 
using self-report in general (Hindelang, Hirschi, & Weis, 1981; Van de Mortel, 2008). 
Still, and more importantly, the profiles identified in our study were differentially 
related to external variables proposed to be important for subtyping based on 
psychopathic features. 

2.4.2  Psychopathic personality correlates
The second aim was to investigate possible group differences in personality traits 
proposed to be relevant to psychopathy between the profiles. Several studies 
have assigned a key role to anxiety in discriminating among different types of 
individuals with psychopathic traits (Burns, Roberts, Egan, & Kane, 2015; Lykken, 
1995; Salihovic, Kerr, & Stattin, 2014; Skeem et al., 2007). The results showed that 
the generic offenders had significantly lower levels of anxiety compared to the 
other groups, but that the other groups did not differ from each other. That is, 
anxiety levels do not seem to differentiate well among subtypes of antisocial 
offenders in our sample, and our sample of psychopathic traits offenders included 
high-anxious individuals with psychopathic traits. At first this may seem to counter 
the general belief that psychopathy should be related to reduced trait anxiety. 
However, the possibility that anxiety plays a limited role in defining psychopathy 
has been highlighted before (Neumann & Hare, 2008; Neumann, Johansson, & 
Hare, 2013), and the results of a recent meta-analysis have also pointed out that 
anxiety is weakly related to psychopathy (Decuyper, De Pauw, De Fruyt, De Bolle, 
& De Clercq, 2009). Note, however, that we did not analyze the role of anxiety Ta
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2.4.3  Externalizing behavior and criminogenic factors
Externalizing was also proposed to be an important factor that is supposed to 
differ among subgroups of antisocial individuals (Patrick et al., 2005). Therefore, 
our third aim was to obtain a more detailed perspective on how each profile  
relates to externalizing behaviours commonly seen in antisocial offender populations. 
The impulsive-antisocial traits offenders and the non-antisocial psychopathic 
traits offenders showed a similar profile regarding externalizing, although the 
 impulsive-antisocial traits offenders showed more physical aggression. In general, 
the generic offenders showed less externalizing compared to the other groups, 
especially relative to the psychopathic traits offenders. Similar to negative emotionality, 
high externalizing in the psychopathic traits offenders is suggested to be related 
to the elevated levels of F2 traits found in this latent profile (Patrick et al., 2005). 
Compared to all other groups, the psychopathic traits offenders showed 
significantly higher scores on the disinhibition and callous-aggression subscales 
of the ESI. While it is unsurprising that the psychopathic traits offenders generally 
show more externalizing behaviour than the other groups, we had not expected 
aggression-related tendencies to be lower in the impulsive-antisocial traits offenders 
compared to the psychopathic traits offenders. However, the ESI measures callous 
aggression, which is suggested to predict elevated levels of psychopathy and 
non-psychopathic antisociality, but in a lesser extent (Venables & Patrick, 2012). 
With regard to the subfactor substance use, there was no clear pattern of 
differences among the groups, which could be due to the fact that substance 
abuse is common across antisocial populations (Estévez & Emler, 2011). However, 
when we take the second-order factors of substance abuse into account, we do 
see a difference in the variables that measure more severe drug use (Drug use 
and Marijuana problems) between the generic offenders and the impulsive-antisocial 
traits offenders and the psychopathic traits offenders. This is in line with previous 
studies that suggested that the most antisocial and violent offenders also have 
the most severe drug problems (DeLisi, Vaughn, Salas-Wright, & Jennings, 2015; 
Sacks et al., 2009).
 Finally, with regard to offending, the non-antisocial psychopathic traits offenders, 
impulsive-antisocial traits offenders and the psychopathic traits offenders significantly 
higher rates for both violent and non-violent crime than the generic offenders, 
which is consistent with previous findings (Hare & Neumann, 2008; Porter, Birt, & 
Boer, 2001). The impulsive-antisocial traits offenders scored significantly higher 
on violent crimes compared to the other profiles, possibly reflecting the poor 
behavioural control believed to typify these individuals (DeLisi, Tostlebe, 
Burgason, Heirigs, & Vaughn, 2016; Morgan & Lilienfeld, 2000).
 Taken together, our findings showed that the generic offenders were 
characterized by relatively lower levels of psychopathic traits and lower scores on 

within the group of psychopathic traits offenders, so there is still a possibility that 
anxiety scores differentiate among subtypes within the psychopathic traits group 
(Lykken, 1995;  Skeem et al., 2007).
 Another factor proposed to have discriminative power in populations with 
psychopathic tendencies is behavioural motivation (Book & Quinsey, 2004; 
Newman et al., 2005). An underactive BIS has been suggested to explain a lack of 
fear for punishment in psychopathy (Gray, 1970; Patrick, 1994), while an overactive 
BAS has been linked to the hypersensitivity to reward often seen in psychopathy 
(Arnett, Smith, & Newman, 1997; Gorenstein & Newman, 1980). Consistent with this 
previous research, our findings point out that psychopathic traits offenders have 
an underactive BIS and overactive BAS compared to generic offenders (Hoppen-
brouwers, Neumann, Lewis, & Johansson, 2015). Furthermore, non-antisocial 
psychopathic traits offenders showed an overactive BAS, while scores on the BIS 
were not different compared to other groups. The lifestyle dimension, which 
covers impulsive behaviour, was high in the non-antisocial psychopathic traits 
offenders. As high impulsivity rates are associated with a strong BAS (Franken, 
Muris, & Rassin, 2005), this finding was in the expected direction. The results for 
the impulsive-antisocial traits offenders indicate that the behavioural motivational 
system seems to play a less prominent role in differentiating these individuals 
from the other groups. 
 Negative emotional tendencies form a third factor that has been proposed to 
discriminate among subtypes based on psychopathy scores (Hicks et al., 2004; 
Hicks & Patrick, 2006). Our results pointed out that negative emotionality was low 
in the generic offenders and high in the psychopathic traits offenders. On one 
hand, this is in agreement with the suggestion that higher F2 traits are linked to 
increased negative emotionality in psychopathic traits offenders (Hicks et al., 
2004; Hicks & Patrick, 2006), on the other hand this group also showed high F1 
traits. However, as mentioned earlier, the psychopathic traits offenders seem to 
mainly include high-anxious psychopathic individuals as their anxiety score is 
higher compared to the generic offenders. This could be an explanation for the 
higher negative emotionality scores in the psychopathic traits offenders. A small 
effect was found when comparing the impulsive-antisocial traits offenders with 
the non-antisocial psychopathic traits offenders, in which the latter group showed 
higher scores on negative emotionality. This could seem counterintuitive, because 
the non-antisocial psychopathic traits offenders show more F1 traits compared to 
the impulsive-antisocial traits offenders, and increased F1 traits have been linked 
to decreased negative emotionality (Hicks & Patrick, 2006). However, this finding 
converges with the suggestions that non-psychopathic antisociality is linked to 
increased prevalence of conditions characterized by elevated negative affect, 
such as anxiety and mood disorders (Blair, 2012; Verona, Patrick, & Joiner, 2001). 
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the external correlates examined (see Figure 2.2). Impulsive-antisocial traits 
offenders were typified by aggressive-, impulsive- and irresponsible behaviour, 
and they committed the highest amount of violent crimes compared to the other 
profiles. The non-antisocial psychopathic traits offenders were characterized  
by relatively high scores on the interpersonal, affective and lifestyle facets of 
psychopathy, but also on measures of anxiety, negative affect and externalizing. 
In contrast, they scored low on antisocial behaviour and violent crimes. The 
psychopathic traits offenders were characterized by high scores on all facets of 
psychopathy as well as on anxiety, negative affect, motivational tendencies and 
externalizing. The characteristics of the latter group were similar to that of the 
non-antisocial psychopathic traits offenders, but the psychopathic traits offenders 
showed significantly higher rates of criminal and aggressive behaviours.
 An important limitation of the present study is that our analyses only included 
self-reported behavioural tendencies, which were used to infer psychological and 
personality traits. On one hand, this increases our insight on the classification of 
antisocial behaviour based on personality traits and observable behaviours, while 
on the other hand it precludes the identification of the biological and cognitive 
disturbances that underlie antisocial and psychopathic behaviours that 
characterize each group. This issue has been suggested to be one reason why 
therapeutic interventions are often ineffective in antisocial populations (Brazil et 
al., 2016). Another issue is that although the identified profiles were based on 
psychopathy scores, we cannot draw conclusions that are specific to the subtyping 
of psychopathy. One approach to gain more insight into subtypes within the 
population of offenders with psychopathy would be to include the relevant 
external correlates into separate latent profile analyses along with PCL-R scores 
(Kimonis, Fanti, Isoma, & Donoghue, 2013; Kimonis, Goulter, Hawes, Wilbur, & 
Groer, 2017). This would provide an opportunity to examine if homogenous 
subgroups of psychopathy emerge based on, e.g., negative affect or BIS/BAS.
 With regard to the methodology, Tein and colleagues (2013) evaluated a 
selection of statistical parameters to determine the optimal number of classes and 
examined the power related to interclass distance between the classes. The 
present study evaluated a combination of statistical parameters, namely the BIC, 
LMR and entropy value, to determine the optimal number of classes. According to 
(Tein et al., 2013), the interclass distance (or Cohen’s d) should not be lower than 
0.08. Except for three comparisons, the Cohen’s d was > 0.8. The three effect 
sizes that were <0.8 were SRP lifestyle factor (Cohen’s d=-.25) for impulsive- 
antisocial traits offenders vs. non-antisocial psychopathic traits offenders, SRP 
lifestyle (Cohen’s d=.68) for non-antisocial psychopathic traits offenders vs. 
psychopathic traits offenders, and SRP antisocial (Cohen’s d=.56) for impulsive- 
antisocial traits offenders vs. psychopathic traits offenders.

 In summary, the present study provides support for the presence of four 
distinct antisocial profiles based on self-report psychopathy scores in a male 
offender sample. The results are in line with previous findings that were based on 
clinical measures of psychopathy (Hare, 2016; Mokros et al., 2015). Furthermore, 
the present study provides relatively extensive and multifaceted characterizations 
of each profile. Since this is the first subtyping study using the SRP-SF, additional 
studies are required to further support replicability of the findings. In the future, 
profiles that are not only well-characterized in terms of personality correlates, 
but also incorporate biological and cognitive dimensions, could provide a more 
complete view of the individual (Brazil et al., 2016). This will aid diagnosis and 
foster the development of personalized treatment programs for individuals showing 
severe antisocial behaviour (Baskin-Sommers et al., 2015).
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2.5  Supplementary Materials

Table S2.1   Bayes factors for the pairwise comparisons between profiles of  
the SRP facet scores and external variables.

GE vs. IA GE vs. NA GE vs. PS IA vs. NA IA vs. PS NP vs. PS

BF Cohen’s d BF Cohen’s d BF Cohen’s d BF Cohen’s d BF Cohen’s d BF Cohen’s d

SRP Interpersonal 3.17E+15 -1.14 7.29E+48 -1.96 1.83E+74 -2.84 SRP Interpersonal 1.06E+6 -0.84 4.72E+19 1.64 7.66E+5 0.8

SRP Affective 9.95E+10 -0.96 1.22E+49 -1.97 5.97E+78 -2.97 SRP Affective 1.84E+9 -1.03 1.61E+27 2.02 1.91E+8 0.94

SRP Lifestyle 1.12E+12 -1.00 4.32E+23 -1.27 7.27E+41 -1.91 SRP Lifestyle 6.43E-1 -0.25 2.21E+6 0.9 1.52E+4 0.68

SRP Antisocial 5.44E+76 -3.08 1.17E+14 -0.97 1.46E+93 -3.41 SRP Antisocial 1.73E+35 2.26 1.36E+2 0.56 8.90E+43 2.53

WAIS IQ 1.60E-1 0.07 1.38E-1 -0.05 1.40E-1 -0.04 WAIS IQ 2.19E-1 -0.12 2.10E-1 0.11 1.55E-1 -0.01

APD 5.26E+20 -1.38 5.08E+7 -0.73 6.35E+33 -1.71 APD 1.22E+2 0.55 1.43E+0 0.32 4.19E+6 0.85

Violent crimes 1.63E+5 -0.7 1.23E-1 0.01 4.63E+1 -0.42 Violent crimes 3.81E+2 0.59 1.50E+0 -0.33 1.17E+1 0.42

Non-violent crimes 4.88E+1 -0.45 8.81E+1 -0.42 3.51E+2 -0.49 Non-violent crimes 1.77E-1 0.08 1.65E-1 0.03 2.10E-1 0.11

Welsh-anxiety 2.79E+3 -0.58 9.25E+3 -0.55 1.46E+9 -0.85 Welsh-anxiety 1.64E-1 0.05 5.69E-1 0.25 1.55E+0 0.31

MPQ-positive 1.60E-1 -0.07 1.47E-1 -0.07 3.00E-1 -0.16 MPQ-positive 1.56E-1 0 1.94E-1 0.09 1.77E-1 0.08

MPQ-negative 1.19E+7 -0.81 5.53E+18 -1.14 2.43E+36 -1.8 MPQ-negative 2.22E+0 -0.34 2.08E+7 0.99 1.45E+3 0.62

BIS 1.40E-1 0.02 1.77E+0 0.27 7.64E+0 0.35 BIS 5.10E-1 0.23 1.16E+0 -0.31 1.72E-1 -0.07

BAS 9.40E-1 -0.26 1.85E+5 -0.62 5.52E+11 -0.97 BAS 2.27E+0 -0.35 1.18E+3 0.68 2.38E+0 0.34

Notes. GE = generic offenders, IA = impulsive-antisocial traits offenders, NA=non-antisocial 
psychopathic traits offenders, PS = psychopathic traits offenders. Bayes Factors are indicated as 
BF>10 (very strong); 3<BF<10 (strong) and BF<3 (weak).
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Table S2.2   Bayes factors for the pairwise comparisons between profiles of  
the externalizing measures.

GE vs. IA GE vs. NA GE vs. PS IA vs. NA IA vs. PS NA vs. PS

BF Cohen’s d BF Cohen’s d BF Cohen’s d BF Cohen’s d BF Cohen’s d BF Cohen’s d

ESI-Disinhibition 1.13E+11 -1.24 6.44E+7 -0.95 1.32E+1 -0.46 ESI-Disinhibition 7.64E-1 0.31 7.32E-1 0.31 4.13E+1 0.60

Irresponsibility 8.23E+4 -0.84 5.29E+2 -0.60 5.35E+4 -0.79 Irresponsibility 4.16E-1 0.23 1.95E-1 -0.02 3.50E-1 0.20

Impatient urgency 4.36E+3 -0.73 3.26E+5 -0.81 1.25E+12 -1.08 Impatient urgency 1.96E-1 -0.05 9.70E-1 0.35 9.16E-1 0.32

Problematic impulsivity 2.07E+9 -1.14 4.74E+4 -0.75 3.68E+12 -1.27 Problematic impulsivity 2.71E+0 0.43 3.04E-1 0.18 3.16E+1 0.58

Fraud 2.27E+10 -1.20 1.49E+8 -0.97 9.19E+16 -1.50 Fraud 6.35E-1 0.29 3.06E-1 0.18 1.28E+1 0.53

Boredom proneness 2.10E+0 -0.36 1.48E+0 -0.31 4.59E+3 -0.71 Boredom proneness 2.20E-1 0.06 9.87E-1 0.35 2.75E+0 0.42

ESI-Callous Aggression 4.14E+12 -1.33 3.39E+14 -1.31 8.51E+16 -1.50 ESI-Callous Aggression 2.00E-1 0.06 8.15E+4 1.02 1.49E+7 1.14

Low empathy 1.68E+0 -0.35 1.08E+7 -0.90 3.39E+22 -1.77 Low empathy 4.57E+0 -0.47 2.71E+6 -1.16 4.23E+2 0.72

Relational aggression 2.89E+4 -0.80 2.45E+8 -0.99 3.00E+19 -1.62 Relational aggression 2.33E-1 -0.12 1.62E+2 0.72 1.48E+2 0.67

Excitement seeking 3.20E+0 -0.39 7.33E+2 -0.61 9.12E+12 -1.13 Excitement seeking 3.06E-1 -0.18 4.77E+1 0.65 6.53E+0 0.49

Destructive aggression 4.37E+6 -0.96 9.00E+2 -0.62 2.53E+18 -1.42 Destructive aggression 1.98E-1 0.34 2.28E+0 0.43 1.30E+3 0.78

Physical aggression 8.51E+15 -1.52 3.97E+7 -0.94 1.90E+27 -1.99 Physical aggression 1.48E+1 0.55 4.94E+0 0.49 6.40E+5 1.03

Honesty 6.33E+1 -0.56 1.01E+2 -0.53 3.39E+6 -0.92 Honesty 1.91E-1 0.03 7.48E-1 0.32 1.20E+0 0.35

Rebelliousness 4.33E+9 -1.16 2.92E+8 -0.99 1.28E+25 -1.89 Rebelliousness 3.07E-1 0.18 3.58E+1 0.63 1.04E+4 0.89

ESI-Substance abuse 1.26E+1 -0.47 4.13E-1 -0.21 2.38E+37 -2.50 ESI-Substance abuse 5.60E-1 0.27 1.95E-1 -0.01 5.14E-1 0.26

Alcohol problems 1.08E+0 -0.31 2.43E-1 -0.14 1.80E+0 -0.34 Alcohol problems 9.84E-1 0.17 1.96E-1 0.03 3.44E-1 0.20

Drug use 8.11E+3 -0.76 7.14E+0 -0.41 3.71E+3 -0.70 Drug use 1.33E+0 0.37 1.98E-1 -0.04 8.06E-1 0.31

Marijuana problems 8.41E+1 -0.57 2.47E-1 -0.14 1.12E+1 -0.45 Marijuana problems 2.36E+0 0.42 2.52E-1 -0.14 7.99E-1 0.31

Marijuana use 8.13E+0 -0.45 4.91E-1 -0.22 1.39E+0 -0.32 Marijuana use 7.43E-1 0.31 4.09E-1 -0.23 2.27E-1 0.12

Notes. GE = generic offenders. IA = impulsive-antisocial traits offenders. NA=non-antisocial psychopathic 
traits offenders. PS = psychopathic traits offenders. Bayes Factors are indicated as BF>10 (very strong); 
3<BF<10 (strong) and BF<3 (weak).
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3.1  Introduction

Psychopathy is a disorder that is generally marked by emotional dysfunction and 
antisocial behavior (Hare, 1991; Lynam, Caspi, Moffitt, Loeber, & Stouthamer-Loeber, 
2007). It has been demonstrated that psychopathy is a dimensional construct and 
psychopathic traits are distributed normally in the general population (Gao & Raine, 
2010; Levenson et al., 1995). Previous research emphasizes abnormal affective 
processing in individuals with elevated levels of psychopathy (Gordon et al., 2004; 
Hare, 1999; Kiehl et al., 2001). Such individuals fail to fully experience or appreciate 
the affective significance of emotional stimuli differently in comparison to individuals 
with low levels of psychopathy (Christianson et al., 1996; Hastings, Tangney, & 
Stuewig, 2008; Kiehl, Hare, McDonald, & Brink, 1999; Kiehl et al., 2001; Patrick, 
Cuthbert, & Lang, 1994; Williamson, Harpur, & Hare, 1991). Neuroimaging studies 
demonstrate that processing of affective stimuli is associated with diminished 
activity in limbic structures and over-activation in the frontal cortex in psychopathic 
offenders (Kiehl et al., 2001; Müller et al., 2003). It has been suggested that 
abnormal processing of affective information may be the underlying source of 
aggression, predatory violence and deviant threat responses associated with 
psychopathy (Reidy, Shelley-Tremblay, & Lilienfeld, 2011; Skeem & Mulvey, 2001; 
von Borries, Brazil, Bulten, Buitelaar, Verkes, & de Bruijn, 2012). One way to study 
affective processing is by investigating approach and avoidance behavior under 
different conditions.
 Approach and avoidance reactions are basic responses to emotional stimuli 
and underlie every complex emotional response (Lang, Bradley, & Cuthbert, 1997). 
The natural tendency is to approach pleasant, positive stimuli and to avoid 
unpleasant, negative stimuli (Lang & Bradley, 2010; Puca, Rinkenauer, & Breidenstein, 
2006). Studies have shown that approach is associated with pulling objects closer 
while avoidance is associated with pushing objects away from oneself (Chen & 
Bargh, 1999; Solarz, 1960). People appear to respond faster and make less errors 
when they have to make an affect-congruent response (approach a positive 
stimulus, avoid a negative stimulus) in comparison to an affect-incongruent 
response (vice versa) (Roelofs, 2017; Roelofs, Minelli, Mars, Van Peer, & Toni, 2008; 
Stins et al., 2011). It was suggested that an affect-congruent condition requires 
responses that are consistent with the automatic tendencies (approach-positive, 
avoid-negative), while these automatic tendencies need to be controlled during 
the affect-incongruent condition, in order to apply the counterintuitive action of 
approaching negative and avoiding positive stimuli (Chen & Bargh, 1999; Roelofs 
et al., 2008). Prefrontal control and motivational networks have found to be 
involved in approach and avoidance reactions (Ernst & Fudge, 2009; Hariri, 
Tessitore, Mattay, Fera, & Weinberger, 2002). More specifically, the prefrontal 

Abstract

Psychopathy is a personality construct that encompasses a constellation of traits 
reflecting emotional dysfunction and antisocial behavior. Individuals with elevated 
levels of psychopathic traits have shown abnormal affective processing. Studies 
with psychopathic offenders suggested that this is a result of altered automatic 
social approach-avoidance tendencies. The goal of the current study was to increase 
the insight into the underlying mechanism of affective processes in community- 
dwelling individuals with a high level of psychopathic traits by studying approach 
and avoidance behavior in an experimental setting. Eighty-seven healthy individuals 
performed a computerized affective approach-avoidance task in which they 
pushed or pulled emotional faces using a joystick. The results showed that high 
levels of psychopathic traits corresponded with diminished threat avoidance to 
angry faces, as was found previously in psychopathic offenders. Furthermore, 
given its link with aggression and threat approach, testosterone was measured in 
order to investigate a possible mediatory role. Although testosterone was positively 
associated with psychopathic traits, endogenous testosterone did not mediate 
the effect of psychopathic traits on threat avoidance. We propose that an increased 
understanding of the interplay between different neuroendocrine mechanisms 
could lead to a better insight into the underlying mechanism of abnormal threat 
avoidance in individuals with high levels of psychopathic traits. 
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it seems that a testosterone-initiated increase in approach behavior towards 
threatening stimuli is comparable to the increase of approach behavior towards 
threats that has been reported in psychopathic offenders. Notably, it remains 
unclear whether endogenous testosterone serves a mediatory role in these 
altered automatic action tendencies.
 In the present study, we aimed to investigate the link between psychopathic 
traits and approach-avoidance behavior in the general population. Participants 
were included in the study based on their level of psychopathic traits, measured 
with the Self-Report Psychopathy scale (Gordts, Uzieblo, Neumann, Van den 
Bussche, & Rossi, 2017) and performed an affective approach-avoidance task 
(AAT). A substantial amount of literature has demonstrated the potential of the 
approach-avoidance paradigm in capturing the automatic behavioral tendencies 
towards emotional expressions in a variety of samples, such as healthy individuals 
(Chen & Bargh, 1999; Enter et al., 2014; Marsh, Ambady, & Kleck, 2005; Radke et 
al., 2016; Radke et al., 2015; Roelofs et al., 2008; Rotteveel & Phaf, 2004; Seidel, 
Habel, Kirschner, Gur, & Derntl, 2010; von Borries et al., 2012), individuals with high 
anxiety (Heuer, Rinck, & Becker, 2007; Lange, Keijsers, Becker, & Rinck, 2008; 
Lange et al., 2010; Rinck & Becker, 2007; Roelofs et al., 2010; Struijs et al., 2017), 
and phobia (Klein, Becker, & Rinck, 2011; Rinck & Becker, 2007). In line with 
previous research, we expected to find a negative link between psychopathic 
traits and threat avoidance (von Borries et al., 2012). In addition, we tested how the 
different facets of the SRP were related to approach-avoidance behavior. The SRP 
distinguishes four facets; interpersonal (arrogant and deceitful interpersonal 
style), affective (deficient affective experience), lifestyle (impulsive-irresponsible 
behavioral style), and antisocial (antisocial traits)(Hare & Neumann, 2005). We 
expected to find an effect on threat avoidance for all the facets, as interpersonal 
and affective traits represent deficient emotional experience and social 
dominance, while lifestyle and antisocial traits are associated with impulsivity and 
lack of fear. All of these aspects were expected to play a role in social interaction 
and affective processing. Furthermore, we measured salivary testosterone in 
order to investigate a possible mediation effect of baseline testosterone on ap-
proach-avoidance behavior as a function of psychopathic traits. 

3.2  Methods

3.2.1  Participants
 Participants between 18 and 35 years were recruited (N=87, male=36, Mage=24.09, 
SDage=2.68) via local advertisement and an online research participation system 
(SONA systems). They were native Dutch speakers and exclusion criteria for the 

cortex (PFC), and particularly the anterior cingulate cortex is suggested to be 
crucial for overriding automatic action tendencies, supposedly via modulation of 
the amygdala and periaqueductal grey matter (Roelofs, 2017; Volman, Toni, 
Verhagen, & Roelofs, 2011). Interestingly, psychopathic offenders showed a lack  
of threat avoidance tendencies in response to angry faces. This effect was shown 
to be inversely related to the level of instrumental aggression (von Borries et al., 
2012). Moreover, offenders with psychopathic traits showed reduced PFC activation  
as well as PFC-amygdala connectivity during affect-incongruent behavior (Volman 
et al., 2016a). These findings indicate that altered automatic action tendencies 
might underlie disturbed emotional processing (Volman et al., 2016a; von Borries 
et al., 2012). Abnormalities in affective processing were also found in non-offenders 
with elevated levels of psychopathic traits. For instance, men reporting high levels 
of psychopathic traits showed atypical startle reflexes when viewing aversive 
stimuli (Justus & Finn, 2007). Moreover, individuals with a high level of psychopathic 
traits showed altered frontal cortex and amygdala responses to emotional 
expressions in comparison with medium and low tendencies (Gordon et al., 2004). 
It is yet unclear whether the same mechanisms underlie altered affective behavior 
in offenders and non-offenders with psychopathic traits. So far, studies employing 
a dimensional approach to psychopathy have been mainly focused on perceptual 
processing of emotional expressions. Thus, it is not clear whether the affective 
problems associated with psychopathic traits in the general population are 
manifested at the basic level of automatic approach-avoidance tendencies. 
 Although the exact mechanism underlying approach-avoidance behavior 
remains unclear, previous studies have emphasized a role for the neuroendocrine 
system (Kaldewaij, Koch, Volman, Toni, & Roelofs, 2016). Testosterone is a hormone 
that is strongly associated with aggressive and approach-related behavior (Book, 
Starzyk, & Quinsey, 2001; Lombardo et al., 2012). For instance, testosterone 
administration studies highlighted the testosterone-initiated bias toward the 
approach of social threat, that may underlie mechanisms of social dominance and 
aggression (Enter, Spinhoven, & Roelofs, 2014; Enter, Spinhoven, & Roelofs, 2016; 
Radke et al., 2015; Volman et al., 2016a). Previous studies have shown that 
endogenous testosterone levels were inversely related to PFC activity and 
PFC-amygdala connectivity during affect-incongruent trials (Volman et al., 2011). 
This was further supported by findings that indicated a negative association 
related to reduced PFC and amygdala activation, as well as decreased connectivity 
between the two, in both cognitively unimpaired (Mehta & Beer, 2010; Peper, van 
den Heuvel, Mandl, Pol, & van Honk, 2011; Waller, Gard, Shaw, Forbes, Neumann, 
& Hyde, 2019) and psychopathic individuals (Volman et al., 2016a). Importantly, 
reduced threat sensitivity, increased dominance, and excessive aggression, which 
can be triggered by testosterone, are key features of psychopathy. Taken together, 
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A joystick (Logitech Attack 300) was located between the computer screen and 
the participant. The participant was informed about two alternating sets of 
instructions that changed over blocks: 1) pull-happy, push-angry (congruent 
condition) and 2) push-happy, pull-angry (incongruent condition). The participant 
was instructed to respond as accurately and quickly as possible. The maximum 
response time was 2s. The actual experiment was preceded by a practice session 
of four blocks with eight stimuli each. In order to test the internal consistency of 
the behavioral responses, Cronbach alpha’s were calculated over the minimum 
amount of correct trials of each condition (k=30 trials). The internal consistency 
was high in all conditions (pull-happy: α = .95; push-happy: α = .92; push-happy: 
α = .93; pull-angry: α = .94).

3.2.3  Testosterone measure
At the end of the study, we asked participants to fill one collection kit (Oragene 
saliva (RE-100), DNA Genotek, Ltd.) with saliva, which was stored at -80º. 
Participants were asked to abstain from consuming food and drinks other than 
water for at least 2.5 hours before the saliva collection in order to minimize the 
impact of variables that could influence testosterone levels. Saliva was collected 
at the end of the test session and, where possible, the test sessions were 
performed within the same time window. 
 Testosterone was analyzed by liquid chromatography-tandem mass 
spectrometry (LCMS/MS) after solid-phase extraction. Briefly, 500 µL saliva was 
extracted (Oasis MCX 1cc, Waters) after addition of internal standard [13C3]
c-testosterone (Isoscience, King of Prussia, PA). The eluate was injected into an 
Agilent Technologies 1290 Infinity VL UHPLC-system equipped with a BEH C18 
(1.7μm 2.1 X 50mm) analytical column (Waters Corp.) coupled to an Agilent 6490 
tandem mass spectrometer (Agilent Technologies, Santa Clara, CA). The method 
was linear assessed by CLSI EP6 protocol (Tholen et al., 2003). Testosterone was 
quantified with an 9-point calibration curve (Steraloids) and the method has a total 
CV of 5.5% at 0.09 nmol/L and 4.6% at 0.49 nmol/L. 

3.2.4  Behavioral analyses 
Reaction times and amount of errors for each condition were extracted from the 
data while using MATLAB (Mathworks). Reaction times (RT) shorter than 150ms 
and longer than 1500ms were considered outliers and removed (von Borries et al. 
2012). In order to investigate the expected congruency effect, two repeated 
measures ANOVA were performed with Movement (push, pull) and Emotion 
(happy, angry) as Within-Subject variables for reaction time and amount of errors. 
The AAT effect scores were defined as the difference in RT between push and pull 
reactions for happy and angry stimuli. We created latent variables for the AAT 

study were self-reported epilepsy, brain surgery, claustrophobia,  history of other 
neurological conditions or psychiatric disease, use of psychoactive medication or 
substances, and pregnancy. To evaluate their psychopathic traits, participants 
were assessed with the short form of the self-report psychopathy scale (SRP-SF; 
Dutch version: (Gordts et al., 2017). The SRP-SF is a self-report questionnaire 
including 28 items that need to be rated on a 5-point Likert scale. A substantial 
amount of literature supports the validity and reliability of the SRP-SF in a community 
sample (Gordts et al., 2017; Hare & Neumann, 2008; Lilienfeld, Fowler, & Patrick, 
2006; Neumann & Dustin Pardini, 2014). The total score as well as the scores on 
the individual facets interpersonal (Int), affective (Aff), lifestyle (Lif), and antisocial 
(Ant) could be derived.
 Participants were included based on their SRP total score, in order to obtain a 
reliable distribution of psychopathic traits in our test sample. A questionnaire 
database including the SRP (selection sample with N=1519, 309 males) was used 
to define a typical distribution in the general population and the total scores were 
divided in quartiles. Within the test sample, 25% of the participants belonged to 
the top and bottom quartiles, while 50% of the participants belonged to the two 
middle quartiles. The top and bottom quartiles were oversampled in order to 
enhance the presence of extreme scores on both sides of the distribution (Bernat, 
Nelson, Steele, Gehring, & Patrick, 2011; Brazil, Hunt, et al., 2013; Gong, Brazil, 
Chang, & Sanfey, 2019). Internal consistency in both the test sample and the 
selection sample was good (test sample: Int α = .82; Aff α = .69; Lif α = .78; Ant α = 
.83; selection sample: Int α = .81; Aff α = .75; Lif α = .78; Ant α = .82). The test sample 
showed a similar distribution compared to the selection sample (Figure S3.1). 
Participants provided written informed consent prior to the onset of the study, and 
received monetary compensation at the end of the study. Procedures were 
approved by the Ethics Committee Social Sciences of the University of Nijmegen. 

3.2.2  Task 
The Approach- Avoidance Task is a well-validated computerized task that is 
designed to measure the automatic approach-avoidance behavior (e.g., Enter  
et al., 2014; Marsh et al., 2005). The stimuli used in this paradigm consisted of 84  
gray scale photographs of male and female actors using angry or happy facial 
expressions with direct gaze (Radboud Faces Database). All pictures were resized 
to a size of 1024×681 pixels and presented against a black background. Variation 
in physical parameters unrelated to the emotional expression was minimized by 
excluding the hair and other non-facial aspects and by matching the pictures in 
sizes, brightness and contrast. In 16 blocks of 12 trials each, stimuli with different 
emotional valence (happy or angry) were presented on a computer screen. Stimuli 
were presented for 100ms, preceded by a fixation cross in the center of the screen. 
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responses and less errors when making a pull response (RT: M=637.14, SE=11.36, 
errors: M=5.55, SE=0.50) compared to a push response (RT: M=669.66, SE=12.70, 
errors: M=7.48, SE=0.63). There was no significant main effect of Emotion 
(F(1,86)=1.99, p=.169, ηp2=0.02, 90%CI=[0, 0.09]) and errors (F(1,86)=3.69, p=.058, 
ηp2=0.04, 90%CI=[0, 0.13]). 
 The AAT effect scores for angry stimuli were positively correlated with SRP 
total scores (Spearman’s rho (ρ)=.33, 90%CI=[0.16, 0.48], p=.002,) (Figure 3.2). 
The subscales interpersonal (ρ=.42, 90%CI=[0.26, 0.56], p<.001), lifestyle (ρ=.32, 

effect scores in Mplus 7 (Muthén & Muthén, 1998–2015) in order to reduce the 
measurement error of the observed variables. The average effect scores for 
happy and angry affect were loaded onto the corresponding latent variables. We 
exported the factor loadings for the two latent variables of each participant to 
MATLAB and used them for further analyses. Subsequently, we analyzed the 
correlations of the latent AAT effect scores with the psychopathy subscale scores 
and the total psychopathy score. Non-parametric tests were used as the data 
were not normally distributed.
 To test for a possible mediation effect of testosterone on the relation between 
SRP total score and latent angry effect score, we performed a bootstrapped 
mediation analysis in Mplus 7 using the maximum-likelihood method and 5000 
random samplings of the data, as recommended by Hayes (2009). Bootstrapping 
analysis is more powerful than testing the significance of indirect effects through 
the conservatively biased Sobel test (Sobel, 1982). Significance levels (alpha) were 
set to 0.05 for all analyses.

3.3  Results

Mean RT of correct trials and error rates are presented in Table 3.1. An interaction 
effect for movement and emotion on reaction time (F(1,86)=84.24, p<.001, ηp2=0.50, 
90%CI=[0.37, 0.59]) and error rate (F(1,86)=22.62, p<.001, ηp2=0.21, 90%CI=[0.09, 
0.32]) indicated that participants responded significantly slower (M=665.33, 
SE=12.31) and made more errors in response to incongruent trials (M=7.91, SE=0.65) 
in comparison to congruent trials (RT: M=641.48, SE=11.88; errors: M=5.13, SE=0.57) 
(Figure 3.1). Furthermore, there was a main effect on reaction time for Movement 
(F(1,86)=33.08, p<.001, ηp2=0.28, 90%CI=[0.15, 0.39]) and errors (F(1,86)=21.92, 
p<.001, ηp2=0.20, 90%CI=[0.09, 0.31]), indicating that participants made faster 

Table 3.1  Reaction times and amount of errors for each condition.

Approach Avoidance

M(SE) M(SE)

Reaction time Happy 623.20 (12.69) 679.57 (11.87)

Angry 651.08 (13.14) 659.76 (11.45)

Errors Happy 2.25 (0.28) 4.61 (0.39)

Angry 3.30 (0. 32) 2.87 (0.34)

Figure 3.1  Congruency effect for a) reaction times and b) errors. *p<.05, error bars represent 
standard error of the mean.

Figure 3.2  Positive correlation SRP total score and latent angry effect score for angry faces.

a) b)
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3.4  Discussion

The aim of the present study was to investigate the effect of psychopathic traits on 
approach-avoidance behavior in a community sample. In addition, we investigated 
whether endogenous testosterone levels associated with psychopathy could be 
related to alterations in approach-avoidance behavior. Our findings indicated that 
individuals with a high tendency towards psychopathy lack avoidance of angry 
faces. We did not find evidence for a mediatory role of testosterone.
 In most people, confrontation with a threatening stimulus, e.g. an angry face, 
elicits personal distress and initiates an avoidance response (Lang et al., 1997). 
Lack of threat avoidance in response to angry faces was reported in psychopathic 
offenders (von Borries et al., 2012), which is in line with models suggesting low 
threat reactivity in psychopathic individuals (Hoppenbrouwers, Bulten, & Brazil, 
2016). Current findings indicate that a lack of automatic avoidance tendencies 
towards anger is also present in non-incarcerated individuals with elevated levels 
of psychopathy. More specifically, these individuals were faster in approach 
responses towards angry facial expressions in comparison with avoidance 
responses. Thus, while previous studies suggested reduced reactivity towards 
sad and fearful facial expressions, reactivity towards angry expressions seemed 
to be elevated. This could be explained by the phenotypic features of psychopathy, 
namely interpersonal dominance, reduced threat sensitivity, and impulsivity. While 
antisocial behavior is more prevalent in (psychopathic) offenders, interpersonal 
and affective psychopathy traits are prominent in both offenders and non-offenders 
with psychopathic tendencies. Therefore, it is not surprising that our findings 

90%CI=[0.15, 0.47], p=.003) and antisocial (ρ=.32, 90%CI=[0.15, 0.47], p=.003) also 
correlated positively with the AAT effect scores. There was no correlation with  
the affective subscale (ρ=.11, 90%CI=[-0.07, 0.28], p=.315). The AAT effect scores 
for happy stimuli were not significantly correlated with the SRP total scores or 
the subscale scores (Table 3.2).

 In order to investigate whether testosterone mediates the relation between 
SRP total score and the latent angry effect scores, a mediation model was tested 
(Figure 3.3). The results indicated that SRP total score predicted the latent  
angry affect scores (β=0.65, 90%CI=[0.35, 1.00], SE=0.20, p=.001, β*=0.32), and 
testosterone (β=0.003, 90%CI=[0.002, 0.004], SE=0.001, p<.001, β*=0.36). 
However, testosterone was not significantly related to the latent angry effect 
scores (β=29.21, 90%CI=[-23.78, 91.70], SE=31.71, p=.357, β*=0.10). While the direct 
effect of SRP total score on latent angry effect score was significant (β=0.65, 
90%CI=[0.35, 0.99], p=.001, β*=0.32), the indirect effect was not (β=0.08, 
90%CI=[-0.07, 0.22], p=.373, β*=0.04). These findings indicate that testosterone 
did not mediate the relation between SRP total score and the latent angry effect 
score. Analyses with the SRP facets also showed non-significant findings which 
suggested testosterone did not mediate the relation between the SRP facets and 
the latent angry effect score.

Table 3.2   Spearman pairwise correlations between SRP scores and  
latent effect scores.

Happy Angry

rho p 90% CI rho p 90% CI

SRP Total .02 .839 [-.16, .19] .32 .002** [.16, .48]

SRP Interpersonal -.04 .730 [-.21, .14] .42 <.001*** [.26, .56]

SRP Affective .05 .653 [-.13, .23] .11 .315 [-.07, .28]

SRP Lifestyle .08 .445 [-.10, .26] .32 .003** [.15, .47]

SRP Antisocial .10 .368 [-.08, .27] .32 .003** [.15, .47]

Notes. Asterisks indicates significant correlations (**p<.01, ***p<.001). 

Figure 3.3 Standardized regression coefficients and level of significance (*p<.05, **p<.01, 
***p<.001) for the relationship between SRP total score, latent angry effect score and 
testosterone. Along the lower path, the number outside parentheses is the total effect, 
and the number inside parentheses is the direct effect.
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consequence, correlations remain undetected in offenders. Another important 
hormone included in the triple balance model is cortisol. It was proposed that the 
cortisol-testosterone ratio influences activity in the subcortical areas, such as the 
amygdala. In addition, while testosterone was suggested to reduce communication 
between cortical and subcortical areas, cortisol was believed to have the opposite 
effect. This prediction is in line with findings suggesting that cortisol may directly 
moderate the behavioral effects of testosterone (Dabbs, Jurkovic, & Frady, 1991; 
Popma et al., 2007). This might point towards a compensatory mechanism of 
cortisol on the effect of testosterone on approach-avoidance behavior in individuals 
with elevated levels of psychopathic traits. Therefore, it could be interesting to 
consider the cortisol-testosterone ratio in future studies. Finally, it should be noted 
that the fact that we did not find a mediation effect of testosterone on the relation 
between psychopathic traits and approach-avoidance behavior could be due to 
sample size limitations. Future studies should aim for larger samples in order to 
confirm our findings.
 In conclusion, the current study is the first to investigate the effects of 
psycho pathic traits and testosterone on approach-avoidance behavior in a 
general population sample. Our results indicate that individuals with high levels of 
psychopathic traits show a lack of automatic threat avoidance, as was found 
previously in psychopathic offenders. Although testosterone was positively 
related to psychopathic traits, it did not mediate the effect of psychopathic traits 
on threat avoidance. A better understanding of the interplay between different 
neuroendocrine mechanisms could lead to a better insight into the lack of threat 
avoidance in individuals with high levels of psychopathic traits. 

indicate that the same mechanisms underlie altered affective behavior in offenders 
and non-offenders with psychopathic traits. Where interpersonal dominance 
involves the urge to be in charge and control over the environment (e.g. influence 
or direct other people) (Pratto, Sidanius, Stallworth, & Malle, 1994), diminished 
threat sensitivity and impulsivity are associated with the reduced control over 
emotional reactions. 
 We noted that mean RTs for congruent and incongruent trials in the happy 
affect condition were not very different. As expected from these results, post-hoc 
tests revealed that the congruency effect was mainly driven by the happy affect 
condition. We speculate that the effect of psychopathic traits on threat avoidance 
influenced the congruency effect in our sample. That is, our results indicate that 
psychopathic traits are negatively linked to automatic threat avoidance, and are  
in line with previous findings (von Borries et al., 2012). This suggests that the 
congruency effect for angry faces was impaired in these individuals. The presence 
of a relatively high number of individuals with psychopathic traits in our sample 
could be an explanation for the absence of a significant congruency effect for the 
angry affect condition. Besides, note that we did not find a link between the 
affective subscale of the SRP and threat avoidance. Affective traits reflect the 
experience of emotions, while the AAT reflects the processing of emotional  
stimuli and the control over these processes. The PFC and the amygdala are key 
areas that are involved in emotional control (Etkin, Büchel, & Gross, 2015), 
and psychopathic offenders have shown reduced PFC activation and reduced 
amygdala-PFC functional connectivity during executive control (Volman et al., 
2016b). Therefore, follow-up studies investigating PFC and amygdala activity 
during emotional control in non-offenders with psychopathic traits are needed.
 Disturbed emotional processing as a result of an imbalance between subcortical 
and cortical areas, or of impaired communication between the two regions, was 
previously suggested in the triple balance model of emotion which distinguishes 
three imbalances of emotional processing in psychopaths (van Honk & Schutter, 
2006). According to this model, increased testosterone levels could reduce  
the communication between subcortical and cortical areas, resulting in diminished 
control of motivational tendencies. However, we did not find that testosterone 
mediated the relation between psychopathic traits and approach-avoidance 
behavior. So, our results do not support the triple balance hypothesis. In line with 
previous studies (Glenn, Raine, Schug, Gao, & Granger, 2011; Welker, Lozoya, 
Campbell, Neumann, & Carré, 2014), we found a positive association between 
testosterone and psychopathy. One important note is that all studies that reported 
a positive link were conducted in community samples. It could be that community 
samples represent a broader distribution of testosterone levels, while testosterone 
levels in offenders are relatively high (Fang et al., 2009; Maras et al., 2003). As a 
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3.5  Supplementary material

Figure S3.1. Distributions of SRP total scores in a) the larger community sample (N=1519)  
and b) the test sample (N=87).
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4.1  Introduction

4.1.1  Pain and empathy
From an evolutionary point of view, pain signals actual or potential injury or 
damage to bodily parts and is thereby a protective mechanism. Perceived pain 
severity can be greatly influenced by various factors, such as attention and 
expectancy (Melzack & Wall, 1967). Moreover, it has been determined that pain is 
perceived as less intense when it is self-controlled (Pellino & Ward, 1998; Salomons, 
Johnstone, Backonja, & Davidson, 2004). 
 Humans are naturally social individuals and experience discomfort while 
observing another person in pain. This phenomenon, termed as ‘pain empathy’, is 
a complex construct that describes the ability to understand another person’s 
situation or feelings (Davis, 1980; Lietz et al., 2011) and is believed to be one of the 
requirements for successful participation in current society (Schneider & Ingram, 
2005). Neuroimaging studies focussing on empathy received considerable effort 
in the past decade (Decety, 2010; Singer & Lamm, 2009). For instance, previous 
studies showed that ongoing information processing is affected differently when 
being exposed to pictures that show another person’s pain than being exposed to 
neutral pictures (Avenanti, Bueti, Galati, & Aglioti, 2005; Bufalari, Aprile, Avenanti, 
Di Russo, & Aglioti, 2007). Evidence from neuroimaging research suggests that 
experienced pain and observed pain in others elicit similar activation patterns in 
brain areas involved in the processing of both affective (e.g. the anterior insula and 
the medial/anterior cingulate cortex (Decety, 2010)) and sensory (e.g. the primary 
somatosensory cortex and parietal operculum (Bufalari et al., 2007) information. 
These findings support the theory that describes a shared neural network for 
one’s own and others’ emotional and sensory experience.
 Current models of pain empathy suggest that empathy-related processes are 
derived from both bottom-up features and top-down factors (Decety & Moriguchi, 
2007). Zooming in on these top-down factors, social context seems to be an 
important modulator of pain perception in self and others (Decety, Michalska, 
Akitsuki, & Lahey, 2009; Singer et al., 2006). Several aspects of social context, 
such as relationships between individuals (Singer et al., 2006) and attitude towards 
others (Decety et al., 2009) have been studied previously. However, studying the 
lack of empathy with respect to pain might be even more salient. 

4.1.2  Psychopathy; a pain- and empathy-related disorder
Psychopathy is a disorder that is linked to deviant pain processing and experience. 
Although the majority of studies have been focused on psychopathy in criminal 
offenders (Thompson, Ramos, & Willett, 2014), psychopathic personality traits are 
demonstrated to be normally distributed in the general population (Gao & Raine, 

Abstract

Empathy describes the ability to understand another person’s feelings. Psychopathy  
is a disorder that is characterized by a lack of empathy. Therefore, empathy and 
psychopathy are interesting traits to investigate with respect to experiencing and 
observing pain. The present study aimed to investigate pain empathy and pain 
sensitivity by measuring event-related potentials (ERPs) extracted from the ongoing 
EEG in an interactive setup. Each participant fulfilled subsequently the role of 
‘villain’ and ‘victim’. In addition, mode of control was modulated resulting in four 
different conditions; passive villain, active villain, active victim and passive victim. 
Response-, visual- and pain ERPs were compared between the four conditions. 
Furthermore, the role of psychopathic traits in these outcomes was investigated. 
Our findings suggested that people experience more conflict when hurting 
someone else than hurting themselves. Furthermore, our results indicated that 
self-controlled pain was experienced as more painful than uncontrolled pain. 
People that scored high on psychopathic traits seemed to process and experience 
pain differently than those low on psychopathic traits. According to the results of 
the current study, social context, attention and personality traits seem to modulate 
pain processing and the empathic response to pain in self and others. The within- 
subject experimental design described here provides an excellent approach to 
further unravel the influence of social context and personality traits on social 
cognition.
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4.1.3.2  Visual ERPs
Visual stimuli result in a series of peaks in the EEG and thereby determine the 
visual ERP. Perhaps the most studied component with respect to a wide range of 
cognitive processes is the P300 component (or P3). This visual P3 component is 
modulated by cognitive processes such as expectancy, relevance, meaning and 
attention (Gray, Ambady, Lowenthal, & Deldin, 2004). Several studies found that 
viewing painful stimuli caused a larger visual P3 amplitude over the posterior 
parietal area compared to viewing neutral pictures (Fan & Han, 2008; Meng et al., 
2012). 

4.1.3.3  Pain ERPs
Previous literature on empathy is mostly based on studies in which participants 
are not exposed to actual pain or pain in others directly (Botvinick et al., 2005; 
Singer et al., 2004). A more realistic, though controversial method, would be to 
introduce real-life situations of pain experience. Such experimental setups are not 
very common. One famous example stems from the controversial Milgram 
experiment that studied obedience (Milgram, 1963). In the current study, we 
adapted this approach to investigate the processing of painful stimuli delivered to 
oneself or to another person in both an active and a passive condition. Electro-
physiological methods are useful in obtaining objective measures of clinically and 
experimentally induced pain and have proven to be successful in characterizing 
ERPs elicited by painful stimuli (Iannetti, Zambreanu, Cruccu, & Tracey, 2005). 
Previous studies reporting pain ERPs describe an ERP that consists of a negative 
wave followed by a large positive wave that occurs ca 400 ms after pain onset 
(Iannetti et al., 2005; Vossen, van Breukelen, van Os, Hermens, & Lousberg, 2011). 
This positive peak has been labeled differently by several studies, for instance as 
a P2 (Iannetti et al., 2005) or as a P3 (Vossen, Van Breukelen, Hermens, Van Os, & 
Lousberg, 2011). In addition, this late positive component has been reported to be 
increased when the subjective pain experience is more intense and is generated 
by the cingulate gyrus (Iannetti et al., 2005). Therefore, it has been proposed that 
this component can be used as an objective measure of experienced pain (Bromm, 
1995; Chen, Chapman, & Harkins, 1979). 

4.1.4  The present study
The present study investigated pain- and empathy-related neuronal responses in 
a socially interactive setup. The main aim of this experiment was to investigate the 
differences in neuronal responses with respect to the participants’ role, when 
observing someone in pain (villain) or receiving a painful stimulus (victim) and their 
capacity, when actively controlling the painful stimulus (active) or having no control 
over the painful stimulus (passive). Therefore, we designed a paradigm that 

2010; Hare & Neumann, 2008; Levenson et al., 1995). Recent neuroimaging 
studies have suggested that an attenuated function in the amygdala and anterior 
insula underlies reduced empathy in individuals with high levels of psychopathic 
traits (Seara-Cardoso et al., 2015). Moreover, research revealed that people high 
in psychopathic traits show atypical neural activity in response to imagining 
others’ pain (Decety, Chen, Harenski, & Kiehl, 2013; Seara-Cardoso et al., 2015). 
Besides characteristics of lack of empathy, psychopaths tend to experience pain 
differently compared to non-psychopaths. For instance, Marcoux and colleagues 
(2014) found a higher pain threshold in people with psychopathic tendencies. 

4.1.3  Electrophysiology in pain research
Electrophysiological techniques, such as EEG, can discriminate event-related 
activity with a high temporal resolution and are therefore excellent methods to 
study if and when differences in neural signals related to certain events occur. 
Extracting such event-related activity from the ongoing electroencephalogram 
(EEG) allows researchers to study event-related potentials (ERPs). ERPs can be 
elicited by either actions, simple or complex stimuli, or events. This ERP technique 
allows us to directly study the neural responses associated with specific aspects 
of emotion and information processing. 

4.1.3.1  Response-locked ERPs
A specific component of the response-locked ERP that is studied in empathy- 
related research is the error-related negativity (ERN), which is an event-related 
potential that is associated with an incorrect motor response (e.g. a button press). 
It starts shortly before the time of an incorrect response and peaks around 100ms 
thereafter (Falkenstein, Hohnsbein, Hoormann, & Blanke, 1991; Gehring, Goss, 
Coles, Meyer, & Donchin, 1993). The ERN is generated within or near the dorsal 
anterior cingulate cortex (ACC; Dehaene, Posner, & Tucker, 1994). Electrophysio-
logical evidence demonstrated an association between the ERN, as electrophys-
iological correlate of action monitoring, and empathy-related affective responding 
(Larson, Fair, Good, & Baldwin, 2010; Thoma & Bellebaum, 2011). According to 
different theories, the ERN reflects the error-detection process itself (Falkenstein 
et al., 1991), or an emotional response to the error (Bush, Luu, & Posner, 2000). 
Regarding the latter, research showed that an increased ERN has been associated 
with, for instance, concern over the outcome of an event (Gehring, Himle, & 
Nisenson, 2000; Gehring & Willoughby, 2002). In line, a diminished ERN has been 
associated with a lack of concern over the outcome of an event (Santesso & 
Segalowitz, 2009). 
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context, attention and control over pain in self and others. Second, it enables us 
to better understand the role of psychopathic personality traits on social 
neurocognition. Third, the paradigm that was designed for this study provides as 
an alternative, more realistic method to study pain- and empathy-related 
behaviours.  

4.2  Methods

4.2.1  Participants
A total of 60 healthy volunteers (31 females) with an age between 18 and 56 
(M=31.57, SD=8.21) participated during a science fair: The Discovery Festival in 
Science Centre NEMO, Amsterdam, The Netherlands in September 2015. Before 
actual participation in the experiment, participants were subjected to a test trial to 
introduce the nociceptive electrical stimulus. Participants that signed up for the 
study provided written informed consent and for each participant a short medical 
checklist was filled out by the researcher. Procedures were approved by the Ethics 
Committee Social Sciences (registered under amendment ECG2012-1301-010a2) 
of the Radboud University Nijmegen, The Netherlands. Participants did not 
receive compensation for participation in this study and participants could leave 
the experiment at any time. One participant did not complete the whole experiment 
due to oversensitivity to the stimulation and two participants only completed two 
out of four conditions of the experiment. In addition, the EEG data of two 
participants contained excessive artefacts. Data of these five participants were 
excluded. The data of the remaining 55 participants (29 female; 9 left handed; age 
M=31.80, SD=8.00) were further analyzed.

4.2.2  Self-Report Psychopathy Short-Form (SRP-SF)
Before the start of the ERP experiment, participants were asked to fill out the 
Self-Report Psychopathy Short Form (SRP-SF). The Self-Report Psychopathy (SRP) 
scale is designed to assess psychopathic traits in an adult non-forensic sample 
(Hare, 1985). The present study used a Dutch translation of the short version of the 
SRP (SRP-SF) that included 29 of the 64 original questions. The SRP-SF is highly 
correlated (r=0.92) with the full version SRP (Paulhus, Neumann, & Hare, 2009) 
and has been proven to be valid and invariant across gender (Neumann & Pardini, 
2014a). The SRP-SF consists of two factors with each two subscales. Factor 1 (F1) 
covers interpersonal manipulation (e.g. ‘Sometimes you need to pretend that you 
like someone to get what you want’) and affective callousness (e.g. ‘Most people 
are weak’) and Factor 2 (F2) covers erratic lifestyle (e.g. ‘I’ve often done dangerous 
things just for the thrill’) and overt antisociality (e.g. ‘Sometimes I carry a weapon 

included four conditions. During the first condition (‘passive villain’) the participant 
passively watched another person pressing a button. During the second condition 
(‘active villain’) the participant had to press the button him- or herself. During the 
third condition (‘active victim’) the participant received the electrical shocks after 
pressing the button him- or herself and during the fourth condition (‘passive 
victim’) another person was pressing the button while the participant was receiving 
the electrical shocks. In addition, we asked participants to fill in a self-report 
questionnaire to measure psychopathic traits in order to investigate the role of 
psychopathic personality traits on pain- and empathy-related neuronal responses. 
 We studied four contrasts in this paradigm. The first contrast compared the 
ERN of the response-locked ERP of the active villain versus the active victim. This 
enabled us to study the amount of conflict the participant is experiencing when 
hurting himself or another person. Based on the fact that humans are social 
animals and are capable of showing empathy towards others, we expected the 
‘active villain’ to show an increased ERN compared to the ‘active victim’. Since 
psychopaths are characterized with low empathy, we expected that this effect 
correlated negatively with psychopathic traits.  
 The second contrast considered the potential difference between passive 
and active observing of another person in pain. The visual P3 component of the 
visual ERP of the passive villain versus active villain were compared. We expected 
a higher visual P3 component for the active villain compared to the passive villain 
condition, since the active role creates a more involved and responsible position 
for the villain. In line, we expected a negative correlation of psychopathic traits- 
with the magnitude of the visual P3 effect.
 The third contrast compared the P3 component of the visual ERP of the active 
victim versus the passive victim. This enabled us to study the role of having control 
over pain. Losing control over a threatening situation increases attention/vigilance 
which results in an increased visual P3 component. Therefore we expected to find 
higher visual P3 components for the passive victim compared to the active victim. 
We did not expect this contrast to be linked to psychopathic traits. 
 Also the fourth contrast is related to control over pain. We compared the late 
positive pain component of the pain ERP of the active victim versus the passive 
victim. It has been demonstrated that pain is perceived as less intense when it is 
self-controlled (Pellino & Ward, 1998). This effect is reflected in attenuated neural 
responses in reaction to self-controlled pain (Salomons et al., 2004). Therefore, 
we expected to find an increased late positive pain component for the passive 
victim compared to the active victim. We did not expect this contrast to be linked 
to psychopathic traits.
 Social neurocognition is a relatively new emerging field of social cognitive 
neuroscience. First, the current study provides insight into the influence of social 
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in others could influence later pain experience or pain observation in others 
(Meng et al., 2013; Meng, Butterworth, Malecaze, & Calvas, 2012).

4.2.4  EEG recordings
All measurements were obtained using two mobile EEG labs. EEG and electro- 
oculography (EOG) signals were recorded with an actiCap-system which uses 
active Ag/AgCl electrodes (Brain Products GmbH, Munich, Germany). The Fz, Cz, 
and Pz electrodes were placed according to the international 10-20 system, with 
an additional electrode on the right mastoid bone, the ground electrode at AFz, 
and the reference electrode over the left mastoid bone with self-adhesive rings. 
Post-recording, the electrodes were rereferenced to linked mastoids and filtered 
between 0.1 and 30 Hz. Electrode impedance was kept below 20 kΩ which is 
appropriate for active electrodes (Mathewson, Harrison, & Kizuk, 2017). Eye 
movements were recorded by electrodes placed below the left eye and at the 
outer canthus of the left eye. The signal was digitized at 1000 Hz.

4.2.5  Stimuli
The response-locked ERNs were captured when a large red button was pressed 
(diameter: 9.5 cm; height: 5.5 cm), visual ERPs were time-locked to the presentation 
of a visual warning stimulus (white circle on a black background) for 200ms and 
pain ERPs were elicited by electric stimuli.
 The electrical stimulation was delivered on the volar side of the non-dominant 
forearm by a concentric ring-electrode (Katsarava et al., 2006) attached to a 
Digitimer DS7-AH electrical stimulator (Digitimer Ltd). The participant received in 
total 30 electrical stimuli across both victim conditions, where each stimulus 
consisted of a rapid train of seven pulses with a 2ms duration and a 2ms inter- 
pulse-interval. Stimulus intensity was set to correspond to a perceived intensity of 
7 on a scale of 0 to 10, where ‘0’ corresponds with “I don’t feel anything”, and ’10’ 

(knife or gun) to protect myself’). Questions needed to be rated on a 5-point Likert 
scale (1=strongly disagree, 5= strongly agree). 

4.2.3  ERP paradigm
Two participants were involved in the task at the same time and EEG of both 
participants was recorded during the whole experiment. The experiment included 
four conditions, each consisting of 15 trials. During the first condition (‘passive 
villain’) participant N and participant N-1 were seated next to each other while 
facing the same computer screen. Participant N-1 was instructed to press a large 
red button which, after 750ms, led to a 200ms-presentation of a visual stimulus 
(white circle on a black background). The nociceptive electrical stimulus was 
delivered 750 ms after the onset of the visual stimulus to the left hand of participant 
N-1 (Figure 4.1). 

During the second condition of the experiment (‘active villain’) the roles for pushing 
the button were switched. Participant N was instructed to press the button while 
Participant N-1 still received the electrical stimulus. In third condition (‘active 
victim’) participant N was moved to the location of participant N-1 who would now 
leave the experiment. A new participant, Participant N+1, was introduced in the 
experiment starting with condition 1. Participant N was instructed to press the 
button which, after stimulus presentation, resulted in the electrical stimulus at his/
her own arm while Participant N+1 was observing. In the last condition (‘passive 
victim’) participant N and participant N+1 switched roles for pressing the button. 
Participant N+1 was instructed to press the button while Participant N received the 
electrical stimulus. For a schematic representation of the design, see Figure 4.2.
 Thus, each participant completed all four conditions. We chose not to 
randomize the different conditions, since, in line with the shared representation 
model (Decety & Jackson, 2004), previous pain experience or observation of pain 

Figure 4.1 Schematic representation of sequence of events. A button press is followed by a 
visual stimulus on the screen (750 ms) for 200 ms and an electrical shock (1500 ms).

Figure 4.2 Schematic representation of the paradigm. Participant N undergoes all four 
conditions. In the first two conditions it acts as villain and then switches to victim, which is 
accompanied by N - 1 leaving the task and N + 1 entering.
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victim) from the experimental condition (active villain/passive victim). All statistical 
analyses were performed in IBM SPSS Statistics Version 22.

4.3  Results

Grand average response-locked, visual and pain ERPs were constructed (Figure 
4.3). An average of 4.1% (SD=2.8%) of trials was excluded due to contamination 
with artifacts. 

4.3.1  The ERN component of the response-locked ERPs 
The first contrast compared the ERN of the active villain and the active victim 
(Figure 4.4). A significant main effect for role was found where the ERN was more 
negative for the villain than the victim (F(1,54)=6.15; p=.016; ηp2=.102) (Figure 4.3: 
Response ERP). As expected, a main effect for electrode was found (F(1.53,82.83)= 
13.19; p<.001; ηp2=.196). No interaction effect was observed between role and 
electrode (F(1.61,86.83)=1.534; p=.223; ηp2=.028). The ERN was maximal at the  
Fz electrode, therefore the magnitude of the ERN difference at Fz was used  
to calculate the correlations with psychopathic traits. However, there were no 
significant correlations with psychopathic traits.

corresponds with “maximum tolerated pain”) beforehand and was kept consistent 
throughout the experiment. Participants were exposed to short series of test stimuli 
after which they decided to participate in our experiment. All participants included 
in the analysis tolerated the painful stimulation. 

4.2.6  EEG analyses
The segments belonging to the response, the visual stimulus and the nociceptive 
stimulus were selected offline. Epochs were defined as ranging from -250ms to 
750ms based on stimulus or response markers for each of the three events. 
Baseline correction was applied using the interval of -250ms to 0ms. To allow 
blind scoring, component amplitudes were defined as the averaged value within 
a fixed latency window: The ERN component (20ms-70ms), the visual P3 component 
(410ms-460ms), the late positive pain P400-500 component (400ms-500ms). After 
visual inspection of the grand average ERPs, the ERN, the visual P3 and pain 
P400-500 could be identified. Amplitudes of these components were determined 
as the average value within a fixed latency window (Picton et al., 2000). Segments 
were corrected for EOG artefacts by employing the Gratton & Coles algorithm 
(Woltering, Bazargani, & Liu, 2013). In contrast to Woltering and colleagues (2013), 
averaging subtraction was not applied in the current analysis, which left the ERP 
components of interest unaffected. Trials contaminated with artefacts exceeding 
150 µV were excluded. From the total amount of 825 trials that were measured 
during the experiment, 797 trials were included for further analysis. A 250ms 
interval was used for baseline correction and response-locked, visual and pain 
ERPs were subsequently averaged per stimulus type. By averaging, all relevant 
ERP components were extracted from the ongoing signal according to Table 4.1. 

4.2.7  Statistical analyses
The ERN, the visual P3, and the pain P400-500 component amplitudes at Fz, Cz, and 
Pz were further analysed using repeated measures GLMs. The ERN and the pain 
P400-500 were analysed using a 2-by-3 design; capacity (passive/active) or role 
(villain/victim) and electrode site (Fz, Cz, and Pz) functioned as within-subject 
variables. The visual P3 was analysed using a 2-by-2-by-3 design, as all four 
conditions were included, which cover two potential roles (villain/victim) in an active as 
well as a passive capacity (also see Table 4.1). Greenhouse-Geisser correction 
was applied when the sphericity assumption was violated. The significance level 
was set at α < .05. Since the hypotheses concerning the contrasts were formulated 
a priori, no correction of the p-values was required.
 Furthermore, we studied the correlations of the total scores and the subscales 
of the SRP with the difference scores of the contrasts. Difference scores of the 
contrasts were calculated by subtracting the control condition (passive villain/active 

Table 4.1   Schematic representation of the conditions, the event-related 
potentials and the contrasts

Passive villain Active villain Active victim Passive victim

Motor Response ERN ERN

Interval (ms) 20-70 20-70

Visual stimulus P300 P300 P300 P300

Interval (ms) 410-460 410-460 410-460 410-460

Electrical shock P400-500 P400-500

Interval (ms) 400-500 400-500

Notes. Horizontal: conditions, Vertical: event-related potentials.
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The third contrast compared the visual P3 of the active victim and the passive 
victim (Figure 4.6). According to the overall GLM, a main effect for capacity  
was found. The visual P3 was decreased for the active victim compared to the 
passive victim (Figure 4.3: Visual ERP). There were no significant correlations with 
psychopathic traits.

4.3.2  The P3 component of the visual ERPs
Both the second and third contrasts were tested using a single (2-by-2-by-3) 
overall GLM, which showed an effect of role (villain/victim) (F(1,54)=5.446; p=.023; 
ηp2=.092) as well as an effect of capacity (active/passive) (F(1,54)=9.223; p=.004; 
ηp2=.146) on the P3. No interaction between role and capacity was present (F(1,54)= 
.794; p=.377; ηp2=.014), nor was a three-way interaction apparent (F(2,108)=1.031; 
p=.360; ηp2=.019). This means that the effect of capacity was present in both roles, 
which then relates directly to the two contrasts (contrast two and contrast three). 
A significant effect of electrode was found (F(1.76,95.22)=3.611; p=.030; ηp2=.063), 
with the P3 being maximal at Pz. Therefore, Pz was used for further analysis. There 
was no interaction effect of electrode with capacity (F(1.77,95.69)=1.345; p=.265; 
ηp2=.024) or role (F(2,108)=.804; p=.450; ηp2=.015).
 The second contrast compared the visual P3 of the passive and the active 
villain (Figure 4.5). A main effect of capacity was found for the P3, as showed by 
the overall analysis given above. The visual P3 was decreased for the active villain 
compared to the passive villain (Figure 4.3: Visual ERP). There were no significant 
correlations with psychopathic traits.

Figure 4.3 Grand average event-related potentials (ERPs). The response-locked ERPs of 
the active villain vs. active victim, the visual ERPs of the passive villain vs. active villain, 
the visual ERPs of the active victim vs. passive victim and pain ERPs of the active victim vs. 
passive victim.

Figure 4.4 The response-locked error-related negativity (ERN) active villain vs. active 
victim. ERN amplitude (µV) of the midline electrodes (Fz, Cz, Pz) are displayed. The ERN was 
significantly more negative for the villain than the victim (ηp2= 0.102; p = 0.016).

Figure 4.5 The visual P3 passive villain vs. active villain. Visual P3 amplitude (µV) of the 
midline electrodes (Fz, Cz, Pz) are displayed. The visual P3 was decreased for the active 
villain compared to the passive villain ( ηp2= 0.116; p = 0.010).
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4.4  Discussion

The current study investigated the neural responses of pain- and empathy-related 
processes in a social, EEG-coupled paradigm. Moreover, we were interested in 
possible links with psychopathic traits. The first contrast compared the ERNs 
resulting from the button press of the active villain and the active victim. A clear 
ERN appeared in response to inflicting pain. Since the ERN is related to conflict, 
this finding suggests that people experience conflict when hurting themselves 
or someone else. This outcome is consistent with other findings on empathy 
(Avenanti, Bueti, Galati, & Aglioti, 2005; Bufalari et al., 2007; Decety, 2010; Singer 

4.3.3  The P400-500 component of the pain ERPs
The fourth contrast compared the pain P400-500 of the active victim and passive 
victim (Figure 4.7a). There was a significant main effect for capacity (F(1,54)=4.87; 
p=.033; ηp2=.082) where the pain P400-500 was decreased for the passive victim 
compared to the active victim (Figure 4.3: Pain ERP). Moreover, there was a main 
effect for electrode (F(1.36,73.41)=7.59; p=.004; ηp2=.123). The pain P400-500 was 
maximal at the Pz electrode, therefore Pz was used for further analysis. There was 
no interaction effect for electrode and capacity (F(1.42,76.41)=.473; p=.625; 
ηp2=.009) . 
 The difference score of the pain P400-500 was negatively correlated with the 
total score on the SRP (r=-.370; p=.005; Figure 4.7b). More specifically F1 scores of 
the SRP negatively correlated with difference scores of the pain P400-500  (r=-.328; 
p=.015) and the interpersonal subscale seemed to play an important role (r=-.321; 
p=.017). F2 scores of the SRP negatively correlated with difference scores of the 
pain P400-500 (r=-.343; p=.010), where the lifestyle subscale seemed to play an 
important role (r=-.412; p=.002). 

Figure 4.6 The visual P3 passive victim vs. active victim. Visual P3 amplitude (µV) of the 
midline electrodes (Fz, Cz, Pz) are displayed. The visual P3 was decreased for the active 
victim compared to the passive victim.

Figure 4.7 Pain P400–500 passive victim vs. active victim. P400–500 amplitude (µV) of  
the midline electrodes (Fz, Cz, Pz) are displayed in (A). The pain P400–500 was decreased for 
the passive victim compared to the active victim (ηp2= 0.082; p= 0.033). Scatterplots of the 
correlations with the total Self-Report Psychopathy (SRP) score (r = 0.370; p < 0.001) are 
shown in (B).

A

B
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& Lamm, 2009). More specifically, our findings suggest that people experience 
more conflict when hurting someone else than when hurting themselves. To the 
best of our knowledge, this direct comparison between self-compassion and 
empathy for others was not made before. Although we would have expected that 
psychopathic traits correlate negatively with the ERN, we could not confirm this in 
the current study. 
 The second contrast compared the visual P3 components of the villain 
between the passive and active condition. Results indicated a higher visual P3 
amplitude for the passive villain compared to the active villain. Previous findings 
suggested the amplitude of visual P3 to be larger for relevant stimuli than irrelevant 
stimuli (Steffensen et al., 2008). In the present study the visual stimulus predicting 
an upcoming shock seems more relevant for the passive villain than for the active 
villain. For the active villain, the button press already provides information about 
the upcoming electrical stimulus and the visual stimulus does not add any new 
information. For the passive villain, the stimulus provides new information. 
Therefore, we could conclude that our finding is in line with previous literature. 
This effect did not seem to be influenced by psychopathic traits as no significant 
correlations were observed.
 The third contrast compared the visual P3 components of the active and the 
passive victim. As expected, results indicated an increase in visual P3 amplitude 
for the passive victim compared to the active victim. This suggested that the loss 
of control over the shock led to heightened attention or vigilance in the passive 
condition. This effect did not seem to be influenced by psychopathic traits as no 
significant correlations were observed.
 The fourth contrast compared the pain P400-500 components of the active and 
the passive victim. Results showed an increased pain P400-500 amplitude for the 
active victim compared to the passive victim in response to the shock. This finding 
is contradicting other studies that suggest that self-controlled pain is perceived as 
less intense (Pellino & Ward, 1998). A more recent study showed that less 
predictable pain has a larger impact. However, this is not expressed in pain 
experience but in physiological impact (heart rate, reaction times) and primary 
tasks (Arntz & Hopmans, 1998). Moreover, pain literature suggests that attention to 
pain increases the perceived pain intensity (Villemure & Bushnell, 2009). Actively 
attributing pain to oneself could heighten attention during the trial, thus also for 
receiving the shock, and therefore explain the increased pain P400-500 in the 
active victim in the current study. Besides, the SRP negatively correlated with the 
pain P400-500 difference score. This suggests that the more psychopathic traits, 
the less different the pain is experienced in a situation in which the shock is 
delivered by themselves compared to a situation in which the shock is delivered 
by another person. Possibly, painful stimuli might be perceived as being less 

salient for people scoring high compared to people scoring low on psychopathic 
traits, and painful stimuli might therefore attract less attention with increased 
psychopathic traits in both conditions.
 In all, recent findings indicate that people experience more conflict when 
hurting others than when hurting themselves. Furthermore,  the results indicate 
that self-controlled pain was experienced as more painful than uncontrolled pain, 
which contradicts earlier findings in pain research. Besides, findings showed that 
people that scored high on psychopathic traits seemed to attend to and experience 
pain differently. Based on these findings, we suggest that social context, attention 
and personality traits are important modulators of pain- and empathy-related 
neuronal responses. Pain experience can be modulated by attention and the way 
that pain is controlled (self or other). Relevance of being in control or not, the 
processing of pain predicting stimuli, the salience of such stimuli and attention 
directed towards these stimuli are all important modulators of empathy-related 
neuronal responses. In line, psychopathic traits, and indirectly empathic traits, 
affect pain related neuronal responses.
 When interpreting the results, we should take into account that the sequence 
of conditions was equal for all participants based on ethical considerations. We 
encountered the order effect of first undergoing the villain conditions followed by 
the victim conditions. Two distinct forms of perspective taking are described as 
the ‘imagine-other’ and ‘imagine-self’ perspective. Where ‘imagine-other’ 
perspective describes the situation in which someone imagines how the other 
perceives a certain situation and how the other feels as a result, the ‘image-self’ 
perspective describes the situation in which you imagine how you would perceive 
a certain situation, were you in the other’s position and how you would feel as a 
result (Batson, Early, & Salvarani, 1997). The present study measures the 
imagine-self perspective during the villain conditions, since the villain is aware of 
the fact that he will be put in the position of the victim afterwards. This could be 
beneficial because participants experience feelings of distress during the villain 
conditions (Batson et al., 1997) and this may lead to stronger effects during all 
conditions. However, the order effect might also be seen as a limitation. Since the 
active victim condition is always first, this could result in a habituation effect for the 
passive victim. 
 Another limitation is that the inclusion criteria were lenient. For instance, age 
was not restricted and from previous literature we learned that older participants 
show longer P3 latencies (Kuba et al., 2012; Mullis, Holcomb, Diner, & Dykman, 
1985). Moreover, the experiment was done overnight at a science festival. These 
limitations were mostly controlled by the within-subject design and even though 
this experiment was performed in a semi-controlled environment, we found robust 
effects that were overall in line with previous literature. 
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 All in all, we suggest that both pain and empathy-related neuronal responses 
are modulated by social context, attention and personality traits. Moreover, 
the within-subject experimental design described in this study thus provides an 
excellent approach to further unravel the influence of personality traits on social 
cognition.
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5.1  Introduction

Psychopathy is a personality construct that is typified by social-emotional deficits, 
an erratic lifestyle, and antisocial behavior (Hare, 1985, 1991). It has been 
demonstrated that the construct of psychopathy is dimensional in nature and 
consists of a constellation of traits that vary along a continuum (Gao & Raine, 2010; 
Hare & Neumann, 2005; Hare & Neumann, 2008; Levenson et al., 1995). This line 
of work has shown that psychopathic traits can be measured in both offenders 
and among the general community (Brandt, Kennedy, Patrick, & Curtin, 1997; 
DeMatteo, Heilbrun, & Marczyk, 2006; Malterer, Lilienfeld, Neumann, & Newman, 
2010; Neumann & Hare, 2008). The historically dominant view postulates that 
psychopathy consists of four facets capturing disturbances in the interpersonal 
(e.g. showing superficial charm, manipulative behavior and deceitfulness) and 
affective domains (e.g. being callous, lack of empathy and guilt), combined with 
the tendency to lead and erratic lifestyle (e.g. impulsivity, leading a parasitic 
lifestyle, irresponsibility) and to engage in antisocial behaviors (e.g. aggressiveness, 
juvenile delinquency and criminal versatility). The combination of interpersonal 
and affective facets is believed to be unique to psychopathy, while the lifestyle 
and antisocial components represent more general traits that can be found across 
antisocial populations (Blackburn, 2007; Hare & Neumann, 2009). Support for this 
model has been provided by several studies across a wide variety of samples (Hill 
et al., 2004; Kosson et al., 2002; Neumann et al., 2007; Olver et al., 2013).  
 In clinical settings, individuals with elevated levels of psychopathy are known 
for their reduced ability to monitor and adequately adapt their behavior in response 
to treatment (Ly et al., 2016). Research has shown that these maladaptive 
tendencies are linked to impairments in associative learning (Blair et al., 2004; 
Mitchell, Richell, Leonard, & Blair, 2006; Newman & Kosson, 1986; Patterson & 
Newman, 1993). For instance, psychopathic offenders show deficits in learning 
about the association between a stimulus and a reinforcer that occurs in temporal 
proximity to this stimulus (i.e. contingency learning) (Brazil et al., 2013; Brazil, Maes 
et al., 2013; Gregory et al., 2015; Von Borries et al., 2010). Associative learning also 
plays a key role in the acquisition of desirable social behaviors (Behrens, Hunt, & 
Rushworth, 2009) and seems to be one of the mechanisms through which we 
learn about social expectations and moral reasoning (Blair, 2013; Blair & Cipolotti, 
2000). The tendency to consistently violate social norms and to behave antisocially 
clearly indicates that there are disturbances in social learning in psychopathy 
(Brazil et al., 2011). Indeed, individuals with psychopathic tendencies have been 
found to show impaired learning from social information (Blair, 2007; Brazil et al., 
2013; Brazil et al., 2011) and fail to take advantage of standard socialization 
techniques (Wootton, Frick, Shelton, & Silverthorn, 1997). As a consequence, they 

Abstract

Individuals that are characterized with a high level of psychopathic traits tend to 
consistently violate social norms and seek personal gains. Previous studies 
indicated that this behavior could be caused by impairments in associative 
learning. In order for associative learning to be successful, we need to constantly 
monitor the relationship between events and their outcomes and adapt our 
behavior in response to changes in these event-outcome contingencies. Recent 
advances in computational modelling approaches offer insight into the unobservable 
computational processes that are thought to be required for associative learning. 
In the current study, we used such a model to investigate the associations between 
psychopathic traits and the computational processes underlying adaptive behavior 
during associative learning. Moreover, we were interested in the role of oscillatory 
theta activity, given its potential involvement in adaptive control processes. 
Participants performed a reinforcement learning task in which the trade-off between 
using social and reward (non-social) information affected the task performance 
and the associated monetary reward for the participant. The findings indicated 
that increasing levels of psychopathic traits co-occurred with greater impairments 
in learning from social information, and suggested that interpersonal traits were 
linked to a reduced ability to adapt to changes in the trustworthiness of social 
advice. These impairments did not lead to a preference for one of the information 
sources, and the decreased task performance did not affect the risk that was 
taken in order to obtain a high reward. Furthermore, it was found that decreased 
theta power was linked to higher levels of psychopathic traits, which aligns with 
indications that theta is involved in tracking the volatility of social information. 
These findings contribute to our understanding of how psychopathic traits are 
associated to adaptive mechanisms underlying associative learning.
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between ACCs and ACCg for processing of social and non-social information, 
respectively, in both man (Baumgartner, Heinrichs, Vonlanthen, Fischbacher, & 
Fehr, 2008; Kosfeld, Heinrichs, Zak, Fischbacher, & Fehr, 2005) and macaques 
(Behrens et al., 2007; Matsumoto, Matsumoto, Abe, & Tanaka, 2007; Rudebeck, 
Buckley, Walton, & Rushworth, 2006; Van Hoesen, Morecraft, & Vogt, 1993).  
 After the information related to volatility has been coded by the substructures 
of the ACC, the information is then combined in the medial prefrontal cortex 
(mPFC) to guide further adaptation of behavior (Behrens et al., 2008). Electrophysio-
logical findings have suggested that midfrontal activation in the theta frequency 
band, recorded from electrodes over the mPFC, reflects a common mechanism for 
implementing adaptive control in situations involving uncertainty about actions and 
outcomes (Cavanagh, Frank, Klein, & Allen, 2010; Cavanagh, Zambrano- Vazquez, 
& Allen, 2012). Theta activity was found to be associated with representations 
concerning the occurrence of reward and also with learning rate (Cavanagh, 
Figueroa, Cohen, & Frank, 2012; Cavanagh et al., 2010; Cavanagh, Zambrano- 
Vazquez et al., 2012; Cohen, Elger, & Ranganath, 2007; Ferdinand, Mecklinger, 
Kray, & Gehring, 2012; Marco-Pallares et al., 2008; Mas-Herrero & Marco-Pallarés, 
2014; Talmi, Atkinson, & El-Deredy, 2013). For instance, Mas-Herrero and Marco- 
Pallarés (2014) demonstrated that theta-band activation is linked to inaccuracies in 
expectations of reward (i.e. reward prediction errors) in both the acquisition of 
contingencies and after reversal of these contingencies. Furthermore, they found 
that fluctuations in theta band activity covaried with the learning rate across 
participants during both types of learning. Theta activation was larger during 
reversal learning as compared to acquisition learning, which is in line with the 
suggestion that the mPFC, including the anterior cingulate cortex (ACC), tracks the 
environmental volatility (Behrens et al., 2007). The authors proposed that increases  
in frontal theta activity could be analogous to the increase of mPFC activity 
associated with the learning rate that were demonstrated in previous fMRI studies 
(Behrens et al., 2007; Jocham, Neumann, Klein, Danielmeier, & Ullsperger, 2009; 
Krugel, Biele, Mohr, Li, & Heekeren, 2009; Walton, Devlin, & Rushworth, 2004; 
Yoshida & Ishii, 2006). Thus, midfrontal theta can be seen as an electrophysiological 
marker reflecting adaptive control processes during associative learning. 
 Although research on EEG dynamics in the time-frequency domain in relation 
to psychopathy is scarce (Clark, Bontemps, Batky, Watts, & Salekin, 2019), a few 
studies have indicated a role for the theta frequency band in information processing  
in psychopathic offenders. Two studies found reduced theta in response to 
affective stimuli (Eisenbarth et al., 2013; Tillem et al., 2016) and this was suggested 
to underlie impairments in the processing and integration of sensory information 
(Tillem et al., 2016). Other work has examined theta in relation to external correlates 
of psychopathy, such as externalizing behavior (Bernat et al., 2011) and antisocial 

are more likely to learn to use antisocial (moral) strategies to achieve their goals 
(Driessen, van Baar, Sanfey, Glennon, & Brazil, in press; chapter 6), which has a 
detrimental impact on their social environment and their acceptance by their peer 
group. 
 Recent studies have provided insight into the computational mechanisms  
that are thought to underlie associative learning (Behrens, Hunt, Woolrich, & 
Rushworth, 2008; Brazil et al., 2013; Cohen, 2008; Oba et al., 2019; Sutton & Barto, 
2011). Learning the value of information requires the accurate generation of estimates 
(or ‘representations’) of the characteristics of each stimulus-outcome contingency 
(Brazil et al., 2017). As we live in a complex and dynamic environment, these 
contingencies may change over time (Dayan, Kakade, & Montague, 2000). 
Consequently, we need to constantly monitor the relationship between events 
and their outcomes and update our representations of the contingencies after 
each observation in order to keep the representations accurate. However, we are 
not capable of forming perfect representations because i) there will always be 
inaccuracy in how we process incoming sensory information (Findling, Skvortsova, 
Dromnelle, Palminteri, & Wyart, 2019), and ii) the characteristics of the contingencies 
could change over time (i.e. volatility) (Behrens, Woolrich, Walton, & Rushworth, 
2007). The level of volatility determines how much a person learns; we learn the 
least when contingencies remain stable and predictable in the environment (i.e. 
low learning rate and low uncertainty), while rapid changes in the environment 
force us to learn quickly how we should adapt our estimates of the contingencies 
(i.e. high learning rate and high uncertainty) (Behrens et al., 2007; Courville, Daw, 
& Touretzky, 2006; Dayan et al., 2000). Furthermore, the rate at which contingency 
changes are perceived to occur affects our representation about the overall 
likelihood that the contingencies will change, indicating that these two quantities 
are hierarchically coupled (Brazil et al., 2017; Mathys, Daunizeau, Friston, & Stephan, 
2011; Mathys et al., 2014). Thus, appropriate adaptation of behavior depends in 
part on our ability to learn about the rate and overall likelihood with which 
contingencies can change in our environment, and also on how well these two 
processes interact.
 Importantly, behavioral adaptation can be triggered by changes in social and 
non-social factors. Previous studies have demonstrated that learning from social 
information and (non-social) reward are subserved by similar mechanisms, even 
though these are implemented in distinct neural regions (Behrens et al., 2008; 
King-Casas et al., 2005). Neuroimaging findings have pointed out that the learning 
rate predicted BOLD activation in the anterior cingulate sulcus (ACCs) during 
social learning, whereas the learning rate predicted BOLD activation in the anterior 
cingulate gyrus (ACCg) during reward-based learning (Behrens et al., 2008). 
These findings are in line with earlier studies indicating a functional dissociation 
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relation to psychopathic traits, based on the proposed role of theta in adaptive 
control during associative learning and previous studies that indicated a negative 
link between theta band activation and psychopathy.

5.2  Methods

5.2.1  Participants
Based on a priori samples size calculations (power=.85), eighty-six participants 
were included in this study (36 males). Participants were between 18 and 35 years 
of age (M = 24.1, SD = 2.8) and were native Dutch speaking. Exclusion criteria for 
the current study were self-reported epilepsy, head surgery, claustrophobia, 
history of other neurological conditions or psychiatric disease, use of psychoactive 
medication or substances, and pregnancy. 
 Participants were selected from a large database (N=1519, 309 males) based 
on their level of psychopathic traits, which was assessed with the short-form 
version of the self-report psychopathy checklist (SRP-SF; Dutch version: Gordts et 
al., 2017). The SRP-SF is a self-report questionnaire including 29 items that need 
to be rated on a 5-point Likert scale. Subscale scores (interpersonal, affective, 
lifestyle, and antisocial) can be derived as well as a total score. A substantial 
amount of literature supports the validity and reliability of the SRP-SF in community 
samples (Gordts et al., 2017; Hare & Neumann, 2008; Lilienfeld et al., 2006; 
Neumann & Pardini, 2014). Internal consistency in the sample was high (all 
Cronbach’s alpha > .75). Participants in the large database were recruited via local 
advertisement and an online research participation system (SONA systems) of the 
Radboud University in Nijmegen. The total scores in the large sample (N=1519, 309 
males) were divided in quartiles to make sure that 25% of the participants ended 
up in the top and bottom quartiles, while 50% of the participants ended up in the 
two middle quartiles. We selected 86 participants (36 males) based on their SRP 
total score for the current study. The top and bottom quartiles were oversampled 
in order to enhance the presence of extreme scores on both sides of the 
distribution (8, 60). Consequently, 20 participants (23.3%) belonged to the lowest 
quartile, 40 participants (46.5%) belonged to the two middle segments, and 26 
participants (30.2%) belonged to the upper quartile. 
 The participants provided written informed consent prior to the onset of the 
study, and received monetary compensation at the end of the study. Procedures 
were approved by the Ethics Committee Social Sciences of the Radboud University 
Nijmegen, Netherlands. Six participants showed major distortions in at least one 
of the midfrontal electrodes, therefore we excluded these participants from the 
electrophysiological analyses.

behavior (Mednick, Vka, Gabriella, & Itil, 1981). Thus, there is no clear consensus 
on the role of theta oscillations in psychopathy. Moreover, there are no studies 
that looked into adaptive control processes and theta in relation to psychopathic 
traits.
 The link between psychopathy and disturbances in associative learning was 
initiated by studies using basic behavioral outcomes such as accuracy rates and 
reaction times (e.g. Blair, 2004; Brazil, Maes, et al., 2013; Gregory et al., 2015; 
Mitchell et al., 2006; Newman & Kosson, 1986; Patterson & Newman, 1993;  
Von Borries et al., 2010). Although these studies provided valuable insights,  
the approach employed did not allow a direct quantification of the different latent 
computations occurring within the mechanism of associative learning. Recent 
advances in computational modelling approaches offer insight into the unobservable 
computational processes that are thought to be required for associative learning, 
such as estimations of changes in reward probability or reward size (e.g. Behrens 
et al., 2008; Behrens et al., 2007; Mathys et al., 2014). By examining associative 
learning in a group of individuals with varying levels of psychopathic traits with the 
use of such a model, we could obtain deeper insight into the latent processes 
within the associative learning mechanisms that are disturbed these individuals. 
To date, only a few studies have employed methods that allow for a more detailed 
view into the learning mechanism (Blair, 2004; Brazil et al., 2017; Brazil, Maes, et al., 
2013; Oba et al., 2019). The increased precision offered by such an approach can 
be further enhanced by additionally collecting electrophysiological measurements 
of the mPFC that can be used as direct measures of adaptive control during 
associative learning. Therefore, the present study combined computational 
modelling with electrophysiological measurements in order to investigate how 
levels of psychopathic traits covary with i) the use of social and non-social 
information during associative learning, ii) the updating of representations 
concerning the volatility of reward and social advice, and iii) oscillatory theta band 
activation during associative learning. Based on findings pointing towards 
impaired associative social learning in psychopathy (Blair, 2013; Brazil et al., 2013; 
Brazil et al., 2011), we expected interpersonal-affective traits to be negatively 
related to the use of social advice during learning. In contrast, we predicted that 
lifestyle-antisocial traits should be positively linked to the use of reward during 
learning, based on previous studies linking high levels of impulsive-antisocial 
traits to hypersensitivity to reward (Buckholtz et al., 2010). At the computational 
level, we hypothesized that increasing levels of interpersonal-affective and 
antisocial traits should be linked to disturbances in the representation of volatility, 
based on findings suggesting that these psychopathic features are linked to an 
excessively large variability in the representation of volatility during threat 
conditioning (Brazil et al., 2017). Finally, we expected reduced theta activity in 
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order to reduce variance in the task. (Diaconescu et al., 2017) showed that there 
were no performance differences or differences in reliance on the advice between 
different advisors in a similar task. 
 The color-reward probabilities and the advisor intentions varied independently 
across trials. This resulted in four different task phases, 1) stable card and volatile 
reward, 2) stable card and stable reward, 3) volatile card and stable reward, and 4) 
volatile card and volatile reward (Figure 5.2). This enabled us to investigate the 
effect of volatility for the card and advice independently. 
 In addition to the opportunity to infer the advice accuracy as a function of the 
advisor’s intentions, participants could infer the card probabilities based on the 
reward outcome history. After the selection of one of the cards (blue or green), 
participants were asked to wager a number of points between one and ten to 
indicate how confident they were about their predictions. In each trial, the start 
position of the marker of the wager was random to ensure that participants did not 

5.2.2  Wager task
The Wager task is a modified version of the deception-free binary lottery game 
created by (Diaconescu et al., 2014) (Figure 5.1). The task included 160 trials with a 
short break after 70 trials. In each trial, participants were asked to predict the 
outcome of a card draw – blue or green-  while they had access to two sources of 
information, information from the “advisor” (social information) and individually 
experienced recent outcome history (reward information). In each trial, the draw 
was preceded by a short video clip that showed the advisor holding up one of  
the two cards, therewith recommending to the participant which card to choose. 
The video clips were previously recorded face-to-face sessions (Diaconescu et al., 
2017). The advisors based their suggestion on true but probabilistic information with a 
constant probability of 80%, however, this was not made aware to the participant. 
Furthermore, the advisors received monetary incentives to change their strategy 
and provide either helpful or misleading advice at different phases of the task. 
Although the original study included four advisors (two males, two females), 
the current study used the video clips of one male advisors for all participants in 

Figure 5.1 Schematic overview of the Wager task. The participant predicts the outcome of 
a binary lottery in which the color of a card (blue or green) corresponds to a positive or 
negative reward (points). The participant can use two sources of information; 1) outcomes 
on previous trials (i.e. reward information), 2) advice of a confederate who is more informed 
about the outcomes of the task (i.e. social information). After the participant has chosen a 
card he/she can invest a certain amount of points (0-10) that determines the reward in case 
the prediction was correct (add points) or incorrect (deduct points). Each trial consists of 
four phases: 1) Advice: advisor recommends a card, 2) Response: participant choses a card, 
3) Investment: participants decide how many points to invest, and 4) Feedback: outcome 
was presented.

Figure 5.2 Probability scheme for card and advice trials. Stable phases are highlighted in 
blue (Card: trials 1-25 and 100-160; Advice: trials 1-49 and 70-99), volatile phases are in grey 
(Card: trials 26-99; Advice: trials 50-69 and 100-159).
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of the HGF (2-level HGF) containing only two levels of learning as control. 
 The HGF model is widely used for computational analyses of behaviour (e.g. 
De Berker et al., 2016; Hauser et al., 2014; Iglesias et al., 2013; Marshall et al., 2016; 
Vossel et al., 2014). In the current analyses, we assumed that the rewarding card 
colour (reward-based learning) and the advice accuracy (social learning) varied as 
a function of hierarchically coupled hidden states χ1(k), χ2(k),… χn(k). They evolved 
in time by performing Gaussian random walks. At any given level, the step size 
was controlled by the state of the next-higher level (Figure 5.3). The lower level 
hierarchy states χ1a(k) and χ1c(k) were binary and represented the advice accuracy 
(1 for accurate, 0 for inaccurate) and the rewarding card colour (1 for blue, 0 for 
green). The second level hierarchy states χ2a(k) and χ2c(k) were continuous 
variables and represented the advisor’s reliability and the tendency for a given 
card colour to be rewarding. The third level hierarchy states χ3a(k) and χ3c(k) were 
also continuous and denoted the rate of change of the advisor’s intentions and 
the card-outcome contingencies. Four learning parameters, κa, κc, ϑa, and ϑc, 
determined the rate with which the hidden states evolved in time. The parameters 
κa and κc determined the coupling between the second and third hierarchy levels, 
whereas ϑa and ϑc determined the volatility over time. The model we describe 
here is called a generative model and illustrates the process of producing the 
outcomes that are observed by the participant. In agreement with Bayes’ rule, we 
assume that participants who make inferences on advice and card outcomes, 
form posterior beliefs over the hidden states (i.e., advice-outcome congruency 
and the rewarding card colour) based on the inputs they observe. The application 
of the Bayes’ rule to our generative model (i.e. model inversion) results in a 
perceptual model, which describes participants’ beliefs about hidden states. 
 The response model maps the predicted outcomes to behavioural responses 
(blue or green card) and predicts two components of the outcome on each trial; 
1) the participant’s decision to accept (y=1) or reject (y=0) the advice, and 2) the 
number of points wagered. We assume that a prediction of the outcome on a 
given trial is defined as a function of arbitration (i.e. the perceived reliability of 
each information source) and the predictions afforded by each source. Response 
model parameter ζ represents the participant’s bias towards social information, 
and has a prior mean of 1, indicating an equal weighing of the two information sources. 
A value of ζ>1 indicates a bias towards advice, while a value of ζ<1 indicates a 
bias towards the estimated card probability. The formal equations underlying the 
model and the model inversion are described in Diaconescu et al. (2019).

5.2.5.2  Wavelet analysis
Electrophysiological data was analyzed using MATLAB (v2015b, MathWorks Inc., 
Natrick MA), in combination with the Fieldtrip toolbox (Oostenveld, Fries, Maris, & 

wager points based on the previous trial. The score on each trial was dependent 
on the participant’s wagered amount of points and, consequently, the participant’s 
payment at the end of the experiment. After the wager screen, the winning card 
(i.e. outcome) was presented. For each trial, the cumulative score was updated by 
the won or loss wager of the previous trial and was presented as a bar at the 
bottom of the screen. A white bar indicated a positive score and a red bar indicated 
a negative score. To increase the participants’ motivation, they were told that they 
could reach a silver (€2,50) and a golden (€5,00) bonus target. These targets 
were invisible during the task in order to avoid loss of motivation. At the end of the 
task participants were told the amount of bonus that they earned.

5.2.3  Procedure
The present study is part of a larger project in which participants performed  
three different computer tasks. The order of the tasks was randomized between 
participants and tasks other than the Wager task are not considered in this chapter. 
Participants received instructions before the start of the task, and the experimenter 
checked whether each participant understood the instructions correctly. At the 
end of the experiment, participants received their monetary compensation and 
the bonus that was determined by the total amount of points at the end of the task. 

5.2.4  Electrophysiological recordings
Electrophysiological data were collected using 32 active scalp electrodes 
(ActiCap, Brain Products, Munich, Germany) arranged according to a variation of 
the international 10–20 system, with an additional electrode on the right mastoid. 
Electrophysiological data was acquired at 500 Hz without filtering with the 
QuickAmp amplifier (Brain Products), with the reference electrode over the left 
mastoid bone with self-adhesive rings. In addition, six passive electrodes were 
used to collect horizontal and vertical eye movements and an electrocardiogram. 
Vertical eye movements were recorded by placing electrodes above and below 
the left eye and horizontal eye movements were registered at the outer canthi of 
the eyes.

5.2.5  Analyses
5.2.5.1  Computational modelling of behavioral responses
In the present study, we examined how subjects updated their beliefs about 
others’ intentions and chose to follow or disregard their advice. For this purpose, 
we applied a computational model which is referred to as the Hierarchical Gaussian 
Filter (HGF), a generic Bayesian model of learning under perceptual uncertainty 
and environmental uncertainty (Mathys, 2012). In order to verify whether participants 
estimate the volatility of information sources, we also included a reduced version 
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calculated using Morlet wavelets with a width of 3 (width of the wavelet in number 
of cycles, (Tallon-Baudry & Bertrand, 1999) and a frequency range of 1-40Hz within  
-0.5 – 1.5 seconds in 40 steps for the different conditions (overall, correct, incorrect, 
stable card, volatile card, stable advice, and volatile advice) separately. Further 
analyses focused on the average of the evoked theta power (4-8Hz) over the 
midline electrodes Fz, FCz, and Cz during a 100-400ms time window after the 
outcome (blue or green card) was presented on the screen.  

5.2.5.3  Statistical analyses
To test for significant effects of phase (stable, volatile) and cue (card, advice) on 
performance accuracy, advice taking, and wager magnitude, general linear models 
(GLMs) for repeated measures with phase and cue as within-subject measures 
were used (two-tailed). To examine whether the predicted wager accurately 
predicted the actual points wagered by participants, a correlation analysis was 
performed between the predicted and actual wager. 
 Model comparison between the non-hierarchical and the hierarchical HGF 
models was performed with the Bayesian Omnibus Risk (BOR) test. The model 
with the best fit was used for further analyses with the computational parameters. 
In order to test the model’s internal validity, a linear regression analysis was 
performed to examine whether the model predictions were consistent with 
participant’s ratings of adviser’s trustworthiness during the experiment. 
Furthermore, Spearman correlations were conducted to investigate whether the 
wager magnitudes predicted by the model significantly correlated with the 
participant’s actual wagers. Cue effects on the computational learning model 
parameters κ and ϑ were tested using a repeated measures GLM with cue as 
within-subject measure. Furthermore, a one-sample t-test was performed to 
investigate ζ was different from 1. Finally, the link between performance accuracy, 
advice taking, wager magnitude, and the computational learning parameters and 
the SRP total and subscale scores were tested using Spearman correlations. 
 To test for significant effects of phase and cue on mean theta power over the 
midline electrodes (for short, ‘theta power’), a GLM for repeated measures with 
phase and cue as within-subject variables were used (two-tailed). A paired t-test 
was used to study a potential difference between theta power over correct and 
incorrect trials. Moreover, Spearman correlations were conducted to examine the 
link between theta power and the overall accuracy, the accuracy over volatile and 
stable trials, and the computational learning model parameters. Lastly, Spearman 
correlations were tested to study the link between psychopathic personality traits 
and theta power over the midline and over the midline electrodes separately (Fz, 
FCz, Cz). 

Schoffelen, 2011). Data were filtered offline using a 0.01-40Hz filter and re-referenced 
to the average of the linked mastoids. Manual artifact rejection was conducted in 
order to detect muscle and electrode artifacts in the data. Subsequently, EOG and 
ECG artifacts were removed using the default Independent Component Analysis 
in the Fieldtrip toolbox. With the use of this ICA, components that contained ocular 
artifacts were identified by inspecting the time course and spatial topography of 
all components. Activity associated with the feedback stimulus was averaged 
separately in epochs starting 500ms prior to the stimulus onset and ending 
1500ms after stimulus onset. Next, time-frequency representations (TFRs) were 

Figure 5.3 Graphical model of the HGF and the response model. The diamonds represent 
quantities that change in time (i.e., that carry a time (or trial index k)) but that do not depend 
on their previous state. The hexagons represent states that change in time but additionally 
depend on their previous state. The circles denote fixed parameters. The perceptual model 
has three layers: (1) χ1 represents the accuracy of the current advice, (2) χ2 the adviser’s 
current tendency to give accurate advice and (3) χ3 the current volatility of the adviser’s 
intentions. Parameter κ determines how strongly χ2 and χ3 are coupled, and ϑ indicates the 
meta-volatility in χ3. The response model has 2 layers: (1) the computation of the probability 
of the outcome given both the non-social cue and the advice; (2) the chosen action. 
Parameter ζ determines the weight of the advice compared to the non-social cue. Y represents 
the subject’s binary response (y~1: accept the advice, y~0: reject the advice). Adapted from 
Diaconescu et al. (2017; 2019).
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5.3  Results1

5.3.1 Behavioral results
5.3.1.1  Performance accuracy, advice taking and wager magnitude
Overall performance accuracy was 60.1% ± 4.1% (mean ± standard deviation). 
There was a main effect of phase (F(1,85)=358.314, p<.001, ηp

2=.808), and a 
cue-by-phase interaction (F(1,85)=38.017, p<.001, ηp2=.309). Post hoc analyses 
revealed that participants performed significantly better in stable as compared to 
volatile advice phases of the task (t(85)=11.197, p<.001), while there was no phase 
difference for card learning (t(85)=.163, p=.871). This indicated that the degree to 
which participants relied on the advice information source was a function of precision, 
which in turn, depended on the volatility structure of the task (Figure 5.4a). 
Participants took advice in 57.6% ± 9.0% of the trials. There was also a main effect 
of phase (F(1,85)=41.884, p<.001, ηp2=.330), and a cue-by-phase interaction 
(F(1,85)=17.741, p<.001, ηp2=.173) on advice taking. Post hoc analyses showed that 
participants took advice into account more often in stable as compared to volatile 
advice phases of the task (t(85)=6.062, p<.001). There was no significant effect of 
card phase on advice taking (t(85)=-.880, p=.382)(Figure 5.4b). Finally, the overall 
average points wagered was 5.00 ± 2.91. A main effect of phase on the amount of 
points wagered was observed (F(1,85)=98.409, p<.001, ηp2=.537). This indicated 
that, regardless of the cue type, participants wagered significantly more points 
during stable phases of the task as compared to volatile phases (Figure 5.4c). 
 Performance accuracy during volatile phases of the task appeared to be 
associated with psychopathic traits. Accuracy during volatile trials was negatively 
correlated with lifestyle traits (r=-.221, p=.041), and antisocial traits (r=-.232, p=.032). 
This indicated that individuals with high levels of lifestyle-antisocial traits were 
more affected by volatility. More specifically, the effect of psychopathic traits on 
accuracy on volatile trials was driven by the volatile advice trials (total score: 
r=-.235, p=.029), interpersonal: r=-.228, p=.035), affective: r=-.253, p=.019; antisocial: 
r=-.231, p=.032), while the effect was not present in the volatile card trials (Table 5.1; 
Bayesian correlations for SRP and performance on volatile advice trials can be 
found in Table S5.1). Psychopathic traits were not associated with the degree of 
advice taking or the amount of points that they wagered on the different trial 
conditions.

1 In addition to the results that followed from frequentist statistics that were reported in the 
result section, we tested the correlations with Bayesian statistics. These outcomes of the two 
approaches are consistent, and the Bayesian results can be found in the supplement.

Figure 5.4 The mean of the behavioural variables influenced by the volatility: a) performance 
accuracy, b) advice-taking behaviour, and c) the amounts of points wagered. The red line 
refers to the mean, and the grey background reflects the 95% confidence intervals for the 
mean.

a)

b)

c)
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5.3.1.2  Model-based results
5.3.1.2.1  Model selection
Computational modelling of behavior was used to explain participant’s responses 
on every trial. We compared two models that assumed different mechanisms for 
arbitrating between individual and social learning. Bayesian model selection 
revealed one winning model. Over all participants we found that the model  
that assumed that participants tracked volatility of both information sources 
outperformed the model without volatility tracking (Bayes Omnibus Risk = .708) 
(Figure 5.5). Based on these findings, we decided to use the outcomes of the 
3-level hierarchical model for further analyses. 

5.3.1.2.2  Model internal validity
As an internal validity check, we examined whether the model predictions were 
consistent with participant’s ratings of adviser’s trustworthiness during the 
experiment. Participant’s estimates of advice accuracy extracted from the overall 
winning model (3-level HGF, volatility tracking model) reflected the reported 
advisor fidelity on the randomly presented multiple choice questions (i.e., helpful, 
misleading, neutral). A linear regression analysis showed that participant’s  
advisor ratings were predicted by their estimated advisor accuracy at the time  
of presentation of the multiple-choice question. The estimated beta parameter 
estimates were significantly different from zero (t(85)=5.789, p<.001). In addition, 
the wager magnitudes predicted by the model significantly correlated with the Ta
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Figure 5.5 Model selection results. Comparison of the 3-level HGF model and the 2-level 
HGF model (no volatility tracking). The posterior probability for each model given the 
participants’ data obtained using random effects BMS suggest that the 3-level HGF model 
explained participants’ responses better as compared to the 2-level HGF model.
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participant’s actual wagers. Across the four phases of the task, the predicted 
wager was highly correlated with the number of points participants actually 
wagered: advice stable r=.76, p<.001; advice volatile r=.77, p<.001; card stable 
r=.64, p<.001; card volatile r=.64, p<.001)(Figure 5.6).

5.3.1.2.3  Posterior Parameter Estimates
Three parameter that modulated the arbitration signal of the winning model are 
(1) κ or the coupling between the two hierarchical levels of the model that determined  
the impact of volatility on the inferred predictions of each information source, 
2) ϑ that determines the variation of the volatility (meta-volatility), and 3) ζ, 
the social bias reflecting the reliance on the advice independent of its reliability. 
While there was no significant difference of ϑ across the two different learning 
domains, κ was significantly different (F(1,85)=42.91, p<.001, ηp2=.34) (Figure 5.7). 
This result suggests that there is a difference in how participants learn from volatile 
reward probabilities and advisor fidelity. 
 Response model parameter ζ was not significantly different from one (t(85)=1.757, 
p=.083) (Figure 5.8). This indicates that, on average, participants did not prefer 
one information source over the other. κa was significantly associated with 
interpersonal traits (r=-.235, p=.029), which indicates that the information flow 
between χ2 and χ3 in the advice condition is reduced. This was not the case for  
the card condition. Furthermore, ϑa, ϑc  as well as ζ were not associated with 
psychopathic traits. 

Figure 5.6 Model internal validity. The model predictions were consistent with participant’s 
ratings of advisers fidelity across all four phases of the experiment.
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5.3.2  EEG results
A topoplot and a time-frequency plot of the midfrontal electrodes show midfrontal 
theta power in Figure 5.9. We did not find main effects or an interaction effect for 
cue and phase. Performance accuracy was positively associated with theta power 
(ρ=.23, p=.039). More specifically, accuracy over volatile trials was positively 
associated with theta power on the corresponding trials (ρ=.29, p=.008). Accuracy  
over the other trial types was not associated with theta on those trials (Table 5.2). 
Furthermore, theta power over incorrect trials was higher as compared to correct 
trials (t(79)=-6.48, p<.001) (Figure 5.10). 

Analyses to investigate a possible association between theta power and the 
computational learning parameters showed us that ϑ for advice positively 
correlated with theta power (ρ=.22, p=.049). The other parameters did not show a 
significant correlation with theta power (Table 5.2; Bayesian correlations can be 
found in Table S5.2). Furthermore, we were interested in a possible link between 
psychopathic personality traits and mean theta power. Mean theta power over  
the midfrontal electrodes was negatively correlated with SRP total score (ρ=-.39, 
p<.001), as well as for the individual facet scores for interpersonal (ρ=-.35, p=.001), 
affective (ρ=-.37, p=.001), lifestyle (ρ=-.32, p=.004), and antisocial (ρ=-.36, p=.001) 
traits (Bayesian correlations can be found in Table S5.3).

Figure 5.7 Learning model parameters. Results showed that there was a significant difference 
between κ for advice and κ for reward/card. 

Figure 5.9 Mean theta power (4-8Hz). Left: Topoplot of mean theta power across 0.1-0.4ms 
after trial outcome representation (0ms). Right: Time-frequency plot of mean theta power 
(4-8Hz) over the frontal midline electrodes (Fz, FCz, Cz) across 0-1sec after trial outcome 
representation.

Figure 5.8 Response model parameter zeta (ζ). Distribution of zeta values.
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5.4  Discussion

The current study aimed to investigate how levels of psychopathic traits covary 
with i) the use social and non-social information during associative learning, ii) the 
updating of beliefs about others’ trustworthiness, and iii) oscillatory theta band 
activation during associative learning. First, we will discuss the findings for the 
general, non-model, behavioral performance measures and their relationship with 
psychopathic traits. Then, we will consider the novel insights brought by the results 
obtained using the computational model and the electrophysiological measures, 
and how they may advance our understanding of psychopathy.
 Our non-model behavioral findings showed that participants performed better 
and took social advice more into account during stable phases of the task as 
compared to volatile phases. Moreover, participants wagered more points during 
stable phases of the task, independent of whether the information was social or 
non-social. These findings demonstrate the effectiveness of the manipulation of 
volatility in our task. With regard to psychopathy, the results suggested that higher 
scores on erratic lifestyle and antisocial traits were associated with diminished 
performance during volatile phases of the task. This could be explained by 
considering the indications that excessive behavioral activation could be a key 
component underlying the erratic lifestyle and antisocial facets. Previous studies 
have proposed that individuals with high levels of lifestyle-antisocial psychopathic 
traits are characterized by a tendency to excessively pursue appetitive stimuli. 
This tendency has been associated with a decreased ability to properly monitor 
and adjust ongoing behavior in response to changes in environmental contingencies 
(Fowles, 1980; Newman, Patterson, & Kosson, 1987; Newman, Wallace, Schmitt, & 

Table 5.2   Spearman pairwise correlations between behavioral non-model  
and model parameters.

Fz FCz Cz midfrontal

rho rho rho rho

Performance accuray .21 .27* .23* .23*

Accuracy volatile .25* .31** .28* .29**

Accuracy stable .15 .21 .16 .16

Kappa card -.04 -.02 -.07 -.03

Kappa advice .10 .21 .23* .20

Theta card <.01 .04 <.01 .01

Theta advice .12* .22 .25* .22*

Notes. Asterisks indicate significant correlations (*p<.05, **p<.01).

Table 5.3   Spearman pairwise correlations between SRP  scores and mean 
theta power over the midline and the separate electrodes. 

Fz FCz Cz midfrontal
rho rho rho rho

SRP Interpersonal -.23* -.30** -.34** -.35**
SRP Affective -.24* -.32** -.39*** -.37**
SRP Lifestyle -.27* -.34** -.32** -.32**
SRP Antisocial -.25* -.36** -.38*** -.36**
SRP Total -.27* -.36** -.39*** -.39***

Notes. Asterisks indicate significant correlations (*p<.05, **p<.01, ***p<.001).

Figure 10. a) Mean theta power over the midline electrodes for correct and incorrect trials 
and b) Topographic representation of the TFR of the difference in theta power between 
incorrect and correct trials.

a) b)
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Arnett, 1997; Newman, MacCoon, Vaughn, & Sadeh, 2005; Buckholtz et al., 2010; 
Hoppenbrouwers, Neumann, Lewis, & Johansson, 2015). The association between 
volatility and psychopathic traits was significant on the social advice trials only, 
which is consistent with the proposed impairments in social learning and behavior 
in psychopathy (Blair, 2007; Brazil, Hunt, et al., 2013; Brazil et al., 2011). Finally, 
the amount of points wagered on each trial, reflecting their level of confidence 
about their choice, was not related to psychopathic traits. The latter result could 
be seen as an indication that these individuals still remained confident that they 
were making the right choice despite their relatively poor performance. Previous 
findings showed that monitoring of own behavior is not affected in psychopathic 
individuals (Brazil et al., 2011; 2009), which means that, in the light of prior findings, 
our result could not be attributed to poor performance monitoring. It does fit with 
prior reports suggesting an increased behavioral activation towards appetitive 
stimuli in individuals with high scores on the lifestyle-antisocial component of 
psychopathy. However, the present findings would argue that excessive tendency 
to pursue reward is not restricted to lifestyle-antisocial traits, but is related to  
the other facets as well. 
 One striking finding is that we did not find evidence for a relationship between 
psychopathy and the preference for using either reward or social advice 
(hypothesis 1), according to our non-model results that reflected the percentage of 
trials in which participants took the advice. This is in contrast with previous findings 
indicating that individuals with high levels of interpersonal-affective traits showed 
diminished use of reward during learning psychopathy (Blair, 2013; Brazil, Hunt, et 
al., 2013; Brazil et al., 2011), while individuals with high levels of impulsive-antisocial 
traits to hypersensitivity to reward showed increased use of reward-based 
information (Buckholtz et al., 2010). The overall performance accuracy was 60.1%, 
which indicated that participants experienced conflict on a relatively high number 
of error trials. This could have encouraged participants to switch between the two 
information sources, which made it harder to track their own performance accuracy 
on each of the two information sources.   
 While informative, these results do not elucidate how psychopathy might be 
related to disturbances in the individual cognitive processes that operate within 
the associative learning mechanism. Therefore, a computational model was used 
to investigate the latent cognitive computations that underlie the pattern behavioral 
performance of each participant. First, the results from the model comparison 
indicated that participants learned according to a mechanism in which they 
tracked the rate of change and the overall volatility of both social and non-social 
information, which is in line with prior research (e.g. Diaconescu et al., 2014, 2017). 
Analyses concerning the computational parameters demonstrated a difference in 
the kappa parameter, which quantifies the flow of information between the two 

hierarchical levels that quantify the advisor’s trustworthiness and the current rate 
of change of the advisor’s intentions. This result could indicate that it may be more 
difficult to estimate the likelihood and the rate of change of social advice relative 
to reward in general. During reward-based learning, the individual can rely on 
outcome information that is relatively easy to identify (e.g. a coin indicating reward), 
while a social context introduces additional levels of complexity that requires the 
involvement of higher-order cognitive processes in order to determine the valence 
of the outcomes.  We suggest that stronger coupling between the two levels of 
volatility in a social context results from an increased sense of uncertainty about 
the trustworthiness of social information. That means, the use of reward-based 
information requires us to rely on our own estimates, while using social information 
requires us to rely on the trustworthiness of the advisor. We experience more 
control during the former as compared to the latter. 
 With regard to psychopathic traits, we found that the interaction between 
the estimated volatility of the trustworthiness of the advisor and the estimated 
tendency of the advisor to give accurate advice was reduced (i.e. kappa values 
were lower) with increasing levels of interpersonal traits. One possible explanation 
could be that individuals with high interpersonal traits do not sufficiently process 
the complexity of the social context. Therefore, it could be that some cognitive 
processes required for proper evaluation of the social context are less engaged 
(see Brazil ea 2011, 2013), resulting in a smaller need to update beliefs concerning 
the volatility of social advice. The lower values of kappa could reflect this relative 
‘disengagement’ of the mechanism in this regard. This explanation aligns with our 
other behavioral findings indicating a negative relation between psychopathic 
traits and performance accuracy, which were most prominent on the volatile 
advice trials. Furthermore, it is consistent with the extensive amount of evidence 
indicating impairments in associative and social learning in psychopathy (Blair, 
2007; Blair et al., 2004; Brazil, Hunt, et al., 2013; Brazil, Maes, et al., 2013; Gregory 
et al., 2015; Mitchell et al., 2006; Von Borries et al., 2010). Other model-based 
findings showed that the perceived trustworthiness of the advice was equally 
stable across information sources (social vs. reward-based), and was not related 
to psychopathic traits. Moreover, in line with our non-model findings, the response 
model parameter reflecting the social bias showed that participants did not prefer 
one information source over the other, and this was not influenced by the level of 
psychopathic traits. Taken together, our behavioral results support the hypothesis 
that individuals with psychopathic traits experience impairments in associative 
learning based on social information, and suggest that interpersonal traits are 
linked to a reduced ability to adapt to changes in the reliability of social information. 
According to our results, this did not lead to a preference for one of the information 
sources and did not affect the risk that was taken in order to obtain a high reward. 
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 The increased precision offered by the modelling approach was further 
enhanced by analysis of electrophysiological measurements of the mPFC, as 
direct measures of adaptive control during associative learning. As midfrontal 
theta power has been suggested to play an important role in the implementation 
of adaptive control in associative learning, we recorded theta band EEG activity 
over the midfrontal electrodes during task performance and investigated a 
possible link with psychopathic traits. Our results showed no difference in theta 
power during volatile as compared to stable trials. We did find that performance 
accuracy was positively associated with theta power.  This indicates that increased 
theta activation is associated with higher performance, which is in line with 
previous findings indicating that event-related theta activity is positively related to 
cognitive performance (Klimesh, 1999). Moreover, the absence of a difference in 
theta during stable as compared to volatile phases suggests that theta power is 
not associated with volatility monitoring. This is in contrast with our other findings 
suggesting that the parameter that represents the variation of the volatility (meta- 
volatility) was positively related to theta power. The latter finding supports the 
evidence for a role for theta power in the implementation of adaptive control in 
associative learning that was proposed previously (Behrens et al. 2007). Future 
studies including community samples are needed to examine this effect in more 
detail. Finally, we found that overall, theta activation was negatively related to 
psychopathic traits (total and facet scores). This is in line with our findings indicating 
a negative relationship between performance accuracy and psychopathic traits, and 
a negative relationship between theta power and performance accuracy. Meta- 
analytical findings showed that theta plays a key role in the processing of emotion 
(Knyazev, 2007) and increased theta synchronization was found in individuals 
scoring high on measures of emotional intelligence (Knyazev et al., 2013). The 
lower theta power that we found in relation to psychopathic traits are consistent 
with the emotional deficits and decreased emotional intelligence that were found 
in psychopathic individuals (Megías, Gómez- Leal, Gutiérrez-Gobo, & Fernández- 
Berrocal, 2018). 
 The findings of the present study highlighted impairments in associative 
learning and provided further insight into the individual cognitive processes that 
operate within the associative learning mechanism. In addition, it examined the 
role of theta activation in these learning processes. Our results indicated that 
increased psychopathic traits were i) not associated with a preference for social or 
non-social information in the Wager task, ii) associated with impaired belief updating 
about other’s trustworthiness, and iii) associated with decreased theta power 
during associative learning. Taken together, our findings indicate that individuals 
with psychopathic traits experience impairments in associative learning of social 
information and suggest that interpersonal traits are linked to a reduced ability to 

adapt to changes in the reliability of social information. Decreased theta power 
has been found to be linked to higher levels of psychopathic traits, and there are 
indications that theta is involved in tracking the volatility of social information. 
While prior studies highlighted the link between theta and cognitive performance, 
and theta and psychopathic traits separately, this is the first study that provided 
support for the triangular connection between the three concepts. Finally, we 
found that the impairments that were associated to increased levels of psychopathic 
traits, mostly present in the social domain, did not lead to a preference for one of 
the information sources, and did not affect the risk that was taken in order to obtain 
a high reward. This information could attribute to our understanding about the 
underlying associative learning mechanisms that cause low responsivity towards 
current treatment interventions in those with psychopathy.

5.5  Supplemental material

Table S5.1   Bayesian pairwise correlations between SRP scores and 
 performance on volatile advice trials

Volatile Advice trials

Mode r 95% CI 

SRP Interpersonal -.28* [-.47, -.07]

SRP Affective -.31* [-.49, -.10]

SRP Lifestyle -.22* [-.42, -.01]

SRP Antisocial -.18 [-.38, .04]

SRP Total -.31* [-.49, -.09]

Notes. Asterisks indicate significant correlations (*p<.05).
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6.1  Introduction

Prosocial behavior can be defined as taking voluntary actions intended to benefit 
one or more persons other than oneself, and involves behaviors such as helping, 
sharing, and cooperating (Millon, Lerner, & Weiner, 2003). Prosocial behavior is a 
key element in daily life, and much of our joy —and suffering— is dependent on the 
pro- and antisocial choices made by other people. While most people behave 
prosocially in general, there are individuals who systematically engage in severely 
disruptive antisocial behaviors. These individuals often have elevated levels of 
psychopathy, a personality construct that encompasses a constellation of traits 
reflecting emotional dysfunction and antisocial behavior. These traits concern 
interpersonal functioning (e.g. manipulativeness, grandiosity), affective disruptions 
(e.g. lack of empathy, guiltlessness), the inclination to lead an erratic lifestyle  
(e.g. irresponsible behavior, sensation-seeking) and the engagement in antisocial 
acts (e.g. criminality) (Hare, 2003b). Individuals with the most severe levels of 
psychopathic traits are often seen in penitentiaries, but psychopathic traits can 
also be found and measured dimensionally in the general community (DeMatteo 
et al., 2006; Neumann & Hare, 2008). Community-dwelling individuals with elevated 
psychopathic traits tend to make choices that can cause great suffering to their 
families, friends, and colleagues (Mathieu & Babiak, 2016), and research has repeatedly 
linked psychopathy to poor social decision-making and pervasive immoral behavior 
(Blair, 1995; Blair, 2013). 
 Importantly, an understanding as to why individuals with psychopathic 
tendencies make bad choices requires much better knowledge of the general 
cognitive mechanisms that could be involved in social decision-making (Brazil et 
al., 2013). One prominent line of thinking suggests that prosocial choices are 
driven by fairness considerations, i.e. that a distaste for unfair outcomes motivates 
prosocial behavior in humans. The perception of (un)fairness can be viewed as the 
degree to which an individual dislikes unequal outcomes and is formalized in 
computational models of inequity aversion (Bolton & Ockenfels, 2000; Brosnan, 
2006; Fehr & Schmidt, 1999). Inequity-averse individuals are often willing to 
sacrifice some of their own payoff in order to ensure more equitable outcomes 
with others. Research in this domain has primarily employed socio-economic de-
cision-making paradigms in order to investigate people’s feeling of fairness 
regarding their own material payoff relative to the payoff of others. Previous 
findings resulting from these studies suggest that, in addition to their own payoff, 
people value the equity in outcome between themselves and others (Bolton & 
Ockenfels, 2000; Fehr & Schmidt, 1999). Studies on the role of fairness considerations 
during social decision-making in psychopathy have yielded mixed results. Some 
findings point towards a reduced sense of fairness (Aharoni, Antonenko, & Kiehl, 

Abstract

Individuals with elevated psychopathic traits often make decisions that have a 
negative impact on others. Some findings suggest that a lack of empathy and guilt 
is a key explanatory factor, while other results point towards a decreased sense of 
fairness in individuals with elevated psychopathic traits. The goal of the present 
study was to directly compare these hypotheses. Eighty-six healthy individuals 
completed the Self-Report Psychopathy scale and performed the Hidden Multiplier 
Trust Game, a socio-economic decision-making task designed to untangle the 
roles of guilt and fairness during decision-making. Computational modelling of 
choice data identified five types of moral decision strategies: inequity aversion, 
guilt aversion, moral opportunism, greed, and generosity. The results indicated 
that the affective traits that are associated with psychopathy were linked to lower 
levels of reciprocity, which indirectly reflects greed. Our computational analyses 
provided more insight into the strategies that underlie reduced reciprocity 
behavior in individuals with a high level of affective traits. They indicated that a 
reduced sense of fairness, but not guiltlessness underlie the reduced reciprocity 
behavior in individuals with high levels of affective traits. This could explain the 
link between affective traits and poor social decision-making and immoral 
behavior in individuals with elevated psychopathic traits. Our findings stress the 
importance of treating guilt and fairness as independent concepts, and it is 
possible that the lack of methodological and conceptual precision in untangling 
the individual impact of fairness and guilt in previous studies could explain the 
mixed results in moral decision-making literature. Elucidating the psychological 
motivations underlying the relationship between psychopathic traits and poor 
moral decision-making opens new avenues for research on the underlying 
cognitive mechanisms.
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 Research on the employment of strategies reflecting inequity aversion and 
guilt aversion has been important for our current understanding of social deci-
sion-making, with ample evidence supporting their explanatory power. However, 
recent work has highlighted three alternative moral decision strategies. First, 
some individuals are neither inequity- nor guilt-averse, and instead make decisions 
mainly driven by greed. These individuals seek to maximize personal gains, even 
if it is at the expense of another person. Second, some individual’s choices are 
characterized by moral opportunism, which reflects the tendency to employ a 
strategy that is both morally justifiable and maximally financially lucrative, 
depending on the situation (van Baar, Chang, & Sanfey, 2019). Moral opportunists 
thus switch between different modes of moral reasoning (inequity aversion and 
guilt aversion), which has been corroborated by neuroimaging work in which moral 
opportunists alternate between neural activity patterns associated with inequity 
aversion and guilt aversion (van Baar et al., 2019). Third, research on altruism also 
points towards the existence of a fifth strategy which we will refer to as generosity. 
Generosity can be seen as the avoidance of any inequity and guilt, and this type 
of altruism was proposed to be the exact opposite of psychopathic behavior 
(Marsh et al., 2014).
 The current understanding of the relationship between psychopathic traits 
and the different strategies underlying social decision-making is limited for several 
reasons. First, prior studies have yielded contradicting results on the link between 
psychopathy and inequity aversion or guilt aversion. Second, prior work did not 
consider all of the socio-economic decision-making strategies outlined above. 
Third, a key disadvantage of many laboratory paradigms is that different moral 
strategies yield the same behavioral outcomes. That is, in common tasks like the 
Ultimatum Game or Trust Game, inequity-averse behavior and guilt-averse behavior 
are indistinguishable (Hein, Morishima, Leiberg, Sul, & Fehr, 2016; Nihonsugi, 
Ihara, & Haruno, 2015; van Baar et al., 2019).
 Fortunately, recent methodological advancements make it possible to 
precisely determine the moral decision strategy of participants by combining new 
tasks with computational modeling (Gong et al., 2019; van Baar et al., 2019), which 
provides valuable insight into the motivational bases of social decisions. In the 
present study, we use this approach to disentangle the moral decision strategies 
that reciprocity behavior and relate these to psychopathic traits. Our computational 
model yields motive-specific parameters that allows us to index the strength of a 
participant’s inclination towards employing a particular moral strategy such as 
guilt aversion (GA) and inequity aversion (IA). Given that guiltlessness is believed 
to be a core feature of psychopathy (Gong et al., 2019; Hare, 2003; Seara-Cardoso 
et al., 2016; van Baar et al., 2019), we hypothesized that the affective facet of 
psychopathy should be negatively associated with the computational parameter 

2011; Glenn, Iyer, Graham, Koleva, & Haidt, 2009; Osumi & Ohira, 2010). For instance, 
Osumi and Ohira (2010) found that individuals with elevated levels of psychopathic 
traits, in contrast to individuals with low levels of psychopathic traits, accepted 
more unfair offers and did not show a fairness-dependent modulation of skin 
conductance response in an Ultimatum Game. In another study in non-offenders, 
participants with elevated psychopathic traits rejected a similar amount of unfair 
offers relative to individuals with low psychopathic traits, but perceived unfair 
offers as being less unfair (Vieira et al., 2014). In contrast, Koenigs and Tranel 
(2007) found the opposite effect in psychopathic offenders, showing that offenders 
with high levels of interpersonal-affective traits had lower acceptance rates to 
unfair offers and showed a reduced amount of reciprocity. This was further supported 
by studies reporting an absence of a direct association between perceived 
fairness and acceptance rates in individuals with high psychopathic tendencies 
(Radke et al., 2015; Vieira et al., 2014). Together, the mixed results highlight that the 
association between sense of fairness and psychopathy is still unclear.
 An alternative theory proposes that guilt aversion is the main driver of 
prosocial behavior. Guilt can be conceptualized as a negative emotional state that 
occurs when one believes to have inflicted harm, loss, or distress to another 
person (Baumeister, Stillwell, & Heatherton, 1994). We typically generate beliefs 
about what we think others expect us to do (i.e., second-order beliefs), and the 
feeling of guilt can emerge as a result of not living up to these expectations. 
Accordingly, we are motivated to cooperate, not because of prosocial feelings, 
but rather because we anticipate feeling bad (i.e. guilty) if we fail to live up to the 
expectations of others and will try to avoid this (Baumeister et al., 1994). Prior 
studies demonstrated that people are indeed guilt-averse and, in fact, often do 
make decisions to minimize their anticipated guilt regarding a social interaction 
(Chang, Smith, Dufwenberg, & Sanfey, 2011; Charness & Dufwenberg, 2006; 
Dufwenberg & Gneezy, 2000; Khalmetski, 2016). Thus, this type of social guilt 
functions as a feedback mechanism on either executed or imagined behavior and 
the anticipation of feeling guilt prevents us from engaging in antisocial or immoral 
behavior (Prado, Treeby, & Crowe, 2016; Seara-Cardoso, Dolberg, Neumann, 
Roiser, & Viding, 2013). There are findings highlighting that an aberrant experience 
of guilt subserves social decision-making in psychopathy (Blair, Peschardt, 
Budhani, Mitchell, & Pine, 2006; Cleckley, 1964; Seara-Cardoso, Sebastian, Viding, 
& Roiser, 2016). For instance, participants’ reported degree of guilt aversion in a 
social monetary reward game was negatively associated with interpersonal- 
affective psychopathic traits (Gong, Brazil, Chang, & Sanfey, 2019). On the neural 
level, higher levels of psychopathic traits have been linked to reduced modulation 
of activity in the insula in response to guilt (Seara-Cardoso, Neumann, Roiser, 
McCrory, & Viding, 2012).
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Gordts et al., 2017), a well-validated self-report questionnaire consisting of 29 items 
that need to be rated on a 5-point Likert scale (Gordts et al., 2017; Hare & Neumann, 
2008; Lilienfeld et al., 2006; Neumann & Pardini, 2014). It yields scores on four 
subscales (interpersonal, affective, lifestyle, and antisocial) and a total score (Table 6.1). 
Internal consistency in our sample was high (all Cronbach’s α >.75).

One of the male participants did not adhere to the task instructions and was 
excluded from the analyses, therefore the final number of participants included in 
the analysis is eighty-six. Participants provided written informed consent prior to 
the onset of the study, and received monetary compensation at the end of the 
study. All procedures were approved by the Social Science Ethics Committee of 
the Radboud University Nijmegen, Netherlands (ECSW2017-0805-512) and was 
carried out in accordance with the standards of the declaration of Helsinki.

6.2.2  Hidden Multiplier Trust Game
The Hidden Multiplier Trust Game (HMTG) (Figure 6.1) is a modified version of a 
traditional Trust Game (van Baar et al., 2019). On each trial, an anonymous Investor 
can invest any number of 10 coins in a Trustee, retaining the remainder. The 
Investor believes that his investment is multiplied by a fixed factor before it is 
transferred to the Trustee. The Trustee can then choose to return any number of 
the transferred coins to the Investor, but does not have to do so. In this version of 
Trust Game, the Investor is told that the fixed multiplier is ×4. Importantly, an in 
contrast to a typical Trust Game, the Trustee is aware that the actual multiplier is 
not fixed, but can in fact be either ×2 (25% of the trials), ×4 (50% of the trials) or ×6 

representing guilt aversion. The mixed literature on fairness concerns in psychopathy 
make it difficult to generate clear predictions for the parameter representing 
inequity aversion. Previous literature indicated a hypersensitivity to reward (Baskin- 
Sommers, Wallace, MacCoon, Curtin, & Newman, 2010; Buckholtz et al., 2010) 
and selfish behavior (Mokros et al., 2008; Rilling et al., 2007) in individuals with 
psychopathic traits. Therefore, a relation between greed and psychopathic traits 
was expected to be reflected by a negative association with reciprocity and a high 
presence of these traits. We refrained from generating clear hypotheses for moral 
opportunism and generosity given that these strategies have not been explored 
before in relation to psychopathy.

6.2  Methods

6.2.1  Participants
Based on a priori samples size calculations2, eighty-seven participants (36 males) 
were included in the study. They were between 18 and 35 years of age (M=24.1, 
SD=2.6), did not suffer from a neurological or psychiatric disease, and were not 
using any psychoactive substances. These participants were selected from a 
large database (n=1519, 309 males) based on their level of psychopathic traits, 
whom were recruited via local advertisement and an online research participation 
system (SONA systems) of the Radboud University in Nijmegen, The Netherlands. 
We employed an oversampling procedure in order to include more individuals 
with psychopathy scores falling in the tails of the distribution in the population, 
which would otherwise remain under-represented (Hall, Bernat, & Patrick, 2007; 
Bernat, Nelson, Steele, Gehring, & Patrick, 2011; Brazil et al. 2013; Gong, Brazil, 
Chang, & Sanfey, 2019). The total scores in the large sample (N=1519, 309 males) 
were divided in quartiles to make sure that 25% of the participants ended up in the 
top and bottom quartiles, while 50% of the participants ended up in the two middle 
quartiles. We selected 87 participants (36 males) based on their SRP total score 
for the current study. The top and bottom quartiles were oversampled in order to 
enhance the presence of extreme scores on both sides of the distribution (8, 60). 
Consequently, 20 participants (23.3%) belonged to the lowest quartile, 40 participants 
(46.5%) belonged to the two middle segments, and 26 participants (30.2%) belonged 
to the upper quartile. 
 Participants’ level of psychopathic traits were assessed with the Dutch version 
of the Self-Report Psychopathy checklist–Short Form (SRP-SF, Dutch version; 

2 Sample size calculations based on previous work using a computational approach to study social 
decision-making in relation to psychopathy (Brazil et al., 2013) indicated that approximately 88 
participants were required for the project (power=0.85).

Table 6.1   Means and SDs of the SRP scores of each group used in our 
 oversampling procedure and the total sample.

Low 
(n=20)

Intermediate 
(n=40)

High 
(n=26)

Total 
(n=86)

Mean SD Mean SD Mean SD Mean SD

SRP Interpersonal 8.00a 1.12 10.85b 2.46 18.15c 4.29 12.40 4.93

SRP Affective 8.15a 1.18 10.25b 2.15 15.89c 3.49 11.45 3.91

SRP Lifestyle 9.00a 1.52 12.42b 2.90 17.15c 3.77 13.06 4.21

SRP Antisocial 7.00a 0.00 7.10a 0.38 9.04b 3.39 7.66 2.07

SRP Total 32.15a 2.03 40.60b 4.24 60.23c 10.53 44.56 12.67

Notes. Means with different superscripts differ significantly from each other (p<.05).
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that is nevertheless maximally financially lucrative within the constraints of prosocial 
behavior. A generous Trustee ensures that guilt and inequity are always minimized. 
This strategy predicts that a Trustee is guilt-averse in the ×2 and ×4 condition, but 
inequity-averse in the ×6 condition. This results in a generous behavioral pattern 
in which the Trustee aims to meet the Investor’s expectations and offers even a 
little more when the multiplier is higher than expected.

6.2.2  Procedure
The present study is part of a larger project in which participants played three 
different computer tasks. The order of the tasks was randomized between 
participants and tasks other than the HMTG are not considered in this chapter. 
Participants received instructions before the start of the HMTG, and the 
experimenter checked whether each participant understood the instructions 
correctly. In order to avoid possible biases caused by the information provided, 
the HMTG was referred to as the ‘Investment game’, the Investor as ‘Player 1’ and 
the Trustee as ‘Player 2’. Each participant was instructed that he/she would play 
the role of Player 2 against 90 anonymous Players 1. Each Player 1 was assigned a 
unique number and a blurred photo of a face to make clear that each round was 
played against a different Player 1. The photos were taken from the Radboud 
Faces Database (Langner et al., 2010) and blurred heavily using MATLAB (v2013a, 
Mathworks, Natick, MA, USA), which made it impossible to infer the gender. 
Participants were also told that each Player 1 had previously participated in a study 
that used this paradigm and had agreed to letting us use his/her data in the 
following studies. All stimuli were presented using PsychToolBox 3.0.11 (www.
psychtoolbox.org) in MATLAB. To increase ecological validity and participants’ 
motivation, participants were told that they would receive a bonus that was 
determined by one randomly selected trial at the end of the experiment. They 
were told that this trial would be financially consequential for Player 1 as well. The 
coins earned in this trial were redeemed for actual money (1 coin=10 cents). 
Participants were asked to make their own investment as Player 1 to enhance 
plausibility of the task. They were told that this could potentially be used in future 
studies, and that in case their trial was selected for a bonus payment, they would 
be contacted via the participation system and would receive the payment 
afterwards.

6.2.4  Analysis
6.2.4.1  Reciprocity behavior
The mean percentage of the amount of coins returned (i.e. reciprocity behavior) 
was computed across all trials as well as per multiplier condition. In order to 
examine the link between reciprocity and psychopathic traits, we first performed 

(25% of the trials). Moreover, the Trustee is aware of the Investor’s ignorance as to 
the hidden multiplier, and thus knows that the Investor believes that the multiplier  
is always ×4. This results in an information asymmetry between the two players, 
and therefore different moral strategies predict different Trustee decisions when 
the multiplier is different from ×4. An inequity-averse Trustee, who aims to ensure 
an even split, will decide based on the actual amount of coins he receives,  
which in turn depends on the true multiplier used on any given trial. A guilt-averse 
Trustee, who is eager to meet the Investor’s expectations in order to avoid feelings 
of guilt, should always return the amount of coins that were expected based on 
the Investor’s belief of a fixed ×4 multiplier. His decisions are therefore made 
irrespective of the actual multiplier on that trial. A greedy Trustee keeps as many 
coins as possible for himself. A morally opportunistic Trustee displays inequity- 
averse behavior in the ×2 condition, but guilt-averse behavior in the ×6 condition 
(van Baar et al., 2019). This participant always follows a non-greedy moral strategy 

Figure 6.1  Panel A: Hidden Multiplier Trust Game. Schematic representation of the task with 
Player 1 (P1) as Investor and Player 2 (P2) as Trustee. Investment: P1 invests 0-10 coins. 
Multiplication: The investment of P1 is multiplied by ×2, ×4, or ×6. Reciprocation: P2 decides 
the amount of coins to return to P1. The participants in the present study always played the 
role of the Trustee. Panel B: Representation of the trial timeline. Reproduced from Van Baar 
et al. (2019).
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Investor’s belief about the multiplier (always ×4). The inequity and guilt models 
both contain a quadratic term, ensuring that increasing inequity or guilt has an 
outsized influence on behavior. This nonlinearity is required to predict subtle 
changes in behavior (Fehr & Schmidt, 1999; van Baar et al., 2019). However, the 
guilt model also contains a maximum term max(), which ensures that cases in 
which the Trustee returns more coins (S2) to the Investor than expected (E2(E1(S2)), 
guilt is set to zero, as this would not constitute disappointment of the Investor.
 We fit this model to individual participant data by varying phi and zeta between 
the parameter bounds (0 and 1) and minimizing the sum of squared model error 
using the least_squares function from the Scipy package for Python. We initialized 
this fitting procedure 100 times per participant, each time starting the algorithm at 
a random point in phi-zeta parameter space, to avoid ending the procedure in a 
local maximum. This model makes it possible to draw inferences about the moral 
strategy of the participant. For example, a participant whose behavior is best 

Bayesian pairwise correlations between the reciprocity conditions (all trials, ×2, ×4, 
and ×6, respectively) and the total score and facet scores of the SRP-SF. Mode r, 
representing the most likely estimate of the strength of the correlation, and the 
corresponding 95% credibility intervals are reported. 
 A linear mixed effects regression was performed in R (version 1.1.456, R Core 
Team, 2018) using the lme4 package (Bates, Mächler, Bolker, & Walker, 2014) in 
order to investigate the relationship between reciprocity and the investment (0-10 
coins) and multiplier (×2, ×4, ×6) and to evaluate the potential of the HMTG to 
elicited reciprocity behavior. We started with the maximal linear mixed effect 
model justified by the structure of the data. Investment (continuous predictor), 
multiplier (factor with 3 levels) and their interaction term were entered as fixed 
effects. A random intercept for subjects and by-subject random slopes of investment 
and multiplier were also included. We simplified the model as needed due to 
non-convergence and removed the random slopes that were near zero in order to 
avoid overfitting. Reported p-values were obtained using the Sattherwaite 
approximation to degrees of freedom in the lmerTest (Christensen, 2019). 

6.2.4.2  Moral strategy model
To measure the moral decision strategy employed by each participant in the 
HMTG, we fit a utility model, the Moral Strategy Model (MSM), to the observed 
choice behavior in this task. This model was inspired by the model used by van 
Baar and colleagues (2019), with an adjustment to the functional form to incorporate 
the fifth predicted moral strategy of generosity within the model’s space of 
predicted choice patterns. The MSM posits that the utility derived by the Trustee 
from their reciprocity decisions (U2) is jointly determined by the financial payoff 
earned by the Trustee (π2), the inequity created by the decision, and the Trustee’s 
aversion towards feeling guilt. In the model, the relative influence of payoff, 
inequity, and guilt on overall utility is controlled by two free parameters phi (φ) and 
zeta (ζ), which place a weight on guilt and inequity, respectively:

U2 = π2 – φ × Guilt2 – ζ × Inequity2 (1)

Trustee payoff is defined as π2 = (I × M2 – S2) / (I × M2), where I is the Investor’s 
investment amount, M2 is the multiplier known only to the Trustee, and S2 describes 
the Trustee’s strategy (i.e., the amount of money to return in the game); IA is based 
on previous formulations with Inequity2 = ((I × M2 – S2) / (10 – I + I × M2) – ½)2 (Bolton 
& Ockenfels, 2000; van Baar et al., 2019); as is GA with Guilt2 = max(((E2(E1(S2)) – 
S2) / (E1(M1) × I)), 0)2 (Battigalli & Dufwenberg, 2007; Dufwenberg & Gneezy, 2000; 
van Baar et al., 2019), where E2(E1(S2)) refers to the Trustee’s second-order belief 
about the Investor’s expectations of the Trustee’s strategy and E1(M1) refers to the 

Figure 6.2 Overview moral strategies in the Hidden Multiplier Trust Game. Column 1: Label, 
Column 2: Description, Column 3: Parameter values [phi, zeta], Column 4: Simulated 
behavioral response patterns, Column 5: Observed behavioral patterns of five example 
participants. Grey symbols reflect the returned amount of coins on each trial (black symbols 
result from an overlay of two or multiple grey symbols).

Moral strategy Description Parameter values
[phi, zeta]

Behavioral
pattern

Participant
example

Inequity aversion
(IA)

Aims to ensure an even split [0,1]

Guilt aversion
(GA) 

Aims to meet the Investor's expectations in order
to avoid guilt feelings  

[1,0]

Moral
opportunism

(MO) 

Always follows a non-greedy moral strategy
that is nevertheless maximally financially lucrative

within the constraints of prosocial behavior   
[0.3, 0.3] 

Greed
(GR)

Keeps as many coins as possible for himself [0,0]

Generosity
(GE)

Ensures that guilt and inequity
are always minimized 

[1,1]
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between the true simulated task data and the task data predicted based on the 
recovered parameters were tested.

6.2.4.4  Behavioral parameters
Bayesian pairwise correlations were performed to assess the associations 
between the participant performance (percentage of coins returned) and the 
computational parameters as well as the psychopathy factor and total scores. 
Furthermore, bayesian pairwise correlations were performed to test the 
associations between psychopathic traits and the moral strategies by using the 
model parameters phi, zeta, the SRP-SF subscale and the total scores. Bayesian 
correlations do not rely on any fixed assumptions about the distribution of the data 
(and is better at handling data that would be considered problematic in traditional 
approaches), do not suffer from many other empirical issues that plague traditional 
parametric and non-parametric frameworks (Morey & Wagenmakers, 2014), and is 
a common approach in computational neuroscience.

6.3  Results

6.3.1  Reciprocity behavior
The mean percentage of the amount of coins that was returned by the Trustees 
was 33.37% (SD=0.11). The average amount of coins returned for each of the 
multiplier separately were as follows; ×2 = 31.26% (SD=0.14), ×4=34.71% (SD=0.11), 
and ×6=32.66% (SD=0.11). A comparison of the reciprocity outcomes between the 
moral strategies over all three conditions can be found in Table 6.2. 

captured by the model with high phi and low zeta can be said to be guilt-averse in 
their behavior. In the same way, all four previously validated moral strategies for 
the HMTG (van Baar et al., 2019)—IA, GA, moral opportunism (MO), and greed—
can be captured by different pairs of free parameters: GA at parameter values 
near φ=1 and ζ=0; IA near φ=0 and ζ=1; MO near φ=0.3 and ζ=0.3; Greed near φ=0 
and ζ=0. In addition, the model captured a fifth strategy which we labeled 
generosity, with parameter values near φ=1 and ζ=1 (Figure 6.2, 3rd column). 

In order to provide a categorical clustering of participants by their decision 
strategy, we clustered the two-dimensional phi-zeta parameter space of the model 
into five zones where the five moral strategies are best represented. We first drew 
‘moral strategy exemplar’ simulations (Figure 6.2, 4th column) of the model at the 
five aforementioned parameter pairs (e.g. φ=0 and ζ=1 for IA), then ran 10201 
simulations of the model at 101x101 equidistant parameter pairs between in ranges 
0<=φ<=1 and 0<=ζ<=1, and labeled each of these 10201 parameter pairs by the 
exemplar simulation to which it was most similar based on the sum of squared 
error. For instance, for the model simulation at φ=0.15 and ζ=0.70, we computed 
the sum of squared difference with each of the five exemplar simulations of the 
five moral strategies, found that it was most similar to the exemplar simulation of 
guilt aversion, and labeled it ‘GA’ for guilt aversion. We then used the model as 
fitted to each participant’s decision data to place that participant in the parameter 
space, and labeled the participant by the moral strategy zone in which they were 
placed. 

6.2.4.3  Model performance
In order to investigate the performance of our model, we compared the model fit 
of our model to that of the component models of greed (eq. 2), inequity aversion 
(eq. 3), and guilt aversion (eq. 4), where payoff, inequity, and guilt were defined 
identically to these terms in the moral strategy model:

U2 = π2 (2)
U2 = π2 – ζ × Inequity2 (3)
U2 = π2 – φ × Guilt2 (4)

Additionally, we conducted parameter recovery tests on the model to ensure that 
our model was not overfitting or unreliably fitting the data. In order to do so, 86 
subjects were simulated by simulating behavioural data at 86 random points in the 
model parameter space. Our model was fitted to these simulated subjects using 
the same fitting procedure as for the participant data. The correspondence 
between the true and recovered parameters as well as the correspondence 

Table 6.2  Percentage returned amount of coins for each condition

IA GA MO GR GE

all trials .37* .45* .33 .02* .49*

x2 trials .31 .66* .32 .01* .60*

x4 trials .36 .47 .36 .02* .47*

x6 trials .40* .37 .30 .03* .48*

Notes. Asterisks (*) indicate a significant difference with MO (p<.05). IA=inequity aversion, GA=guilt 
aversion, MO=moral opportunism, GR=greed, GE=generosity.
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We examined the association between reciprocity and psychopathic traits and 
found that SRP-SF total scores were negatively associated with the reciprocity 
across all trials (r=-.27, CI[-.46, -.07]), across the ×4-trials (r=-.28, CI[-.46, -.07]), 
across the ×6-trials (r=-.30, CI[-.479, -.10]), but not the ×2-trials (r=-.13, CI[-.33 .08]). 
A complete overview of the results for the facet scores are displayed in Table 6.3.

Results of the linear mixed effects regression analysis are presented in Table 6.4. 
A main effect of investment was observed, such that higher investments lead to 
higher amounts of coins returned (β=.55, t(7650)=8.97, p<.001). Similarly, main 
effects were observed for multipliers ×2 (β=-15.61, t(7650)=-17.87, p<.001) and ×6 
(β=-2.42, t(7650)=-2.75, p=.006) (both dummy-coded with reference condition 
x4). A significant interaction effect between investment and the multiplier of ×2 
indicated that the differences in the amount of coins returned between multipliers 
×2 and ×4 were larger for the higher investments (β=2.51, t(7650)=17.21, p<.001). Of 
the total sample of 86 participants, 83 Trustees returned non-zero amounts to the 
Investors. Thus, the HMTG successfully elicited reciprocity behavior.

6.3.2  Moral strategy model
The model parameters of the participants (phi, zeta) were distributed throughout 
the model’s two-dimensional parameter space. This showed that different 
participants used different strategies to decide the amount of money to return to 
the Investor and thus confirms the importance of studying inter-participant 
variation in moral decision-making. The MSM was fitted to the behavioral response 
set of each participant in order to formally characterize the different strategies  
of the participants. All of the expected strategies were present in the sample  
(Figure 6.2, 5th column, and an overview of all participants is shown in Figure S6.1). 
The MSM classified 38 participants as inequity-averse, 36 participants as moral 
opportunists, 6 as greedy, 4 as generous, and 2 participants as guilt-averse 
(Figure 6.3). 

6.3.2.1  Model performance
The performance of the MSM was compared with the component models of 
greed, guilt aversion and inequity aversion. The MSM performed significantly 
better than the other models, as determined by the Bayesian Information Criterion 
(BIC): ΔBIC with respect to greed model = –268.26, t(82) = –32.55, p<.001; ΔBIC 
w.r.t. guilt aversion = –79.12, t(82) = –12.28, p<.001; ΔBIC w.r.t. inequity aversion = 
–35.01, t(82) = –9.23, p<.001 (Figure 6.4). Parameter recovery tests indicated that 
the model was well identifiable, as the true parameters were recovered with very 
high accuracy (Pearson correlation between true and recovered parameter, phi: 
r(86) = 0.999, p < 0.001; zeta: r(86) = 0.998, p < 0.001) (Figure 6.5). Ta
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Table 6.4   Results from the linear mixed effects regression for  
reciprocity behavior of the Trustee.

Fixed effects Coefficients SE t p

Intercept 13,68 0,61 22,419 <.001

Investment 0,55 0,061 8,972 <.001

Multiplier x2 -15,61 0,874 -17,871 <.001

Multiplier x6 -2,42 0,879 -2,752 0,006

Investment * Multiplier x2 2,51 0,146 17,212 <.001

Investment * Multiplier x6 0,21 0,143 1,48 -0,139

Random effects Term SD

Subject Intercept 4,493

Notes. SE = standard error, SD=standard deviation

Figure 6.3 Distribution of participants in the phi-zeta model parameter space. Clusters are 
colour-coded. GE = generosity, MO = moral opportunism, IA = inequity aversion, GA = guilt 
aversion, and GR = greed.

Figure 6.4 Model comparisons of the MSM with the unitary models of greed, guilt aversion 
and inequity aversion models. The BIC values are 397.41, 208.27, 164.16, and 129.15, 
respectively. A lower BIC value indicates a better model fit.

Figure 6.5  Parameter recovery tests show that the correspondence between the true and 
recovered parameters is high (phi: r(86) = 0.999, p < 0.001; zeta: r(86) = 0.998, p < 0.001).
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6.3.2.2  Psychopathic traits
To investigate the relation between the moral strategies and psychopathic traits, 
we studied the correlation between the parameters phi and zeta on the one hand, 
and the SRP-SF total and facet scores on the other hand (Table 6.5). Although we 
did not find a significant correlation with the total score, there was a negative 
correlation between zeta and affective psychopathy traits (r=-.28, CI[-.46, -.07]) 
and antisocial traits (r=-.25, CI[-.43, -.04]). In contrast with our hypothesis, phi was 
not associated with the total score or any of the SRP subscales. Phi and zeta were 
not significantly correlated (r=.16, CI[-.05, .36]). Although Bayesian analysis is 
robust to outliers and heavy-tailed distributions (Gagnon, Desgagne, & Bedard, 
2016), we repeated the analysis without the participant with the highest SRP score 
(N=85) as an additional check. The results showed that the effects remained 
unchanged (SRP affective: r=-.24, CI[-.42, -.03]; SRP antisocial: r=-.22, CI[-.41, -.01], 
see Table S6.1 for a complete overview of results). In addition, alternative tests 
using non-Bayesian Pearson and Spearman correlations yielded similar results 
(see Table S6.2). 
 Although phi and zeta were both negatively correlated with psychopathic 
traits, there was no significant correlation between the two. As an additional 
check, we performed a post hoc Hotelling’s t-test with the cocor package in R 
(R Core team, 2013) to investigate whether the two correlations are significantly 
different from each other (Diedenhof & Musch, 2015). The results supported a 
difference between phi and zeta correlations with affective traits (t(83)=4.47, 
p=.016), but not antisocial traits (t(83)=1.17, p=.246).

6.4  Discussion

The aim of the present study was to elucidate moral strategies employed by a 
group of non-offenders with varying levels of psychopathic traits. Our modified 
version of the MSM is the first to additionally include generosity as a possible 
moral strategy. The distribution of the other moral strategies in the current sample 
is comparable with previous findings from a study that employed the MSM in 
healthy adults (van Baar et al., 2019; van Baar, Klaassen, Ricci, Chang, & Sanfey, 
2020). 
 Our results indicate a negative relationship between psychopathic traits and 
reciprocity, as reflected by the amount of coins returned to the investor in the 
HMTG. On the facet level, it was shown that this association was significant for  
the interpersonal, affective, and antisocial traits. We suggest that findings could 
be linked to greed indirectly, where lower reciprocity is suggested to reflect 
greediness. The association between greed and psychopathic traits was also Ta
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proposed in previous literature. For instance, recent findings showed that antisocial 
individuals make choices based on the belief that most other individuals are as 
antisocial as they are themselves (Engelmann, Schmid, De Dreu, Chumbley, & 
Fehr, 2019), and use this belief to justify own behavior. This is in line with previous 
findings indicating that greedy individuals tend to engage more in making social 
comparisons (Krekels & Pandelaere, 2015). It was suggested that greed is partially 
rooted in the affective component of psychopathy (Rilling et al., 2007). The 
affective facet of psychopathy measures behaviors reflecting lack of empathy and 
failure to accept responsibility, among others. From this perspective, our results 
suggest that individuals scoring relatively high on the affective scale may care less 
about the negative consequences that their choices bring to others (Cima, 
Tonnaer, & Hauser, 2010), distance themselves from the consequences, and do 
not feel (entirely) responsible. Finally, previous findings showed that interpersonal 
traits, such as agreeableness, are propagated to maintain interpersonal harmony 
and promote prosocial behavior in socio-economic decision-making (Zhao & 
Smillie, 2015). A callous-conning interpersonal style on the other hand, would 
promote a more antisocial decision-making style. In the future, the expected 
increase in greedy behavior in individuals with psychopathic traits could be further 
investigated using novel computational approaches that would offer insight into 
the underlying strategies.
 Our results with respect to zeta indicate that participants with elevated levels 
of affective or antisocial psychopathic traits were less averse to inequity in their 
social decisions, as was proposed in previous studies (Aharoni et al., 2011; Glenn, 
Raine, et al., 2009; Osumi & Ohira, 2010). One explanation could be that lower 
inequity aversion reflects disrupted affective responsiveness typically seen in 
individuals with elevated psychopathic traits, as affective responses are assumed 
to be crucial for judging the fairness of an offer (Barsky & Kaplan, 2007). If emotional 
processing is diminished, the ability to properly judge fairness may also be 
compromised as a consequence. This has implications for the development of 
morality, as impairments in affective processing are believed to bias moral 
development and result in antisocial behavior (Blair, 2013; Blair, 2007). The 
negative correlations between inequity aversion and the affective and antisocial 
components of psychopathy support this notion. 
 An alternative mechanism that has been suggested is that guilt aversion is the 
main driver of prosocial behavior. Although only two participants in our sample 
were categorized as purely guilt-averse, a large number of participants followed 
either a morally opportunistic (N=36) or generous strategy (N=4) strategy, in which 
guilt-averse behavior also plays a central role. In contrast with previous studies 
that emphasized the importance of guiltlessness in psychopathy (Koenigs, 
Kruepke, & Newman, 2010; Osumi & Ohira, 2017), the current study did not find 

support for the link between psychopathic traits and GA. Recently, Gong et al. 
(2019) demonstrated that healthy individuals with high levels of psychopathic traits 
were able to understand the expectations of others, but did not seem to 
incorporate this information when making social decisions and experienced less 
aversion to anticipated guilt when deciding. The computational model for GA used 
by Gong et al. (2019) included a parameter that quantified how sensitive participants 
were to the experience of guilt as a consequence of letting their partner down 
(Chang et al., 2011; Charness & Dufwenberg, 2006; Dufwenberg & Gneezy, 2000; 
Khalmetski, 2016). Importantly, however, this GA model was not designed to 
untangle guilt aversion from inequity aversion, which is problematic as expectations 
often align with fairness norms (Chang et al., 2011; Sanfey, Stallem, & Chang, 2014; 
van Baar et al., 2019). This means that part of the results about guiltlessness and 
psychopathy in the literature could have been driven by the fact that inequity 
aversion and guilt aversion are confounded in many tasks (but not the HMTG). 
Therefore, we suggest that the previously proposed link between guilt aversion 
and psychopathy could be (partly) explained by decreased inequity aversion, 
which was not directly measured in prior studies (e.g. Gong et al., 2019; 
Seara-Cardoso et al., 2016).
 Although phi and zeta were both negatively correlated with psychopathic 
traits (note that only the correlation with zeta was significant), there was no 
significant correlation between the two. As an additional check, we performed a 
post hoc test and found a significant difference between phi and zeta correlations 
with affective traits, but not antisocial traits. Based on these findings, we remain 
cautious with our interpretation concerning the association of antisocial traits and 
the computational parameters of inequity and guilt aversion. Nevertheless, our 
findings stress the importance of treating guilt and fairness as independent 
concepts, and it is possible that the inconsistencies pertaining the conceptualiza-
tion of fairness and guilt could help explain the mixed results in the literature on 
psychopathy and moral decision-making. This could have important consequences 
for our view on psychopathy, which now assumes that guiltlessness is a main 
characteristic of individuals with high levels of psychopathic traits (Cima et al., 
2010; Engelmann et al., 2019; Rilling et al., 2007; Krekels & Pandelaere, 2015). 
 Furthermore, we found a substantial number of participants that switch 
between an IA and GA strategy, dependent on the context (MO: N=36, Generosity: 
N=4). Moral opportunists do not follow a ‘pure’ strategy but decide flexibly which 
course of action is both morally justifiable and maximally beneficial in a particular 
situation. Participants following a generous strategy ensure that guilt and inequity 
are always minimized. Given that MO and generosity were each defined as a 
combination of two parameters, there was no single model parameter that directly 
quantified these strategies. Therefore, we were unable to study the link between 
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psychopathic traits, moral opportunism and generosity using the MSM model. 
Hopefully, further developments in the computational neuroscience will provide 
novel mathematical solutions that would allow us to quantify moral opportunism 
and generosity using single parameters individually capturing each strategy. 
Another solution could be to phenotype individuals based on their moral strategies 
in larger samples, and then examine the distribution of psychopathy scores across 
phenotypes. This could also have provided information about which clusters of 
personality and demographic traits were associated with each moral strategy (e.g. 
Driessen et al., 2018). This approach would be consistent with recent endeavors in 
computational psychiatry, in which computational parameters are used to assign 
individuals to homogeneous clusters, and then examining scores on behavioral 
and psychological variables (Brazil et al., 2017; Stephan, Iglesias, Heinzle, & 
Diaconescu, 2015). One of the strengths of our study was that participants were 
allowed to freely adopt their own moral strategy, in contrast to prior research 
where participants were instructed to reason in a particular way (e.g. Hein et al., 
2016). However, the downside of this approach is that we were unable to control 
the prevalence of each moral strategy in our sample. This resulted in relatively low 
numbers of guilt-averse, greedy and generous participants. Therefore, we were 
unable to perform between-group analyses using the stratification of participants 
based on their moral strategy.
 Another critical note is that the present study did not include a broad collection 
of additional measures to directly test the external and construct validity of the 
HMTG and the MSM, as this was not the goal of the present study. Instead, we built 
upon other work in which extensive validation is offered for the moral strategies 
identified using the MSM by referencing the strategies to an array of external task 
and questionnaire measures. Importantly, it was demonstrated that the moral 
strategies align with participant’s own experience of their psychological decision 
process (van Baar et al., 2020). These results supported the external and construct 
validity of the task and the model.
 In conclusion, the current study unraveled five distinct cognitive strategies 
underlying social decision-making, and examined the relationships of guilt, 
inequity, and greed with psychopathic traits. Our results indicated that the affective 
traits that are associated with psychopathy were linked to lower levels of 
reciprocity, which indirectly reflects greed. Our computational analyses provided 
more insight into the strategies that underlie reduced reciprocity behavior in 
individuals with a high level of affective traits. They indicated that a reduced sense 
of fairness, but not guiltlessness underlie the reduced reciprocity behavior in 
individuals with high levels of affective traits. This could explain the link between 
affective traits and poor social decision-making and immoral behavior in individuals 
with elevated psychopathic traits. In contrast with earlier results, our findings could  

not confirm lack of guilt as a key factor in social decision-making in individuals with 
psychopathic tendencies. Our findings stress the importance of treating guilt and 
fairness as independent concepts, and it is possible that the lack of methodological 
and conceptual precision in untangling the individual impact of fairness and guilt 
in previous studies could explain the mixed results in moral  decision-making 
literature. Obtaining a fine-grained perspective on moral strategies could open 
new avenues for research in offender populations as well, which could eventually 
boost the development of treatment that offers a better fit with the cognitive 
capacities of such individuals (Baskin-Sommers et al., 2015).
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6.5  Supplementary material

Figure S6.1  Choice behaviour of each participant. Grey symbols reflect the returned amount of 
coins on each trial (black symbols result from an overlay of two or multiple grey symbols).
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Table S6.1   Bayesian pairwise correlations between computational parameter 
and SRP scores without highest score SRP score (n=85).

Phi (guilt aversion) Zeta (inequity aversion)

Mode r 95% CI Mode r 95% CI

SRP Interpersonal .01 [-.20, .21] -.15 [-.35, .06]

SRP Affective .10 [-.11, .30] -.24* [-.42, -.03]

SRP Lifestyle -.04 [-.25, .17] -.03 [-.23, .18]

SRP Antisocial -.05 [-.26, .16] -.22* [-.41, -.01]

SRP Total -.01 [-.20, .22] -.16 [-.36, .05]

Notes. Mode r = most likely estimate of the strength of the correlation, Significant correlations are flagged 
with an asterisk (*).

Table S6.2   Pearson and Spearman correlations between SRP scores 
and computational parameters

Phi (guilt aversion) Zeta (inequity aversion)

r rho r rho

SRP Interpersonal -.01 -.03 -.17 -.18

SRP Affective .04 .05 -.28** -.25*

SRP Lifestyle -.07 .04 -.05 -.07

SRP Antisocial -.14 -.06 -.25* -.25*

SRP Total -.04 <-.01 -.21 -.19

Notes. Significant correlations are flagged with an asterisk (*). Rho = Spearman’s correlation coefficient, 
r = Pearson’s correlation coefficient.
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The main aim of this thesis was to further unravel the nature of the mechanisms 
that are believed to play a role in disruptions in affective processing and decision- 
making seen in relation with high levels of psychopathic traits. Behavioral, electro-
physiological and computational approaches were applied to study affective  
and social cognitive processes in a series of experiments. Firstly, I will provide a 
summary of the results included in this thesis. Secondly, I will integrate the main 
findings and discuss the results in the light of the IES model. Finally, I will discuss 
potential future directions that would be beneficial to the field of psychopathy and 
associated mechanisms of decision-making, followed by some concluding remarks.

7.1  Summary

Antisocial behavior is a heterogeneous construct and there is ample evidence 
that supports the existence of different subtypes of antisocial individuals (e.g. see 
Brazil et al., 2018). Subtyping of antisocial individuals is often theory-driven and 
based on time-consuming measures, such as the Psychopathy Checklist Revised 
(PCL-R). Chapter 2 described a study in which latent profile analysis was performed 
using the Self-Report Psychopathy Checklist Short Form (SRP-SF) to identify anti - 
social profiles in male offenders. In addition, we studied how these profiles were 
linked to personality correlates and a broad range of behaviours seen in anti social 
populations. The experiment yielded extensive and multifaceted  characterizations 
of four different profiles; generic offenders, impulsive-antisocial traits offenders, 
non-antisocial psychopathic traits offenders, and psychopathic traits offenders. 
These results were in line with previous subtyping studies that were based on the 
PCL-R. Taken together, these results provided support for the presence of different 
antisocial personality profiles in an offender population and for the validity of the 
SRP-SF as a measure to subtype individuals based on their level of psychopathic 
traits. 
 In the following two chapters, social-affective functioning was examined in 
relation to psychopathic traits. The objective was to obtain a deeper understanding 
of the link between psychopathic traits and the processing of threat cues in a 
community sample. In chapter 3, a study is described in which we examined the 
automatic approach and avoidance responses to emotional facial expressions in 
a sample of cognitively unimpaired adults. In most people, confrontation with a 
threatening stimulus, e.g. an angry face, elicits personal distress and initiates an 
avoidance response (Lang et al., 1997). As a recent study suggested reduced 
threat avoidance in psychopathic offenders, we were interested in the automatic 
response towards angry facial expressions specifically, and whether this effect 
was associated with the level of psychopathic traits in a community sample. More 
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 Chapters 5 and 6 describe two studies that examined how different mechanisms 
involved in decision-making are related to the level of psychopathic traits. The 
study in chapter 5 aimed to investigate how individuals make use of social and 
non-social information in a reinforcement learning task, in which the trade-off 
between two types of information affects task performance and associated 
monetary reward for the participant. More specifically, the latent cognitive 
processes that are involved in associative learning of stable and volatile information 
were studied and the effect of psychopathic traits was investigated. In addition, 
oscillatory theta activity was examined, given its potential involvement in adaptive 
control processes. The findings indicated that individuals with psychopathic traits 
experienced impairments in associative learning based on social information, and 
suggested that interpersonal traits are linked to a reduced ability to adapt to 
changes in the reliability of social information. In addition, it was found that 
decreased theta power was linked to higher levels of psychopathic traits, which 
aligns with indications that theta is involved in tracking the volatility of social 
information (Behrens et al., 2007). Furthermore, the impairments that were 
associated to increased levels of psychopathic traits, mostly present in the social 
domain, did not lead to a preference for one of the information sources, and did 
not affect the risk that was taken in order to obtain a high reward. 
 Chapter 6 describes a study in which moral strategies (i.e. decision styles) 
were investigated by assessing reciprocity in a socio-economic trust game. In this 
task, choice behavior of the participant affected both the participant and the 
confederate. A computational model was used to estimate the role of different 
strategies in this task and examined how this was related to psychopathic traits. 
These results indicated that there were five different moral strategies used in this 
task; guilt-aversion, inequity aversion, moral opportunism, greed, and generosity. 
Two parameters representing inequity aversion and guilt aversion were measured 
in relation to the level of psychopathic traits of the participants. Inequity aversion 
in this task reflected the tendency to ensure an even split between the participant 
and the confederate. Guilt aversion reflected the tendency to follow other’s 
expectations on order to avoid guilt feelings. The results showed that inequity 
aversion, but not guilt aversion, was associated with lower levels of psychopathic 
traits. Furthermore, our non-modelling results indicated that higher psychopathic 
traits were associated with lower reciprocity, that is the amount of coins returned 
to the confederate. This could suggest that individuals with high levels of 
psychopathic traits act greedier in a socio-economic game, which is consistent 
with previous findings in literature. Based on these findings, it was suggested that 
the underlying mechanism of greedy behavior in these individuals could be 
reflected by a decreased sense of fairness.

importantly, we aimed to further unravel this threat coping mechanism by 
examining the role of testosterone, given its link with aggression (Book et al., 
2001; Popma et al., 2007) and threat approach (Hermans, Ramsey, & van Honk, 
2008; Radke et al., 2015; Terburg & van Honk, 2013). Participants were included 
based on their SRP total score, in order to obtain a reliable distribution of 
psychopathic traits in our test sample. We found that the level of psychopathic 
traits was linked to reduced automatic threat avoidance. The results suggested 
that individuals with high levels of psychopathic traits do not show the typical 
avoidance reaction towards angry facial expressions, but instead show an 
approach reaction. This finding was contistent with a previous study demonstrating 
a similar effect in psychopathic offenders (von Borries et al., 2012). Our results 
indicated that although testosterone was positively related to psychopathic traits, 
it did not mediate the effect of psychopathic traits on threat avoidance. However, 
as was proposed in previous studies (Dabbs et al., 1991; Popma et al., 2007), it 
could be that cortisol could has moderated the behavioral effects of testosterone. 
Therefore, it is important to consider the interplay between the Hypothalamic-Pi-
tuitary-Adrenal (HPA) and testosterone in future studies.
 The study described in chapter 4 investigated pain empathy and pain 
sensitivity in relation to psychopathy by measuring event-related potentials (ERPs) 
extracted from the ongoing EEG in an interactive setup. Each participant first 
fulfilled the role of “villain” (observing another person receiving electronic shocks) 
and later of “victim” (receiving the shocks while another person is watching). In 
addition, control over the painful stimulus was modulated, where “passive” refers 
to having no control over the shocks, while “active” refers to having control over 
delivering the shocks. This resulted in four different conditions; passive villain, 
active villain, active victim, and passive victim. Response-, visual- and pain ERPs 
were compared between the four conditions. The findings suggested that 
individuals experienced more conflict when hurting someone else than when 
hurting themselves. In contrast with the hypothesis, this effect was found to be 
independent of the level of psychopathic traits. Furthermore, the results indicated 
that self-controlled pain was experienced as more painful than uncontrolled pain, 
and this effect was found to be negatively related to the level of psychopathic 
traits. It was proposed that this relationship could be explained by the reduced 
sensitivity to pain that was found in previous studies (Brislin, Buchman-Schmitt, 
Joiner, & Patrick, 2016; Hare, 1965). In sum, the results of this study suggested that 
social context, attention and personality traits are important modulators of pain- 
and empathy-related neuronal responses. However, taking the studies limitations 
into account, additional research is required to validate the effects and take a 
closer look at the individual moderators of pain processing.
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in both offenders (von Borries et al., 2012) and community-dwelling individuals 
with high levels of psychopathic traits (chapter 3), and instead, the results 
suggested that individuals with high levels of psychopathic traits tended to 
approach a threatening stimulus. Besides, studies investigating the link between 
psychopathy and the processing of pain suggested that individuals characterized 
by high levels of psychopathic traits showed reduced fear in response to 
anticipated pain (Hare, 1965), and showed an increased pain tolerance (Brislin et 
al., 2016). The findings in chapter 4 also indicated an abnormal response towards 
imminent pain, therewith supporting the hypothesis of reduced threat avoidance 
in relation to psychopathic traits. Finally, although there was some variability 
between the two studies, the effect was significant on both facet and superordinate 
level.
 The IES model suggests that psychopathic individuals experience impaired 
processing of distress cues (e.g. fear, pain, sadness) in others (Blair, 2013). 
However, the model does not distinguish emotions in others that could potentially 
be harmful to oneself (e.g. anger, threat) from emotions that do not directly affect 
oneself but typically underlie empathic responding (e.g. sadness, pain). While the 
results of this thesis supported the evidence indicating an association between 
psychopathy and abnormal threat reactivity, the neurophysiological correlate 
reflecting conflict in response to pain experienced by others was not different in 
individuals scoring high on psychopathic traits. Concerning the latter, it should be 
noted that we examined the neurological response that is associated with conflict 
and used it to estimate empathy. It would have been informative to explicitly ask 
them how they felt when watching someone else receiving the shock. 
 The two other empirical studies that were described in this thesis investigated 
mechanisms of decision-making and examined the effect of psychopathic traits 
on these mechanisms. The results of these studies emphasized the impact of 
psychopathic traits on choice behavior in social situations. The findings of chapter 
5 suggested that while learning from reward-based information was intact, 
learning from social information was negatively associated with psychopathic 
traits. Interpersonal traits were linked to a reduced ability to adapt to changes in 
the reliability of social information. Although this affected their performance in the 
task, it did not change their level of risk-taking. The findings of this study highlight 
the relationship between impaired social-affective functioning and its effect on 
decision-making in a social context. Interestingly, the impaired processing of 
social and affective information does not necessarily result in restrained behavior 
or a passive attitude. In fact, regardless of its effect on performance/success, it 
seems that these individuals do not avoid risky decisions that could have a 
negative impact on themselves or others. This was also reflected in the results of 
chapter 6, which showed that psychopathic traits were positively associated with 

7.2  Integration of the key findings

The first empirical study described in this thesis (chapter 2) presented four different 
antisocial subtypes in an offender population. These profiles that were based on 
self-report measures further emphasized the importance of treating psychopathy 
as a multidimensional construct. Before continuing with a discussion on the main 
findings of the other studies that were presented in this thesis, I would like to 
clarify why we did not look into subtypes in the general population. Psychopathic 
traits are normally distributed among the population and criminal psychopaths are 
believed to express these traits to an extreme extent. This means that the different 
antisocial subtypes in the community are typically less pronounced. Therefore, a 
large sample is necessary to expose these subtypes. Unfortunately, we did not 
have the resources to recruit a sufficiently large sample to be able to perform a 
latent profile analysis and obtain meaningful subtypes. Instead we applied an 
oversampling procedure to select participants for three of the studies that were 
described in this thesis. More specifically, the lower and higher ends of the 
distribution of psychopathic traits were oversampled in order to enhance the 
presence of extreme scores on both sides of the distribution. Importantly, this 
method has been proven to be successful in previous studies (Bernat et al., 2011; 
Brazil, Maes et al., 2013; Gong et al., 2019). Furthermore, the results of our subtyping 
study emphasized the importance of treating psychopathy as a multifaceted 
construct. An extensive body of literature has confirmed that psychopathy is made 
up of at least four dimensions reflecting interpersonal, affective, lifestyle and 
antisocial deviations. These four facets are fundamentally interrelated (Hare & 
Neumann, 2005; Vitacco et al., 2005) and evidence across different samples 
showed that a superordinate factor could account for most of the variance of the 
four dimensions (Neumann et al., 2007). Therefore, in all of our studies, we 
investigated the four facets individually, as well as the superordinate factor that 
was represented by the total score of the SRP-SF.  
 In general, findings that were described in this thesis are consistent with the 
common thread in psychopathy research indicating emotional impairments that 
manifest itself in poor decision-making patterns. Chapters 3 and 4 specifically 
examined social-affective functioning in relation to psychopathic traits. The two 
studies differed in many ways, including the affective modality that was measured, 
the social context that participants were exposed to, the study environment, and 
the type of measurements that were applied. However, the results of both studies 
suggested that individuals with high levels of psychopathic traits show abnormal 
processing of affective stimuli that are associated with threat. Confrontation with 
an angry facial expression typically results in an avoidance response, presumably 
because a person wants to avoid threat to him- or herself. This effect was absent 
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7.3  Future directions

In the next paragraph, I would like to highlight two topics that were addressed in 
this thesis and discuss their potential in future research to further develop our 
understanding of psychopathy, but also psychiatric disorders in a broader sense.  
 Although psychopathy is often viewed as a unitary construct, a large body of 
scientific evidence emphasized its complex heterogeneous construct. Furthermore, 
it was shown that the personality features that are associated with the disorder 
vary along continuous dimensions. The combination of the presence of specific 
traits determine the subtype of a particular person. Since the personality traits are 
typically more pronounced in clinical samples, it is also easier to detect subtypes 
in these samples. To date, there are several studies that investigated antisocial 
subtypes based on psychopathy measures (Hare, 2016; Krstic et al., 2018; Mokros 
et al., 2015; Skeem, Johansson, Andershed, Kerr, & Louden, 2007), including the 
study that was described in chapter 2 (Driessen et al., 2018). These studies 
provided important insight into the different antisocial profiles and their personality 
and behavioral characteristics. However, the current lack of successful treatment 
possibilities for individuals with antisocial and psychopathic traits demonstrates 
the limited understanding we have about the underlying causes of the behavior 
and how this relates to the different subtypes. Over the years, there have been 
great developments in the field of neuroscience that have contributed to our 
awareness of the impaired cognitive processes and involved brain regions. 
Similarly, the field of biology has brought insight into the biological characteristics 
of the disorder. Nevertheless, the number of different neurocognitive and neuro-
biological accounts on psychopathy demonstrates the complexity and hetero -
geneity of the construct. By combining insights and methodological approaches 
from diverse research fields and by applying subtyping not only on behavioral 
characteristcs, but also on these other measures, we could provide a more 
complete overview of the multidisciplinairy characteristics of different antisocial 
and psychopathic subtypes (Brazil et al., 2018). Eventually, this information could 
be used to develop personalized and targeted treatment programs. Although the 
study of subtypes in the general population is more challenging, it could provide 
interesting insights into the differences and similarities between individuals with 
psychopathic traits that are successful and unsuccessful in society. 
 As was addressed earlier in this thesis, the need for further specification of 
the cognitive processes that are impaired in psychopathy is necessary to improve 
subtyping of antisocial individuals. While traditional behavioral and neuroimaging 
studies have increased our understanding of the what (e.g. what is psychopathy) 
and where (e.g. where in the brain, i.e. what brain regions are involved) questions 
regarding psychopathy, computational approaches may help us to find an answer 

greed. This finding suggested that an individual with a tendency to psychopathy 
keeps most, if not all, of the reward for him- or herself, even if this is at the expense 
of another person and bears a risk of losing face, which could be disadvanta-
geous in future negotiations. This interpretation could be linked to Gray’s 
reinforcement sensitivity theory (Gray, 1970), which was already introduced in the 
first chapter of this thesis. Based on earlier findings, it was suggested that inter-
personal-affective traits were linked to an underactive behavioral inhibition 
system (BIS), while impulsive-antisocial traits were linked to an overactive 
behavioral activation system (BAS; Fowles, 1980; Newman et al., 2005; Wallace et 
al., 2009). The approach tendency towards threatful stimuli that was discussed in 
chapter 3 could also be a result of the disbalance of the two systems. Following up 
on this theory, Gray proposed that a strong BAS might be associated with a 
relatively automatic bias to attend to goal-relevant cues at the expense of 
processing cues that are peripheral to one’s dominant response set. This reflects 
the idea that individuals with high levels of lifestyle-antisocial psychopathic traits 
are characterized by a tendency to excessively pursue appetitive stimuli and is 
consistent with evidence indicating that individuals scoring high on impulsive and 
antisocial traits are hypersensitive to reward (Buckholtz et al., 2010; Fowles, 1988; 
Moltó, Poy, Segarra, Pastor, & Montañés, 2007; Stoff, Breiling, & Maser, 1997). This 
tendency has been associated with a decreased ability to properly monitor and 
adjust ongoing behavior in response to changes in environmental contingencies 
(Buckholtz et al., 2010; Fowles, 1980; Newman, 1987; Newman et al., 2005; Newman  
et al., 1997; Hoppenbrouwers, Neumann, Lewis, & Johansson, 2015). Therefore, this 
hypothesis lends itself also to explain the perserverance in using social information 
and the unchanged level of risk-taking in individuals with high levels of psychopathic 
traits, even though performance was reduced due to a diminished ability to adapt 
to changes in the reliability of social information. 
 According to the IES model, the core decision-making deficit in individuals 
with high levels of psychopathic traits are suggested to be associated impairments  
in the vmPFC and the striatum. The link with the vmPFC was supported by our 
findings described in chapter 5 indicating the association between impairments in 
adaptive control during associative learning of social information and reduced 
midfrontal theta oscillations. The overactive behavioral activation system and  
the heightened responsivity to reward that was proposed to underlie some of our 
findings in three of the chapters in my thesis (3, 5 and 6) may explain the link 
between psychopathy and the striatum. Buckholtz and colleagues (2010) found 
that some of the behavioral correlates that are thought to play a role in the 
heightened sensitivity to reward, such as impulsive and antisocial behavior, are 
caused by neurochemical and neurophysiological overreactivity of the dopaminergic 
reward system, including the ventral striatum.
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7.4  Concluding remarks

The work presented in this thesis offers novel insights into potential mechanisms 
underlying social learning and decision-making and demonstrates how these 
mechanisms may be affected by psychopathic personality traits. Furthermore, 
it highlights the importance of improving research techniques that allow us to 
investigate the neurocognitive processes that underlie psychopathic-like behaviors 
in detail and to integrate findings and perspectives across different research areas.

to the how (e.g. how does it work, i.e. what mechanisms are involved/impaired) 
questions. The use of computational models to study behavioral mechanisms has 
gained popularity within psychiatry research in general, and has already led to many 
new insights into the neurobehavioral mechanisms that underlie several psychiatric 
disorders (Maia & Frank, 2011; Mars et al., 2012; Paulus, Huys, & Maia, 2016; Schmidt 
et al., 2011; Stephan & Mathys, 2014). However, the implementation of computational 
modelling approaches in the field of psychopathy research is limited. Only a few 
studies, including the ones described in chapter 5 and 6, used such models 
investigate reinforcement learning in relation to psychopathy (Blair, 2004; Brazil et 
al., 2017; Brazil, Maes, et al., 2013; Oba et al., 2019). This is unfortunate, as these 
models allow us to obtain a detailed view on the sources underlying the cognitive 
impairments that are associated with psychopathy, while traditional behavioral and 
neuroimaging findings do not provide insight into these latent cognitive operations. 
We could use this knowledge to stratify individuals based on these unified underlying 
mechanisms. Furthermore, we could utilise model-  based approaches for the 
subtyping itself. That is, instead of categorizing subtypes based on theoretical 
accounts, we could use computational models to identify latent variables that 
characterize clusters in the data. Bridging of multiple levels of analysis could provide 
a more complete view on psychopathy and lead to better classification accuracy. 
The next step would be to validate the subtypes and to test whether the results 
obtained with these approaches improve the physician’s ability to predict future 
clinical outcomes and select optimal treatments for individual patients. 
 Finally, I would like to highlight a recently emerging approach that was proposed 
to complement the current subtyping approaches. The modelling techniques that 
were discussed earlier allow for obtaining a deeper insight into the underlying 
mechanisms that are associated with the cognitive impairments of psychopathy. In 
addition, they can be used to improve our classification accuracy to obtain 
meaningful subtypes of antisociality. However, a general criticism on subtyping 
techniques is that clustering is focused on group averages and ignores individual 
variations within clusters. Normative modelling is a statistical approach that  
aims to delineate individual variations of psychiatric disorders across different 
dimensions. More specifically, it provides statistical inferences that represents the 
degree to which each individual deviates from the normative pattern. This way, 
normative modelling can be used to understand the variation across the population 
independently of the clinical labels (a detailed review on the use of normative 
models in psychiatry is provided by Marquand, Kia, Zahibi, Wolfers, Buitelaar, & 
Beckmann, 2019). For a dimensional and heterogeneous construct such as 
psychopathy, normative modelling on large population samples could shed light 
on variations in brain and behavior that potentially discriminate successful and 
unsuccessful adaptation to society. 
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Psychopathische persoonlijkheidstrekken en mechanismen 
onderliggend aan antisociaal keuzegedrag
De meeste mensen zijn bekend met de term ‘psychopaat’, welke in de volksmond 
vaak gebruikt wordt om iemand te beschrijven die moordlustig, koelbloedig, 
en moreel gestoord is. Deze beeldvorming van psychopathie en de populariteit 
ervan is terug te zien in een grote verscheidenheid aan romans, films, tv-series en 
computerspellen waarin een beruchte psychopaat de hoofdrol speelt, maar ook 
in de manier waarop de populaire media de term gebruikt om te refereren naar 
moordlustige criminelen. Hierdoor is in de maatschappij het beeld ontstaan  
dat psychopathie vrijwel altijd gepaard gaat met deze extreme gedragsuitingen. 
De definitie van psychopathie zoals gangbaar in de psychiatrie, criminologie en  
in wetenschappelijk onderzoek is echter genuanceerder. Psychopathie wordt hierin 
gedefinieerd als een persoonlijkheidsstoornis die gepaard gaat met verstoringen 
op sociaal-emotioneel vlak in combinatie met antisociaal gedrag. Bovendien blijkt 
uit onderzoeksgegevens dat psychopathie niet uitsluitend voorkomt in penitentiaire  
of forensisch-psychiatrische populaties, maar dat psychopathische kenmerken 
ook aanwezig zijn in de algemene populatie (bij ongeveer 1 tot 6%). Hoewel de 
uitingen van psychopathie over het algemeen minder extreem zijn in de algemene 
populatie, komen de kenmerken kwalitatief overeen met de psychopathische 
kenmerken in penitentiaire of forensisch-psychiatrische populaties.
 Deze definitie van psychopathie komt van de Canadese psycholoog en hoog- 
leraar Robert Hare. Hij beschrijft het construct aan de hand van vier kenmerken, 
te weten afwijkingen op interpersoonlijk, affectief, en antisociaal vlak in combinatie  
met een grillige levensstijl. Het meetinstrument dat aansluit op zijn vierfactoren-
model is de Psychopathic Checklist – Revised (PCL-R). De PCL-R omvat een 
semi-gestructureerd interview met de betreffende persoon en een analyse van 
overige relevante informatie. Afname vereist klinische training en toegang tot andere 
relevante informatie en is daarom niet geschikt om psychopathie in de algemene 
populatie te onderzoeken. Er zijn verschillende (zelf)rapportage-instrumenten 
ontwikkeld die wel gebruikt kunnen worden om psychopathische persoonlijk-
heidskenmerken te meten in de algemene populatie, waarvan de Self-Report 
Psychopathy Scale (SRP) de meestgebruikte is. Het voordeel van dit instrument is 
dat deze dezelfde structuur aanhoudt als de PCL-R en ook uitgaat van het vier-
factorenmodel van Hare.
 Binnen de klinische psychiatrie en het wetenschappelijk onderzoek wordt 
vaak onderscheid gemaakt tussen verschillende soorten psychopathie, waarbij 
een onderscheid tussen primaire en secundaire subtypes gemaakt wordt. Primaire 
psychopathie wordt specifiek gekenmerkt door emotieloos, berekenend en 
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manipulatief gedrag, instrumentele agressie en minder angstgevoelens. Secundaire 
psychopathie wordt gekenmerkt door impulsiviteit, reactieve agressie en angst. 
In hoofdstuk 2 van dit proefschrift is onderzocht of verschillende subtypes herkend 
konden worden bij een gevangenispopulatie in Wisconsin in de Verenigde Staten, 
op basis van resultaten van de Self-Report Psychopathy Scale. Door gebruik  
te maken van een specifieke statistische methode (zogenaamde latente-profiel-
analyse) bleek het mogelijk om vier verschillende subtypes kunnen onderscheiden. 
De grootste groep, die we generic offenders (algemene delinquenten) noemden, 
bestond uit gedetineerden die relatief laag scoorden op alle vier de factoren van 
de SRP. De tweede groep, welke we de impulsief-antisociale groep (impulsive- 
antisocial) noemden, scoorde relatief hoog op de factoren ‘leefstijl’ en ‘antisociaal 
gedrag’, terwijl de scores op de andere twee factoren relatief laag waren.  
De derde groep, niet-antisociale delinquenten met psychopathische kenmerken 
(non-antisocial psychopathic traits offenders), scoorde relatief laag op de factor 
‘antisociaal gedrag’, terwijl de scores op de andere factoren relatief hoog waren. 
De groep die hoog scoorde op alle vier de factoren noemden we delinquenten 
met psychopathische trekken (psychopathic traits offenders). We hebben de vier 
subtypes verder kunnen specificeren aan de hand van vragenlijsten die andere 
persoonlijkheidskenmerken en gedrag dat vaak in verband wordt gebracht met 
antisociale populaties meten. Deze bevindingen komen overeen met resultaten 
uit eerdere studies die subtypes onderscheidden op basis van PCL-R-scores. Mijn 
onderzoek ondersteunt derhalve het onderscheid in subtypes binnen een gevan-
genispopulatie. Bovendien laat deze studie zien dat de SRP bruikbaar en valide is 
om antisociale subtypes vast te stellen bij een gevangenispopulatie.
 Recente technologische ontwikkelingen hebben ervoor gezorgd dat we in 
een relatief korte tijd meer inzicht hebben gekregen in de onderliggende cognitieve 
en neurobiologische mechanismen van verschillende persoonlijkheidsstoornissen, 
waaronder psychopathie. Dit heeft geleid tot verschillende perspectieven die 
psychopathie niet alleen willen verklaren op basis van persoonlijkheidskenmerken, 
maar ook op grond van onderliggende cognitieve en neurobiologische factoren. 
Volgens een veelgebruikt neurocognitief model, het zogenaamde Integrated 
Emotions System (IES-model), vormen verstoringen op sociaal-emotioneel vlak en 
afwijkend keuzegedrag de kerneigenschappen van psychopathie. Deze kernei-
genschappen worden in verband gebracht met specifieke afwijkingen in de 
hersenen, bijvoorbeeld in de amygdala, de ventromediale prefrontaalkwab en het 
striatum. 
 De overige hoofdstukken van dit proefschrift kunnen in twee delen worden 
verdeeld. Het eerste deel omvat twee hoofdstukken waarin sociaal-affectief 
functioneren in relatie tot psychopathische kenmerken onderzocht is. Het IES-model 
suggereert dat psychopathisch gedrag veroorzaakt wordt door verstoringen in 

specifieke affectief-associatieve leerprocessen in de amygdala. Onderzoek binnen 
gevangenispopulaties lieten een link zien tussen psychopathie en verstoringen 
in de verwerking van signalen van dreiging. In hoofdstuk 3 is onderzocht hoe 
volwassen proefpersonen met uiteenlopende scores op de SRP reageerden op 
confrontatie met blije en boze gezichtsuitdrukkingen. Verder wilden we weten of 
dit gedrag samenhing met het testosteronniveau van de proefpersonen. Over het 
algemeen zijn mensen geneigd om toenadering te zoeken bij confrontatie met 
iets positiefs (bijvoorbeeld een blij gezicht) en afstand te nemen bij confrontatie 
met iets negatiefs (bijvoorbeeld een boos gezicht). In een experimentele setting 
is dit gedrag gemeten door te kijken naar de snelheid waarmee mensen een 
joystick naar zich toe of van zich af bewegen wanneer ze en blij of boos gezicht 
op een computerscherm zien. De resultaten uit deze studie toonden aan dat 
mensen die hoog scoren op kenmerken van psychopathie minder geneigd zijn 
om afstand te nemen wanneer ze geconfronteerd worden met dreiging en zelfs 
meer geneigd zijn om toenadering te zoeken. Het testosteronniveau van de 
proefpersonen bleek echter geen verband te hebben met dit gedrag.
 Een andere affectieve modaliteit die vaak in verband wordt gebracht met 
psychopathie, is de verwerking van pijnprikkels. Hoofdstuk 4 beschrijft een studie 
waarin de pijngevoeligheid en de empathie onderzocht zijn door gebruik te 
maken van metingen van specifieke hersengolven. Bovendien is onderzocht of dit 
gedrag samenhing met de score op de SRP. Proefpersonen werden geïnstrueerd 
om achtereenvolgens de rol van ‘schurk’ aan te nemen, waarbij ze een andere 
persoon observeerden terwijl deze elektrische schokken ontving, en ‘slachtoffer’, 
waarbij ze zelf schokken ontvingen terwijl een andere persoon toekeek. Daarnaast 
werd de controle over de knop waarmee een schok werd gegeven gemanipuleerd, 
waarbij ‘passief’ verwijst naar het hebben van geen controle over de schokken, 
terwijl ‘actief’ verwijst naar controle hebben over het toedienen van de schokken. 
De resultaten lieten zien dat individuen meer conflicten ervoeren wanneer ze 
iemand anders pijn deden dan wanneer ze zichzelf pijn deden. In tegenstelling tot 
onze verwachting bleek dit effect onafhankelijk te zijn van de mate van psycho-
pathische kenmerken. Verder gaven de resultaten aan dat zelfgecontroleerde pijn 
als pijnlijker werd ervaren dan ongecontroleerde pijn. Dit effect bleek negatief 
gerelateerd te zijn aan de mate van psychopathische eigenschappen. Deze relatie 
zou verklaard kunnen worden door de verminderde gevoeligheid voor pijn die in 
eerdere onderzoeken in verband is gebracht met psychopathie.
 Naast de affectieve stoornissen, stelt het IES-model dat afwijkend keuze - 
gedrag een centraal kenmerk van psychopathie is. De huidige samenleving heeft 
complexe sociale structuren; in de meeste gevallen hebben de keuzes die we maken 
dan ook invloed op mensen in onze omgeving. Psychopathische eigenschappen 
worden in verband gebracht met antisociaal keuzegedrag; mensen die hoog 
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scoren op psychopathische kenmerken hebben vaak geen oog voor de impact 
die hun beslissingen hebben op het welzijn van anderen. In het tweede deel van 
dit proefschrift zijn twee studies beschreven die de mechanismen van besluit-
vorming en het verband met psychopathische eigenschappen onderzochten. 
Hoofdstuk 5 beschrijft een studie waarin is onderzocht hoe mensen gebruik 
maken en leren van sociale en niet-sociale informatie. Deelnemers deden een 
taak waarin ze steeds moesten kiezen tussen een blauwe en een groene kaart, 
waarbij een van de kaarten correct was. Ze konden gebruik maken van twee 
bronnen van informatie, 1) de uitkomst van voorgaande trials (niet-sociale informatie 
of wel reward informatie) en 2) advies wat werd gegeven door een andere speler 
(sociale informatie). De betrouwbaarheid van deze twee bronnen van informatie 
wisselde zich af, soms in een snel tempo en soms in een langzaam tempo. 
De afweging tussen deze twee bronnen van informatie was van invloed is op de 
beloning die deelnemers konden verdienen. De mate waarin deelnemers risico 
namen werd bijgehouden door deelnemers iedere ronde opnieuw zelf hun inzet 
te laten bepalen. Met behulp van een computationeel model kon worden bepaald 
hoe psychopathische persoonlijkheidstrekken gerelateerd waren aan het gebruik 
van sociale en niet-sociale informatie. Ook zijn hersengolven met een specifieke 
frequentie (van 4 tot 8Hz, zogenaamde thetagolven) gemeten, omdat uit eerder 
onderzoek is gebleken dat theta-activiteit samenhing met adaptieve controle-
processen in de hersenen. De bevindingen van hoofdstuk 5 suggereerden dat, 
hoewel het leren van de niet-sociale informatie intact was, het leren van sociale 
informatie negatief geassocieerd was met psychopathische eigenschappen. 
Mensen met veel interpersoonlijke eigenschappen konden zich minder goed 
aanpassen aan veranderingen in de betrouwbaarheid van sociale informatie. 
Hoewel dit een negatieve invloed had op hun prestaties op de taak, veranderde 
het niet de mate waarin risico werd genomen of de mate waarin deelnemers 
voorkeur hadden voor een van de bronnen van informatie. De theta-hersengol-
ven waren negatief gecorreleerd aan psychopathische kenmerken, wat aansluit 
bij eerdere bevindingen die lieten zien dat theta-activiteit een rol speelt bij het 
inschatten van de betrouwbaarheid van sociale informatie. De bevindingen van 
deze studie benadrukken de relatie tussen verminderd sociaal-affectief 
functioneren en het effect ervan op besluitvorming in een sociale context.
 Hoofdstuk 6 beschrijft een experiment waarin morele strategieën (dat wil 
zeggen beslissingsstijlen) werden bestudeerd in een taak waarbij keuzegedrag 
van de deelnemer gevolgen heeft voor zowel de deelnemer zelf als de 
(onbekende) bondgenoot. Deelnemers ontvingen iedere ronde een aantal 
munten, waarbij de hoeveelheid afhankelijk was van de inzet van de bondgenoot 
en een vermenigvuldigingsfactor. De taak voor de deelnemers was om de munten 
te verdelen over zichzelf en de bondgenoot. Deelnemers hadden informatie over 

de vermenigvuldigingfactor, maar ze wisten ook dat de bondgenoot er vanuit 
gingen dat de vermenigvuldigingsfactor altijd gelijk was. Een computationeel 
model werd gebruikt om de rol van verschillende strategieën in deze taak te 
schatten en onderzocht hoe dit verband hield met psychopathische eigen-
schappen. Deze resultaten gaven aan dat er bij deze taak vijf verschillende morele 
strategieën werden gebruikt; guilt aversion (aversie voor schuldgevoel), inequity 
aversion (aversie voor ongelijkheid), moral opportunism (moreel opportunisme), 
greed (hebzucht) en generosity (vrijgevigheid). Twee parameters die guilt aversion 
en inequity aversion vertegenwoordigen, werden gemeten in relatie tot het niveau 
van psychopathische eigenschappen van de deelnemers. Inequity aversion in 
deze taak weerspiegelde de neiging om een gelijkmatige verdeling tussen de 
deelnemer en de bondgenoot te verzekeren. Guilt aversion weerspiegelde de 
neiging om de verwachtingen van anderen te volgen om schuld gevoelens te 
vermijden. De resultaten lieten zien dat inequity aversion, maar niet guilt aversion, 
samenhing was met lagere scores op de affectieve en antisociale factoren van de 
SRP. Bovendien gaven de resultaten aan dat een hogere mate van antisociale 
eigenschappen samenhing met een lagere hoeveelheid munten dat aan de 
bondgenoot werd teruggegeven. Personen met veel antisociale trekken handelen 
dus mogelijk hebzuchtiger in een sociaaleconomisch spel, wat aansluit bij eerdere 
bevindingen in de literatuur. Op basis van deze resultaten kan geconcludeerd 
worden dat een verminderd gevoel voor eerlijkheid mogelijk de onderliggende 
motivatie is voor hebzuchtig gedrag bij mensen die hoog scoren op affectieve en 
antisociale kenmerken. 
 Het onderzoek dat in dit proefschrift wordt gepresenteerd biedt nieuwe 
inzichten in mogelijke mechanismen die ten grondslag liggen aan de verstoringen 
op sociaal-emotioneel vlak en op het gebied van besluitvorming die gerelateerd 
zijn aan kenmerken van psychopathie. Bovendien benadrukken de resultaten het 
belang van de noodzaak tot het verbeteren van onderzoekstechnieken. Hierdoor 
kunnen neurocognitieve processen die ten grondslag liggen aan psychopathisch 
gedrag beter onderzocht worden, waardoor bevindingen en perspectieven uit 
verschillende onderzoeksgebieden geïntegreerd kunnen worden.   
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