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A

bstract

Callous-Unemotional (CU) traits are personality attributes which include a
deficit of affective valence and reduced empathetic responding (Guay et al., 2007).
Conditions that exhibit high levels of CU traits demonstrate a disassociation within
empathic processing; typically, emotional empathy is evidenced to be dysfunctional,
while cognitive empathy is reported intact (e.g. psychopathy - Blair, 2008, 2005). This
profile of empathetic processing, in relation to CU traits, was investigated in the
general population. 124 participants completed the Inventory of Callous-Unemotional
Traits (Frick, 2004), the Interpersonal Reactivity Index (Davis, 1983), the Empathy
Quotient (Baron-Cohen & W heelwright, 2004), an expression recognition task, and a
measure of affective response.
Negative correlations w ith CU trait score were observed for both cognitive
empathy and em otional empathy. Accuracy in the identification of fearful expressions
presented a negative association with CU tra it score. Self-rating of affective valence,
when viewing both positive and negative images, indicates a universal reduction in
emotional response associated with increased CU tra it manifestation. The dual
reduction in empathy contrasts clinical research (Richell et al., 2003; Blair et al., 1996);
however, the findings regarding expression recognition and emotional valence m irror
previous clinical findings (Hastings et al., 2008; Herpertz et al., 2001).
High, low and control CU tra it experimental groups were selected using the
Inventory o f Callous-Unemotional Traits from the research sample described above.
These groups were used to explore the neural responses of participants w ith defined
levels of CU tra it manifestation to stimuli associated with empathy and affective
valence. Electroencephalographic recording and event-related potential analysis were
used to investigate the group's neural responses to 3 types of stim uli: facial
expressions, painful and non-painful situations and emotional stimuli (both attended
and unattended). Differences in the ERP responses o f the CU tra it groups were
observed across the research, furtherm ore an interacting effect of attention was
observed in the exploration of affective valence.
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P r eface

Key Research Questions
There are six pivotal questions that will be addressed through this thesis:

1. W hat is the distribution o f empathic processing ability and callous-unemotional
(CU) traits? The proposed research aims to examine these constructs w ithin a
general population using a constellation o f established self-report measures.

2. The second objective is to examine the relationship between empathy and CU
traits. Do measures o f CU tra it severity correlate negatively w ith measures of
empathy-processing, emotion recognition and affective valences as would be
predicted from clinically-diagnosed populations?

3. Are cognitive empathy and emotional empathy dissociable w ithin CU traits?
The self-report data will simultaneously investigate the possible fractionation of
empathic abilities in CU traits.

4.

How are the neurological correlates o f emotional empathic ability, measured by
expression recognition, as identified using topographic electroencephalographic
(EEG) recording and event related potential (ERP) analyses modulated by CU
traits?

5.

How are the ERP waveforms of cognitive empathy, measured by reactions to
abstract painful and non-painful scenarios, modulated by CU traits?

22

6.

How are the electroneurological correlates of affective valence modulated by
CU traits and attention?

The Stru ctu re o f the Thesis

The following report is split into tw o sections. Section one explores the
manifestation of CU traits using psychometric measures to investigate the relationship
between CU traits, empathy-processing abilities and emotion. The inclusion of
measures of both cognitive and emotional empathy allows for the analysis o f potential
disassociation of these distinct forms of empathy within high CU tra it manifestation.
Prevalence and distribution of CU traits in the sample population are also analysed.
Crucially, this

primary

research

underpins

and

informs

investigation

into

the

electrophysiological correlates of empathy processing w ith regards to CU traits. This
electrophysiological research forms section tw o of this thesis.

There is a paucity of electrophysiological research into empathy processing and
whether empathy processing is modulated w ith regards to CU traits. Section tw o
focuses on research which applies EEG technology and ERP analysis techniques to
expand on previous publications, by considering empathy processing w ith regards to
CU traits in a general population. Event related potential (ERP) analysis allowed the
unique exploration of empathic responses w ith regards to CU traits; the ERP waveform
components of empathy processing in high, normal and low CU tra it individuals are
examined in three studies titled:
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1. The Electro-Neurological Correlates of Facial Affect Processing in
Relation to Callous-Unemotional Traits.
2. The Modulating Effect of Callous and Unemotional Traits on Responses
to Painful Stimuli Imagined in the Self and Other Perspective.
3. The Mediating Effect of Attention on Emotional Valence Processing in
those w ith High and Low Levels of Callous and Unemotional Traits.

This research aimed to advance previous understand of the neural responses
underlying empathy by exploring the mediating effect of CU tra it manifestation on
empathy processes in a general population demographic.
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S ec tio n 1:

E m p a t h i s i n g P rocesses
U n e m o t i o n a l T ra its

in

R e l a t io n

w it h in a
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to

Ca l l o u s

and

G e n e r a l Po p u l a t i o n

C h a p t e r 1:

E m p a t h is in g P r o c es s es

in t h e

N e u r o t y p ic a l I n d i v i d u a l

Empathy is the attribute of the human mind which governs our ability to
interact w ith one another in a social environment, when deficient one enters disorders
of atypical empathy, such as antisocial personality disorder (ASPD), conduct disorder
(CD) and psychopathy, and the deficits in empathy, emotion and prosocial behaviour
there witnessed (Decety, 2011).

CU traits are a cluster of psychological attributes

which can manifest in one's personality: these traits include factors such as; a lack of
emotion, decreased empathy and a diminished capacity to feel guilt (Guay et al., 2007).
Callous and unemotional (CU) traits comprise a significant proportion o f the symptoms
of personality disorder presented in ASPD, CD and psychopathy (Richell et al., 2003).
Disrupted empathy processing is a key CU trait, strongly correlated w ith clinical
psychopathic populations (Richell et al., 2003). Empathy is an established psychological
process, it is, however, not a simplistic construct and, therefore, will be considered in
depth before considering the relation to CU traits.

1.1 Defining Empathy

Empathy is a complex, multifaceted cognitive process. Heterogeneous in
nature, it is thus not consistently defined w ithin the literature. The etymology o f the
word 'empathy' (the English version) dates to 1903 when it was transformed from a
German word 'einfuhlung' (ein meaning "in" and Fuhlung translating as "feeling",
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Aragno, 2008). The German word 'einfuhlung' was coined by the German philosopher
Rudolf Lotze in approximately 1858 as a translation of Greek empatheia (em meaning
"in" and pathos translating as "feeling", Aragno, 2008). Therefore, the word empathy is
a relatively recent addition to the English language in etymological terms. Since the
addition of the word to the English language researchers and philosophers have
adapted the meaning o f the term empathy in line w ith the current scientific evidence
and postulations. In Batson's (2009) meta-analytical review of empathy literature, 8
distinct definitions or concepts of the term empathy were found. These 8 are:

1.

Knowing another person's internal state, including his or her thoughts
and feelings.

2.

Adopting the posture or matching the neural responses of an observed
other.

3.

Coming to feel as another person feels.

4.

Intuiting or projecting oneself into another's situation.

5.

Imagining how another is thinking and feeling.

6.

Imagining how one would think and feel in the other's place.

7.

Feeling distress at witnessing another person's suffering.

8.

Feeling for another person who is suffering.

It is, therefore, necessary to look beyond a simple definition and in doing so the
literature reveals that there are tw o dissociable components of empathy processing
which occur within the range of human empathy; Numenmaa et al (2008) and ShamayTsoory et al (2009) suggest that human empathy is a psychological construct regulated
27

by

both

cognitive

and

understanding of others.

affective

components,

thereby

producing

emotional

Nummenmaa et al (2008) and Shamay-Tsoory et al (2009)

have published evidence that these tw o components of empathy, the emotional and
the cognitive, are neurologically distinct vectors of emphatic processing. Divergent
neurological pathways are observable in the cortex for the emotional and cognitive
components of empathetic processing (Shamay-Tsoory et al., 2009; Nummenmaa et
al., 2008); the complexities o f the neurological processing of empathy will be reviewed
in detail in the second section o f the thesis. Empathy, therefore, consists o f the tw o
fractionated

but associated abilities of cognitive empathy (CE) and emotional

empathy(EE), relying on both the congruent communication of affective signals
between individuals and higher cognitive inference using contextual cues (ShamayTsoory et al., 2009; Blair, 2008; Nummenmaa et al., 2008).

Cognitive empathy (CE) has been likened to theory of mind (Blair, 2008).
Theory of mind is the ability to attribute mental states to another given their
environment and individual characteristics, whilst acknowledging that the individuals
mental processing may not be similar to one's own. Emotional (or affective) empathy
(EE) processes both emotional recognition and contagion (Blair, 2008).

Emotional

recognition refers to our ability to recognise expressions of em otion accurately in
others, while emotional contagion is the ability to autonomically mimic the expression
of others both in our physical output and by synchronisation of internal em otion (Blair,
2008).
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1.2 Em otio na l (Affective) Empathy and its I n t e g r a l Elements

Emotional empathy is essential to both the ability to recognise expressions of
em otion accurately in others and to the autonomic mimicry of expressions (Blair,
2008). Emotional empathy allows the perceived emotions of others to be simulated
internally; Preston and De Waal (2002) developed the perception-action hypothesis
which states that the observation o f behaviour by another individual will automatically
result in the activation of one's own schema o f said behaviour. Furthermore, extension
simulation theory postulates that the neural processing o f social cues of emotion
operates in a similar manner, in that the observation of an em otion in another
autonomically actives one's own neural representations of that em otion through the
activation of m irror neurons (neurons which produce action potentials in response to
the observation of movement and to the production of that movement) (Gallese,
2003). Such congruency between one's own feelings o f em otion and the response to
perceived symmetrical emotional in others allows for empathy to occur and serves to
underpin our ability to understand another's mental state.

The m otor m irror neuron system within the inferior frontal gyrus has been
revealed to be active when undertaking tasks requiring em otion recognition or
evaluation (Seitz et al., 2008; Carr et al., 2003) and emotional empathy (Jabbi et al.,
2007; Schulte-Ruther et al., 2007). Carr et al (2003) observed that components o f the
inferior frontal cortex's m irror neuron system where active during both the observation
and im itation of facial expressions of emotion. Simulation of the emotional state of
another within oneself is associated w ith the inferior frontal gyrus in em otional
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empathy research (Schulte-Ruther et al., 2007). Furthermore, fMRI neuroimaging data
measuring cortical activation during the im itation and passive observation of emotional
facial expressions showed an increased BOLD signal of the inferior frontal gyrus in both
conditions, indicating that this cortical area and the contained m irror neurons are
associated w ith em otion recognition and mimicry (Dapretto et al., 2006).

A lesion study by Shamay-Tsoory et al (2009) explored emotional and cognitive
empathy in th irty neurological patients w ith localised lesion damage specific to either
the ventromedial prefrontal cortex (n = 11), the inferior frontal gyrus (n = 8) or
posterior lesions (n = 11), and 34 healthy controls. Aetiologies o f the lesions included
stroke, meningioma and head injury, the proportion of each was matched between
groups. Results revealed that lesions to the inferior frontal gyrus were associated with
reduced emotional empathy capacity, but intact cognitive empathy, as measured by
the patients responses to the empathic concern scale and perspective taking scale of
the Interpersonal Reactivity Index (Davis, 1983); whereas the ventromedial prefrontal
cortex was associated w ith the reverse profile o f empathy. Inferior frontal gyrus lesions,
particularly those to BA 44, were associated w ith significant im pairm ent in both
emotional

empathy

and

emotion

recognition.

BA 44

is

cytoarchitectonically

homologous to F5, a central part of the m irror neuron system, therefore the authors
conclude that the findings present fu rther empirical evidence that the m irror neuron
system is essential for emotional empathy (Shamay-Tsoory et al., 2009) (see Figure 1).
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Figure 1 : Location a nd overlap o f b ra in lesions according to e m o tio n a l versus cognitive e m p a th y im pairm e n t-g rou p s.
(A) Lesions o f the e m o tio n a l-e m p a th y-im p a ire d group (n = 6). Four p a tie n ts h a d an in fe rio r f r o n ta l gyrus dam age
involving area BA 44, one h ad ve n tro m e d ia l dam age a nd one h ad p re fro n ta l cortex dam age. (B) Lesions o f the
co g n itive -e m p ath y-im p a ire d group (n = 7): fiv e h ad ve n tro m e d ia l dam age involving area BA 10 a n d 11, one had
in fe rio r fr o n ta l gyrus dam age and one had p re fro n ta l cortex dam age (Shamay - Tsoory e t al., 2009).

The activation o f the inferior frontal gyrus appears to modulate w ith regards to
individual differences in emotion empathy capacity; it has been demonstrated that
there is a positive association between scores on an emotional empathy measure (the
empathic concern scale of the Interpersonal Reactivity Index) and the strength of
activity in the inferior frontal gyrus when observing emotional empathy eliciting stimuli
(Kaplan & lacoboni, 2006). Therefore, it could be concluded that the inferior frontal
gyrus is an essential structure for the processing of emotional empathy. However, it is
necessary to note that another study reported that individuals who score higher on the
cognitive empathy scale of the same self-report empathy measure - the Interpersonal
Reactivity Index (the perspective taking subscale) were associated more strongly with
m irror neuron activation in the inferior frontal gyrus (Gazzola et al., 2006). Therefore,
there is some debate within the literature regarding the neural areas associated with
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the emotional and cognitive components of empathy.

Further to this evidence of the m irror neuron system and associated cortical
structures being a core component of the neural response to emotional empathy
stimuli, there are studies implicating other areas of the cortex as being vital for a
functional neural emotional empathy response (Nummenmaa et al., 2008; Singer et al.,
2004). In a review o f research from areas of affective neuroscience, social neuroscience
and neuroeconomics, Singer et al (2004) suggest that the insular cortex, particularly
the anterior portion, functions to integrate sensory and affective inform ation, and is
required for learning about emotion states, predicting emotion and generating
prediction errors.

Nummenmaa et al (2008) explored the potential of emotional empathy to
recruit the neural networks involved in m otor representation and im itation in 10
healthy,

neurologically-intact

females.

To

evoke

emotional

empathy

in

their

participants, blocks of photographs depicting people in neutral everyday situations
(cognitive empathy) or suffering serious threat of harm (emotional empathy) were
shown to the participants; when viewing the stimuli participants were requested to
empathise w ith the people in the stimuli photographs (Nummenmaa et al., 2008).
Emotional empathy was correlated significantly w ith an increased activity in the m irror
networks, thalamus and cortical areas, specifically the fusiform gyrus which is
associated w ith face and body perception. Their interpretation o f the findings was that
stimuli evoking emotional empathy were associated w ith increased BOLD signal in the
neural regions that process emotional cues through the perception o f inform ation in
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both facial expression and body posture, in addition to understanding and allowing
internal simulation of the possible mental state o f the individual observed (see Figure
2). These areas were distinct from those recruited for cognitive empathy condition
stimuli which were the left parahippocampal gyri and fusiform gyrus, cuneus and right
middle frontal sulcus. This study suggests that emotional contagion may indeed occur
through the

internal simulation o f our representation

of another's emotional

experience via a state matching neurological ability.

Figure 2: A x ia l sections w ith regions o f b ra in show ing g re a te r BOLD responses to e m o tio n a l versus co gnitive
em p a th y (red) a nd to cognitive versus e m o tio n a l e m p a th y (blue) (N um m enm aa e t al., 2008).
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1.3 El ectrophysiological Correlates o f Em otional Empathy

Recognition of emotional expression is a key component of emotional empathy
(Blair, 2007; 2005); correct recognition of emotion in peers facilitates appropriate
empathy responses and thus contributes to the regulation of social behaviour. The
consideration of responses to facial expressions o f emotion will form the key focus of
the electrophysiological research into emotional empathy. Research into attendance to
emotional stimuli shows attentional bias towards cues of emotional content, indicating
that these cues are typically prioritised (Eastwood et al., 2003; Ohman et al., 2001;
Vuilleumier et al 2001). A neurological dissociation has been observed between the
neural patterns which code for the recognition o f the structure of a face as an object
w ithin the environment and those which infer semantic meaning from expressions of
affect (Eimer et al., 2003; Holmes et al., 2003; Bentin & Deouell, 2000). Furthermore,
electrophysiological research has shown that the brain generates specific ERP
component patterns and EEG waveform activity in response to facial expression stimuli,
which will be discussed henceforth (Utama et al., 2009; Eimer & Holmes, 2007; Batty &
Taylor, 2003; Eimer et al., 2003).

Event Related Potential (ERP) analysis is suitable to study responses to facial
affect because it is a uniquely tem porally accurate method of inquiry allowing
investigation of the neural response to stimuli at millisecond resolution (Luck, 2005);
therefore, despite ERP neural recording being spatially less accurate that other neural
activity recording technologies, ERP can provide insight into the electrophysiological
response o f the brain to facial affect stimuli.
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The electrophysiological correlates of facial affect recognition will be considered
in tem porally ascending order from the presentation of the facial affect stimuli.
Correlates specific to facial affect stimuli have been observed from 100ms (Eimer &
Holmes, 2007; Batty & Taylor, 2003; Pizzagalli et al., 1999). For example, an increase in
the P100 (PI) component has been observed in response to fearful expressions of
affect when compared w ith equivalently presented neutral faces at a latency o f 120ms
at prefrontally positioned electrodes (Eimer & Holmes, 2007). These early P100 effects
are considered to reflect activation of the neural mechanisms which encode responses
to stimuli w ith emotional content and, thus, would be predicted to be observed within
ERP experimental paradigms using affect based stimuli arrays (Sato et al., 2001;
Pizzagalli et al., 1999).

The anterior N100 (N l) has also been observed to increase in am plitude when
elicited by fearful faces rather than happy or neutral faces; attention was also observed
to m odify this amplitude increase over the anterior N100 in response to fearful
expressions (Luo et al., 2010). Other research reports that N100 amplitudes were
reduced in response to fearful when compared to sad faces (Dennis et al., 2009).

Particularly well-researched is the modulation of the N170 component o f the
neural response. An effect at N170 is well-evidenced as a com ponent o f the
electrophysiological response to the presence of a structure that resembles a face;
however, there is some evidence that the emotional expression of the facial stim uli can
also modulate the N170 component (Blau et al., 2007; Balconi & Pozzoli, 2003; KrolakSalmon et al., 2001; Streit et al., 2000). Batty and Taylor (2003) had 26 participants
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observe unfam iliar faces expressing the six basic emotions (anger, disgust, fear,
happiness, surprise and sadness), as well as neutral faces, during ERP recording. As well
as an increased P100 effect at 90ms latency, emotional expressions mediated the N170
component response at 140ms, w ith positive emotions evoking the com ponent with
less latency than negative ones. Furthermore, Batty and Taylor (2003) observed that
the am plitude of the N170 component was larger in response to expressions depicting
fear, than in response to expressions o f neutrality or surprise.

The N170 component has also been shown to be sensitive to the intensity of
emotion represented in the visual stimuli; for example, Sprengelmeyer and Jentzsch
(2006), in a study of 16 participants utilising stimuli arrays containing angry, disgusted
and fearful facial expressions (varying in intensity at levels of 50%, 100%, 150%), found
a significant increase in am plitude of the N170 by intensity; though it is w orth noting
that the N170 component was not found to be mediated by the specific em otion
portrayed (Sprengelmeyer & Jentzsch, 2006). More recently, Utama et al (2009)
investigated the effect of expression and intensity on the cerebral, electrophysiological
response to facial stimuli. Images of seven facial emotions (neutral, anger, happiness,
disgust, sadness, surprise and fear) were collated into presentation blocks for the
experiment and, in addition, ten intensity graduated levels o f expression were included
to parametrically research the interaction between expression and intensity.

The

results showed that, in addition to P100 being correlated w ith the correct detection of
facial emotion, the N170ms was modulated in response in association w ith intensity
level. Both the P100 and N170 components were consistently found to originate in the
right occipito-parietal region indicating that this cortical region is integral to affective
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response (Utama et al., 2009).

By contrast, some earlier described studies into the N170 ERP responses to
facial expressions of emotion, shows no adaptation of the N170 component in
response to facial affect stimuli (Eimer & Holmes, 2002; Bentin & Allison, 1996).
Research that investigated the same range of facial expressions as Batty and Taylor
(2003), showed no modulation of the N170 component in response to expressions of
emotion; Eimer et al (2003) employed an experimental paradigm that presented the
same basic six facial expressions w ith neutral, angry, disgusted, fearful, happy, sad, and
surprised affective content. Eimer et al (2003) concluded that the N170 component of
the ERP response may simply reflect the detection of a facial structure and be distinct
from em otional processing. However, there were differences in the presentation of
stimuli, whereas Eimer et al used modified facial images cropped to remove hair and
clothing, thus the expression was abstracted from natural presentation, Batty & Taylor
presented the expressions w ith out cropping. Furthermore, Eimer et al (2003) required
the participants to discern the emotional content of the photos, whereas Batty &
Taylor's task required only that the participants attend to the stimuli. These factors may
influence whether the N170 modulates w ith regards to the emotion of facial
expression stimuli.

Spatial presentation and attending to the affective stimuli may modulate the
P110 and N170 ERP components; research by Holmes et al (2003) presented stimulus
blocks containing tw o faces and tw o non-face stimuli, the participant's attention was
focused on one or other. W ithin the facial stimuli presented were depictions o f fearful
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or neutral affect (Holmes et al., 2003). Attended fearful stimuli were associated w ith an
increase in frontal positive amplitude of the P100 component; however, by contrast
this influence of emotional expression was eradicated when the facial affect stimuli
were presented outside of the attended area. The N170 component, conversely,
showed no adaption in response to facial affect, however, a general effect was
observed in the N170 component in response to attention; N170 amplitudes were
enhanced when stimuli were attended by the participant (Holmes et al., 2003). It is
concluded that the processing of facial affect is dependent upon, and modulated by,
spatial presentation and participant attention, attention thus gates the neural
mechanisms responsible for affective processing of facial expressions. It is, therefore,
perhaps unclear whether the N170 component of the facial affect ERP is responsive to
facial affect or if, in fact, N170 modulation is a correlate of the presence of a facial
structure or attention to stimuli.

Despite much research on the N170 component and its association w ith
emotional facial expressions, there is a paucity of literature evidencing changes in the
P170.

Electrophysiological research exploring response to facial expressions of
em otion has also evidenced presence o f later ERP components (Balconi & Pozzoli,
2003; Sato et al., 2001; Eimer, 2000). In the previously described research by Eimer et
al (2003), emotional facial stimuli were associated w ith a broadly distributed sustained
positivity beyond P250ms post-stimulus. Furthermore, Batty and Taylor's (2003)
research evidenced a late positive potential (LPP) modulation of am plitude at later
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latencies (330-420ms) across the frontal and central electrodes; the exact pattern of
response was differentiated between the 6 presented emotions. The researchers
discovered that the mean amplitude of these later latencies was highest for neutral
faces and significant smaller responses were observed for stimuli portraying anger, fear
and disgust. Interestingly, these results reflect previously reported ERP responses to
visual affective stimuli which commonly evidence the presences of an increased
positive amplitude slow wave at 300ms latency (Cuthbert et al., 2000; Diedrich et al.,
1997).

Greater negative amplitude in response to fearful faces relative to neutral faces
has been found to be elicited at lateral posterior electrodes between N220 and N320
post stimulus (Eimer et al., 2003). The results demonstrated

that

emotional

expressions elicited a negative peak at 230 ms (N200/N2) over the posterior electrodes
(Balconi & Pozzoli, 2003). Elevated N230 amplitudes were observed for expressions of
anger, fear and surprise (Balconi & Pozzoli, 2003).

In conclusion, there are 3 ERP components identified as being potentially
necessary to facilitate responses to facial expressions of emotion in others, these are;
an increase in the amplitude at 100ms, potential m odulation at 170ms w ith regards to
amplitude and/or latency of response, and adaptation at 200-300ms (although the
exact manifestation of this adaptation is not consistently reported). As facial affect
recognition is a key factor in empathy processing and empathy well-evidenced as being
disrupted and/or reduced in high CU tra it individuals, it is suggested that CU traits may
be associated w ith variation in the manifestation o f these ERP components (Wilson et
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al., 2011; Hastings et al., 2008; Blair, 2006). This will be considered in chapter 3.

1.4 Cognitive Empathy

As previously explained, cognitive empathy is a second pathway o f the empathy
construct; it is theoretically and demonstrably dissociable from the emotional empathy
counterpart. It is the role o f cognitive empathy to allow a person to abstractly put
themselves in the mind of another and, thereby, determine the other's mental state by
using social and environmental cues, as well as the knowledge that another's point of
view may be different from one's own, a process akin to Theory of Mind (Premack &
Woodruff, 1978) (Preston et al., 2007).

Research has identified neural areas recruited for theory of mind capacity; the
prefrontal cortex, paracingulate gyrus, superior temporal sulcus, the temporal poles,
and the tem poroparietal junction (Amodio & Frith, 2006; Gallagher & Frith, 2003; Saxe
& Kanwisher, 2003). In addition, the medial frontal lobes have been implicated in
Theory of Mind processing (Gallagher & Frith, 2003). These brain areas are responsible
for higher cognitive functions and operate at a more voluntary and conscious level;
they differ from the areas active during affective empathy. When asked to consider the
psychological characteristics of another individual, human or non-human, regions of
the brain associated w ith Theory o f Mind are activated (Mitchell et al., 2005).

Using PET (Positron Emission Tomography) Fletcher et al (1995) imaged
participants whilst they engaged in reading and answering questions about stories
involving complex mental states in the characters (Theory of Mind (ToM) stories) verses
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stories involving inferences o f physical cause and effect (named "physical" stories).
Fletcher et al compared the activation of cortical areas during the ToM and physical
story conditions; analysis of the neural scans revealed increased activation in the
medial frontal gyrus on the left (BA 8/9), the posterior cingulate cortex and the right
inferior parietal cortex (BA 40) at the temporoparietal junction in response to the
stories requiring Theory o f Mind.

In a partial replication of Fletcher et al (1995), but employing the greater spatial
resolution of fMRI, Gallagher et al (2000) recruited the same Theory of Mind and
physical stories, as well as w ritten stories; furtherm ore participants were shown
humorous cartoons expected to prom pt the cognitive attribution o f mental states to
the characters. Gallagher et al (2000) observed increased BOLD signal to Theory of
Mind stimuli, specifically in the Brodmann areas 8/9 and the border o f 10 and 32
relating to the paracingulate sulcus. In a subsequent study, when participants were
tasked with playing a computerised version of the game 'stone, paper, scissors', the
medial prefrontal cortex showed increased activation when the participants were
under the impression they are playing against the experimenter; however, a condition
in which the participant believed that they were playing against a com puter failed to
evoked similar activation suggesting the medial prefrontal cortex is associated w ith
inferring the mental state of peers (Gallagher et al., 2003).

Castelli et al (2000) built on work by Heider and Simmel (1944) who
demonstrated that geometric shapes could, when animated, provoke the attribution of
an internal state, despite the impossibility o f an internal state existing. Castelli et al

41

predicted that Theory of Mind animations, but not the Random animations, would
elicit the activation of mental state attribution neurological pathways in the brain. In
line w ith previous research, the results presented increased activation in the medial
prefrontal cortex, tem poroparietal junction (superior temporal sulcus), basal temporal
region (fusiform gyrus and temporal poles adjacent to the amygdala), and occipital
cortex. These results are replicated by Klin et al (2000).

Research looking specifically at cognitive empathy w ith

regards to the

deliberate effort to imagine the emotional situation of another person as if it is
happening to you is limited; However, Preston et al (2007) explored the responses of
individuals when imagining an emotional experience from another's perspective using
positron emission tomography (PET) combined with psychophysiology in a study during
which participants imagined: a personal experience of fear or anger from th e ir own
past; an equivalent experience from another person as if it were happening to them ;
and a nonemotional experience from their own past. Their results suggest that when
participants imagined a scenario to which they could relate, there were no differences
between the cortical areas recruited for personal and non-personal imagery. The
authors suggest that this finding is reflective of the recruitm ent of m irror neurons
when

individuals activate their own em otion-producing substrates to facilitate

understanding o f a peer's emotional state o f another, a finding reminiscent o f previous
research (Singer et al., 2004; Carr et al., 2003; Preston & de Waal, 2002; Gallese, 2001).
However, when participants choose a scenario with which they could not relate, there
were differences between the personal and non-personal scenario conditions including
decreased psychophysiological responses and recruitm ent of a region between the
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inferior temporal and fusiform gyri. These observations serve as an extension of other
research that suggests that participants do not activate their own feeling substrates to
the same extent when imagining an event from another's perspective (Jackson et al.,
2006, 2005; Ruby & Decety, 2004). Therefore, personal experience and the ability to
relate to another's situation may mediate cognitive empathy.

These neurological areas associated w ith inferring the mental state of others
through cognitive empathy are, importantly, distinct from those associated with
emotional empathy (Shamay-Tsoory et al., 2009). This delineation of the neural
pathways associated with emotional and cognitive empathy fu rth e r supports the
theory that empathy is not a single ability, but one that can be differentiated into
cognitive and affective component parts. Research has explored empathy for pain in
others in individuals who have a congenital insensitivity to pain and thus have little
experience o f pain themselves (Danziger et al., 2006). 12 patients were recruited from
7 families known to be afflicted w ith pain insensitivity (5 males, 7 females) and were
thoroughly tested for pain insensitivity showing a complete absence of distress,
grimacing or withdrawal reaction to prolonged pinpricks, strong pressure, soft tissue
pinching and noxious thermal stimuli (0 and 50°C) applied to both the proximal and
distal parts of the four limbs and to the face (Danziger et al., 2006). Participants were
requested to rate imaginary painful situations, facial expressions o f pain and
observation o f pain-inducing video events which were played w ith out any visible or
audible pain-related behaviour. Counter intuitively, ratings of the verbally presented
imaginary painful situations, exploring the participants' semantic knowledge o f others'
experience of painful stimuli, and the successful recognition of pain expression stimuli
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were not significantly different from healthy controls (Danziger et al., 2006). However,
ratings of recorded painful events were significantly lower than controls, as were
aversive emotional responses to the videos (Danziger et al., 2006). Inferred pain in
others from facial pain expressions and from pain-inducing events, were correlated
w ith differences in emotional empathy in the pain insensitivity group but not in
controls.

This research suggests that cognitive empathy is possible even w ith out

personal experience of an emotion. However, social inform ation, such as expressions of
pain, relevant to the event needs to be available for correct inference and, thereby,
empathy. W ithout this social inform ation, one might struggle to empathise through
environmental inform ation only; this suggests that cognitive empathy may not be
sufficient for empathy when isolated from complimentary affective components.

An fMRI study by Vollm et al (2006), which recruited a non-verbal cartoon task
to compare brain activations during theory o f mind and empathetic responding,
observed congruent results to Danzinger et al (2006). Vollm et al (2006) report mutual
cortical regions of activation for ToM and empathy responses including: the medial
prefrontal cortex, tem poroparietal junction and temporal poles. However, ToM stimuli
was associated w ith increased activations in lateral orbitofrontal cortex, middle frontal
gyrus, cuneus and superior temporal gyrus, whereas empathetic responding revealed
activations o f the paracingulate, anterior and posterior cingulate and amygdala. These
findings again suggest that, for an empathic response to occur, the brain requires the
affective, as well as the cognitive, neurological processing abilities associated w ith the
empathy construct to be active.
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Empathy for others' pain is a commonly used as a test o f the more cognitive
aspect of human empathy, featuring the aptitude to correctly assess and appropriately
respond to the painful experiences of others often w ith only situational rather than
social (expression) inform ation available in the stimuli (Decety & Jackson, 2006).
Empathy for others' situational pain will be the focus of the cognitive area of this
research programme. Several neurological correlates of empathy for pain have been
observed in various painful empathy scenarios (Lamm et al., 2011). Empathy for pain is
a complex psychological process theorised to have discrete sensory and affective
components represented in the neural network known as the 'pain m atrix' (Rainville,
2002; Peyron et al., 2000). The neural components o f the network governing pain
empathy are well documented. fMRI research has shown that several brain areas are
active both when one experiences an affective state and when one observes a
symmetrical emotional state in another; for example Botvinick et al (2005) presented
participants w ith short videos o f faces depicting either moderate pain or no pain, the
participants also underwent painful and non-painful thermal stim ulation, it was
observed that the others facial expressions of pain were associated w ith BOLD signals
in cortical areas which were also activated by the painful therm al stimulus. These
cortical areas included the anterior cingulate cortex (ACC) an area responsible for the
integration o f consciousness and emotional responses, and the insula functionally
associated w ith the integration of sensory, emotional and social stimuli from the limbic
system and sensory cortices (Botvinick et al., 2005). Similar observations are reported
by Singer et al (2004).

Duel activation of areas to one's own pain and that of other is possibly
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facilitated by the presence of m irror neurons (Saarela et al., 2007). Saarela et al (2007)
have fu rth e r observed that the magnitude of the activation in these regions is
governed by one's cognitive estimate of the pain levels experienced by their peer.
Both the activity of the insula and ACC in response to the presentation of painful
expressions was correlated with the estimates of intensity of pain being experienced in
the picture; in addition, the insula and left inferior frontal area's scale o f activation
correlated w ith the self-reported empathy levels (Saarela et al., 2007). Facial
expressions o f pain are not the only painful stimuli with which activity magnitude in
the insula and ACC activation have correlated; subjective estimation o f pain intensity
w ith regards to painful stimuli applied to hands and feet also illicit this neural empathy
response

(Jackson et al., 2006; Jackson et al., 2006). The semantic inform ation

contained within painful stimuli administered to either oneself or a peer is, therefore,
processed prim arily w ithin these high cognitive processing areas, an assertion
evidenced by a meta-analysis conducted by Lamm et al (2011) who observe that the
neural network associated w ith empathy processing typically activates the bilateral
anterior insular cortex and m edial/anterior cingulated cortex. Furthermore, Lamm et al
(2011) found that variation in brain responses outside of the insular/ACC pathway
constant was due to variation in the experimental paradigm used.

Although the above findings concentrate predominately on functional imaging
research, other neural imaging technologies have revealed a role for fu rth e r neural
networks in the empathy response to pain experienced by others (Avenanti et al.,
2006; Avenanti et al., 2005). Though the insula and ACC are the most com monly
evidenced areas of the brain governing empathy for pain, and thus it is posited by
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Lamm et al (2011) that it is the affective and cognitive components of empathy for pain
that is contagious and not the somatosensory experience, there is, however, some
sporadic evidence that the sensorimotor cortex can be also involved in empathic
responses to painful stimuli (Avenanti et al., 2006; Avenanti et al., 2005). Avenanti et al
(2005) used transcranial magnetic stimulation (TMS) and electromyography (EMG)
recording to observe m otor representations of hand muscles during participants'
presentation w ith stimuli depicting needles pricking hands or feet of a human peer or
non-sentient objects. A decrease in amplitude of motor-evoked potentials positioned
symmetrically to the specific muscle penetrated by the needle in the other person, in
comparison to the non-sentient objects, was observed; the reported inhibition also
correlated w ith the participant's subjective ratings of the peer's pain (Avenanti et al.,
2005). This involvement of somatosensory networks in the empathic response to
painful stimuli is further evidenced in a review paper by Avenanti and Aglioti (2006) in
which they argue that the sensorimotor node of the pain response matrix, including
the primary and secondary somatosensory cortices, the cerebellum and m otor areas,
as well as the affective node comprised of the ACC and the insula, are required for a
function empathy response to pain in others.

1.5 Evoked Potentials Associated w it h Cognitive Empathy to Pain

Somatosensory-evoked potentials (SEPs) have been recruited to explore the
response of the somatic network to the observation of painful and tactile stim uli in a
peer. Bufalari et al (2007) presented participants with short video stimuli portraying
pain and tactile stimuli being experienced by others. The research revealed that
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variations in the amplitude of the P450 SEP correlated with the intensity o f the stimuli
but not the unpleasantness; the P450 component is associated w ith the primary
somatosensory cortex (Bufalari et al., 2007). Thus, the shared experience component
of empathy for pain may be facilitated not only by neural networks processing the
affective, semantic inform ation but also by the somatosensory and m otor networks. A
finding supported in part by the employment of laser-evoked potential (LEP) paradigms
to investigate the m odulation of empathetic response to pain observed in others by
pain experienced by the participant, as induced by the laser stimuli (Valeriani et al.,
2008). It was observed that when participants viewed stimuli depicting needles
penetrating a peer's hand, the amplitude of the N100/P100 LEP component decreased
at the somatic nodes of the pain matrix (Valeriani et al., 2008). Furthermore, the
modulations

of

the

P110/N100

component

reductions

were

correlated

w ith

participant's ratings of their own pain as higher than the discomfort experienced by
their peer (Valeriani et al., 2008); thus, the participant's own level o f pain modulated
their empathy response.

In addition to the somatosensory research use o f SEPs and LEPs, there is fu rther
research which looks more broadly at event related potential (ERP) components
associated w ith research into empathy for pain in others. Fan and Flan (2008) recruited
31 neurotypical participants (16 males and 15 females, although artefacts excluded 5
participants from the data) to investigate the ERP component responses associated
with participant empathic response to pain in others. The visual stimuli depicting pain
in another included 40 digital colour photographic stimuli portraying one hand or tw o
hands in both potentially painful real-life accidents (the examples given are a hand
48

trapped in a door or cut by scissors) and environmentally symmetrical but neutral
situations (Fan & Han, 2008). These stimuli were transformed into cartoons using
software and presented for 200ms (Fan & Han, 2008). Analysis of main effects revealed
that empathy for pain reported frontal-central lobe differential activation between
painful and neutral stimuli at 140ms, as well as over the central-parietal cortex after
380 ms; this response was more pronounced in the left hemispheres (Fan & Han,
2008). It is also concluded by Fan and Han (2008) that responses at 140-180ms could
be correlated w ith participant reports of personal distress and the intensity of the
painful stimulus. A positive shift in the latency at 100ms-280ms was reported when the
participants were asked to make a judgem ent as to the pain experienced by the other,
by comparison to a task which required the participant to count the num ber of hands;
furtherm ore, the P300 component was larger in am plitude during this pain judgm ent
task (Fan & Han, 2008).

When this study is considered w ith other similar research,

empathy for pain seems to evoke an early frontal N120 processing component and
central-parietal late-positive potentials (LPPs) which may be reflective o f semantic,
top-down processing (Fan & Han, 2008; Han et al., 2008; Decety et al., 2010).

In an extension of the above research, Li and Han (2010) investigated the
interaction of self-other perspective when viewing pain stimuli. Using a smaller sample
of 24 neurotypical adults (12 males and 12 females) and stimuli similar to those used in
Fan and Han's (2008) research

(40 photographs showing hands in painful accident

situations and environmentally similar but non-painful situations), Li and Han (2010)
explored the effect of self and other perspective on the ERP components related to
painful stimuli. Ratings of pain were higher in the self-perspective condition than in the
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imagined other perspective condition; however, there was no observed difference in
the scores of unpleasantness between the conditions (Li & Han, 2010). W ith regards to
the ERP components the paper reports that all stimuli across both conditions evoked a
negative component between 80 and 120ms (N110) at the fronto-central electrodes,
followed by a positive component (P160) and a negative deflection later at 220-270ms
(N240) latency; at the longer latencies a negative component at 310-350ms (N320)
and a positivity deflection at 340-740ms (P300) maximal in am plitude at the same
recording site were reported (Li & Han, 2010) (see Figure 3).
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Figure 3: ERPs recorded a t the fro n ta l-c e n tra l electrodes FC3 a nd FC4 and c e n tra l-p a rie ta l electrodes CP3 and CP4
p lo tte d respectively to p a in fu l and n o n -p a in fu l s tim u li in the self- and other-perspective conditions (Li & Han, 2010).
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The pain condition was associated with ERPs w ith maximal amplitudes at 160180ms (parietal electrodes), 230-250ms (frontal electrodes; central electrodes), 290 360ms (frontal electrodes), 370-420ms (frontal electrodes; central electrodes; parietal
electrodes), 420-500ms (frontal electrodes; central electrodes; parietal electrodes),
500-580ms (frontal electrodes; central electrodes; parietal electrodes) and 630-700ms
(frontal electrodes; central electrodes; parietal electrodes) (Li & Han, 2010). These
components were associated w ith a positive shift in latency by comparison to the
control, matched stimuli (Li & Han, 2010). Li and Han (2010) also observed that
increased ERP component amplitude at 370-420ms at the central-parietal electrode
sites was associated w ith

the

self-perspective when

compared

to

the

other

perspective. Therefore, not only does empathy for pain evoke differential and
observable ERP components, but one's imagined perspective (self or other) modulates
the response.

The discussed research leads to the consideration that a social response to pain
in others is a key component of the empathy construct. Furthermore, the neurological
response to

stimuli presenting

depictions o f pain

in others createsmeasurable

electrophysiological components as evidenced through ERP research paradigms (Li &
Han, 2010; Fan & Han, 2008; Goubert et al., 2005). This review of relevant literature
considering empathy for pain suggests that this could be a productive area o f study by
using an ERP research paradigm

to explore potential

differential electrophysiological

response to

those with varying

manifestation of callous and

pain in others in

unemotional traits (CU traits).
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1.6 Empathy Processing in Callous and Unemotional In d iv id ua ls

Antisocial personality disorder (ASPD) has been well established as being
characterised by a dysfunction in empathy processing and consequently a disregard for
the emotions of others (Blair, 2005). ASPD is considered to represent a heterogeneous
population in which sub- groups can be distinguished by the manifestation of
personality traits known as callous and unemotional traits; although not all individuals
w ith ASPD will have higher than average callous and unemotional traits, there is a sub
group who are characterised by their presentation of extremely high levels o f this tra it
and a congruent extreme lack of empathy, this group are known as psychopaths
(Soderstrom, 2003).

Conduct disorder has been similarly established to represent a

dichotomous population of those w ith extreme levels of callous and unemotional traits
(Frick & Ellis, 1999).

Callous and Unemotional traits are exhibited by those individuals who have a
lack of remorse or guilt, a callous-lack o f empathy, a decreased concern about
performance and shallow or deficient affect (Frick & M o ffitt, 2010). The empathy
deficit which forms a core factor in callous and unemotional traits will be the focus of
the following thesis. The empathy deficits associated w ith callous and unemotional
traits are, however, not mono-dimensional in nature but instead are, similarly to the
construct of empathy itself, complex. Callous and unemotional traits are more strongly
associated with deficits in affective empathy than in cognitive empathy. Individuals
who present with high levels of callous and unemotional traits, typically report intact
cognitive empathy and disrupted emotional empathy as displayed in psychopaths
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(Blair, 2008, 2005; Richell et al., 2003); however, some research reports global
reductions

in

empathy

processing ability

across the

emotional

and

cognitive

components in those w ith high CU traits (Dadds et al., 2009). The disparate nature of
these components of empathy and their relation w ith callous and unemotional traits is
to be explored in detail in chapter 3.

As empathy dysfunction is a core factor in CU traits it may seem redundant to
consider both empathy and CU traits within the research. However, as empathy
consists of the tw o fractionated abilities of CE and EE, providing both the congruency
of affective signals between individuals and the higher cognitive inference required to
produce the complete ability o f empathy, it is necessary to consider these facets of
empathy w ith regards to CU traits. Such an in depth consideration o f empathy
processing in relation to CU traits within a general sample could not be achieved
through currently available measures o f CU tra it alone, which do not seek to consider
the EE and CE facets of empathy and, instead, often portray empathy as a uni
dimensional construct (eg. The Inventory of Callous-Unemotional Traits (Frick, 2004)).
Furthermore, the dysfunction of empathy within high CU traits manifests differently
when considering CE and EE as individual neural processes.

Chapter 3 will consider in detail the effects of callous and unemotional traits. In
addition, the state of our current knowledge regarding these traits will be discussed, as
well as how the current thesis w ill contribute unique inform ation to this knowledge
base, furthering the understanding of these traits.
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Chapter 2:

E m o t i o n P r o c e s s in g

in t h e

N e u r o t y p ic a l In d i v i d u a l

Emotions are thought to arise from a combination of interoceptive awareness
of the body and the neurological triggers o f affective state generation and awareness
(Pollatos et al., 2007; Heims et al., 2004). Areas o f the brain that process em otion were
first considered in pioneering research by Broca (1878) who postulated that em otion is
generated by a group of structures in the midbrain called the limbic system; these
structures included the amygdala, hypothalamus, hippocampus and the cingulate
gyrus.

2.1 The N e u rotyp ic a l Em otio na l Response

There have been several meta-analyses exploring the neural response to
affective stimuli. One of the earliest, Phan et al (2002), assimilated 55 fMRI and PET
neuroimaging studies to explore the brain responses to emotions of fear, sadness,
disgust, anger, and happiness; the included research targeted specifically higher neural
processing o f emotion rather than reflexive or m otor responses. Phan et al (2002)
measured peak activation coordinates which were standardised through conversion
into a standard space and plotted onto canonical 3-D brain renderings; they divided
the brain into 20 discrete regions, categorising each region's responsiveness to the
emotions. Furthermore, various emotion evocation modalities were explored including
visual, auditory and recall. Statistical chi-squared analysis investigated, through
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tabulation, whether the studies recorded neurological responses during an emotion in
a particular neural area. 66% of studies prom pting fear found increased activity in
amygdala; furtherm ore, it is observed that 20% of studies inducing happiness and 15%
of studies inducing sadness also report increased activity in the amygdala. The
cingulate cortex was more active in studies aiming to invoke sadness, happiness and
anger (46%, 20% and 20% respectively). Distinct emotional responses were also
observed in the basal ganglia for emotions o f happiness and disgust and, more broadly,
in the medial prefrontal cortex (happiness 60%, anger 55%, sadness 40%, disgust 40%,
and fear 30%). Phan et al's analysis also indicates that affective evocation through
visual stimuli activated more strongly the occipital cortex and the amygdala, whereas,
if the em otion was induced through recall or mental imagery, the anterior cingulate
and insula where active. Finally, tasks which required emotional consideration and had
greater cognitive demand recruited the anterior cingulate and insula regions.

M urphy et al (2003) built on the work o f Phan et al using a larger sample o f 106
research papers employing H2150 PET or fMRI neuroimaging techniques, published
between January 1994 and December 2001. Again, the data set was standardised to a
consistent anatomical space and used only healthy, neurotypical participants. Fear,
disgust, anger, happiness and sadness were included in the meta-analysis which looked
for increases in measured activity in the brain. 3-D Kolmogorov-Smirnov (KS1 and KS3)
statistics were recruited to compare spatial patterns of neural activation for the
em otional stimuli categories. M urphy et al (2003) observe that the amygdala activity
was associated w ith fear induction in 62.5%, but less than 12.5% fo r the other affective
states, suggesting that fear is most commonly associated w ith activity in amygdala.
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Furthermore, it is reported that the insula/operculum and globus pallidus were active
most consistently in research considering processing o f disgust. Anger, by comparison,
was seen to activate the lateral orbital frontal cortex in all of the included research
investigating anger specifically; 62.5% of fear research also showed activation in the
lateral orbital frontal cortex. The anterior cingulate cortex was associated w ith both
happiness and sadness. Therefore, similarly to Phan et al (2002), M urphy et al (2003)
show that specific cortical areas are associated w ith response to discrete affective
induction in healthy individuals. Barrett et al's (2006) consideration of 161 papers also
observed neurological patterns o f responses to discrete valence states mostly
consistent w ith Phan et al and M urphy et al.

Further work by Vytal and Hamann (2010) considering 83 PET and fMRI
neuroimaging studies built on these findings.

Activation likelihood estimation was

recruited to perform statistical comparisons of voxel activation across studies for
discrete emotional experiences. Again, distinguishable patterns o f activity were found
of each emotion. Findings fo r invocation of happiness were associated w ith activity in
9 neural regions; happiness in this meta-analysis was differentiated more strongly from
the other emotional categories, w ith activation situated in the right superior tem poral
gyrus and left rostral anterior cingulate cortex when compared w ith other emotional
states. Furthermore, sadness, an emotion previously not associated w ith strong
distinctive activation, was consistently associated w ith

35 regional activations;

including greatest activation of the left medial frontal gyrus, as well as activity in right
middle tem poral gyrus, and right inferior frontal gyrus. Anger was distinguished from
other valence states in the activation o f the bilateral inferior frontal gyrus and in the
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right parahippocampal gyrus. Disgust recruited greater activity in the right putamen
and the left insula, m irroring M urphy et al's findings. Again, fear was primarily
associated w ith the activation in the amygdala. Despite different statistical techniques,
a pattern of discrete neural responses is emerging for different affective state
processing (see Figure 4). Indeed, it is the conclusion of Vytal and Hamann (2010) that
basic emotional states can be distinguished by their brain activation correlates, as
measured by the modalities o f PET and fMRI.

Figure 4: Brain regions whose a c tiv ity d iscrim in a te d betw een each p a ir o f basic e m o tio n . Blue num bers in d ica te
in fe rio r-s u p e rio r level: Red: happiness vs. disgust; Green: happiness vs. sadness; Blue: happiness vs. anger. M id d le
panel: Red: sadness vs. anger; Green: fe a r vs. disgust; Blue: fe a r vs. happiness. Low er pa n el: Red: sadness vs. disgust;
Green: fe a r vs. anger; Blue: an g er vs. disgust; Gold: fe a r vs. sadness (V yta l & Ham ann, 2010).
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There are tw o prom inent theories of emotion genesis in the brain; the
locationist theory and the constructionist theory. The locationist approach, first
postulated by Panksepp (1998) considers that emotions exist as discrete valence
categories and are represented as such in the brain by their genesis being specifically
localised to separate brain regions or networks. Whereas, the constructionist approach
to the neural generation o f emotional sensations proposes that, rather than being
represented discretely in the brain, emotions arise from the amalgamation o f areas
and networks common to affective response and cognitive processing, form ing lesser
or greater constituents of difference affective valence states (Lindquist et al., 2012;
Kober et al., 2008) (see Figure 5). So far the considered analysis provides partial
support for both theories; the data suggest that, although there are areas o f the brain
which are strongly associated with discrete emotional states, activity is not mutually
exclusive w ithin the area and multiple, often overlapping regions, and networks can be
observed to be active during emotion induction.
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Figure 5: Brain regions hypothesised to be associated w ith e m otion categories are depicted. Fear: a m ygdala
(yellow ); Disgust: insula (green); A nger: OFC (red); Sadness: ACC (blue). (Lindquist e t al., 2012).

More recent meta-analytical work by Kober et al (2008) analysed 162 PET and
fMRI neuroimaging studies and observed six constructionist networks that generate
emotion, instead o f previously considered discrete neural locales:

1. The Occipital/ Visual Association group (areas V8 and V4 of the prim ary
visual cortex, the medial tem poral lobe, and the lateral occipital cortex)
which respond prim arily to visual affective stimuli.
2. The Medial Posterior group (posterior cingulate cortex and the V I)
again m odulating visual response.
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3. The Cognitive/ M otor Network group (right frontal operculum, the right
interior frontal gyrus, and pre-supplementray m otor area) integrate
affect w ith high cognitive functions and m otor control.
4. The Lateral Paralimbic group (insula, frontal operculum, posterior
orbitofrontal

cortex,

anterior/m id

insula, tem poral

cortex,

dorsal

putamen and left hippocampus) assesses the value of affective stimuli
with regards to m otivating behaviour.
5. The Medial Prefrontal Cortex group (dorsal medial prefrontal cortex,
pregenual anterior cingulate cortex, and rostral dorsal anterior cingulate
cortex) are considered to be im portant fo r the regulation of affect.
6. The Core Limbic group (amygdala, hypothalamus, periaqueductal gray,
thalamus regions, striatum,

globus pallidus and thalamus) which

generates valence and assesses affective significance.

The findings suggest a constructionist view of emotion genesis and affective
response may be a more accurate reflection of neurological responses to
emotional states (see Figure 6).
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Figure 6: (A-F) The six fu n c tio n a l groups; regions in each group are rendered in a unique color. (G) Both regions and
co -a ctiva tio n lines are displayed on a "fla tte n e d " m ap o f the co n n ectivity space." (Kober e t al., 2008).

In a meta-analysis by Lindquist et al (2012), 91 PET and fMRI research papers
were considered in order to compare the locationist and constructionist theories of
affect generation. M ultilevel Peak Kernel Density Analysis was recruited to convert the
individual responses into a standardised neural reference space, evaluating em otion
experience or perception for discrete emotions (anger, fear, happiness, sadness, and
disgust). Chi-squared analysis indicated w hether neural regions presented increases in
activity for the experience or perception o f an emotion, by comparison to other
affective categories. Logistic regression considered the selectivity of a neural region to
an exclusive emotion category through presenting increased activations fo r only one
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emotional category. Brain regions were observed to be associated w ith discrete neural
correlates of activation in a similar manner to previous meta-analysis; however, no
neural region revealed functional exclusivity for the analysed emotions of fear, disgust,
happiness, sadness or anger. The amygdala, anterior insula and orbitofrontal cortex
were considered to provide a base level of pleasant or unpleasant affective sensation
which was then integrated w ith wider neural networks. For example, the insula may
process affective awareness, the orbitofrontal cortex assimilating internal and external
somatosensory stimuli w ith emotional response and decision making processes, the
anterior cingulate and dorsolateral prefrontal cortex regulate attention and provide
appropriate processing o f m otor responses, and, finally, the dorsolateral prefrontal
cortex integrating affective responses w ith higher cognitive functions and executive
attention. Lindquist et al concluded that the neural correlate regions associated with
the emotion states are not exclusive to that emotion and, instead, form networks
integrating affect with cognitive and perceptual processing in the neurotypical
individual. Thus, the findings from this meta-analysis fail to support the key locationist
assumption and lend increased support for the constructionist approach to emotion
genesis.

2.2 ERP Components Associated w ith Affective Valence

Increased P100 components are well cited in research which considers ERPs to
affective picture stimuli (Carretie et al.,2006; Carretie et al., 2004; Delplanque et al.,
2004). Research which specifically investigated the role of the P100 was conducted by
Smith et al (2003). 34 undergraduates were recruited fo r the research, these
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participants were presented w ith 20 positive and 20 negative pictures which were
selected from the International Affective Picture System (IAPS) and matched for
affective impact based on the self-reported arousal scores included w ith the IAPS
(Smith et al., 2003). Principal components analysis revealed that the P100 am plitude in
response to the negative stimuli were larger than fo r positive stimuli at an average
latency o f 117ms over the occipital electrodes. Smith et al (2003) concluded that the
modulation of the P100 component in response to different emotional stimuli is
evidence of a neural differentiation of positive and negative stim uli in emotional
valence and a negativity bias in attention allocation. This affective valence m odification
of the P100 ERP component and negative stimuli response bias was replicated by
Carretie et al (2006; 2004). Delplanque et al (2004) also observed m odulation o f the
P100 during an oddball task, though at the parietal-occipital sites at 150-165ms
latency; however, this study was more limited w ith regards to the number of picture
stimuli used (25 in each condition, positive, neutral and negative) which reduces the
power of the average response. An enlargement of the P100 amplitude across the
occipital and parietal, electrode sites was seen in response to the presence o f stim uli
w ith em otionally stim ulating content. This response is biased towards larger responses
to negative stimuli. Further to the P100 effects found by Delplanque et al (2004) and
Carretie et al (2004), a N100 component (176ms) has been found to be resistant to
habituation to continued presentation of unpleasant affective stimuli in the general
population (Carretie et al., 2003), implicating the N100 component as a constituent of
response to negative emotional stimuli.
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In addition to the P100 adaptation to affective stimuli, there are other ERP
components associated w ith affect response in the 200-300ms range. ERP components
of 200-300ms latency are postulated to be associated w ith discrimination and
response selection (Di Russo et al., 2006). Delplanque et al (2004) also observed effects
at the follow ing latencies; P200 from 180 to 213ms, N200 from 233 to 323ms, P300a
from 343 to 390ms and P300b from 406 to 603ms. Amplitudes of the P300b and P200
revealed a significant effect. The P200 related to the unpleasant stim uli was found to
be more positive in amplitude than the P200 to pleasant stim uli at parieto-occipital
sites, though the P200 was

larger to pleasant than to neutral stim uli over most

electrode sites (Delplanque et al., 2004). The P300b component was observed to be
higher in amplitude to negative stimuli than positive ones at the fronto-central sites
(Delplanque et al., 2004). This research evidences specific ERP waveform responses to
positive and negative affective stimuli.

Carretie et al (2004) also observed adaptation of the N200 and P200
components in response to presented emotional stimuli. 37 students partook in a
passive oddball paradigm during which 378 stimuli were presented; 303 of an
em otionally neutral picture (a wristwatch) and 3 types of affective stim uli (though only
25 presentations fo r each condition), positive stimuli (opposite-gender nude), negative
stim uli (snarling wolf) and another neutral stimulus (a wheel) (Carretie et al., 2004).
Each presentation lasted only 200ms. It was observed that the P200 ERP component
exhibited greater amplitudes in response to emotional stimuli, both negative and
positive, than to neutral stim uli with a latency of 180ms (Carretie et al., 2004). The
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N200 (Peak at 240ms) was observed to record higher amplitudes in response to
positive and neutral stimuli (Carretie et al., 2004).

In conclusion, as well as strong evidence for an increased am plitude for
negative stim uli at the

100-300ms latency,

P200 ERP components and

N200

components show smaller but consistent amplitude increases to affectively positive
stim uli (Olofsson & Polich, 2007; Amrhein et al., 2004; Carretie et al., 2004; 2001).
Furthermore, it has been observed that latency and amplitude m odulations at 200300ms during affective stim uli presentation can occur, even when cognitive facilities
are limited by swift presentation (Schupp et al., 2003). These ERP com ponent effects
have been shown to exhibit m odulation in research paradigms which use both passive
and active viewing (Delplanque et al., 2004; Keil et al., 2002; Schupp et al., 2000),
although some P300 ERP component research employing a passive viewing condition
do not report viewing effects (Codispoti et al., 2006; Amrhein et al., 2004). In addition,
when positive and negative affective stim uli are included as distractors irrelevant to
the core task, P300 amplitudes are increased across the frontal and central electrode
sites when compared to neutral affective images (Delplanque et al., 2005).

There are some methodological differences

in the

research

paradigms

employed in ERP research into affective valence processing which can potentially
influence component adaptation outcomes.

A key difference is that some studies use

only one stimulus presented m ultiple times for each experimental condition, whereas
others use novel stimuli for each presentation (Polich & Kok, 1995); this could affect
the neural responses to the stimuli (Luck, 2005). Furthermore, ERP components have
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been found to be sensitive to the complexity of the scene presented (Bradley et al.,
2007). For example, Sadeh and Verona (2012) observed that picture complexity can
moderate response to affective stimuli. Colour has also been shown to modulate ERP
component outcomes in response to affective stimuli (Cano et al., 2009); pictures from
the IAPS depicting unpleasant, neutral and pleasant affective scenes presented in an
oddball

paradigm,

were

placed

in

experimental

conditions

containing

colour,

black/w hite and scrambled conditions. The P300 component was larger in amplitude
over the frontal electrode sites fo r pleasant stimuli verses the unpleasant or neutral
IAPS images fo r the colour condition; however, no significant affective valence effects
were observed in the black/white or scrambled conditions (Cano et al., 2009).

In the next chapter the modulating effects o f callous and unemotional traits on
the

psychological and neurological

processing of empathy and affect will

considered.
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Traits

and

t h e ir

Psychological

Attributions

Callous and unemotional (CU) traits were identified in an effort to delineate the
heterogeneity of the population diagnosed w ith conduct disorder (CD) in patients
under 18, and antisocial personality disorder (ASPD) in patients over 18 who are
currently diagnosed on purely behavioural criteria (The Diagnostic and Statistical
Manual of Mental Disorders - 5th ed, DSM-V, APA, 2013); These criteria, which focus on
antisocial behaviour, are portrayed as ignoring key patient sub-groups by using one, allencompassing designation (Frick and Ellis, 1999). CU traits have been found to identify
key sub-groups within the CD and ASPD populations which are psychologically different
in their

symptomatic

profiles,

neurologically

dissociable,

have

less favourable

prognoses and respond differently to available treatm ents (Guay et al., 2007; Frick and
Ellis, 1999). ASPD patients who also present w ith high CU traits are commonly defined
as being psychopaths, furtherm ore, high CU tra it individuals w ithin both clinical patient
groups and general populations are often described as psychopathic or as having
psychopathic traits (Barry et al., 2000; Frick, 1998; Hare, 1998; Cleckley, 1976). Thus
the terms 'CU traits' and 'psychopathic traits' are so similar as to create a functional
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equivalency.

CU traits are a cluster of psychological attributes which can manifest in one's
personality; these traits include factors such as: a lack of emotion, decreased empathy
and a diminished capacity to feel guilt (Guay et al., 2007). CU traits are broadly defined
as a dysfunction in empathy, lack of guilt and shallow affect (Viding & McCrory, 2012).
Blair (2007) goes as far as to postulate that high CU tra it disorders are such as
psychopathy are prototypical disorders associated prim arily w ith empathic dysfunction.

CU traits have been demonstrated to manifest in both children and adults,
though research suggests that the traits first present in childhood and proliferate into
adulthood (Moran et al., 2009; Lynam et al., 2008). CU traits in children and
adolescents have been shown to be prognostic indicators of future psychiatric
difficulties (Moran et al., 2009). Longitudinal research conducted into the predictive
nature o f callousness and CD has found that when measured annually in individuals
from age 7-19 both callousness and CD are prognostic indicators of the development
of psychopathic traits (Burke et al., 2007). In addition, the social conduct problems and
psychosocial im pairment indicative of psychopathy are strongly correlated w ith the
presence of CU traits in adolescents (Essau et al., 2006). Children w ith CU traits exhibit
such a predisposition towards the emotional dysfunction and antisocial behaviour
associated with psychopathy, that psychopathy is considered to be a developmental
disorder that continues into adulthood (Lynam et al., 2008).

A more recent review of the literature concerning CU traits in children and
adolescents by Frick et al (2014) comprehensively considers the nature of CU trait. The
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review hypothesises that CU traits manifest due to a psychopathological development
of conscience, which incorporates deficiencies in empathy and emotion. Frick et al
(2014) also note, that when assimilated in one paper, the available research exploring
the prognostic and longitudinal nature of CU traits suggests that CU traits are relatively
stable within ones personality across developmental stages and into adulthood.

The protracted nature of CU tra it presentation, its stability and its unfavourable
prognosis require that CU tra it presentation is also considered in the adult population.
ASPD is the common diagnosis for adults w ith elevated CU traits, however, similarly to
the CD population, the ASPD population is heterogeneous in nature and, whereas most
psychopaths would qualify as suffering from ASPD, not all ASPD patients are
psychopathic and thus they do not present w ith extreme high CU tra it personalities;
ASPD is thus a composite of both high CU tra it psychopathic and non-psychopathic
ASPD individuals (Hare et al., 1998).

3.2. Empathy and Affect w it h in the High Callous and Unemotional
T r a it In d iv id u a l

Research has identified that a dysfunction of empathy processing and a shallow
emotional affect are substantial components w ithin the psychological profile of a high
callous and unemotional individual (Viding & McCrory, 2012; Guay et al., 2007).
Previously, the processing of empathy in the neurotypical brain was discussed.
Empathy is a complex cognitive ability, which draws on many neural facilities. This
m ultifaceted nature of em pathetic processing can, however, be fractionated into tw o
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dissociable components of empathy processing, cognitive empathy (CE) and emotional
(or affective) empathy (EE).

Individuals identified as presenting w ith high levels of CU traits consistently
display a reduced empathy response to others, however, this disruption of the
empathy processing ability in high CU tra it individuals does not manifest equally across
the different components of empathy. The deficit is disparately present in emotional
empathy and cognitive empathy processing; high CU tra it individuals, such as
psychopaths, most often report intact cognitive empathy w ith the disruption in
empathy processing limited to the emotional empathy components (Blair 2005; Richell
et al., 2003). However, some limited research observes a duel deficit in empathy
reduction over both the emotional and cognitive empathy components (Dadds et al.,
2009).

3.2.1 Em o tio n al Empathy and Callous and Unemotional Traits

Emotional empathy processing is typically tested using facial recognition,
emotional valence to emotion in others and autonomic physiological reaction to
distress in others. This thesis focus' on facial recognition, as this area o f em otional
empathy is most evidenced as being dysfunctional within high CU tra it individuals;
Hastings et al (2008) explored the facial affect recognition ability in criminal
psychopaths. Male prisoners (n=145) were recruited and subsequently screened using
Hare's Psychopathy Checklist: Screening Version (Hare, 1991). The sample was
presented w ith facial stimuli depicting five emotions (happiness, sadness, fear, anger,
or shame). Intensity of expression was split into a high-low dichotom y of 100% or 60%
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for each expression. Hastings et al (2008) reported that psychopathic participants were
significantly less accurate at identifying fearful and sad facial affect; in addition, the
accuracy of recognition for less intense affect stimuli was deficient in psychopathic
inmates across all emotions. More recent papers have also shown particular deficits in
ability to recognise fear and sadness facial affect stimuli associated w ith psychopathic
traits and related disorders (Fairchild et al., 2010; Fairchild et al., 2009; W oodworth &
Waschbusch, 2008); whereas, deficits in fear recognition seem particularly prevalent
when the research uses measures o f CU traits specifically (Leist & Dadds, 2009; Munoz,
2009; Dadds et al., 2008).

Hastings et al (2008) present findings that recognition of happy facial stimuli
was also negatively correlated w ith the level of psychopathy in the inmate population,
which led the authors to postulate that psychopathy, may be associated w ith a general
deficit in affect recognition. Hastings et al's (2008) conclusion that psychopathic traits
are associated w ith a pervasive reduction in affect recognition ability is supported by
Wilson et al's (2011) meta-analysis that included papers and theses published up to
2009 (though this analysis used a less stringent alpha level of p = .10). However, these
deficits in affect recognition associated w ith psychopathic traits and CU traits are not
consistently reported within the literature; for example, performance in recognising
facial expressions of fear was not reduced in several papers (Book et al., 2007; Glass &
Newman, 2006). Reduced ability to correctly identify sadness was also not reported in
association w ith higher CU traits in several cases (Leist & Dadds, 2009; Munoz, 2009;
Glass & Newman, 2006). Furthermore, psychopathic traits were associated w ith an
increase in ability to recognise fear in facial expression stimuli in tw o papers (Del Gaizo
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84 Falkenbach, 2008; W oodworth &. Waschbusch, 2008). By contrast, in a meta-analysis
of 20 papers Marsh et al (2008) identified a robust link between antisocial behaviour
and specific deficits in recognizing fearful expressions, which was not moderated by
whether the sample was psychopathic. Finally, in convergence w ith facial expression
ERP research, it is the attendance to stimuli and activation o f the neural mechanics
governing attention regulates em otion recognition deficits (Dadds et al., 2008; 2006).

blastings et al's (2008) finding regarding deficient recognition of happy
expressions in those screened as psychopathic, is not reliably replicated in the
published literature (Marsh and Blair, 2008). Expressions of happiness are often not
degraded in the cognitive ability of high CU participants of research (Blair, 2005).
Furthermore, a meta-analysis published in 2012, Dawel and colleagues also found that
psychopathy was associated w ith impaired recognition of several emotions including:
anger, fear, happiness, sadness, and surprise, using random effects and fixed-effects
models; however, only 5 studies of 19 report reduced recognition ability w ith regards
to stimuli depicting happiness (Dawel et al., 2012). It maybe that happiness recognition
processing is preserved w ithin the high CU tra it individual.

Limited research has also identified a reduced accuracy in the interpretation of
disgusted facial stimuli and psychopathy (Blair, 2005); however, when

IQ was

considered as co-variable, this result was no longer significant. This suggests that IQ
can potentially act as a confounding variable in facial recognition research and should
be controlled for within research paradigms.

Deficits in emotion recognition capacity have also been observed in children
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who present w ith high CU traits. Blair et al (2001) used the Psychopathy Screening
Device (Frick et al., 2000) to recruit children w ith 'psychopathic tendencies' and a
control group. The sample population were asked to attem pt to recognise facial
expression stimuli depicting; sadness, happiness, anger, disgust, fear, and surprise.
Intensity was included as a co-variable of the facial recognition deficit in high CU tra it
individuals; this was achieved through the intensity of the facial expressions increased
progressively over 20 frames in 5% increments. Results concluded that children
identified w ith psychopathic tendencies required stimuli to display significantly greater
intensity before they could correctly distinguish sad expressions; furtherm ore, children
with psychopathic tendencies often failed to recognise fearful expressions even at full
intensity.

Further research found that, relative to controls, recognition o f anger, disgust,
and happiness in facial expressions was disproportionately impaired in participants
w ith early-onset conduct disorder, whereas recognition of fear was impaired in
participants

with

adolescence-onset

conduct

disorder

(Fairchild

et

al.,

2009).

Participants w ith CD who were high in psychopathic traits showed more impaired fear,
sadness, and surprise recognition relative to those low in psychopathic traits. There
were no group differences in facial identity recognition (Fairchild et al., 2009). Though
it is not clear why this finding occurs, the authors suggest that if CU traits are present in
one's

personality

to

a high

enough

intensity

coupled

w ith

an

early

onset,

representations of both negative and positive facial affect can be m isidentified.

Facial expression research has reported that certain expressions are processed
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prim arily through the amygdala, these expressions often indicate the presence o f a
threat, either in the environment or from the expresser, such expressions thus include
fear, anger, sadness and pain (Adolphs et al., 1999). Lesions on the amygdala can result
in deficits in fearful facial expression recognition (Cristinzio et al., 2007); Bilateral
lesions of the amygdala presented larger deficits in processing fearful facial expressions
than other expressions (Adolphs et al., 1999). However, presenting fearful expressions
in a manner that controls for attention to features often mitigates differences in
amygdala responsiveness (Etkin et al., 2004; Williams et al., 2005). Additional research
has described an extensive role of the amygdala in response to facial expressions,
including anger (Fitzgerald et al., 2006; Yang et al., 2002), surprise (Kim et al., 2003),
disgust (Fitzgerald et al., 2006), sadness (Fitzgerald et al., 2006; Yang et al., 2002), and
happiness (Fitzgerald et al., 2006; Yang et al., 2002). Individuals w ith high CU tra it
personalities are associated w ith atypical amygdala response to facial expressions
depicting negative emotion and, in turn, a reduced recognition o f such expressions
(Marsh & Blair, 2008; Blair, 2005).

Other cortical areas are also affected by high CU tra it m anifestation, such as:
the malfunctioning of the amygdala-ventromedial prefrontal cortical circuitry in high
CU tra it and psychopathic participants identified by a review of available literature by
Dolan (2008). As discussed in chapter 1, a lesion study by Shamay-Tsoory et al (2009)
observed that the ventromedial prefrontal cortex is necessary for emotional empathy;
those patients w ith lesions on the ventromedial prefrontal cortex had dysfunctions in
their processing of emotional empathy. Therefore, a combination of dysfunction in the
amygdala, ventromedial and connecting cortical circuitry might be central to the
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disturbances in em pathy and em otion observed in high CU tra it (Dolan, 2009; Marsh &
Blair, 2008; Blair, 2005).

The limited research which does exist, exploring the neural correlates of CU
traits amongst the general population, reports emerging findings which suggest that
CU traits are associated w ith different neurological responses to facial affect stimuli;
for example, Gordon et al (2004) employed fMRI to investigate the neurological
function of those who were shown to manifest 'high' and 'low ' psychopathic traits. The
study reports that there were no significant behavioural differences in the ability o f the
groups in identity recognition conditions. However, significant differences were
observed in a task designed to measure affect recognition; several sub-regions o f the
frontal cortex and the amygdala were less active in the high psychopathic tra it group.
It is Gordon et al's (2004) conclusion that the participants, who scored highly on the
PPI, although not behaviourally distinct from the controls, demonstrated significantly
altered pattern of neural activity to stimuli requiring affective processing. This allows
the postulation that a unique neural signature is associated w ith psychopathic traits in
a general population. This signature seems to reflect the deficiency in amygdala and
frontal cortex region function observed in psychopathy (Blair, 2003) and is consistent
w ith the notion that psychopathic individuals may indeed be extremes o f a continuous
distribution across the general population (see Figure 7).

Although this study employs fMRI and not ERP research techniques, the results
indicate that there is the potential for the adaptation of neural response to facial affect
stim uli w ith regards to CU traits in a non-psychiatric population, which could
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potentially manifest in modulation of the ERP components of facial affect response
discussed earlier (see chapter 1). Certainly there is a dearth of research in this area
which could potentially yield interesting and unique results regarding the effect of the
manifestation of CU traits on empathy processing. Given that particular profiles of
intact and deficient emotion processing skills have been demonstrated in those with
psychopathy, fu rther research is needed to determine w hether a corresponding profile
is present at general levels o f CU traits.

Right dorsolateral
prefrontal cortex

Right inferior
froma, COftex

Visual cortex

Figure 7: Blood oxygen le ve l-d e p e n d e n t a c tiv ity d u rin g the e m otion reco g n itio n co n d itio n re la tive to baseline. (A)
Participants who scored b e lo w the m ean on the Psychopathic P ersonality Inventory (PPI-Revised). (B) P articipants
w ho scored above the m ean on the PPI (Gordon e t al.,2004).
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3.2.2 Cognitive Empathy and Callous and Unemotional Traits

Despite the substantial evidence of a dysfunction in the neural circuitry
processing emotional empathy in high CU tra it individuals, there is a paucity of
evidence showing a deficit in cognitive empathic ability or theory of mind ability. For
example, Blair et al (1996) applied Happe's (1994) advanced test of Theory of Mind to
the exploration of cognition in a sample population of psychopathic (n=25) inmates
and non-psychopathic incarcerated controls (n=25); the analysis revealed that the
psychopathic inmates did not have a Theory o f Mind deficit (Blair et al., 1996). Such
findings have been consistently replicated by other researchers exploring the theory of
mind phenomenon in psychopaths w ith regards to their ability to assign mental states
to other people (e.g.Jones et al., 2010; Richell et al., 2003).

There is, however, limited research which observes a reduction in cognitive
empathy processing ability. Dadds et al (2009) investigated cognitive em pathy in
children aged 3-13 years (n = 2760). Participants' parents were asked to rate their
children on measures of empathy, CU traits and antisocial behaviour. Psychopathic
traits, derived from the participants scores on the applied measures, were found to
negatively correlate with both cognitive empathy and emotional empathy; it is
suggested by the authors that cognitive empathy has a developmental com ponent
and, thus, as the child becomes an adult they are able to overcome these deficiencies
in cognitive empathy processing by learning to 'talk the talk' o f human emotions
(Dadds et al., 2009).
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However, contrastingly in a young population, Jones et al (2010) observed that
boys

w ith

psychopathic

tendencies

had

cognitive

perspective-taking

abilities

equivalent to control boys, only their affective empathy profiles were significantly
different.

Jones et al note that Autism, a disorder sometimes associated w ith

callousness, was associated with cognitive difficulties w ith regards to the cognitive
elements of empathy. Little is known about CU traits in girls and the em pathy profiles
associated w ith CU traits there within.

Patients w ithin high CU tra it clinical groups often present w ith an im pairm ent of
emotional empathy but not cognitive empathy (Hastings et al., 2008; Marsh & Blair,
2008; Blair, 2005); since empathy is thought to be a primary facilitator in prom oting
prosocial behaviour and inhibiting aggression and, contrariwise, a lack o f empathy is
associated w ith antisocial behaviour (Decety & Meyer, 2008; Blair, 2005; Decety &
Jackson, 2004). Behavioural findings into CU traits suggest that in neurotypical
individuals pain in others is an aversive experience that causes pain or distress in the
individual, however, those w ith high CU traits may not experience this aversion (W olf &
Centifanti , 2014). Neurological research is scarce, however, fMRI research by
Lockwood et al (2013) observed that CU traits were associated negatively w ith activity
in the anterior insula cortex and the ACC response. There is a paucity of papers
investigating empathy for pain using ERP methodology; although, one paper exploring
ERP components for empathy for pain and the interaction of CU traits in juvenile
offenders was recently published (Cheng et al., 2012).

Cheng et al (2012) recruited 15 low CU tra it offenders w ith a score of less than
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25 on the Psychopath Checklist Youth Version (PCL:YV), 13 high CU offenders with a
score of over 30 on the YCL:YV and 15 matched, neurotypical, non-criminal male
adolescents. 124 colour photographs depicting painful and non-painful situations,
validated for pain intensity and perceived agency by previous research (Akitsuki &
Decety, 2009), were used in the study. Painful stimuli were shown to evoke a negative
component between 100 and 140ms (N120), a positive deflection between 160 and
200ms (P180), then a negative am plitude maximal between 210 and 250ms (N230), a
positive peak at 300ms (P300), a negative deflection at 360ms (N360), and an LPP,
peaking at 600ms over the frontal and central areas in the controls (Cheng et al., 2012).
A parietal-occipital positive wave maximal in amplitude at 120ms and a LPP at 400 and
800ms were also observed, suggesting both early affective processing and later
semantic processing of the stimuli. The presence o f CU tra it manifestation was found to
modulate these ERP components. The frontal N120 was more negative for painful
stim uli in the low CU tra it group; furtherm ore, central recording sites observed that
painful stimuli elicited larger central P300 amplitudes in both the control and low CU
tra it groups, but not the high CU trait group (Cheng et al., 2012). The authors postulate
that high CU tra it individuals may be deficient in the frontal N120 and central P300
components when responding to empathetic pain stimuli.

Stimuli depicting painful events also evoked a larger central LPP com ponent in
the control, but not in the low or high CU tra it experimental groups; later frontal N360
amplitudes were larger for painful stimuli in the control and low CU tra it experimental
groups, though not the high CU trait groups (Cheng et al., 2012). Parietal, frontal and
central electrodes recorded differential LPP amplitudes in the control and high CU tra it
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groups in response to stimuli portraying painful events, but not in the low CU trait
group (Cheng et al., 2012). It is concluded that preserving a LPP response to painful
stimuli may allow cognitive semantic processing of the stimuli to compensate for the
lack of earlier affective response (Cheng et al., 2012) (see Figure 8). This research
suggests that the N120, P300 and LPP empathetic response ERP components would be
most likely to be differentiated w ith regards to CU traits in the general sample.

CZ

Pain O ther

No P ain O th e r

Figure 8: ERPs to perceiving individuols in te n tio n a lly h u rt by th e ir s e lf a n d a n o th e r versus no p ain in the in te ra c tio n
(pain-other, red, vs. no pain-other, blue) in the controls versus the gro u p w ith lo w c a llo u s -u n e m o tio n a l tra its versus
the group w ith high c a llo u s-u n e m o tio n a l tra its (Cheng e t al., 2012).
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The current

programme

of research would

expand

on these

previous

publications by looking at empathy for pain w ith regards to CU traits in a general
population, an area lacking in published literature. Those w ith varying levels of CU
traits may have different responses to the presentation of painful situational stimuli
requiring cognitive empathy.

3.2.3 Shallow or Deficient Affect

High CU traits in individuals within both CD and psychopathic populations are
correlated w ith reduced emotional valence (Loney et al., 2003). Individuals with
psychological disorders indicative o f extremely high CU traits reliably present w ith a
reduced intensity of reaction to negative emotive stimuli (Loney et al., 2003). For
example, a study of psychopaths (n=25) and controls (n=24) employed electrodermal
galvanic response as an indicator o f emotional arousal, startle reflex as a measure of
valence, and electromyography recordings of the corrugator muscle as a predictor of
emotional expression during the presentation of positive and negative emotional
stimuli (Herpertz et al., 2001). Results observed that, in response to both positive and
negative stimuli, the psychopaths presented w ith reduced galvanic skin responses,
decreased emotional expression, and a lack o f or, often, a complete absence of a
startle reflex (Herpertz et al., 2001).

This deficient startle reflex, signifying a reduced emotional valence, has been
found in other studies of psychopath characteristics. Startle reflexes were found to be
inhibited in psychopathic individuals when they were exposed to photographic stim uli
containing scenes of victims (Levenston et al., 2000). Furthermore, it is extolled that
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the startle reflex was only weakly potentiated during stimuli showing threats
(Levenston et al., 2000). These findings evidence a heightened aversion threshold in
psychopaths and suggest a weakness in initial stimulus evaluation among psychopaths,
portentous of a pervasive paucity of emotive response (Levenston et al., 2000).

In addition to reduced physiological responses, the use of the lexical decision
task designed to test reaction speeds to words, has identified key differences in the
emotional

processing characteristics

of the

psychopathic

individual.

Seminally,

Williamson et al (1991) observed that, unlike previous research recruiting general
samples which reported that participants identify emotional words more quickly than
neutral words, psychopaths did not demonstrate this increased speed o f recognition
for emotional stimuli. Those in the psychopathic condition supplied comparable
valence ratings of the stim uli words used in the task.

These finding have been

replicated by Lorenz and Newman (2002); during a modified lexical decision task the
psychopathic individuals exhibited reduced affective facilitation. However, research
comparing Caucasian and African American psychopaths has observed that these
results do not generalise across cultures within the psychopathic population (Lorenz &
Newman, 2002). Although research concluding the affective deficiencies is substantial,
not all evidence w ithin this rem it is in agreement w ith regards to the role o f emotional
deficits in high CU tra it individuals. A dot-probe research paradigm, used by Kimonis et
al (2008) to study 88 incarcerated youths, revealed that the emotional processing of
distressing stimuli was not correlated to CU traits.
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Thus, there is considerable evidence that there are deficits in emotional
responses to affective stimuli associated with high CU tra it disorders and incarcerated
high CU tra it individuals. In limited research these behavioural findings have been seen
to translate into electrophysiological outcomes, which will be discussed subsequently.

Callous and

unemotional traits are strongly correlated w ith

a reduced

emotional valence; individuals w ith psychological disorders indicative of extremely high
callous and unemotional traits reliably present w ith a reduced intensity of reaction,
particularly to emotive stimuli which are negative in nature such as anger, fear and pain
(Loney et al., 2003). There is a dearth of research exploring the relationship o f affect
stimuli on the ERP response of those w ith different manifestations o f CU traits.
However, a study by Anderson and Stanford (2012) presented psychopathic and control
participants w ith affective stimuli in tw o conditions; a first where the emotional
inform ation is presented but is not relevant to the performance o f the task and a
second condition in which the participants' attention is directed towards processing
the affective content through categorisation of the emotional content. The researchers
report that the controls present w ith a robust, persistent ERP positivity (200-900ms) to
the affective stimuli when compared to neutral stimuli in both conditions. However,
importantly, the psychopathic participants only exhibited this electrophysiological
differentiation when their attention was specifically directed towards the em otional
content of the stimuli through the behavioural task o f identifying and categorising
affective content, though the responses were still smaller than the am plitude of
response observed in the control sample (Anderson and Stanford, 2012). Thus,
attention to affective informational content of stimuli could be an im portant
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distinguishing feature of the design paradigm in research into emotional valence and
CU traits.

In conclusion, there is evidence to postulate that those high in CU traits may be
deficient in their emotional valence response to affective stimuli. Furthermore, there
are well recorded ERP component moderations associated w ith the observation of
affective stimuli (see chapter 2). Therefore, investigating the electrophysiological
manifestation of the CU tra it deficit in emotional valence is not only a logical area of
research, but also one with the potential to generate novel results.

3.3 Callous and Unemotional T r a it Manifesta tio n

in the General

pop u la tio n

A paucity of research exists exploring CU traits in the general population. Key
investigations of psychopathic and CU traits in this developing research area have
supported the hypothesis that such traits are not limited to clinical populations, but
can be observed at varying levels and w ith various affects in the general population
(Prado et al., 2015; AN & Chamorro-Premuzic, 2010; AN et al., 2009). The traditional
view of psychopathy and conduct disorder is that these conditions exist as discrete
disorders within the population; however, this long established categorical view has
been challenged w ith evidence suggesting a dimensional manifestation of high CU
traits and psychopathic traits where psychopathic personality traits are pervasive at a
normal distribution of prevalence within society (Hare & Neumann, 2008; Marcus et
al., 2004; Skeem et al., 2003). That the core personality traits of these disorders, exist
on a normal distribution continuum within the population, and those patients of
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psychopathy and conduct disorder lie at the extreme high end of this distribution
(Edens et al., 2006; Lynam, 2002; Lilienfeld, 1994). Therefore, Psychopathy may instead
be a configuration of extreme levels of continuously distributed CU personality traits
(Edens et al., 2006). However, currently the evidence does not exist to explore the
merits of these views rigorously. Associated correlates of components of CU traits, for
example neurological correlates, and reliable measures of CU tra it manifestation would
need to be compared between those at different points in the distribution and
individuals suffering from high CU tra it disorders, in order that such hypotheses could
be tested efficiently.

Recent research by Prado et al (2015) using a non-clinical sample examined the
relationship between sub-clinical psychopathic traits, self-control and the identification
of facial emotion using the Levenson self-report psychopathy scale (LSRPS; Levenson et
al., 1995), the Brief self-control scale (BSCS; Tangney et al., 2004) and the M ontreal set
of facial displays of emotion (MSFDE; Beaupre & Hess, 2005). The authors observed
that both primary and secondary psychopathic traits were associated w ith reduced
accuracy in identifying facial affect (although impairments for prim ary psychopathy
were found to be larger) and deficits in self-control. Secondary psychopaths have less
deficiency in their ability to experience negative emotions than prim ary psychopaths;
furtherm ore, secondary psychopaths are more impulsive, reactive and aggressive.
Primary psychopaths are argued to be innately deficient in emotion and conscience,
whereas secondary psychopaths acquire these dysfunctions through th e ir environm ent
(Prado et al., 2015). The largest effect sizes were associated w ith recognition of disgust,
sad and shame expressions, although deficiencies in the recognition o f fear expression
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were observed the effect size was smaller than expected in Prado et al's research given
previous

findings

showing

that

fear

was

the

most

commonly

and

strongly

misrecognised em otion (e.g. Hastings et al, 2008; Montagne et al., 2005). However, Del
Gaizo and Falkenbach (2008) observed that primary psychopathic-traits were positively
correlated w ith accuracy o f perception o f fearful faces and positive affect and
negatively associated with negative affect, whereas secondary psychopathic traits were
not related to exactitude in emotional recognition but positively correlated w ith
negative em otion. Therefore, the relationship between CU traits and the recognition of
expressions may be more complicated in subclinical samples.

These findings are supported by previous research by Ali et al (2009) who found
that psychopathic traits and Machiavellianism were correlated w ithin a general
population, as well as being associated w ith the experience o f positive emotional
valence when observing negative images. That is, unlike controls, their experience of
negative stimuli is not rated as unpleasant. Unfortunately, the distribution o f the traits
examined was not reported. Further research in 2010 by Ali and Chamorro-Premuzic
revealed that psychopathic traits and Machiavellianism were both correlated w ith
disruption in empathy processing; this, the authors note, serves as a replication of
previous findings (Dadds et al., 2009; M ahm ut et al., 2008). Specifically, it was reported
that psychopathic traits correlated negatively with accuracy on mental state inference
tests which used facial cues (Ali & Chamorro-Premuzic, 2010). This research suggests
that the affective deficits observed in clinical samples may also be associated w ith subclinical tra it manifestation.
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The research reported in this thesis will afford a unique contribution to the
fields of psychology and neuroscience in three distinct ways. Firstly, the m ajority of
research in this area has focussed on clinical populations; most notably conduct
disorder in children, or psychopathy in adult populations. There is a dearth of research
investigating the manifestation of CU traits w ith regards to empathy disruption in an
early adulthood sample and particularly lacking is research in the general population.
Both of these will be the focus o f the subsequently described research.

Secondly, the following research will explore the distribution o f these CU traits
in a general sample, as well as the poorly understood empathy and affective processing
profiles of CU tra it manifestation in the general population. Finally, there is a dearth of
electro-neurological research into empathy w ith regards to CU traits. Thus, by using
event related potential (ERP) analysis and a range of empathy processing tasks to
investigate empathic responses with regards to CU traits, unique results will be
generated. The EEG-based neurological element o f the research w ill be discussed at
length in section 2 of the thesis.

The primary study aimed to increase comprehension o f the empathy and
emotional aetiology of CU traits in the general population; it would allow insight into
whether clinical patients are similar to high CU trait, general individuals, or w hether
clinical disorders present w ith

unique deficits in psychological processing and

neurological function. Understanding the psychological and neurological profiles of
empathy and affective processing associated with CU tra it levels in a general sample
will inform our understanding of how empathic ability manifests w ith regards to these
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traits; specifically, w hether the emotional and cognitive components of empathy are
dysfunctional and fractionated in general high CU tra it distributions can be explored.
Recruiting research paradigms assessing affective processing w ill discern w hether
changes in emotional affect occur with regards to the prevalence of CU traits in a
general sample.
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Chapter 4:

Ca l l o u s

and

U n e m o t io n a l T r a it M
w it h

Em p a t h y

and

a n if e s t a t io n a n d t h e r e l a t io n s h ip

A

f f e c t iv e

V alen c e

4.1 Aim and Hypotheses

Of the six key research questions that were addressed through this thesis, this
first study was concerned w ith the prim ary three. To recap these questions include:

1.

W hat

is

the

distribution

of

empathic

processing

ability

and

callous/unemotional (CU) traits? The proposed research aims to examine these
constructs within a general population using a constellation of established self-report
measures.

2.

The second objective is to examine the relationship between empathy

and CU traits. Do self-report measures of CU tra it severity and empathy-processing
correlate negatively as would be predicted from clinically-diagnosed populations?

3.

Are cognitive empathy and emotional empathy dissociable w ithin CU

traits? The self-report data will simultaneously investigate the possible fractionation o f
empathic abilities in CU traits.

Hypotheses included:
Hi: Callous and unemotional traits w ill manifest in a normal distribution in the
general sample.
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H2: A negative relationship will be observed between measures of emotional
empathy and callous and unemotional traits.

H 3:

No correlation will be observed between the constellation of cognitive

empathy measures and callous and unemotional traits.

H4: A difference between the cognitive and emotional facets of empathy will be
observed in relation to callous and unemotional traits, evidencing fractionation of
empathic abilities in these traits.

H 5:

Self-report measures of CU traits negatively correlate w ith participant's

accuracy in the recognition of facial expressions of emotion.

He: There will be a positive correlation between the participants' scores on
measures of empathy when related to the accuracy in the recognition of facial
expressions of emotion.

H 7:

An associate will be observed between self-reported scores of emotional

valence and stimuli w ith emotional content w ith high CU traits or low empathy scores
correlating with reduced emotional valence.
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4.2. Methodology

4.2.1 P a rticipants

A self-selected sample was recruited for the research via a university based
advertisement. 124 participants completed the research tasks. The age of the included
participants ranged from 18 to 45 (X= 21.16, SD= 5.08). 84 of the participants were
female, 40 were male. Power analysis w ith G-Power reveals that the total o f 124
participants is able to detect associations with a moderate effect size o f r > .3 at a .05
alpha level and, thus, provides appropriate power. A combination of undergraduate
students, mature students, post-graduate students and graduates were included in the
sample demographic. All participants were screened for a history o f diagnosed
disorders through self-report; specifically Conduct Disorder and Antisocial Personality
Disorder. None of the participants revealed history of either disorder.

4.2.2 Design

A correlational design was employed in order to examine the relationship o f CU
traits with questionnaire measures of cognitive and emotional empathy, and direct and
indirect measures of emotion recognition and emotional valence.

4.2.3 M a terials

To investigate the influence of Callous and Unemotional traits on empathy and
emotional processing the Inventory of Callous-Unemotional Traits (Frick, 2004) and

1

S e c tio n s o f th is c h a p te r h a ve b e e n s u b m itte d f o r p u b lic a tio n a n d a re c u r r e n tly u n d e r r e v ie w

(L e th b rid g e , R ic h a rd s o n , R e id y & T a ro y a n ).
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The Antisocial Process Screening Device (Frick & Hare, 2001) were recruited (see table
1). Two self-report measures of empathy, the Interpersonal Reactivity Index (Davis,
1983) and the Empathy Q uotient (Baron-Cohen & W heelwright, 2004) examined both
the cognitive and emotional empathy of the participant. Two measures of the empathy
constructs and CU traits were included in order to negate the effect o f subjective
definition of the empathy construct (Reniers et al., 2011). In addition, tw o measures of
each construct were included to look for consistency of response in the participants
and to increase the validity of the responses for each psychological construct examined
and to thus improve validity. The inclusion of measures of both cognitive and
emotional empathy allowed the analysis of the potential disassociations between
these distinct forms of empathy (see Table 1). Furthermore, a direct measure o f facial
emotion recognition and indirect measures of affective valence were included to
explore em pathetic response. The prevalence and distribution of CU traits in the
sample general population could also be investigated.

Table 1:
The constellation o f tasks included in study 1.
A - Questionnaire Measures

of

B - Questionnaire Measures of

C - Empathy and Emotional

CU traits____________________________ Empathy________________________ Valence Tasks______________
Al

In v e n to r y

U n e m o tio n a l

of
T ra its

C a llo u s
(F rick,

and
2004;

K im o n is e t a l., 2 0 0 8 )

A2

A n tis o c ia l

Process

B1

E m p a th y

(B a ro n -C o h e n

Q u o tie n t
&

(EQ)

C l E m o tio n R e c o g n itio n Task

W h e e lw r ig h t,

2004)

S c re e n in g

D e v ic e (APSD) (F ric k a n d H a re , 2 0 0 1 )

B2 In te rp e rs o n a l R e a c tiv ity In d e x
(D a vis, 1 9 8 0 )___________________
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C2 E m o tio n a l V a le n c e Task
_________________

A: Measures o f Callous and Unemotional Traits
A l : Inventory o f Callous-Unemotional Traits

The Inventory o f Callous-Unemotional Traits (ICU) (Frick, 2004) is a 24-item
scale designed to be rated on a four-point Likert scale from 0 (Not at all true) to 3
(Definitely true), scores range from 0 to 72. Three sub-scales are present w ithin the ICU
measure of CU traits, these are the Uncaring, Callousness and Unemotional sub-scales
(Frick, 2004). The Uncaring sub-scale includes items such as 'I always try my best at
everything I do7, whilst the Callousness scale is characterised by statements such as 'I
do not care if I get into trouble7, and finally, items such as 7I do not show my emotions
to others7 are representative of the Unemotional sub-factor.

Bifactor confirm atory analysis conducted by Kimonis et al (2008) confirms a
general factor present across the ICU items. Kimonis et al (2008) also evidenced that a
total score from the ICU moderately correlates w ith the six-item CU scale from the
Antisocial

Personality

Screening

Device

(APSD)

showing

convergent

validity.

Furthermore, the ICU has demonstrated validity in cross-cultural populations, including
German samples (Essau et al., 2006) and an ethnically diverse sample of detained
adolescents from the United States (Kimonis et al., 2008). W ithin these tw o diverse,
independent populations the 3 factor solution

of sub-scales described

earlier

(Uncaring, Callousness and Unemotional), confirms the measurement of 'independent
dimensions of behaviour7 (Kimonis et al., 2008). An internal reliability o f a = .73 has
been demonstrated in a sample of incarcerated adolescents (Kimonis et al., 2008).
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A2: The Antisocial Process Screening Device

The Antisocial Process Screening Device (APSD) was designed to assess
antisocial personality traits, including a CU tra it subscale (Frick & Hare, 2001). The
APSD includes 20 items to be scored on a three-point scale from 0 (Not at all true) to 2
(Definitely true). Factor analysis performed in range of research consistently reports a 3
factor solution to the APSD; this structure entails a Narcissism dimension of 7 items
(example 'You can act charming and nice to get what you want'), an Impulsivity
dimension of 5 items (example 'You do not plan ahead or leave things until the last
m inute'), and finally, a CU dimension of 6 items ('You feel bad or guilty when you do
something wrong') (Vitacco et al., 2003; Frick et al., 2000). The CU sub-factor o f the
APSD form ed the basis for the development o f the ICU item content and is used within
this study to investigate CU tra it manifestation in the participants (Frick, 2004).

Exploration of the internal consistency of the APSD factors been found to be
only moderate when examined with Cronbach's standardized alphas: CU = .59,
Narcissism = .74, Impulsivity = .53, and total APSD = .62 (Vitacco et al., 2003). However,
longitudinal research has shown APSD scores to be reasonably reliable and stable over
3 years (Munoz & Frick, 2007).

B: Self-Report Measures o f Empathy
B l : The Empathy Quotient

The

Empathy

Quotient

(EQ)

(Baron-Cohen

&

W heelwright,

2004)

was

developed as a measure of empathy which would be appropriate fo r scrutinising
differential levels of empathy in respondents' from clinical, general and general
94

populations. The short-version of the EQ used for the purposes of this research consists
of 40 items which the respondent rates on a 4-point scale from 'strongly agree' to
'strongly disagree', potential scores range from 0 to 80. Examples o f statements
presented for rating in the EQ include 'I really enjoy caring for other people' and 'Other
people tell me I am good at understanding how they are feeling and what they are
thinking'. Principal Components Analysis has suggested a three factor solution for the
EQ which resulted in sub-scales o f cognitive empathy, emotional reactivity and social
skills being revealed (Lawrence et al., 2004). Confirmatory Factor Analysis agreed with
this 3 factor outcome (Berthoz et al., 2008). The cognitive empathy and emotional
reactivity scales are of particular interest to the current research as they allow
discrimination between the cognitive and affect processes of empathy and their
interaction w ith the measures o f CU traits.

Cronbach's alphas have been observed for the EQ varying from .85 (Muncer &
Ling, 2006) to .88 (Wakabayashi et al., 2006). Additionally, the EQ has been
demonstrated to have test-retest reliability (Lawrence et al., 2004). Furthermore, the
EQ has established convergent validity w ith several measures of empathy; correlations
have been evidenced with the 'Reading the Mind in the Eyes' Test (Baron-Cohen et al.,
2001) and w ith the IRI, the other self-report measure recruited for the described
research (Lawrence et al., 2004).

It should be acknowledged that the EQ reliably reports sex differences in
empathy in respondents from the general population; this difference manifests in
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females reporting higher levels of empathy than males and was reliable across cultures
(Berthoz et al., 2008; Wakabayashi et al., 2007; Baron-Cohen & W heelwright, 2004).

B2: The Interpersonal Reactivity Index

The Interpersonal Reactivity Index (IRI) (Davis, 1983) consists o f a 28 item selfreport questionnaire constructed to measure empathy. Each item was rated by the
participant on a scale from A-E where A denotes 'does not describe me well' and E
'describes me very well', scores range from 0-112. W ithin the IRI, 4 sub factors of
distinct but related concepts are assessed; these include the perspective-taking scale,
the fantasy scale, the empathic concern scale and, finally, the personal distress scale
(Davis, 1983). Each of these scales was gauged through 7 items on the IRI measure.

The Empathic Concern scale o f the IRI was form ulated to examine participant's
ability to 'experience feelings of warm th, compassion and concern for others
undergoing negative experiences' (Davis, 1983).

Examples of the Empathic Concern

scale of the IRI include 'I often have tender, concerned feelings for people less
fortunate than me' and 'I would describe myself as a pretty soft-hearted person'. The
Perspective Taking scale of the IRI 'reflected a tendency or ability of the respondent to
adopt the perspective, or point of view, of other people' (Davis, 1983). Statements such
as 'I sometimes find it difficult to see things from the "other guy's" point of view' and 'I
try to look at everybody's side of a disagreement before I make a decision' form the
content of this sub factor. The IRI Fantasy scale 'denoted a tendency of the respondent
to identify strongly with fictitious characters in books, movies, or plays' (Davis, 1983).
Examples o f this scale include 'I really get involved w ith the feelings of the characters in
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a novel' and 'I daydream and fantasize, with some regularity, about things that might
happen to me'. Finally, the Personal Distress sub factor of the IRI 'indicated that the
respondent experienced feelings of discomfort and anxiety when witnessing the
negative experiences of others' (Davis, 1983). Examples of statements included in the
IRI for the purpose of measuring personal distress include 'in emergency situations, I
feel apprehensive and ill-at-ease' and 'I tend to lose control during emergencies'. The
perspective taking and empathic sub-scales are o f particular interest to this study as
they are analogous to cognitive and emotional empathy respectively and, therefore,
can be recruited to look at the relationship between CU traits and the differential
elements of empathy (Davis, 1983).

Evaluation of the IRI in tw o independent samples has revealed stability in this
four sub factor structure to assess an individual's empathy (Davis, 1983). Outcomes of
statistical analysis conclude internal reliability as tested via Cronbach's alpha (subscales
range from a = .70 to a = .78); furtherm ore, the IRI measure demonstrated good te s tretest reliability (subscales range in reliability from .62 to .81) and convergent validity
(Davis, 1983). In addition, investigation of a Dutch version of the IRI concluded that
similar structure solutions were appropriate and further demonstrated the reliability
and validity of the measure (De Corte et al., 2007).
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C: Materials f o r the Measurement o f Emotion Recognition and Emotional
Valence

Cl: Materials used f o r the Emotion Recognition Task

This first task measured participants' ability to recognise facial expressions of
em otionality in others and indirectly measures their emotional response to said
expressions. 48 photographic stimuli depicted 6 emotions: happiness, fear, disgust,
sadness, anger and pain. Unique facial expression stimuli have been amalgamated to
create this facial recognition task, specific in its design to test the hypotheses. These
stimuli were selected from online sources and then tested for reliability through pilot
research. In order to ensure that all the stimuli were valid representations of the
expressions they were chosen to depict, pilot studies were conducted. This was
achieved by collating responses from specifically created open surveys. M ultiple
samples of 50 - 100 people were recruited for the surveys, these participants were
self-selected through advertisements for the survey; these individuals were not
screened for confounding variables and no personal inform ation was collected, to
ensure anonymity for participants. The stimuli were placed in a random sequence and
below each were 6 options for the included expressions, of which the participant could
choose one of; happiness, pain, fear, sadness disgust and anger.

Once over 50

responses had been collected those stimuli that had obtained an agreement level of
70% were included, those that failed to reach this level of agreement were replaced
w ith other examples of the required expression and retested in the exact same
manner. 70% was chosen as an appropriate level o f agreement as this level has been
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previously employed by other facial stimuli research (e.g. Ebner et al., 2009; Tottenham
et al., 2009). The result o f this pilot testing was that all of the expression stimuli used
had over a 70% agreement that they are a consistently recognisable depiction of the
required facial expressions of emotion.

Facial expression recognition tasks require the consideration o f co-variables
which may interact w ith the main effect of expression recognition and empathetic
response. Research investigating facial expression recall, recognition and response has
reliably documented the 'own-group' bias (Van Bavel et al.,2013); meaning that
participants have been evidenced to perform better when the stimuli contain human
subjects w ith whom they identify in some manner (Van Bavel et al., 2013). In order to
ensure that 'own-group' bias does not skew or create artefacts in the collected data, it
was necessary to consider inform ation perceivable in the photographic stim uli which
could result in 'own-group' bias effects as co-variables. For the purposes of the
described task these were considered to be age, sex and race. The demographic was
compiled so that each emotion condition had a broad and equal range of ethnicities
and that both male and female stimuli were included in equal numbers.

The jewellery, neckline, clothing and hair style of the stimuli, although not
extravagant, were not removed from the photo as this process may have distorted the
expression, and impact the accuracy of recognition more than the social inform ation
provided by these features (e.g. Saegusa et al, 2015, Smith et al., 2013; Batty & Taylor,
2003). The photo stimuli were presented w ith a plain light coloured background. In
order to control for potential counter variables which could be introduced by allowing
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different orientations of the photograph subject, all subjects were square enough to
the camera such that both eyes could be observed.

The Self-Assessment Manikin (SAM) was recruited for the purpose of recording
the participant's emotional response to photographic stimuli during the emotion
recognition and affective valence tasks (Bradley & Lang, 1994). The participants were
asked to rate each picture in terms of how it made them feel while viewing it using 2
scales. These scales were labelled such that the design would test: w hether the
participants felt negative or positive during their viewing of the stim uli and how
intensely participants felt regarding the stimuli. The participant was informed that
there are no right or wrong answers and thus to respond as honestly as possible.

The SAM is comprised of 2 sets of 5 simple figures (see Figure 9). These SAM
figures allow the rating of the photographic stimuli on the 2 scales previously
described. Arranged in three rows the SAM figures depict the 2 different scales through
the 5 figures. The first row reflected the positivity, neutrality or negativity of the
participant during stimuli observation by presenting a scale o f simplified homunculi
from smiling, through neutral, to frowning; the second scale o f 5 figures depicted a
representation o f emotional intensity providing a method to rate the intensity o f the
participants' response. Each scale was also labelled appropriately (see Figure 9). Below
each row of figures there is a row of nine dots indicating the scale from the lowest
figure of the scale to the highest. Participants designate their reaction to the stim uli
using this 9 point scale by placing an "X" in the circle which best describes where on
the scale they lie.
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P o sitive

H igh in te n s it y

N e g a tiv e
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in te n s ity

Figure 9: The SAM m anikin a d a pte d f o r the purposes o f this research to m easure valence and in te n sity (Bradley and
Lang, 1994).

C2: Material used f o r the Emotional Valence Task

29 photographic stimuli were selected for this task, each photograph depicting
a scene which contains emotional subject m atter. These stimuli were selected from
online sources because of their suitability for this research and restrictions w ith
existing stimuli sets (e.g. the IAPS). The chosen stim uli include a total of 10 positive
emotive stimuli (6 depicting humans showing care and 4 showing contentm ent in non
human animals). Human based positive portrayal stim uli have been standardised to a
happy embrace. Positive stimuli in the case of animals were homogenised to the
portrayal of contentm ent. Negative stimuli include a total o f 17 photographic stim uli; 9
representing negative emotions in humans and 8 in animals. Specifically, the stim uli
depicting negative emotions in humans were divided into stim uli showing conflict and
those showing pain. The conflict stimulus was prescribed as one human hitting another
w ith out a weapon, as to affect fear in a victim. The photographic stim uli showing a
subject in pain have been standardised to the subject receiving an injection from a
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health professional. These photographic stimuli selected for this second task maintain
their context through both their background and the actions of the subject(s).

4.2.4 Procedure

A and B:

Procedure f o r

the Self-Report Measures o f Callous and

Unemotional Traits and Empathy

The described self-report measures were presented to all participants alongside
clear instructions on how to successfully complete the questionnaires using a
com puter in a quiet laboratory. No tim e lim it was defined for completing the selfreport psychometrics.

C: Procedures f o r the Experimental Tasks Measuring Emotion Recognition
and Emotional Valence

For both task images and instructions on how to successfully complete the
tasks, as well as the stimuli, were presented using a com puter in a quiet laboratory.

Cl: Procedure f o r the Emotion Recognition Task

During the emotion recognition task the participant was required to note their
interpretation of the emotion depicted by the previously described facial expression
stimuli below each photograph, using a drop down menu facility. The presentation
program randomised the order of the photo stimuli were presented to control for
order effects. The described Self-Assessment Manikin (SAM) was recruited for the
purpose of recording the participant's emotional response to the stim uli during this

research (Bradley & Lang, 1994). Whilst observing photographic stimuli the participant
was required to accurately report how they felt, using the two, 9-point scales described
earlier. Therefore, w hether the participants felt negatively or positively during their
viewing of the stimuli and how intensely participants felt regarding the stim uli would
be indirectly measured, as well as the participant's recognition of the facial expression
stimuli.

C2: Emotional Valence Task

The em pathetic response task was designed to investigate participants' reactions to
emotive stimuli. Using the SAM, the participant was required to rate each emotive
photograph with regards to how they fe lt whilst observing the stimuli. The participant
was only required to rate the emotive photographic stimuli on the tw o scales o f the
SAM in a manner that accurately reflects their own experience when observing the
stimuli. As such, it was the emotional valence of the participants in relation to the
sample population which was indirectly recorded. Differences in response were
observed across the population. The photographic stim uli were randomly presented
and counterbalanced. None of the tasks were tim ed. Participants were allowed as long
as required to complete the measures. Though none required more than 45 minutes
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4.2.5 Ethical Considerations

Participants were briefed regarding the content o f the research tasks (with
examples of included questions), details of the research area, the aims o f the study,
their rights and the ethics o f the study, using an inform ation sheet before any data
collection was undertaken (for the participant inform ation sheet see appendix A). After
being given as long as required to absorb the material contained in the inform ation
sheet, the participant was given the opportunity to ask questions regarding the study's
procedure and protocol. Once the participant indicated that they had asked any
questions they may have and were happy to continue w ith the study, the participants'
consent was obtained using a standard consent form (see appendix B).

Immediately subsequent to the data collection tasks being completed by the
candidate they were debriefed (see appendix C). There was no deception w ithin the
research process using this ethics proforma, therefore the purpose o f the debrief was
to thank the participant for their participation, explain to the participant the purpose
of the included measures w ith out reference to the term callous and unemotional traits,
remind them o f their rights regarding the withdrawal of th e ir participation and, finally,
to remind them of the intended purpose of the research.

The final briefing complexity, which required addressing in order that this study
maintained high ethical standards, was the issue o f anonymity. As this prelim inary
research was used to identify experimental participants for future neurological
research, the contact details of the participants needed to be associated w ith the selfreport data. In order to ensure that the highest standards of confidentiality were
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maintained the contact inform ation and collected data was coded. These codes were
possessed by the key researcher and kept separate and secure from the data in order
to maintain anonymity. The procedures in place for ensuring participant confidentiality
were explained in the inform ation sheet given to the participants (see appendix A).

Should the participant have wished to w ithdraw from the study sometime after
the debriefing, they were given a 7 day period from the completion o f the debriefing in
order to do so; this was stated in the briefing, on the consent form and, again, in the
debriefing. Should the participant wish to withdraw their data from the research, the
coding system was used to locate the participant's data which would then have been
destroyed. After the 7 day period the participant was not perm itted to w ithdraw their
data.

These procedures were approved by the university's ethics committee.
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4.3. Results o f the Callous and Unemotional T r a it and Empathy
Psychometrics in a General Population

4.3.1 A l : In ven tory o f Callous and Unemotional Traits

To investigate the distribution of psychometric scores within the general
sample, a skewedness and kurtosis tolerance of +/-1 was used to indicate normality;
outside o f these values it is considered that the parameters for norm ality have been
violated and that the distribution is not normal (e.g. Dancey & Reidy, 2008). This
measure was used in preference to the Shapiro-wilk test as Shapiro- Wilk proved too
strict to provide useful data on the norm ality of the data. When analysed for
distribution and reliability, the ICU total shows skewedness and kurtosis w ithin the
parameters appropriate for a distribution to be considered normal. This is also true for
2 o f the 3 ICU sub scales; the uncaring and the unemotional sub factors. However, the
callous sub factor revealed a positively skewed distribution with higher than normal
kurtosis, suggesting that the population is tending towards a pattern of low scoring on
the measure of callousness (see table 2).
Internal reliability analysis with Cronbach's Alpha across the ICU total and sub
factors show good internal reliability for the ICU total scores (24 items: a = .78);
appropriate values are those above .7 (e.g. Dancey & Reidy, 2008). Similarly, the
unemotional sub scale (5 items: a = .80) shows good internal reliability, as does the
uncaring sub factor (8 items: a = .73).

However, the callous sub factor o f the ICU

shows less internal reliability (9 items: a = .62), though the split-half reliability is just
over the .4 cut o ff for appropriate reliability (r=.41) (e.g. Dancey & Reidy, 2008).
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Outliers exist at the higher end of the scale for the ICU total (n= l) and the callous sub
factor (n= 3). These outliers do not seem erroneous and are not numerous enough to
artificially skew the data. The mean scores obtained for the ICUT total and the uncaring
and unemotional sub factors were consummate w ith previous research on similar
demographics (Byrd et al., 2013; Essau et al., 2006); however, the callous sub factor
mean was a lower than previously obtained mean scores.
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Table 2:
Descriptive statistics exploring the ICU total and the 3 sub fac to r results.
ICU Total and Sub Factors

Result
M ean
Std. D eviation

18.03
_____:.......................... ............ ........................

6.38

ICU Total

M in im u m

5.00

(Range of scores = 0 - 7 2 )

M axim um

38.00

Skewness

.55

Kurtosis

.33

M ean

2.33

Std. Deviation

2.41

M in im u m

ICUT Callous Sub Factor
(Range of scores = 0 - 2 7 )

ICUT Uncaring Sub Factor
(Range of scores = 0 - 2 4 )

.00

rj *;v :

..............................

M axim um

10.00

Skewness

1.43

Kurtosis

1.67

M ean

7.78

Std. Deviation

3.46

M in im u m

1.00

M axim u m

17.00

Skewness

.45

Kurtosis

-.33

M ean

7.92

Std. Deviation

2.79

ICUT Unem otional Sub Factor

M in im u m

(Range of scores = 0 - 1 5 )

M axim um

15.00

Skewness

.18

Kurtosis

.48
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1.00

4.3.2 A2: A ntisocial Process Screening device

Unlike the other measures recruited to form the psychometric underpinning of
this research, the APSD measures callous and unemotional traits as one of 3 sub factors
w ithin the overall measure. The mean total o f this scale across participants is low (X =
2.75, SD = 1.25) even though there are 6 items each w ith a potential score between 02, thus the potential top score is 12. The mean was also lower than previously obtained
means in similar research (Frick et al., 2007; Vitacco et al., 2003). Furthermore, the
range of this subscale is limited to the bottom scores between 0 and 7 and the
standard deviation is small. The APSD was analysed for internal reliability using
Cronbach's Alpha, the Alpha value was found to be below that considered acceptable
(a = .15); as was the split half reliability (r=.09).

The APSD is reported a normal distribution in the data, though when the
individual items of the scale are examined a consistent positive skew is observed across
all items, however this is only outside normal parameters for item 3, 4 and 6 (see Table
3). The mean for all items is between 0 and 1, apart from item 2 which has a mean of
1.17, in addition these standard deviations are low (between 0 and 1) fo r all items.
When examining other measures of central tendencies, the median and mode reveal
that for items 3-6 the central and most common response was 0. This suggests that the
items may not be eliciting a range of responses from the participants, perhaps due to
the small scoring range of the response scale.

109

Table 3:
Consideration o f the APSD callous unem otional sub fac to r scale items.

Item s on th e

1. You
keep the

2. You hide
your feelings

Scale

same
friends.

or emotions
from others.

Mean

.63

1.17

Median

1.00

Mode

6. You care
about how

4. You feel bad or
guilty when you

5. You are
good at

do something
wrong.

keeping
promises.

.16

.21

.41

.17

1.00

.00

.00

.00

.00

1.00

1.00

.00

.00

.00

.00

Std. Deviation

.56

.52

.37

.43

.53

.42

Skewness

.17

.20

1.86

1.76

.70

2.44

Kurtosis

-.78

.26

1.50

1.96

-.78

5.53

Range

2.00

2.00

1.00

2.00

2.00

2.00

APSD Callous
U n e m o tio n a l

3. You are
concerned about the
feelings of others.

well you do
at school
work.

4.3.3 B l : Empathy Quotient.

The distribution o f empathy in a general sample w ill now be considered via the
Empathy Q uotient for comparison. The results for the EQ suggest that the EQ total and
the scores for the subscales, although very slightly negatively skewed, lie w ithin the
necessary parameters to

be considered

a normal

distribution

(see Table 4).

Furthermore, the range and standard deviation scores across the EQ total and the 3
sub factors suggest that the measure has appropriate variance and has elicited a
variety of responses from the demographic.

The internal reliability for the EQ total was found to be above the .7 level lim it
for appropriate reliability (items 40: a = .88), this was also true for the cognitive
empathy sub scale (items 11: a = .85) and the emotional reactivity scale (items 11: a =
.82). However, the social skills sub factor showed a much lower internal reliability
(items 6: a =.50), as such this factor will not be used in fu rther analysis.
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Means obtained from the research sample for the EQ total and the sub-factors
were similar to those acquired in previous research into subclinical samples (Berthoz et
al., 2007; Baron-Cohen & W heelwright, 2004).

Table 4:
Descriptive statistics exploring the EQ to ta l and sub fac to r results.

EQ Total and Sub Factors

Result
M ean

42.50

M edian

42.00

Std. D eviation

12.21

M in im u m

9.00

M axim um

68.00

Skewness

-.24

Kurtosis

.04

M ean

11.57

M edian

12.00

Std. D eviation

4.73

M in im u m

.00

M axim um

21.00

Skewness

-.42

EQ Total
(range of scores = 0 - 8 0 )

EQ Cognitive Empathy
(range of scores = 0 - 2 2 )

Kurtosis

.02 '

M ean

10.70

M edian

11.00

Std. D eviation

4.60

M in im u m

.00

M axim um

20.00

Skewness

-.37

Kurtosis

-.31

M ean

5.88

M edian

6.00

Std. D eviation

2.44

M in im u m

.00

M axim um

12.0Q

Skewness

-.07

Kurtosis

-.17

EQ Emotional Reactivity
(range of scores = 0 - 2 2 )

EQ Social Skills
(range of scores = 0 - 1 2 )

I ll

4.3.4 B2: In terp e rso nal Reactivity Index

The total scores for the IRI show kurtosis beyond that of a normal distribution
(1.26) and a very slight negative skew (-.87). This pattern of distribution is mirrored in
the participants7 scores on the empathic concern sub factor (comparable to emotional
empathy) w ith a kurtosis above that expected of a normal distribution (1.20) and a
negative skew (-.82). However, the perspective taking sub factor (which is analogous to
cognitive empathy) shows a normal distribution w ith very little kurtosis.

Further

exploration of the descriptive data and distributions of the IRI total and sub factors can
be found in Table 5 below.

When explored for internal consistency, the IRI total was found to be scoring
appropriately between participants when analysed using Cronbach's alpha (28 items:
a = .83). Furthermore, both the IRI measure of empathetic concern (7 items: a = .77)
and perspective taking (7 items: a = 79) score well on the Cronbach's alpha measure of
reliability. Again the descriptive statistics revealed results aligned closely to previous
research for both the IRI total and the four sub-factors (Berthoz et al., 2008; Davis,
1983; Davis, 1980).

In conclusion, analysis o f the IRI sub factors of empathic concern and
perspective taking reveals that both measures show suitable variance, distribution and
internal reliability suggesting that both provide a sensitive and appropriate measure of
participant empathy and are suitable for continued use within the psychometric and
processing ability analysis.
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Table 5:
Descriptive statistics exploring the IRI total and sub factor results.
IRI Total and Sub Factors

Result
M ean

68.81

Median

71.00

Std. D eviation

12.42

M inimum

21.00

M axim um

92.00

Skewness

-.87

Kurtosis

1.26

Mean

20.10

M edian

20.50

Std. Deviation

4.60

M in im u m

3.00

Maximum

28.00

Skewness

-.82

Kurtosis

1.20

M ean

18.15

Median

18.00

Std. D eviation

5.09

M inimum

5.00

M axim um

28.00

Skewness

-.23

Kurtosis

-.52

Mean

12.97

M edian

12.50

Std. Deviation

4.58

M in im u m

2 .0 0

Maximum

27.00

Skewness

.47

Kurtosis

.52

M ean

17.64

Median

18.00

Std. D eviation

4.63

Minimum

3.00

M axim um

28.00

Skewness

-.19

Kurtosis

-.003

IRI Total
(range of scores = 0-112)

IRI Empathic Concern
(range of scores = 0 - 2 8 )

IRI Fantasy
(range of scores = 0 - 2 8 )

IRI Personal Distress
(range of scores = 0 - 2 8 )

IRI Perspective Taking
(range of scores = 0 - 2 8 )

113

4.3.5 Analysis o f Association between and Within the Measures o f
Empathy and Callous and Unemotional Traits

The APSD Callous and Unemotional scale and ICU was correlated in order to
investigate the association between the recruited measures of callous and unemotional
traits. As the measures satisfy the requirements for parametric data, a Pearson's
correlation was used to analyse the CU tra it self-report measures. The ICU and APSD
Callous and Unemotional scale show a moderate, significant correlation w ith each
other (r= .44 (2-tailed), p<.001).

The associations between the measures of empathy will be considered using
correlational analysis. Firstly, the EQ and IRI em otional empathy subscales were
correlated, revealing a significant, strong correlation (r= .70 (2-tailed), pc.001),
suggesting that these measures are congruent w ith each other in the construct they
are measuring.

Analysis o f the EQ and IRI cognitive subscale measures o f empathy showed a
weak but significant correlation between the tw o scales (r= .17 (2-tailed), p = .028). The
IRI perspective taking subscale was more strongly correlated w ith the EQ em otional
reactivity scale and, additionally, the IRI subscales have a higher coefficient w ithin
themselves (see Table 6). Furthermore, the cognitive empathy sub factor o f the EQ was
observed to correlate more strongly w ith the IRI empathic concern scale and its own
emotional reactivity sub factor (see Table 6). Therefore, it is possible th a t the tw o
purported measures of cognitive empathy are measuring slightly different definitions
of the cognitive empathy construct.
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Table 6:
A correlation m atrix showing the relationship betw een the various sub scale measures of em otional empathy,
cognitive em pathy and callous and unem otional traits.

Correlations betw een the IRI,
EQ, APSD and ICUT
IRI

Pearson

Empathic

C orrelation

Concern

Sig. (2-tailed)

EQ

Pearson

Emotional

C orrelation

Reactivity

Sig. (2-tailed)

IRI

Pearson

Perspective

C orrelation

Taking

Sig. (2-tailed)

EQ

Pearson

Cognitive

C orrelation

Empathy

Sig. (2-tailed)

APSD

Pearson

Callous

C orrelation

Unem otional

Sig. (2-tailed)
Pearson

ICUT

C orrelation
Sig. (2-tailed)

IRI

EQ

IRI

EQ

APSD

Empathic

Emotional

Perspective

Cognitive

Callous

concern

reactivity

taking

em pathy

unem otional

1

.7 0 **

.6 1 **

.3 3 **

-.2 7 * *

- .5 9 * *

<.001

<.001

<.001

.003

<.001

1

.4 6 **

.5 6 **

-.2 6 * *

-.6 3 * *

<.001

<.001

.004

<.001

1

.17*

-.3 6 * *

-.5 3 * *

.028

<.001

<.001

1

.0 1

-.2 5 **

.476

.003

.7 0 **
<.001
.6 1 **

.4 7 **

<.001

<.001

.3 3 **

.5 6 **

.17*

<.001

<.001

.028

**

-.2 6 **

-.3 6 * *

.0 1

.003

.004

<.001

.952

-.5 9 * *

-.6 3 * *

-.5 3 **

<.001

<.001

<.001

_

27

_

2 5

**

.006

ICUT

44

1

**

<.001
44

**

1

<.001

* * . C orrelation is significant at th e .01 level (2-tailed).
*. C orrelation is significant at th e .05 level (2-tailed).

As hypothesised, all of the sub factor measures emotional empathy significantly
negatively correlated with the measure of callous and unemotional traits (see Table 6).
The IRI and EQ scale measures of cognitive empathy also showed a consistent
significant, though more moderate, negative correlation with the measures of callous
and unemotional traits (see Table 6). The APSD shows less consistency in its findings
than the other selected measures w ith no significant correlation observed between it
and the cognitive empathy scale of the Empathy Quotient; however a stronger
association was recorded w ith the perspective taking sub scale than either of the
measures of emotional empathy (the empathic concern factor and the emotional
reactivity scale). As such, the Antisocial Process Screening Device measure may not be
as reliable a measure of the callous and unemotional tra it construct as the Inventory o f
Callous and Unemotional Traits.

115

4.3.6 Final Measures o f Callous-Unemotional Traits and Empathy

Given the low internal reliability of the APSD scale and its consistently lower
correlations w ith the empathy measures, it was considered that the ICU would be used
as a measure of callous and unemotional traits in further analysis to remove any
systematic weakening of the CU tra it construct by the APSD. As the EQ and IRI
measures o f cognitive and emotional empathy have been found to be internally
reliable and show consistent correlations within and between the measures, thus it is
appropriate that an amalgamated score was used to further explore the constructs of
em otional empathy and cognitive empathy. Using this assimilated score o f the
predefined measures limits the reliance on any one measure and, thus, w ill produce a
more valid measure of each construct (Reniers et al., 2011).

To form these

amalgamated measures, the em pathetic concern scale o f the interpersonal reactivity
index and emotional reactivity sub factor of the Empathy Q uotient combined to
produce a score for emotional empathy, and the perspective taking factor o f the
Interpersonal Reactivity Index and Cognitive Empathy sub scale of the Empathy
Q uotient were assimilated to produce a measure o f cognitive empathy.

The Descriptive for these final measures of cognitive empathy, em otional
empathy and CU traits can be seen in Table 7. These measures reveal that em otional
empathy

significantly

negatively

correlated

w ith

the

measure

o f callous

and

unemotional traits (r = -.66 (2-tailed), p<.001). Interestingly, cognitive empathy also
showed a significant though more moderate correlation w ith the measure o f callous
and unemotional traits (r = -.51 (2-tailed), p<.001), suggesting that those individuals

116

scoring highly on either the cognitive or emotional measures of empathy were likely to
score low on measures of CU traits and vice versa. Furthermore, the association
between emotional empathy and cognitive empathy was significant (r= .69 (2 tailed),
pc.001). Thus, those participants who scored highly on the measures o f emotional
empathy tended to score highly on cognitive empathy.

Table 7:
Descriptive Statistics for the Final Measures.

Descriptive Statistics for the Final Measures

Emotional Empathy

Cognitive Empathy

Statistic

M ean

30.85

Median

32.00

std. D eviation

8.51

Skewness

-.56

Kurtosis

.36

Mean

29.25

M edian

30.00

std. Deviation

7.16

Skewness

-.2 0

Kurtosis

Callous and Unem otional Traits

M ean

18.03

Median

17.50

Std. D eviation

6.38

Skewness

.55

Kurtosis

.33

When gender is considered as a variable the expected differences are
observed; females having higher mean scores in emotional and cognitive em pathy and
males higher CU tra it scores (see Table 8).

However, within the male and female

groups, the negative relationship between CU traits and emotional and cognitive
empathy is preserved (see Table 9).
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Table 8:
Differences in the m ale and fem a le scores on the self-reported measures o f CU traits and empathy.

M ean

T-test for Equality of M eans

Female

M ale

t

df

P value

16.65

20.93

-3.65

122

<.001

33.25

25.80

4.51

60.89

<.001

.91

30.72

26.15

3.47

122

.001

.65

Cohen's d
.67

CU Traits

Em otional
Em pathy
Cognitive
Em pathy

Table 9:
The relationship betw een the self-reported measures o f CU traits and em pathy in males and fem ales.

CU Trait Correlations

Emotional Empathy

Cognitive Empathy

Pearson C orrelation

-.63

-.50

Sig. (2-tailed)

<.001

<.001

Pearson C orrelation

-.59

-.40

Sig. (2-tailed)

<.001

.005

Female

M a le

The relationships between the CU traits, emotional and cognitive empathy, and
affective response will subsequently be reported. Alpha values were not adjusted over
the following analysis as each comparison and experiment is looking at a separate
possible relationship between the variables, as set out prior to the experiment in the
methodological design; unnecessary adjustment would lessen the power o f the
analysis and, therefore, is not advisable when the comparisons have been balanced
with the magnitude of effect, the protocol of the study and w ith findings from other
studies (Feise, 2002). Ensuring such factors of the paradigm were strategised before
undertaking the research act to prevent Type I error inflation (O'Keefe, 2003).
118

4.3.7 Disassociation between Emotio nal and Cognitive Empathy w ith
regards to Callous and Unemotional Traits

The potential disassociation between cognitive and emotional empathy in those
w ith elevated CU traits will be considered using tw o methods; a parametric correlation
to compare the association and an independent t-test to explore whether there is a
difference between the emotional and cognitive empathy of a high and low CU trait
group. Correlational analysis revealed that the amalgamated emotional empathy
measure

significantly

negatively

correlated

w ith

the

measure

of

callous

and

unemotional traits (r = -.66 (2-tailed), p<.001). However, the cognitive empathy
measure also showed a significant though more moderate correlation w ith the
measure o f callous and unemotional traits (r = -.51 (2-tailed), p<.001). Furthermore,
the ICU data was assimilated into a high and low CU traits split at the mean (X=18.03).
These groups were then analysed using an independent t-test. The t-tests revealed that
there was a significant difference between the high and low CU tra it groups for both
cognitive empathy (t(122) = 5.16, pc.001, d = .94) and emotional empathy (t(91.76)=
7.52, pc.001, d =1.39).

To explore the potential disassociation o f emotional and cognitive empathy
processing w ithin the CU tra it construct a Steiger's Z test was conducted (Steiger,
1980). The Steiger's Z is used to compare dependent correlation coefficients for
statistical differences. By inputting the correlations of the CU tra it measures w ith
emotional empathy (r(124) = -.66 (1-tailed), p<.001) and cognitive empathy (r(124) = .51, pc.001) into a Steiger's Z calculation a significant difference was observed between
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the tw o coefficients (ZH (124)= 2.13, p = 0.03).

This finding suggests that a

disassociation may exist between the cognitive and emotional empathy processing in
CU traits, w ith a dysfunction in emotional empathy being correlated more strongly with
higher CU tra it manifestation than cognitive empathy.

Furthermore, the amount of variation in CU tra it scores explained by emotional
and cognitive empathy was evaluated using a m ultiple regression analysis (standard
entry method). The regression revealed that the amount of the variation in CU traits
explained by the tw o empathy type predictors was significant (F(2,123) = 47.40, p <
.001). The correlation between the predicting empathy type and CU traits was 0.663
w ith an adjusted m ultiple R2 o f 0.43, indicating that 43% of the variation in CU tra it
scores could be explained by cognitive and emotional empathy. However, inspection of
the regression coefficients and associated beta values revealed that only em otional
empathy scores are a significant predictor of CU tra it score [/3 = -.59, t = 6.28, p <
0.001). Conversely, cognitive empathy was not a significant predictor o f CU tra it scores
[P —-.10, t = 1.01, p = .316).

Although there is a negative correlation between CU traits and both emotional
and cognitive empathy, it appears th a t emotional empathy is significantly more
strongly associated with

CU traits than

cognitive empathy.

Furthermore, only

emotional empathy is significantly predictive of CU tra it score. A disassociation
between emotional and cognitive empathy processing is, therefore, associated w ith CU
tra it manifestation.

Both moderation and mediation analysis were run to observe w hether CU traits
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indirectly effected the relationship between cognitive and emotional empathy,
however CU traits were not observed to mediate nor moderate this relationship.

4.3.8 Results o f the Facial Expression Empathy Task ( C l )

The first empathy task measured 3 variables; w hether the participant could
correctly identify facial expressions, w hether the participant felt negative or positive
during the observation of the photographic stimuli, and finally the intensity of feeling
present when viewing the stimuli. Facial expression recognition data was calculated as
a percentage of correct responses. Analysis of the data revealed that, when considered
overall, the ability to correctly identify negative facial expression stimuli (negative
stim uli included depictions of disgust, fear, pain, anger and sadness) (X= 86.15, SD =
8.92) was significantly, positively associated w ith emotional empathy (r = .25 (2-tailed),
p=.006), but did not correlate with cognitive empathy (r=.15 (2-tailed), p=.093) nor
levels of callous and unemotional traits (r= -.167 (2-tailed), p=.065). Although it was
postulated that indirect measures of emotional empathy would positively correlate
w ith a participant's ability to correctly identify negative facial expression and that there
may not be a relationship between this direct recognition measure and indirect
measures of cognitive empathy, a negative relationship was expected and hypothesised
between recognition ability and CU traits, which was not found.

There is no correlation between the accuracy in recognition of facial expression
depicting anger, disgust, nor sadness and any of the indirect measures o f callous and
unemotional traits (see Table 10). But, when considered individually, the recognition
scores for fear stimuli do show a pattern of relationship w ith the measure of em otional
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empathy and CU traits. The fear recognition data (X- 83.25%, SD = 18.09) correlates
negatively w ith callous and unemotional traits and positively w ith em otional empathy
(see table 10). No relationship was observed w ith cognitive empathy. Pain recognition
data (X = 72.28%, SD = 19.56) was found to be negatively associated w ith emotional
empathy, although no fu rther significant associations were found w ith
cognitive empathy nor callous and unemotional traits (see Table 10).

neither

Finally, as

hypothesised, there were no significant correlations w ith any of the indirect measures
and the recognition of expression of happiness.

Table 10:
Correlation m atrix showing the relationship betw een the fac ia l expression recognition accuracy and participants
scores on the measures o f em otional empathy, cognitive em pathy and callous and unem otional traits.
Emotional

Cognitive

Empathy

Empathy

Pearson C orrelation

.23

.19

-.06

Sig. (2-tailed)

.012*

.033*

.468

Pearson C orrelation

.05

.00

-.05

Sig. (2-tailed)

.607

.974

.553

Pearson C orrelation

.22*

.13

-.31**

Sig. (2-tailed)

.015

.156

.001

Pearson C orrelation

.11

.07

-.05

Sig. (2-tailed)

.210

.443

.563

Pearson C orrelation

.19’

.1 1

-.05

Sig. (2-tailed)

.032

.221

Pearson C orrelation

-.02

-.02

.04

Sig. (2-tailed)

.842

.828

.641

Facial Expression

CU Traits

Anger

Disgust

Fear

Happiness

Pain
.604 *

Sadness
**. C orrelation is sig n ifica n t a t th e .01 level (1-tailed).
*. C orrelation is sig n ifica n t at th e .05 level (1-tailed).

A correlation design was used to consider the relationship between the 9 point
positive-negative scale of the SAM and the measures of emotional empathy, cognitive
empathy and CU traits. W ithin the scale a score of 1 was the most positive score and 9
the most negative. When assimilated into one category the negative facial expressions
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(X = 6.4, SD = .91) initiated increased negative scoring, and thus high emotional
valence, from participants w ith higher emotional empathy (r = .40 (2-tailed), p= <.001)
and from those w ith higher cognitive empathy (r = .21 (2-tailed), p = .018).
Correspondingly, those reporting higher callous and unemotional traits were reporting
less negatively on the scale (r = -.24 (2-tailed), p = .009), suggesting lower affective
valence in those w ith higher CU tra it scores. As shown in Table 11 below, this pattern of
response is borne out over all 5 negative emotions. The reverse pattern is seen in the
participant responses to facial expressions of happiness, w ith those individuals high in
callous and unemotional traits giving less positive responses and those high in
emotional empathy and cognitive empathy being associated w ith a more positive
report (see table 11).

Table 11:
Correlation m atrix showing the relationship betw een the fa c ia l expression stim uli and participants scores on the
positive-negative scale o f the Self-Assessment M anikin. A low er score indicates a more positive response and a
higher score a more negative one.
Emotional

Cognitive

Empathy

Empathy

Pearson C orrelation

.3 5 "

.17

Sig. (2-tailed)

<.001

.058

.006

Pearson C orrelation

.3 0 "

.19*

-.18

Sig. (2-tailed)

.001

.035

.047

Positive to Negative Scale

CU Traits
-.25

Anger

Disgust

Pearson C orrelation

.16

-.18

Fear

<.001

Sig. (2-tailed)

.076

Pearson C orrelation

.048
.39

Happiness

<.001

Sig. (2-tailed)
Pearson C orrelation

.001

<.Q01

.16

-.18

Pain
Sig. (2-tailed)

<.001

.074

.052

Pearson C orrelation

.45**

.27**

-.2 7 * *

Sadness

_____________________ Sig. (2-tailed)____________ <.001_____________ .002___________ .002
* * . C o r re la tio n is s ig n ific a n t a t th e .01 le v e l
* . C o r re la tio n is s ig n ific a n t a t th e .05 le v e l
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Intensity was also reported using the Self-Assessment Manikin's second 9 point
scale as the participant observed each facial expression stimulus and again was
assessed using a correlational design; 1 on the scale indicated high intensity and 9, low
intensity. Assimilation of intensity data for the negative expression (X = 5.37, SD = 1.68)
revealed a significant association between reported intensity of feeling and emotional
empathy (r = -.30 (2-tailed), p=.001). Participants reporting higher em otional empathy
also report increased emotional valence in response to observing the stimuli depicting
negative emotions. No association was found between cognitive empathy or CU traits
and the intensity o f response.

When considering the stimuli groups individually this pattern of association is
replicated in stimuli depicting anger, disgust, fear and pain (see Table 12). Conversely,
the average intensity for the stimuli presenting sadness and happiness was significant
across all three indirect measures, w ith significant correlations being observed
between intensity, emotional empathy and cognitive empathy; these indicated that
participant's scoring highly on measures of emotional and cognitive em pathy were
likely to rate their intensity as higher also. Lower intensities were observed for those
w ith higher level of reported callous and unemotional traits (see Table 12 for analysis).
Therefore, it appears there are significant differences in the emotional responses of
participants to the stimuli, depending on th e ir reported emotional empathy, cognitive
empathy and callous and unemotional traits.
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Table 12:
Correlation m atrix showing the relationship betw een the fac ia l expression stim uli and participants scores on the
intensity scale o f the Self-Assessment M anikin. A low er score indicates a m ore intense response and a higher score
a less intense one.
Emotional

Cognitive

Empathy

Empathy

Pearson Correlation

-.27**

-.10

.13

Sig. (2-tailed)

.0 0 1

.288

.146

Pearson Correlation

-■24 **

-.07

.02

Sig. (2-tailed)

.007

.461

.792

Pearson Correlation

--19*

-.04

.06

Sig. (2-tailed)

.034

.652

.504

Pearson Correlation

-.33**

-.18*

.22*

Sig. (2-tailed)

< .0 0 1

.042

.016

Pearson Correlation

-.28**

-.10

.13

Sig. (2-tailed)

.0 0 2

.256

.162

Pearson Correlation

-.40**

-.24**

.19*

Sig. (2-tailed)

< .0 0 1

.006

.032

Intensity Scale

CU Traits

A nger

Disgust

Fear

Happiness

Pain

Sadness
* * . Correlation is significant at the .01 level
*. Correlation is significant at the .05 level

4.3.9 Results o f the Em otional Response Task ( C2)

A correlation design was used to consider the relationship between the 9 point
positive-negative scale of the SAM and the measures of emotional empathy, cognitive
empathy and CU traits. W ithin the scale, a score of 1 was the most positive possible
score and 9 the most negative. The analysis revealed that there was a negative
association w ith CU traits and the negative images (X= 6.53, SD = .93) (r= -.33 (2 tailed),
pc.OOl) indicating that those with higher CU traits were more likely to score
themselves more positively on the scale when viewing negative images. Furthermore,
the CU traits positively correlated w ith the average positive-negative score on the
positive images (X= 2.56, SD = .91) (r=.45 (2 tailed), p<.001); indicating that those
individuals w ith CU traits tended to score the experience more negatively than low CU
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tra it individuals, when viewing positive images. The measures of empathy are also
significantly correlated w ith the participants positive-negative scale scores for the
negative images. Emotional empathy was observed to positively correlate with
participant's scores when viewing negative images (r = .50 (2 tailed), p<.001);
suggesting that those participants scoring more highly on the measures o f emotional
empathy were more likely to score themselves as feeling more negative when viewing
the negative images. This relationship is also found, but w ith a lower coefficient,
between the measures of cognitive empathy and the positive-negative scores in
regards to the negative images (r= .32 (2 tailed), pc.001). When fu rth e r broken down
into the constituent categories, this pattern is borne out throughout the data, though
to a lesser degree in response to animal fear (see Table 13).

Table 13:
Correlation m atrix showing the relationship betw een the negative stim uli and participants scores on the positive
negative scale o f the Self-Assessment M anikin.

Photographic Stimuli Category

Emotional

Cognitive

Empathy

Empathy

Pearson Correlation

CU Traits

.37**

-.46

Human fear
Sig. (2-tailed)

<.001

<.001

<.001

Pearson Correlation

.16

.09

.04

Sig. (2-tailed)

.083

.334

.703

.19*

-.12

.033

.197

Pet animal fear

Pearson Correlation
Livestock anim al fear
Sig. (2-tailed)

.009

Pearson Correlation

.15

-.22

Human pain

<.001

Sig. (2-tailed)
Pearson Correlation

.104
.28

.012
-.29

Pet animal pain

<.001

Sig. (2-tailed)

.002

.001

Pearson Correlation
.35**
.31**
-.2 1 * *
Livestock anim al pain
____________________________________ Sig. (2-tailed)____________ <.001_____________ <.001______________ .020
* * . Correlation is significant at the .01 level
*. Correlation is significant at the .05 level
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The positive image scores were also found to have significant associations with
the emotional and cognitive measures of empathy.

Emotional empathy scores were

negatively correlated w ith the scores on the positive-negative scale for positive images
(r =-.50 (2 tailed), pc.001). This pattern of correlation was also observed for measures
o f cognitive empathy (r=-.41 (2 tailed), p<.001). This indicates that the individuals
scoring themselves highly on measures of cognitive and emotional empathy were likely
to score themselves as feeling more positive when viewing positive images. This
pattern of response is present in all categories of stimuli when considered separately
(see Table 14).

Table 14:
Correlation m atrix showing the relationship between the positive stim uli and participants scores on the positivenegative scale o f the Self-Assessment M anikin.

Emotional

Cognitive

Empathy

Empathy

Pearson C orrelation

-.47**

-.4 0 * *

.4 9 **

Sig. (2-tailed)

<.001

<.001

<.001

Pearson C orrelation

-.42**

-.3 1 **

.2 9 **

Sig. (2-tailed)

<.001

.001

.001

Pearson C orrelation

-.31**

-.2 8 **

.2 4 **

Sig. (2-tailed)

.001

.002

.006

Photographic Stimuli Category

CU Traits

Positive human

Positive livestock animal

* * . C orrelation is significant at th e .01 level
*. C orrelation is significant at th e .05 level

Intensity of the participants' feeling was reported using the Self-Assessment
Manikin's second 9-point scale; 1 on the scale indicated high intensity and 9, low
intensity.

CU traits were positively correlated w ith self-scored intensity on both the

positive (X = 4.54, SD = 2.15) (r= .17 (2 tailed), p = .32) and negative (X= 4.87, SD = 1.66)
(r = .24 (2 tailed), p = .008) images. This result suggests that those scoring highly on the
CU tra it measure tend to score themselves as experiencing less intensity o f em otion
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when viewing both positive and negative images. The opposite association was
observed with emotional empathy, which negatively correlated w ith both positive (r = .27 (2 tailed), p=.002) and negative (r = -.47 (2 tailed), p <.001) images. These
relationships suggest that those individuals who have higher em otional empathy, as
measured by self-report, are likely to report increased intensity of emotional response
when viewing both positive and negative images. Cognitive empathy results mimic this
pattern w ith smaller coefficients for both the positive (r = -.19 (2 tailed), p= .034) and
negative (r = -.27 (2 tailed), p=.002) images. Furthermore, this pattern of results
continues when the intensity scale results are considered w ithin the individual
categories of stimuli (see Table 15).
Table 15:
Correlation m atrix showing the relationship between the positive stim uli and participants scores on the intensity
scale o f the Self-Assessment M anikin.

Photographic Stimuli Category

Emotional Empathy

Pearson Correlation

Cognitive
Empathy

-.37'

CU Traits

-.25**

.2 6 "

.006

.003

-.16

.12

.082

.110

-.19*

.11

Fear human

<.001

Sig, (2-tailed)
Pearson Correlation
Fear pet animal

.001

Sig. (2-tailed)
Pearson Correlation
Fear livestock animal
Sig. (2-tailed)

<.001

.031

.248

Pearson Correlation

-.42 ’

-.16

.

Sig. (2-tailed)

<.001

.074

.026

-.26**

.22*

.003

.013

20*

Pain human

Pearson Correlation
Pain pet animal

<.001

Sig. (2-tailed)

•.214*

Pearson Correlation
Pain livestock animal
Sig. (2-tailed)

<.001

<.001

Pearson Correlation

-.30**

-.23*

.

Sig. (2-tailed)

.001

.012

.020

Pearson Correlation

-.24**

-.15

.10

Sig. (2-tailed)

.007

.087

.255

Pearson Correlation

-.16*

-.10

.10

.017

21 *

Positive human

Positive pet animal

Positive livestock animal
_______

Sig. (2-tailed)________________.034________________ .281_____________ .266

* * . Correlation is significant at the 0.01 level *. Correlation is significant at the 0.05 level
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Conclusion

The distributions for empathy quotient, IRI, ICU and APSD can be considered
normal. The final CU measure revealed that emotional empathy negatively correlated
w ith CU traits. However, cognitive empathy also presented a significant correlation
w ith the measure of CU traits. Although, further analysis suggests a weaker negative
relationship between CU traits and CE, than between CU traits and EE. Only the fear
recognition data correlated negatively w ith callous and unemotional traits and
positively w ith emotional empathy. No relationship was observed w ith cognitive
empathy.

Negative facial expressions initiated reporting less negatively on the SAM

scale by those w ith higher CU traits. Furthermore, those individuals high in callous and
unemotional traits gave less positive responses to happiness expressions. The intensity
data for the negative expression revealed a significant association between reported
intensity of feeling and emotional empathy; though significant effects were observed
across measures for happiness and sadness expressions. A universal deficit in affective
valence and intensity was observed in association w ith higher manifestation o f CU
traits for the emotional response task. A negative association was reported between
CU traits and the negative images. Furthermore, the CU traits positively correlated w ith
the average positive-negative score on the positive images. Individuals w ith CU traits
tended to score the experience more negatively than low CU tra it individuals when
viewing positive images and vice versa. CU traits positively correlated w ith intensity on
both the positive and negative images. Suggesting that high CU tra it individuals score
themselves as experiencing less intensity of em otion when viewing both positive and
negative images.
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4 .4 Discussion o f Findings Investigati ng Callous and Unemotional

Traits and the Relationship with Empathy Processing and Affective
Valence.

Consideration of the ICUT indirect measure of CU traits suggests that not only
do CU traits and empathy processing manifest throughout the general population. Such
measurement seems to suggest that CU traits present in a continuous distribution and
within the parameters necessary to be considered normally distributed through the
general population. This finding is in agreement w ith previous research into CU traits
(Hare & Neumann, 2008; Edens et al., 2006; Marcus et al., 2004; Skeem et al., 2003;
Lynam, 2002; Lilienfeld, 1994). Therefore, disorders which are associated w ith the
manifestation o f high CU traits may represent the extreme high tail of this distribution,
rather than an isolated population o f individuals w ith high levels of CU traits. However,
given that callousness is often described within the context of psychopathology and,
therefore, a negative skew might be expected, it may be that the personality tra it
described as callousness is may be better considered as a reduced empathy rather than
true callousness. Further research would be required to explore the construct of
callousness in context of psychopathy, psychopathology and personality, to address this
divergence in how the concept is considered and reported.

W ithin the clinical disorders of Conduct Disorder, Antisocial Personality Disorder
and Psychopathy there is an established disassociation of emotional and cognitive
empathy constructs with regards to the effect o f CU traits on the function of their
processing (Blair, 2008; 2005). Emotional empathy is evidenced, consistently and
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reliably, to be dysfunctional within high CU traits clinical patients, however, cognitive
empathy is usually reported intact (Hastings et al., 2008; Marsh & Blair, 2008; Blair,
2005).

Despite this

established

empathy paradigm

existing w ithin

the clinical

populations, the results of this research into the general population suggest more
complexity in the association w ith the emotional and cognitive empathy, edifying
instead that both emotional empathy and cognitive empathy negatively correlated with
CU traits, but the association w ith cognitive empathy is more tenuous and is more
sensitive to the analysis performed. Limited research into specifically sub-clinical traits,
rather than high CU tra it disorders has also evidenced this negative association with
cognitive empathy measures (Ali & Chamorro-Premuzic, 2010; Dadds et al., 2009). Such
a finding tentatively suggests that perhaps CU traits are indicative of a dysfunction in
both emotional and cognitive empathy processing in the general population, though
this proposition requires much more examination through a diverse range of emotional
and cognitive empathy measures.

However, it is also observed that the negative correlation between the indirect
measure of emotional empathy and CU traits is significantly larger than the
corresponding CU tra it correlation with cognitive empathy; as analysed using Steiger's
Z inferential testing to compare the coefficients. Furthermore, regression analysis
reveals that only emotional empathy scores on indirect measures predict outcomes on
CU tra it measures. Thus, the outcomes of the research suggest that a reduction in
both self-reported cognitive and emotional empathy is associated w ith higher CU tra it
manifestation in a general population, but that the reduction in self-reported
emotional empathy is independently correlated w ith
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CU traits when

m ultiple

predictors are considered. Such a finding implies a disassociation in the magnitude of
empathy

processing

dysfunction

rather

than

the

more

commonly

reported

preservation of cognitive empathy w ith dysfunction of empathy processing being
restricted to emotional empathy components (Blair, 2008; 2005).

Dissociation in the magnitude o f dysfunction of cognitive and emotional
empathy could be a unique tra it o f the general demographic; though it is also possible
that the findings o f this study, and by extension those of wider literature looking at
empathy and CU traits, may be indicative of test specific outcomes. The current finding
was based on self-report measures of cognitive empathy, however, previous research
has used Theory of Mind tasks (e.g. the Reading the Mind in the Eyes Test) to explore
the cognitive empathy of those w ith high CU traits (Dadds et al., 2009; Blair, 2008;
2005). Further research using a range o f direct and indirect measures of cognitive
empathy would be required to consider the impact of the measure on the outcome
w ith regards to CU traits. In addition, the analysis and power o f the research may
mediate whether a disassociation between emotional and cognitive empathy is
observed; correlations performed in the analysis of this research suggest a global
negative association between emotional and cognitive empathy and CU traits,
however, regression analysis suggests that only emotional empathy reductions predict
CU tra it scores. Therefore, the number of predictors used in the analysis performed
may also govern the reported outcome o f research into the relationship between CU
traits and empathy. Despite potential differences in results associated w ith the
measures recruited for research paradigms and the analysis performed, em otional
empathy deficiencies appears to be independently associated w ith high levels of CU
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traits, whereas cognitive empathy dysfunction varies across and within research.

It is interesting, that CU traits did not mediate nor moderate the relationship
between cognitive empathy and emotional empathy. Further research using a larger
sample and comparing the subclinical population with a clinical population with
pathologically elevated CU traits might be useful in determining whether it is usual that
CU traits do not interact w ith this relationship or w hether it is limited to the subclinical
population.

The ability to correctly identify negative facial expression stim uli was only
significantly, positively associated w ith emotional empathy and did not correlate w ith
the measure of cognitive empathy nor levels of callous and unemotional traits. Some
facial expression recognition tests are used as a measure of cognitive empathy; for
example, Richell et al (2003) scrutinised the ability of persons w ith psychopathy to
recognise expressions from stimuli in which the expression inform ation was reduced to
only that given by the eye region, known as the 'Reading the Mind in the Eyes' task
(Baron-Cohen et al., 1997). Psychopathic individuals were not impaired on this test and
it is concluded that this is because of the preservation of cognitive theory of mind
ability; however, given that the recognition o f negative facial expressions o f em otion
was only correlated w ith emotional empathy perhaps such measures are not
measuring purely the cognitive element o f the empathy construct.

Fear recognition data positively associated with emotional empathy and
negatively w ith callous and unemotional traits, no relationship was observed w ith
cognitive empathy. The dysfunction in fear recognition accuracy associated w ith high
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CU traits w ithin the presented research demonstrated patterns of response and
disassociation in symmetry w ith clinical research, which has established a reliable
dysfunction in the ability of those with high CU tra it conditions to recognise fearful
facial expressions (Hastings et al., 2008; Marsh & Blair, 2008; Blair, 2005). Reduced fear
recognition accuracy associated w ith higher CU tra it manifestation within the general
demographic suggests that CU traits present similarly w ith regards to fearful facial
expression response in both clinical and general populations. It was also found that a
reduced response to fear was associated w ith low emotional empathy and high CU
traits, but was not correlated w ith cognitive empathy suggesting a relationship
between em otional empathy, CU traits and the recognition of fear, that does not
correlate w ith cognitive empathy. Despite evidence o f reduced recognition o f fearful
expression, no fu rther dysfunction in recognition was observed for the other
expressions, which might have been expected given research into high CU tra it
disorders (Dawel et al., 2012; Fairchild et al., 2010; Hastings et al., 2008; Blair, 2005).

General demographics, therefore, may be specifically sensitive to modulation in
fearful expression recognition w ith regards to CU tra it manifestation, by comparison to
other facial expressions; This finding agrees w ith previous literature which looks
specifically at CU tra it manifestation, rather than psychopathic traits or high CU tra it
clinical disorders and reports reduced recognition exclusively w ith regards to fearful
expressions (Leist & Dadds, 2009; Munoz, 2009). However, contemporary papers
contest this conclusion suggesting that either a more omnipresent dysfunction in
expression recognition or even positive association w ith fear recognition (e.g. Prado et
al., 2015; Del Gaizo & Falkenbach., 2008). Considering this contradiction in outcomes,
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fu rther research may be required to consider fully the relationship between CU traits
and facial expression recognition in non-clinical, general demographics.

Research into general manifestations of CU traits has also indicated that there
are neurological, as well as psychological, interactions between these traits and
empathy and affective processes; for example, in a test of several sub-regions of the
frontal cortex and the amygdala were associated w ith less activity in general
participants' presenting w ith high psychopathic traits, suggesting that unique neural
correlates are associated w ith increased CU traits (Gordon et al., 2004). This signature
seems to reflect the more extreme deficiency in amygdala and frontal cortex region
function observed in psychopathy (Blair, 2003) and thus acts as a precedential finding
supporting the theory that psychopathic individuals may indeed be depicted as
extremes o f a continuous distribution across the general population, and that general
individuals may not present w ith large differences in behavioural responses. This
theory will be tested fu rther in the series of electrophysiological research studies
described in section 2.

The interactions of CU traits in the general data mirrored the clinical
populations w ith regards to the affective responding of the participants. Relationship
between affective valence and CU traits were observed both w ithin the facial
expressions of emotion task and the emotional valence task. Furthermore, differences
were observed on both the positive-negative and intensity scales of the SAM used to
indirectly measure emotional responding. Those high in CU traits consistently revealed
a lower level of emotional valence in response to both positive and negative affective
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stimuli.

Negative facial expressions initiated less negative scoring in those participant's
scoring more highly in the measure of callous and unemotional traits; furtherm ore, this
effect was observed in response to the emotional valence task also. A less negative
emotional valence in response to negative affect provoking images was associated with
those reporting higher CU traits. This universal negative relationship between
emotional valence and CU traits was observed in response to both human and animal
stimuli. This result is symmetrical to the reduction in emotional responding reliably
evidenced in high CU tra it disorders, such as psychopathy and conduct disorder; such
disorders are associated w ith reduced empathetic responding towards humans and
sentient non-humans (Dadds et al., 2006; Soderstrom, 2003).

No affective relationship was seen w ith CU traits in the responding to fearful
facial expressions, however this maybe because the lack of recognition prevents
fu rther emotive response from higher CU tra it individuals. It is unknown what
expression the high CU tra it scoring participants misrecognise fearful facial affect as;
this is research that could be under taken in the future.

CU traits were associated w ith reduced positive valence in response to
positively affective images in the general demographic tested. Higher CU traits were
consistently correlated w ith less positivity and intensity o f reported em otion when
viewing both positive and negative images. Thus, reductions in both positive and
negative affect associated w ith higher CU tra it presentation suggest that CU traits are
associated w ith a universal reduction in affective valence and emotional responding
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when measured indirectly. This pattern of interaction between emotional valence in
response to affect inciting images and CU traits is consistent w ith the clinical data and
thus maybe a stable and permeating factor associated with CU tra it manifestation
(Dadds et al., 2006; Soderstrom, 2003).

However, there are limitations to the chosen methodology. Firstly, the selfreported elements of the research paradigm are open to misrepresentation, explicit or
im plicit, by the participant. The results suggest that a consistent pattern o f response
w ithin the participant sample. Therefore, it is unlikely that any misrepresentation has
perturbed the overall results. Secondly, the gender is not 50% male and female as
would be ideal; however the large sample ensures a good number of both sexes in the
sample. Finally, the participants were predominately psychology students, a broader
and, thus, more representative sample of the general population demographic would
be ideal.

To conclude, CU traits have been found to present in a continuous distribution
in the general population and this presentation is associated w ith certain interactions
w ith empathy processing. Particularly, a lower reporting of both cognitive and
emotional empathy is evidenced in those w ith higher CU traits. However, this finding
lies counter to the disassociation of the construct processing associated w ith clinical
populations. A generalised deficit in affect recognition was not strongly evidenced in
the results; instead the findings suggest that higher CU tra it manifestation is related to
a specific reduction in the recognition of fearful expressions. Deficiencies in em otional
valence associated w ith elevated CU tra it individuals were supported through indirect
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measurement of affect in the general population. As a constellation of results the
assimilated data suggests that CU traits are associated w ith m odulations in both the
empathy processing and affective valence o f the general population. However, these
interactions may manifest in a different manner to that observed w ithin clinical
populations.
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S ec tio n 2:

E l e c t r o - n e u r o l o g ic a l C o r r e la te s
A

b il it y a n d

A f f e c t iv e V a l e n c e

w it h

of

E m p a t h y P r o c e s s in g

Regards

to

Ca l l o u s

and

U n e m o t io n a l T r a it s .

The second section of this thesis is concerned w ith the electrophysiological
research, which explored the mediating effect of CU traits on the neural correlates of
empathy and emotion. Selection of appropriate candidates for the research, who
represent higher, lower and control presentations of CU traits w ith out comorbid or
confounding psychological traits, is described in chapter 5. These recruited participants
formed the research groups for experimental electrophysiological research into
w hether the manifestation of CU traits modulates empathetic responses and
emotional valence as measured through event related potential (ERP) analysis (see
chapter 6-8).
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C h a p t e r 5:

P a r t ic ip a n t S e l e c t io n , E l e c t r o e n c e p h a l o g r a p h ic R e c o r d in g
Ev e n t R e l a t e d P o t e n t ia l A

n a l y s is

and

Pr o to co ls

The three electrophysiological research studies which form the second section
of this thesis all involve the same participants (n=29). This ensures a consistency and
validity when looking across the studies to considered the wider research area.
Furthermore, using the same participant cohort for all four studies allows for thorough
exploration of the participant group for suitability and potential confounds.

As

described

experiments

were

previously
analysed

for

the

participants

their

of

self-reported

the

original

manifestation

psychometric
of

Callous-

Unemotional personality traits using the Inventory of Callous-Unemotional Traits
(Frick, 2004). The score on this measure of CU traits was the primary recruiting tool for
the electrophysiological research.

The participants were selected from the lower

quartile, upper quartile and mean of the CU tra it distribution from the first
experimental demographic as defined in chapter 4.

In total 29 participants were recruited into this second programme o f studies:
10 in the high and low CU tra it groups, and 9 participants formed a control group w ith
scores within +-2 points of the mean (17.78). These group numbers are consummate
w ith other electrophysiological studies into empathy and emotional valence (Suway et
al., 2013; Cheng et al., 2012; Frenkel & Bar-Haim, 2011; Schupp et al., 2004).
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Descriptive for the CU tra it experimental groups can be found in table 16.

Table 16:
The CU tra it descriptive statistics fo r the three experim ental groups.

ICUT Recruited Experimental Group

Statistics

M ean

29.30
Low er Bound

25.83

Upper Bound

32.77

95% Confidence Interval fo r M ean

z

ii

M
O

High

M edian

28.00

Variance

23.57

Std. Deviation

4.85

M in im u m

24.00

M axim u m

38.00

Skewness

.63

Kurtosis

-.92

M ean

17.78
Lower Bound

16.94

U pper Bound

18.62

95% Confidence Interval fo r M ean

M edian

17.00

C o n tro l

Variance

1.19

N=9

Std. D eviation

1.09

M in im u m

17.00 ,

M axim um

2 0 .0 0

Skewness

1.29

Kurtosis

.77

M ean

9.20
Low er Bound

6.80

U pper Bound

11.60

95% C onfidence Interval fo r M ean

M edian

10.50

Low

Variance

11.29

N = 10

Std. D eviation

3.36

M in im u m

2 .0 0

M axim um

1 2 .0 0

Skewness

-1.36

Kurtosis

1.15
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The participants ranged in age between 18 and 30 years w ith a mean of 23.27
and a standard deviation of 3.92. There was no significant difference between the age
o f participants in the 3 experimental groups (F(2,26) = 1.86, p = .180). 14 female and 15
male participants were recruited for the electrophysiological research. The gender
demographic split in each experimental group can be seen in table 17 below. There
were no significant differences in scores in each group associated w ith gender (see
table 18).

Table 17:
The gender demographic split in each experim ental group and related descriptives.

CU T ra it G roup

G ender

N

M ea n

Std. D e via tio n

Female

4

29.50

5.26

M ale

6

29.17

5.10

Female

5

17.40

.55

M ale

4

18.25

1.50

Female

5

10.40

1.82

M ale

5

8 .0 0

4.30

High

C o n tro l

Low

Table 18:
The gender score differences by group as explored by independent t-test.

CU T ra it G roup

T

df

P Value

C ohen's d

High

.100

8

.923

.06

C o n tro l

1.077

3.643

.347

.75

Low

1.149

5.383

.299

.73
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5.1 Exploring the Uniqueness, Empathy Processing and Affective
Valence o f the Recruited Experim ental Groups

Using the original psychometric data, the groups were explored for three key
factors; w hether the manifestation of CU traits was significantly different between the
groups, the emotional and cognitive empathy of the three groups and the emotional
valence manifestation in the experimental groups.

This analysis was undertaken to

ensure that three distinct experimental groups had been recruited, as well as
considering the interaction of empathy and emotional valence w ith these experimental
groups.

To briefly reiterate, the participants were analysed for their self-reported
manifestation of Callous-Unemotional personality traits using the Inventory of CallousUnemotional Traits (Frick, 2004). Furthermore, em pathetic ability was scored using the
Empathy Quotient (EQ) (Baron-Cohen and W heelwright, 2004) and The Interpersonal
Reactivity Index (IRI) (Davis, 1983). Two tasks explored the participant's recognition of
and response to facial expressions and their self-reported em otional valence to
affective stimuli. An independent measures design was used to explore w hether the
ICUT scores, and thus indirect measurement of CU traits, were significantly different
between the groups. There were significant differences between the high, low and
control experimental groups (F(2,26) = 81.78, p < .001,

r]P 2

= -86); indicating a

considerable difference in CU tra it manifestation across the groups (see Figure 10). Post
hoc bonferroni analysis with an alpha value of p= .017 indicated that there was a
significant difference between all three groups. The high and control CU tra it groups
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had a significant difference in th e ir CU tra it scores (t(10.01) = 7.30, p < .001, d = 3.28),
as did the control and low groups (t(11.07) = 7.64, p < .001, d = 3.22) and the high and
low (t(18) = 10.77, p < .001, d = 4.71).

Analysis of the three sub factors of the

ICUT; Callous,

Uncaring and

Unemotional indicates that the three groups are significantly different on all sub
factors (F(2,26) = 12.28, p < .001, np2 = .49; F(2) = 35.98, p < .001, np2 = -74; F(2,26) =
21.64, p < .001, np2= .63, respectively).

IfllC U T Callous
H ICUT Uncaring
□ ICUT Unemotional

2 0 .00 -

1 5 .00 -

5 .00 -

High

Control

Low

CU Trait Group
Error bars: 95% Cl
Figure 10: The differences betw een the m ean scores o f the Callous, Uncaring and U n e m o tio n a l sub-factors o f the ICU
across the e xp e rim e n tal groups
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Both the high and low CU tra it groups differ significantly from the mean and,
therefore, may represent personality types that differ in their processing of empathy
and em otional valence. This factor needed to be considered w ith regards to group
selection and in the analysis of any electrophysiological research.

Empathy was explored indirectly through the composite measures o f emotional
and cognitive empathy described in chapter 4. An independent measures design was
used to explore whether the empathy was significantly different between the high, low
and control CU tra it groups. The composite emotional empathy (EE) and cognitive
empathy (CE) scores offer a measure of the empathy constructs that do not rely solely
on the validity of a single measure. Emotional empathy was assimilated by the sum of
the EQ emotional empathy scale and IRI em pathetic concern sub factor. The cognitive
empathy score was formed through the amalgamation of EQ cognitive empathy and IRI
perspective-taking sub factors.

Analysis of the EE measure found a significant difference between the scores of
the high, low and control CU traits groups (F(2) = 13.62, p < .001, np2 = .51). Post hoc
analysis w ith a corrected alpha level of .017 showed a significant difference between
the high and low experimental groups (t(18) = 4.45, p < .001, d = 2.00), as did the high
and control groups (t(12.55) = 3.71, p = .003, d = 1.67). However, the control and low
groups showed no significant difference in their EE scores (t(13.44) = 1.85, p = .086, d =
.83). For descriptives see Table 19:.

Consideration of the CE results show a significant difference was found
between the high, control and low CU tra it experimental groups (F(2) = 3.92, p = .032,
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HP2 = .23); however, post hoc analysis (alpha value correct to .017) reported a no
significant difference between the high, low and control CU traits groups cognitive
empathy scores; the high CU tra it group reported no difference in the cognitive
empathy scores when compared to the low group (t(18) = 2.52, p = .021, d = 1.13)
(although this effect is approaching significant and has a large effect size) nor between
the cognitive empathy scores of the low and control groups (t(17) = 1.31, p = .209, d =
.61) nor the high and control groups (t(17) = 1.66, p = .116, d = .77). For descriptive
statistics see Table 19:.

Table 19:
The em otional and cognitive em pathy descriptives of the high, low and control CU tra it groups.

Group

N

M ean

Std. Deviation

High

10

20.10

9.56

Control

9

32.44

4.16

Low

10

38.00

8.41

Cognitive

High

10

23.30

8.67

Empathy

Control

9

29.11

6.25

Low

10

34.70

11.37

Emotional
Empathy
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Figure 11: A graph show ing the s e lf-re p o rt em p a th y values f o r the e m o tio n a l a nd co gnitive e m p a th y com ponents

To conclude, an overall pattern of higher self-reported empathy being found
w ithin lower CU tra it manifestation groups, and vice versa, can be observed in the data
(see figure 11). Specifically, a significant difference is found between the manifestations
of emotional empathy w ithin the different CU tra it groups. However, whereas the EE
scores of the high CU trait group are significantly lower than in the low and control CU
tra it groups, the difference between the low and control group is not significant,
though this might be an issue o f power due to the small group sizes. The cognitive
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empathy measurement only observed no significant differences between the CU tra it
groups. Such results suggest that a pattern of lower emotional empathy in the higher
CU tra it experimental group, by comparison to the low CU tra it group and control
group and expedites a difference between the EE scores of the high and control CU
tra it groups, which is not seen for cognitive empathy. Furthermore, the effect size of
the difference across the CU tra it groups is much larger for emotional than cognitive
empathy. These findings lend evidence to the hypothesis that there may be a
disassociation between the cognitive and emotional facets of the empathy w ithin CU
tra it manifestation with the emotional component being reduced in those higher in CU
traits while the cognitive abilities are preserved when explored through post-hoc ttests.
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5.2 Task 1: Results Exploring the Recognition and Affective Response
o f CU T r a it Groups to Facial Expressions o f Emotion

The first empathy task measured 3 variables; whether the participant could
correctly identify facial expressions, w hether the participant fe lt negative or positive
during the observation of the photographic stimuli and, finally, the intensity of feeling
present when viewing the stimuli.

In symmetry w ith the results exploring the previous general population, there
were only differences in the correct recognition o f emotional facial expressions
between high, low and control CU tra it groups for expressions depicting fear (see table
20). One-way ANOVA analysis showed a significant difference between the high (X =
63.75, SD = 26.65), low (X = 97.22, SD =5.51) and control (X =91.67, range = 6.25)
experimental groups. Post hoc analysis (alpha value corrected to .017) revealed that
there was a significant difference between the high and low CU tra it groups (t(17) =
3.69, p= .002, d = 1.74), as well as the high and control groups (t(17)= 3.06, p = .007, d
= 1.44). However, there was no significant difference between the control and low
groups (t(16) = 2.00, p = .063, d = .94). Therefore, although an ascending ability to
recognise expressions of fear can be seen from the high to the control to the low CU
tra it groups, only the difference between the high and low and high and control groups
are found to be significant.
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Table 20:
Analysis of betw een group differences in facial em otion recognition

% o f Correct Expression Compared
df

F

Sig.

HP2

Negative Expressions

2,26

2.01

.155

.14

Disgust

2,26

.51

.604

.04

Anger

2,26

.19

.828

.02

Fear

2,26

11.15

< .001*

.47

Sadness

2,26

.31

.738

.02

Pain

2,26

1.29

.294

.09

Happiness

2,26

.48

.626

.04

Across Groups

* = Significant a t p < .01

When analysing the participants self-reported experience when viewing the
emotional expression stimuli using the positive-negative scale of the SAM, a score o f 1
was the most positive score and 9 the most negative. The Positive- Negative scale
results show significant difference in the response of the high, low and control
experimental groups for expressions of anger (F(2,26) = 4.68, p = .018, np2 = .27),
disgust (F(2,26) = 6.25, p = .006, np2 = .33) and happiness (F(2,26) = 4.22, p = .026, np2
= .25), though interestingly not for fear (F(2,26) = 1.65, p = .212) (see table 21 for
descriptives).

The lack of recognition of fear could potentially inhibit affective

responding to fearful emotions in others.

Post hoc analysis of these results was Bonferroni corrected to a p value of
0.017. Results exploring the anger expressions results observed a significant difference
between the high and low CU tra it groups w ith the alpha correction (t(18) = 2.75, p =
.013, d = 1.22), indicating only a difference between groups w ith the low groups score
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more negatively in response to expressions of anger than the high CU tra it group.
Analysis o f the controls verses the high group and the controls verses low CU tra it
groups observed no significant differences between groups (t(17) = 2.19, p = .042, d =
1.01; t(17) = .51, p = .614, d = .24 respectively). Furthermore, the results for
expressions o f disgust show a significantly more negative score on the positivenegative scale in the low CU tra it group than the high (t(18) = 4.48, p < .001, d - 2.00);
although the high-control and control-low CU tra it group comparisons were not found
to be significant (t(17) = 1.66, p = .116, d = .75; t(10.78) = 1.42, p = .185 d = .67,
respectively). Overall, an ascension in negative scoring responses to anger and disgust
expressions can be observed from the high to the control to the low CU tra it groups,
but only the difference between the high and low experimental groups is significant
[see figure 12 and table 21).

Post hoc analysis of the scores for expressions of happiness shows the opposite
pattern emerging from the data. Again only the difference between the high and low
groups was significant (t(18) = 3.10, p = .006, d = 1.38) and shows a trend for more
positive scoring in the lower CU tra it group and scoring around neutral in the higher CU
tra it groups [see figure 12 and table 21). However, again no significant differences were
observed between the high - control and low - control CU tra it groups (t(17) = 1.89, p =
.075, d = .86; t(17) = .69, p = .500, d = .31, respectively).
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Table 21:
Descriptives fo r the Positive-Negative scores fo r expressions o f anger, disgust and happiness across the high, low
and control CU tra it groupings.

Expression Scored on the Positive -N e g a tiv e
N

M ean

Std. Deviation

High

10

5.58

1.24

Control

9

6.69

.94

Low

10

6.91

.91

High

10

5.53

.77

Control

9

6.25

1.12

Low

10

6.83

.50

High

10

4.16

.89

Control

9

3.29

1.11

Low

10

2.99

.80

Scale of the SAM

Anger

Disgust

Happiness

I Average P-N score anger
1 Average P-N score disgust
-[A verage P-N score
^happiness

5

4.0 0-

Mm
control

CU Trait Group
Error bars: 95% Cl
Figure 12: Graph showing the Positive (l)-N e g a tiv e (9) scale scores fo r the CU tra it experim ental groups fo r
expressions o f anger, disgust and happiness
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Intensity was also reported using the Self-Assessment Manikin's second 9 point
scale as the participant observed each facial expression stimulus and, again, was
assessed using a correlational design; 1 on the scale indicated high intensity and 9, low
intensity. When the SAM results for intensity were analysed for differences across the
experimental groups only the result for anger was significant (F(2,26) = 3.77, p = .037,
pp2 = .23). Post hoc comparisons showed no significant difference between the high
(X= 7.09, SD = 1.80) and low (X =4.90, SD =2.12) CU tra it groups (t(18) = 2.49, p = .023,
d = 1.11) w ith the alpha value corrected to .017, though the low CU tra it group scored
themselves as feeling more intensity when viewing the expressions of anger than high
CU tra it participants. However, the control group (X = 5.43, SD =1.57) scored between
the scores of the high and low groups and was not significantly different from either
(t(17) = 2.12, p= .049, d = .98; t(17) = .61, p = .547, d = .030, respectively).

5.3 Task 2: Results Exploring the Affective Response o f CU T r a it
Groups to Emotive Stim u li

A between measures design was used to consider the relationship between the
9 point positive-negative scale scores of the SAM and the affective valence o f the high,
low and control CU tra it experimental groups. W ithin the scale, a score o f 1 was the
most positive score and 9 the most negative. Analysis observed that there was no
significant difference between the scores o f the groups to negative emotive stim uli
(see table 22). However, the positive stimuli do report a significant difference between
the groups; the high (X = 3.90, SD = 1.10), low (X = 2.35, SD = .89) and control (X = 2.96,
SD = 1.24) showed a pattern of more positive responding in the low CU tra it
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participants to positive human stimuli and less positive valence from the control and
high groups. For a greater break down of the results see table 22. However, only the
difference between the high and low CU tra it participants was significant at a corrected
alpha value of .017 (t(18) = 3.43, p = .003, d = 1.55).

Table 22:
Differences across the high, lo w and control CU tra it groups w ith regards to their scores on the Positive-Negative
score on the SAM.
Happiness

Happiness

Pain

Pain

Fear

Fear

Animal

Hum an*

Animal

Human

Animal

Human

F

1.88

6.01

1.53

.13

1.62

5.14

Df

2, 26

2,26

2,26

2,26

2,26

2,26

P Value

.172

.234

.881

.217

.076

.0 0 7

(hp 2=

.32)

* = Significant at p < .05

The intensity of the participants' feelings when observing the stimuli was
reported using the SAM's second 9 point scale as the participant observed each
photographic stimuli and, again, 1 on the scale indicated high intensity and 9, low
intensity. One way between measures analysis reported that significant differences
were seen for the negative (F(2,26) = 3.52, p = .044, pp2 = .21) stimuli w ith regards to
the high, low and control participants reporting of affective intensity when viewing the
stimuli. High CU tra it participants scored themselves as feeling less intensity than the
low CU tra it groups when viewing negative stimuli (t(18) = 2.34, p = .031, d = 1.04),
though none of the planned comparisons were significant at the .017 correction. When
the stimuli are considered within the individual conditions this pattern of the high CU
tra it group exhibiting less affective intensity than the controls and low CU tra it
participants is consistent across stimuli depicting fearful humans and fearful animals;
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however, no significant differences in experienced affective intensity are observed for
stim uli containing depictions of pain and positivity (see table 23 and figure 13 below
for a fu rther breakdown of the results).

Table 23:
Differences across the high, low and control CU trait groups w ith regards to their scores on the Intensity scale of
the SAM; 1 on the scale indicated high intensity and 9, low intensity.
Positive
Animal

CU Trait Group

X/S

High

D

Control
Low

Positive
Human

Pain
Animal

Pain
Human

Fear

Fear

Animal

Human

4.90
4.92

2.38
1.74

5.87

2.39

6.35

2.33

5.87

2.95

6.27

2.25

6.28

2.29

4.89

2.40

5.58

1.30

4.22

1.41

5.76

1.23

5.75

1.29

3.85

1.52

4.15

1.43

4.63

1.65

4.93

1.48

4.15

1.60

4.18

1.55

F

.99

1.66

2.23

1.48

3.80

Df

2,26

2,26

2,26

2,26

2,26

2,26

.038*

.037*

(np2= -22)

(r|p2= .22)

P Value

.384

.209

.127

.247

3.75

* = Significant at p < .05

A fairly consistent pattern of higher intensity scoring by the low CU tra it
participants and less intensity of response by higher CU tra it participants, w ith controls
scoring between the groups, was observed in response to the negative and positive
stimuli. This paradigm of reported affective valence was observed both in response to
the to ta lity of the negative stimuli and when the various conditions are considered
separately (see figure 13).
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Fearful Human Intensity
Fearful Animal Intensity
Pain Human Intensity
Pain Animal Intensity
Happiness Human Intensity
Happiness Anima Intensity

1 0 . 00 -

8 .00 “

^

M ean

6.00

4 .0 0 -

2 .00-

Control

CU Trait Group
Error bars: 95% Cl

Figure 13: show ing the p a rtic ip a n ts ' responses on the in te n sity scale o f the SAM to ne g ative e m o tive s tim u li (1
in d ica tin g the m ost intense experience a n d 9 the least).
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5.4 Conclusion

When assimilated through the original psychometric analysis the high, low and
control groups selected for the electroencephalographic (EEG) research show that they
are significantly different groupings w ith regards to their CU tra it manifestation.
Evidence that these groups are distinct groups, presenting w ith differing manifestations
of CU traits, supports the use o f these groups in EEG studies into the responses of high,
low and control CU tra it individuals in the general population demographic to
empathetic and emotive stimuli. Furthermore, the selected grouping shows a pattern
o f self-reported empathy which is both in line w ith clinical and general research
findings and consistent w ith the primary studies o f the research programme. Higher
emotional empathy and cognitive empathy was reported by low CU tra it participants
when compared to the high CU tra it experimental group. This difference in empathy
across the experimental groups was greater for emotional than cognitive empathy,
w ith only emotional empathy differentiated between the groups in the post hoc
planned comparisons.

The first task, in parallel w ith the results o f the original psychometric testing,
reported recognition differentials only for facial expression of fear. Where, as expected,
higher CU tra it participants were less able to recognise these expressions than their
low CU tra it counterparts. When considering the self-reported affective valence o f the
experimental groups, differences are observed between the high and low groups for
disgust, anger and happiness. High CU tra it individuals report a less negative response
to images depicting expressions o f anger and disgust than low groups. The opposite
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direction of response was observed for positive images, with high CU tra it participants
reporting less positive responses than those in the low CU tra it groups who responded
w ith increased positivity. Anger is the only expression to invoke a difference in the
reporting of intensity of emotion, w ith high CU tra it individuals reporting less intensity
of emotion to expression of anger than low CU tra it participants. The lower valence
response to expressions o f anger in those w ith high CU tra it manifestation may be a
contributing factor to the reduced effectiveness o f punishment in those w ith high CU
tra it disorders (Blair et al., 2006; Hawes & Dadds, 2005; Blair et al., 2004; Frick 1998);
though more research would be required to explore this hypothesis. Finally, the second
task investigating affective valence to emotive scenes showed a difference in response
to negative and positive stimuli, again w ith those manifesting high CU traits responding
less positively than those w ith low CU traits. Higher intensity scores and a global
increase of affective valence by the low CU tra it participants and, conversely, a less
reactive response by higher CU tra it participants, w ith controls scoring between the
groups, was observed in response to the depictions o f fear in both humans and animals
and negative stimuli when the negative stimuli are assimilated. This pattern o f affective
valence mimics that observed in clinical samples (Lorenz & Newman, 2002; Herpertz et
al., 2001; Levenston et al., 2000).

In conclusion, the participants selected for the electrophysiological research are
suitable for that purpose. As experimental groups, they not only are significantly
different in the level of manifestation of CU traits, but also show a profile of empathy
that would be expected for groups selected specifically on this basis. The next chapter
looks specifically at potential confounding factors w ithin the experimental groups.
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Control

5 .5

of

Confounding

Variables

fo r

Electrophysiological

Research

In addition to the psychometrics collected during the first experiments, the
following psychometrics will be included here to further the understanding of the
represented demographic and lim it confounding factors:

•

Toronto Alexithymia Scale (TAS-20) (Bagby et al., 1994)

•

The Hospital Anxiety and Depression Scale (HADS)

•

National Adult Reading Test (NART) IQ Test

•

Levenson Self-Report Psychopathy Scale (Levenson et al., 1995)]

The reason for the inclusion of each of these measures and the outcomes o f the
psychometric testing will be considered individually in the next chapter.

5.5.1 Alexith ym ia

Alexithymia is a personality tra it characterised by an inability to identify,
designate and define emotions in the self (Sifneos, 1973). Symptoms of alexithymia
include a dysfunction in emotional awareness in the person themselves and in their
response to social peers, a lack of social attachment, and difficulty in interpersonal
relating (Taylor, 2003). Such symptoms can result in a reduced ability to recognise
emotions in others, a reduction in empathy and decreased em otional valence
(FeldmanHall et al., 2013). Personality traits associated with alexithymia overlap w ith
the defined constructs associated w ith CU traits. It is, therefore, necessary to ensure
that

the

high

CU

tra it

experimental
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group

participants

recruited

for

the

electrophysiological research do not manifest increased alexithymia when compared to
the low CU tra it and control groups. Increased alexithymia could indicate that the
experimental groupings are divided along the manifestation of the alexithymia rather
than CU traits, or are comorbid w ith CU traits, rather than having clear experimental
grouping s categorised by CU traits alone.

Using the Toronto Alexithymia Scale (TAS-20) (Bagby et al., 1994), the
experimental groups where tested for their manifestation of alexithymia. No significant
difference was observed in the prevalence of alexithymia traits between the low (X =
44.10, SD = 13.70), high (X = 48.20, SD = 11.98) and control (X = 47.00, SD = 9.19)
experimental groups (F(2,26)= .32, p= .73, np2 = .02). Therefore, it has been ensured
that the experimental groups are not testing for differences in the manifestation of
alexithymia traits rather than the required CU traits.

5 .5 .2

Depression and Empathy

Depression has been associated w ith some changes in em pathetic processing;
for example, a recent systematic review of relevant research by Schreiter et al (2013),
reviewing all available studies on empathy in depression w ith participants both w ith a
primary diagnosis of major depressive disorder and general depressive symptoms,
observed that depression was associated with differences in reported empathy.
Depression was correlated w ith higher intensities of personal distress at em pathetic
stimuli, a factor in affective empathy. However, differences in empathic concern were
not associated w ith depression. Depression was related to reduction in cognitive
empathy ability; Schreiter et al (2013) particularly note poor perspective taking, theory
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of mind, and empathic accuracy in those w ith depression.

In addition to differences in observed levels of cognitive and affective empathy
in the literature, depression is associated w ith difference in response to facial
expressions o f emotions. Suslow et al (2001) applied the face-in-the-crowd task to 15
clinically stabilised depressed inpatients and 15 normal subjects using displays of
schematic faces to explore the responses of depressed people to expressions of
emotion. Although a small sample, the depressed participants showed no performance
variances in the recognition of negative facial expressions and no differences in latency
for neutral faces compared to control participants; however, significantly slower
responses to positive expressions than control participants were observed in depressed
individuals. The authors concluded that a lowered vigilance for facial expressions of joy
and happiness may affect those w ith depression. More recent research in 2004 by
Leppanen et al recruited 18 depressed patients and 18 matched healthy controls and
tested a forced-choice response to neutral, happy, and sad facial expressions.
Conversely to Suslow et al's research, Leppanen et al report that although the
depressed participants and controls were equally precise at recognising happy and sad
faces, depressed patients recognised neutral faces less accurately than the controls.
Furthermore, it was observed that depressed individuals were slower to respond to
neutral faces than controls. This research suggests that expressions o f em otion,
particularly happiness and neutral expression maybe misrecognised by those w ith
depression.

Finally, the affective valence and emotional processing o f those w ith depression
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may differ from control individuals: for example, depressed individuals tend to exhibit
improved memory for negative inform ation (M att et al., 1992), to infer events as
negative (Norman et al., 1988) and present w ith intrusive negative thoughts (Wenzlaff
et al., 1988). FMRI research by Siegle et al (2002) found that control, non-depressed
individuals presented amygdala responses to all emotive word stimuli, these decayed
w ithin

10 sec. However, depressed individuals exhibited

unrem itting amygdala

responses to negative words, these responses often lasted into subsequent trails, up to
25 seconds later. It is concluded that depression is associated w ith sustained amygdala
activity to negative emotional stimuli.

Depression is evidenced to affect empathy processing and affective valence;
therefore, if levels were to differ between the CU tra it experimental groups used in the
electrophysiological research it may confound potential results. To test for fu rther
comorbid

manifestations

of

depression

that

could

influence

the

participants

responding to emotional and empathetic stimuli, the participants were asked to
complete the Hospital Anxiety and Depression Scale (HADS). Bjelland et al (2002)
reviewed 747 identified papers that used HADS to assess depression and found that
the factor analyses demonstrated a tw o-factor solution in good accordance w ith the
HADS subscales for Anxiety

(HADS-A) and

Depression

(HADS-D); furtherm ore,

Cronbach's alpha for HADS-D varied between from .67 to .90 (mean .82). Measures of
convergent validity found that correlations between the HADS and other similar
measures were in the range of .49 to .83 (Bjelland et al., 2002). As such the HADS was
considered appropriate for assessing the symptom severity of depression in both
clinical and general populations.
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The HADS was used to assess the manifestation of depressive symptoms in the
experimental groups used for this research. Outcomes showed that the high (X = 8.50,
SD = 3.21), low (X = 7.00, SD = 5.73) and control (X = 8.22, SD = 3.35) groups recruited
showed no difference in regards the participant presentations w ith depression, as
examined via ANOVA (F(2,26) = .34, p = .712, np2 = .03). Therefore, depression should
not be a confounding factor within the electrophysiological research.

5.5.3 Anxiety, Empathy and Affective Valence

Anxiety has also been connected to modulation in em pathetic processing,
although

less thoroughly than depression. Research by Danford (1991) tested

participant's personality traits, empathic reactions to videotapes of distressed people
both before and after a mood induction, and measured their responses to the Mood
Adjective Checklist. It was observed that an anxious mood was associated w ith lower
empathy scores. The authors also reported that anxiety and neuroticism interactions
were particularly negatively correlated w ith the empathy scores (Danford, 1991).

Highly socially anxious individuals self-report elevated affective empathy
tendencies on indirect measurement scales of anxiety (Tibi-Elhanany & Shamay-Tsoory,
2011). Although, when the authors controlled for general anxiety confounds, they
observed that social anxiety was associated w ith

increased cognitive em pathy

measures, but not emotional empathy. Furthermore, compared w ith low anxiety
participants, Tibi-Elhanany & Shamay-Tsoory report higher accuracy when attributing
emotional states in high social anxiety participants. However, conversely, less accuracy
was observed in these participants in cognitive mental state attribution conditions
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(Tibi-Elhanany & Shamay-Tsoory, 2011).

Jarros et al (2011) found that adolescents w ith anxiety disorders had a higher
number of errors when identifying angry faces in comparison to controls, but not other
negative attribution affects in response to expressions of sadness, disgust, happy,
surprise and fear. Further, the authors report that participants w ith clinical anxiety
accurately attributed neutral emotion more precisely than adolescents w ith out anxiety
diagnosis. Anxiety disorder research has found negative associations w ith negative
em otion recognition (Easter et al., 2005; Mullins & Duke, 2004). In 2010, a review of 18
studies provided evidence that adults w ith anxiety disorders had a significant
im pairment in emotion recognition (d = -0.35); however, this effect was more subtle
than for major depression (d = -0.58) (Demenescu et al., 2010). Though, these findings
are not consistently reliable (Philippot & Douilliez, 2005; Manassis & Young, 2000).
Despite a deleterious effect of negative emotion attribution in patients of anxiety
disorders, tra it anxiety has been associated w ith increased recognition ability with
regards to negative emotions, particularly fear but not anger (Sylvers et al., 2011).

To conclude, anxiety, both tra it anxiety and anxiety disorders, can potentially
affect areas o f affective and cognitive em pathetic processing; therefore, it is necessary
to ensure that the levels of anxiety do not significantly differ across the CU
experimental groups recruited for the electrophysiological research.

Again, the Hospital Anxiety and Depression Scale (HADS) was used to measure
the participants' anxiety levels. Bjelland et al (2002) reviewed 747 papers that used the
HADS to assess anxiety and concluded that the HADS was a reliable measure o f anxiety
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(Cronbach's alpha = .68 - .93; mean .83) and had convergent validity w ith other
measures of anxiety (correlation coefficients ranged from = .49 to .83). The results of
measuring the HADS across the high, low and control CU tra it experimental groups
showed that there was no significant difference in the levels o f anxiety between the
high (X = 9.30, SD = 4.72), low (X = 7.70, SD = 6.58) and control (X = 7.78, SD = 3.96)
groups (F(2,26)= .29, p= .750, np2 = .02). Therefore, tra it anxiety levels should not act
as confounding factor in the electrophysiological research.

5 .5 .4 IQ Testing

It is im portant when looking at aspects of cognition that the IQ o f the
participants recruited does not vary greatly between groups and confound the
independent variable for tasks exploring cognitive empathy; particularly as IQ has been
found to modulate cognitive empathy processing ability (Schwenck et al., 2014). The
National Adult Reading Test (NART) IQ Test was used to explore participants IQ
between the experimental groups. The National Adult Reading Test (NART) is used to
estimate premorbid IQ (Crawford et al., 2001). Nelson (1982) developed the NART as a
measure o f fam iliarity w ith words, and used this measure to predict the participant's
IQ. Reliability analysis has observed the NART to have appropriate split-half reliability
of .93 (Crawford et al., 2001; Nelson, 1982), inter-rater reliability of .9 6 -9 8 (O'Carroll,
1987), and test-retest reliability of .98 (Crawford et al., 1989). In addition, a small
practise effect has been reported (less than .75 of a NART error) (Crawford et al.,
1989). The NART comprises 50 phonetically irregular words (that is the words cannot
be pronounced by commonly known rules of pronunciation). The NART was presented
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to each participant and words were read aloud. Errors were recorded and the error
score used to estimate the participant's IQ.

Application o f the NART to the high, low and control CU tra it experimental
groups observed that the high (X = 119.50, SD = 6.31), low (X = 119.80, SD = 4.71) and
control groups (X = 120.00, SD = 4.66) recruited into the electrophysiological section of
the research showed no significant difference w ith regards to the IQ of the participants
(F(2,26) = .02, p = .979, np2 = .002). Therefore, the IQ o f the participants should not act
as a confounding factor in the research.

5 .5 .5

Psychopathy

Finally, the groups were explored w ith

regards to the manifestation of

psychopathic traits; since CU traits are a core factor in psychopathy, it would be
expected that the CU tra it experimental groups would also differ when explored for
psychopathy. A lack of any difference would suggest that the groups are not strongly
differentiated with regards to CU traits. The Levenson Self-Report Psychopathy (LSRP)
(Levenson et al., 1995) measures psychopathy as a personality tra it for use in
psychological research; it is not a diagnostic tool. It measures on tw o scales; primary
and secondary psychopathy. The test consists o f twenty-six statements rated on a five
point Likert scale from l(strongly disagree) to 5 (strongly agree). Investigation of the
reliability and validity of the Levenson Self-Report Psychopathy Scale has revealed that
the test-retest reliability o f the LSRP, with an average o f 8 weeks separation between
tests, was appropriate (r =.83, p < .01) (Lynam et al., 1999). Furthermore, convergent
validity of the LSRP w ith the Hare Self-Report Psychopathy Scale has been observed to

166

be moderately high (rs = .64, .66, and .42, ps < .001 for the LSRP total scale, primary
psychopathy and secondary psychopathy, respectively) (Lynman et al., 1999).

The high (X= 54.20, SD = 8.95), low (X = 40.50, SD = 7.37) and control (X =52.67,
SD = 8.87) groups recruited for this electrophysiological research revealed a significant
difference in their manifestation levels of total psychopathy (F(2,26) = 7.87, p=.002, np2
= .38). Though post hoc analysis w ith a Bonferroni correction to an alpha value of .017
observed that there was no significant difference between the high and control group
(t(17) = .37, p=.71, d = .17), a difference was revealed between the high and low
groups, and the control and low experimental groups (t(18) = 3.74, p=.002, d = 1.67
and t(17) = 3.26, p= .005, d = 1.62 respectively) {see figure 14).
IlL e ve so n Total Score
P Levenson Primary Score
13 Levenson Secondary Score

C 40.00

Control

CU Trait Group
Error bars: 95% Cl
Figure 14: A graph show ing scores on the Levenson Self-Report Psychopathy m easure (in clu ding sub fa c to rs ) f o r the
e xp e rim e n tal groups
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When compared to the CU tra it scores on the ICUT via correlational analysis,
significant correlations are found for the Levenson total, as well as for the primary and
secondary scale sub-factors (see table 24).

Table 24:
Showing the correlations betw een the ICUT scores and Levenson results (Pearson's).

Measures

Coefficient and P value
C o rrelation C oefficient

.61

Sig. (2-tailed)

< .0 0 1 **

C orrelation C oefficient

.44

Sig. (2-tailed)

.016*

C o rrelation C oefficient

.60

Sig. (2-tailed)

.0 0 1 **

Levenson Total

Levenson Primary Scale

Levenson Secondary Scale
* = Significant at p < .05
* * = Significant at p < .01

Conclusion

These

fu rther

psychometric

results

suggest

that

there

should

be

no

confounding variables affecting the electroencephalographic data collection w ith
regards to manifestations of alexithymia, depression levels, tra it anxiety nor IQ, within
the CU tra it experimental groups. Additionally, the results of the Levenson Self-Report
Psychopathy scale provide some evidence that the groups are significantly different
w ith

regards to their CU tra it and psychopathic tra it presentation, w ith good

convergent validity seen between the tw o measures. It was concluded, in light of the
collected psychometric data, that these CU tra it groups were suitable candidates for
the collection of electrophysiological data.
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5.6 Electroencephalographic Recording and Event - Related Potentia l
Analysis

All the electrophysiology data was recorded and analysed using the same
equipm ent and techniques to ensure consistency. Both the recording set up and data
preparation technique are described below.

5.6.1 Electroencephalograph Recording Equipment and Technique

Responses to the stimuli (described in chapters 6, 7 and 8) were recorded on an
electroencephalographic (EEG) system recording from the 64 electrode sites shown on
the topographic map in figure 15. A 64 channel WaveGuard cap of ANT BV (www.antneuro.com, Enschede, Netherlands) was used. The electrodes are arranged over the
WaveGuard

cap according to

10-10

International

System

which

covered

the

participant's scalp from the left ear mastoid to the right ear mastoid and from the
nasion to the inion. All recording channels on the system were referenced to the IZ
electrode. The electrode cap comprises of 64 shielded Ag/AgCI sintered pin electrodes
plus GND ('Patient Ground').

Before recording each electrode in the cap was prepared w ith conductive gel
and applied to the scalp ensuring that each electrode met impedance criteria;
impedances averaging 1-5 KOhm over each o f the 64 electrodes were obtained before
the commencement of EEG recording. A shielded connector cable was attached to the
electrode cap, leading to a 64 channel EEG/ERP ASA-Lab am plifier system (ANT Neuro
BV, www.ant-neuro.com , Enschede, Netherlands).

169

EEG data were recorded w ith a DC am plifier and digitized at a sampling rate of
512 Hz using an ANT-Neuro BV amplifier.

No frequency filters were applied during

recording, therefore, full band DC EEG was attained during recording. The 64 channels
were continuously recorded and streamed directly to the com puter's hard drive; data
was recorded and analysed using ASA Advanced Source Analysis (ANT Neuro BV,
www.ant-neuro.com , Enschede, Netherlands) software version 4.7.8.

A second network integrated computer interfaced w ith the EEG recording
machine via a parallel port. This PC used e-Prime software to present the stimuli and
log accurate stimuli tim ing markers via the parallel port to the EEG recording machine.
Each task was presented via E-Prime 2.0 software (Psychological Software Tools,
Pittsburgh, PA) on com puter running Windows 7. Responses were recorded through 4
numbered buttons on a game pad. This network allowed the porting and storing of
specific trail inform ation associated w ith the recorded EEG data; this inform ation
included: the stimuli conditions, participant responses and response reaction times.

Participants were sat alone in the recording room, approximately half a m eter
from the presentation screen to reduce the effect of external stimuli. One the cap of
electrodes was applied the participants were instructed to remain as still as possible to
lim it extraneous artefacts and to blink in the inter-stim uli intervals if required.

170

Figure 15: M a p o f the electrode sites o f the 64 channel cap used in the research (Source Ant-neuro.com ).

5.6.2 Data F ilt e rin g and A r t e f a c t removal

The results were analysed using ANT-Neuro: ASA software. The EEG recorded
samples were filtered for frequencies outside of parameters of l-40Hz, such filtering
ensures that slow direct current (DC) shift was excluded from trials. The low-pass filte r
was established at 1Hz, the high-pass filte r at 40 Hz to remove the 50-60Hz noise. Data
was digitally filtered at a band pass of l-40Hz to reduce potential artefacts caused by
extraneous electrical environmental noise. The recorded continuous EEG data was then
demarcated into epochs. The length of the epochs ranged from 1000ms to 1500ms
depending on the requirements of the research; therefore, the exact epoch length is
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described separately in each study (see chapter 6, 7 and 8).

Sampled EEG above 90pV and below -90/iV were automatically identified as
artefacts due to muscle noise or environmental interference. Single-trial data on which
the EEG surpassed the ~90|iV - 90pV parameters were rejected from the average to
ensure an authentic waveform. The artefact amplitude thresholds remove the peak
voltages created by muscular movements originating from the scalp, face and neck.
Artefact correction procedures were performed using ANT-Neuro: ASA software.

These data then underwent a correction procedure to remove the detected
artefacts and were fu rther corrected to a 100ms pre-stimulus baseline. Baseline
correction of the epoch trail potentials was achieved by subtracting the averaged
100ms of pre-stimulus recording from the recorded epoch waveform. Each stimulus7
trail epoch was considered within the period 100ms before the stimulus onset until the
completion of the stimuli presentation (described for each research study in the
methodologies of chapter 6, 7 and 8).

Waveforms were averaged across experimental conditions for each participant.
These processing technique are performed in line w ith recent advice on EEG
data filtering for ERP analysis (Luck, 2014; Nidal & Malik, 2014).

172

5.6.3 Data analysis

Subsequent to the artefact removal process, the epochs were computed into
ERPs. Averaging the epoch trails of each condition described for the study, which were
time-locked to stimuli, formed the final grand-averaged ERP waveforms (e.g. Cong,
2015; Luck, 2014; Nidal & Malik, 2014). For the epoch tim e used see chapter 6, 7,and 8.
Each experimental condition's average participant's ERPs were computed separately
through the 'grand average' process available through the ASA software; the
experimental conditions are described for each research study in the methodologies of
chapter 6, 7 and 8.

The resulting ERP waveforms were explored for present ERP components
through visual inspection of group averaged condition ERPs and individual participant
data. These ERP peaks were the defined w ith regards to the latency o f th e ir maximal
am plitude and the cortical region over which the ERP components occurred. Although,
EEG recording is not reliable in regards to procuring data w ith refined spatial
resolution, broad cortical location categories can be considered for the purpose of
exploring ERP components (e.g. Taroyan & Nicolson, 2009). There were three groups of
electrodes used for analysis, as this is where ERP responses were evident; these
included electrodes over the right occipital-parietal, the left occipital- parietal and
fronto-central region (the exact electrodes included in the analysis are described
separately within each study). The ERP waveforms were averaged over these groups of
electrodes.

The present components are then analysed w ith consideration to the mean
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am plitude and peak latency o f each ERP component across conditions (Luck, 2014;
Nidal & Malik, 2014; Hoormann et al., 1998). Using mean am plitude removes the
biased that can lead to larger values in conditions w ith greater noise; mean amplitude
is an unbiased measure which has been shown to produce reliable and valid results
even when noise levels differ across conditions (e.g. Luck, 2014). Peak latency was
measured at tim e in milliseconds that the peak's maximum am plitude occurred (Luck,
2014). The windows used for the calculation of each mean am plitude and latency are
reported in the results section o f each study chapter. The ERPs were assessed through
visual inspection of the grand averaged waveforms to ensure the waveform component
was captured in its entirety w ithin the window, but are consistent w ith those generally
recommended for best analytical practice and reported in the literature (e.g. Cong,
2015; Luck, 2014; Nidal & Malik, 2014).
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C hapter 6:
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U n e m o t i o n a l T r a it s

6.1 Aim

As considered earlier, facial affect recognition ability forms a key component of
empathy and, logically, it is evidenced that facial em otion processing may be limited, or
disrupted, in those with high CU tra it disorders who present w ith a reduction in
em pathetic responding (Wilson et al., 2011; Hastings et al., 2008; Blair, 2005; 1995).
Furthermore, the research by Lethbridge and colleagues, described in chapter 4, found
that fear recognition data correlated negatively w ith CU tra it prevalence. Those higher
in CU traits also reported less negative affect in response to negative facial expressions
in others and gave less positive responses to expressions of happiness. Therefore, it
appears that CU traits may impair both the recognition of fearful expressions and the
affective response to a range o f positive and negative expressions of em otion. The
deficit of affect recognition and valence, associated w ith CU traits in the behavioural
research literature, is now supported by limited numbers o f neurological papers,
providing substantiation of neural response differentiations to facial affect w ith regards
to CU traits (Blair, 2010; Gordon et al., 2004). The limited research which does exist
exploring the neural correlates of CU traits amongst the general population indicates
that there is the potential for the adaptation of the neural response to facial em otion,

potentially manifesting in modulation of the ERP components of facial affect response
discussed earlier, specifically the PI, N170 and P300 (see chapter 1).

The aim of the study was to explore potential ERP electrophysiological
correlates of facial affect response and their adaptation w ith regards to CU tra it
manifestation. It was expected that expressions of fear would invoke a different neural
response in participants w ith high levels of CU traits by comparison to low CU tra it
participants and controls, in line w ith the reduction in fear recognition observed in this
group in previous behavioural testing. The previous research into valence suggested
the possibility of different responses to both negative and positive expressions of
emotion.

6.2 Methodology

Given that the primary research revealed different patterns of response to facial
expression stimuli w ith regards to CU traits manifestation, responses to facial stimuli
was fu rther investigated through ERP exploration of the electrophysiological correlates
o f facial affect processing. This research used similar methodology to that of Batty and
Taylor (2003) and Utama et al (2009), both of these studies explored ERP responses to
the six basic emotional expressions (anger, happiness, sadness, fear, surprise, disgust)
and a neutral expression.

6.2.1 P artic ip an ts

Participants were selected as described in chapter 5. One participant was lost from the
control group due to excessive artefacts occurring during recording. Total participants,
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therefore, equalled 28; 10 high CU tra it participants, 10 low CU traits participants and 8
controls. The difference between the group's level of CU tra it manifestation remained
significant (F(2,25) = 80.17, p < .001).

6.2.2 Design

A quasi-experimental design was used to explore the relationship between
naturally presenting levels of CU traits across three experimental groups and the neural
electrophysiological response to expressions of facial affect stimuli.

6.2.3 M aterials

360 photographs were selected from the NIMSTIM facial affect stimuli set
(Tottenham et al., 2009). The stimuli portrayed 5 core expressions of emotion (sadness,
disgust, happiness, fear and anger) and a neutral expression (Tottenham et al., 2009),
allowing a range of expressions to be explored. The NIMSTIM stimuli set, unlike
previous grey scale sets stimuli, such as Ekman and Friesen (2002), is form ed of digital,
colour photographs of males (17 individuals) and females (13 individuals) o f a variety
o f ethnicities and ages; they are cropped close to the hair and presented on a plain,
pale background, a grey sheet covers the persons clothing [see figure 16).

Use o f the NIMSTIM stimuli set to investigate responses to expression in others
has been validated w ith regards to its use w ith ERP techniques (Smith et al., 2013;
Suway et al., 2013; O'Toole & Dennis, 2012; Frenkel & Bar-Haim, 2011). In line w ith
Smith

et

al's

(2013)

analysis

of

the

NIMSTIM's

use

w ith

ERP

study

of

electrophysiological correlates o f emotional expression, the stimuli were not altered
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before presentation. This presentation of facial expression stimuli has been employed
successfully in previous research (Smith et al., 2013; Batty & Taylor, 2003). Retaining
the colour of the stimuli ensures no loss of emotional response (Cano et al., 2009). 60
novel stimuli of each em otional expression were presented to the participant on a
blank background of identical hue using E-prime software.

6.2.4 Procedure

These stimuli were arranged into 6 blocks of 60 random presentations; within
each block, 10 pictures of each facial expression were randomly presented to the
participant.

Each photo was centrally positioned in the screen. Between each

expression stimuli a fixation point on a blank screen filled the inter stim uli interval.
Stimuli were presented, using a 20" com puter screen (resolution 1080p) via e-prime
software, to the participants for 1000ms, w ith an inter stimuli interval of 1000ms and a
fixation cross of 500ms before stimuli presentation. The task totalled a running tim e of
15minutes.

The photographs were presented under a passive viewing condition to
eliminate task effects and movement artefacts; a passive viewing required the
participant to simply observe the stimuli. EEG recording was undertaken using the 64
channel system. The recorded data was analysed using ASA-Lab software version 4.9.
For more details see the description o f EEG recording and ERP analysis procedures
provided in chapter 5. This design allowed the consideration of the effect of callous and
unemotional tra it manifestation on participants' response to facial affect.
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6.2.5 Ethics

Before participating in the study participants were briefed as to the purpose
and procedure of the research (including examples of similar stimuli), informed as to
th e ir rights as a participant (see appendix D) and given tim e to ask questions, thus
ensuring that the participant's informed consent was given when signing the consent
form [see appendix E). After the data collection, the participants were debriefed (see
appendix F). These ethical procedures were sanctioned by the Sheffield Hallam
University Research Ethics Committee.
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Figure 16: Examples o f N IM S T IM stim uli fo r angry, happy and neu tral expressions ordered fro m the top to bottom
(Tottenham e t al., 2009).
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6.3 Results:

6.3.1 Present Waveforms

Average ERP waveforms for the experimental groups were constructed by
separately averaging electrophysiological responses for the 6 expression conditions
(neutral, angry, disgusted, fearful, happy, and sad). Analyses of ERPs were conducted
on the basis of mean amplitude (pV) and latency (ms) for a given ERP component's
tim e parameters. Consistent with Smith et al's (2013) NIMSTIM expression research,
three principal ERP components were observed in the left and right occipital-parietal
areas (OPL and OPR); PI, N170 and P2. The OPL activation area consisted o f electrodes
01, P3/5/7 and P03/5/7. Activation in the right OP area was an assimilation of
electrodes 02, P4/6/8 and P04/6/8. PI was analysed as the mean peak am plitude and
peak latency from 80-150ms, where the PI competent was typically maximal. N170
was observed to be o f maximum peak between the 150 and 190ms post stimuli.
Finally, the P2 component was observed to be maximal between 190 and 250ms.

N l, P170 and N2 components were also observed in the fronto-central (FC)
electrodes sites including: FC1/2, Fz,Cz, and FCz; again reflecting the waveforms
observed by Smith et al (2013). The N l was observed between 80-150ms, the P170
between 150-190ms and the N2 between 190 and 250ms. Assimilation o f the mean
peak amplitudes and peak component latencies were explored for significant main
effects.

Similarity of the waveform components to those observed by Smith et al (2013)
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suggests both reliability of the ERP waveforms produced by the NIMSTIM stim uli and
the validity o f ERP waveforms collected for the purposes of exploring responses in the
selected CU tra it experimental groups. Example wave forms can be seen below for each
of the electrodes used in the analysis.
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Figure 17: Grand averaged waveforms o f the expression conditions fo r the control CU tra it group.
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Figure 18: Grand averaged waveforms o f the expression conditions fo r the high CU tra it group
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Figure 19: Grand averaged waveforms o f the expression conditions fo r the low CU tra it group.
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6.3.2 Between Groups Analysis o f Facial Expression Response:

Analysis conducted using a 3 x (6) factorial ANOVA to explore the relationship
between the six expression conditions and the three experimental groups revealed no
significant pattern o f differences in the electrophysiological responses to emotion.
There was also no interaction w ith the CU tra it groups at an alpha level o f p < .05.
However, fu rther hypothesis-driven, a priori analysis reveals subtle differences in the
CU tra it groups when higher powered analysis techniques are employed, reflecting
previous ERP research (e.g. Smith et al., 2013).

3 x (1) ANOVAs were used to more specifically explore the relationships
between the six expressions and the ERP response of the three experimental groups.

Fearful Expressions

The ANOVA suggests there was a significant difference in the latency of the PI
over the left OP electrodes (F(2,25) = 4.01, p = .031, qp2 = .24). Post hoc analysis
(Bonferroni corrected to an alpha level of .0167) reveals that the difference is not
significant at this level. However, the PI component for the low group (X = 120.79; SD
=14.46) would have been significantly longer than the high group (X = 106.14; SD
=11.09) at an alpha value o f .02 (t(18) = 2.54, p = .020, d = 1.14).

The N170 component over the left OP electrodes was different in latency for
the high (X = 158.41; SD =14.26), low (X = 169.85; SD = 10.22) and control (X = 155.59;
SD =9.46) CU tra it groups (F(2,25) = 3.94, p = .033, qp2 = -24). However, only the
difference between the N170 latency of the control and low CU tra it groups was
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significant, with an alpha level correction o f .0167 (t(16)=3.04, p=.008, d = 1.16). The
difference between the high-control and high-low CU tra it groups were not significant
(t(16)= .48, p= .637, d = .23; t(18)=2.06, p=.054, d = .92 respectively).

It seems that the low CU tra it group shows an increased latency of the PI and
N170 components over the left OP electrodes compared to the high group and control
groups respectively.

Expressions o f Disgust

The PI component over the left OP was modulated for the three experimental
groups w ith regards to the peaks mean amplitude (F(2,25)= 5.02, p = .015, qp2 = .29).
The high group (X = -.27; SD =1.28) was significantly lower in mean am plitude of the PI
than the control groups (X = 1.43; SD = 1.18) in post hoc analysis (a = .017) (t(16)= 2.88,
p = .011, d = .94). However, the mean am plitude of the PI peak for the low group (X =
.68; SD = .93) was not significantly different from the control groups (t(16) = 1.50, p =
.153, d = .71). The high and low CU tra it amplitudes also showed no difference in PI
am plitude (t(18) = 1.89, p = .074, d = .33).

Expressions o f Sadness

The PI component o f the left OP ERP waveform responses between high, low
and control experimental groups showed differences in its latency between groups
(F(2,25)= 4.16, p = .028, qp2 = .25). In post hoc analysis (a = .017) it is revealed that the
low group has a significantly longer latency of the PI peak (X = 118.14, SD = 13.35) than
the high group (X = 103.66, SD = 8.58) (t(18)= 2.89, p=.010, d = 1.29). There were no
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significant difference between the latencies of the high and control groups, nor the
control and low groups (t(16) = .94, p = .361; t(16)= 1.64, p=.121 respectively).

A n g r y E xp ressions

The Stimuli depicting angry expressions showed no significant differences in the
ERP waveform responses between high, low and control experimental groups (p > .05).

E xp ressions o f H a p p in e ss

Again expressions o f happiness were not associated w ith any differences in the
ERP waveform components recorded for high, low and control CU tra it groups (p > .05).

N e u t r a l E xpressions

Neutral expressions (used as comparisons for the below pair-wise analysis) also
showed no baseline difference between the high, low or control groups for any of the
waveform components (p > .05).

To conclude, the analysis reveals most differences in the group's response to
fear. However, disgust and sadness also exhibit differences. No significant differences
were observed for expressions of anger, happiness or neutrality. All of the differences
occurred

over the

left

occipital-parietal

electrodes.

The

disgust

and

sadness

expressions evoked differences in CU tra it group responses only in the PI ERP
component, whereas, the fearful expressions were associated w ith differences both
the PI and N170 components.
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6.3.3 Results Within Groups Analysis

Pair-wise comparisons using the neutral expression stimuli as a baseline for the
expression stimuli were performed to investigate m odulation of the ERP waveform
components

in

response

to

expressions. These comparisons

were

performed

separately for the three experimental groups.

F e a r fu l E xpressions

Modulations were seen in the N l and N2 ERP components between neutral and
fearful expression stimuli in the high CU tra it group. The latency of the N l component
in the FC region was significantly different, with a later peak observed for neutral
stim uli (X = 110.16; SD = 9.86) than for fear (X= 107.30; SD = 8.72) (t(9) = 3.04, p = .014,
d = .31) in the high group. The other significant difference observed between the
expression conditions of neutral and fear in the FC electrodes was in the mean
amplitude of the N2 component (t(9) = 2.47, p = .036, d = .14). The am plitude of the
fear N2 component (X = -1.84; SD = 2.51) o f the FC response was larger than for neutral
stimuli (X = -1.51; SD = 2.37). Therefore, m odulation of the response for fearful
expressions seems to be manifesting prim arily in the FC cortical areas.

By comparison, neither the control nor low experimental groups showed
differences in the FC electrodes waveforms when comparing neutral and fear
expressions.

However,

both

showed

significant

effects

in

the

OP waveform

components. The control groups showed a significant effect of the PI latency in the
right OP electrodes (t(7) =2.41, p = .046, d = .18); the neutral expression PI component
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latency (X = 109.02; SD = 12.37) was observed to be shorter than for fear (X = 111.46
SD = 14.58).

By comparison, the low group showed differential response w ithin the PI
component of the left OP electrodes. The mean amplitude of the PI component of the
left OP was significantly smaller for the neutral stimuli (X = .38; SD = 1.21) than fearful
ones (X = .74; SD = .94) conditions (t(9) = 2.48, p = .035, d = .33). Overall, a larger
am plitude of the PI component was observed in the left OP electrodes for expression
of fear in low CU tra it participants.

It, therefore, appears that high CU tra it individuals show response for fearful
expressions seems to be manifesting prim arily in the N l and N2 of the FC cortical
areas, when compared to neutral expressions. By comparison the high and low CU tra it
groups responses were observed to differentiate between neutral and fearful stimuli in
the parietal electrodes in the PI component.

D is g u s te d E xp ressions

High and control CU tra it experimental participants showed no significant
difference in their waveform components for disgusted and neutral expressions. Only
the low CU tra it group showed the adaptation of the waveform components in
response to the disgusted condition stimuli verses the neutral baseline. The N170
component o f the right OP electrodes showed a significant difference in am plitude
(t(9) = 2.29, p =.048, d = .39); neutral expressions (X = -.53; SD = 1.48) invoked a smaller
mean N170 am plitude than did those of disgust (X = -1.13; SD = 1.57). The right OP
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area also showed adaptation o f the N170 component latency (t(9) = 2.66, p = .026, d =
.33). Neutral expressions were again associated w ith a quicker peaks response (X =
154.20; SD = 10.69), than those o f disgust (X = 158.27; SD = 13.59). These findings
suggest a larger, slower N170 peak to expressions of disgust in the low CU tra it group.

Sadness E xpressions

The high CU tra it group showed changes in the sadness stimuli evoked ERPs, in
the PI component. The PI over the left OP electrode showed an increased latency in
response to the

expressions o f sadness (X = 103.66; SD = 8.58) by comparison to

neutral faces (X = 99.89; SD = 11.88) (t(9) = 2.72, p = .024, d = .36).

By comparison, control participants showed modulation of the N2 FC am plitude
(t(7) = 2.94, p = .022, d = .31); w ith expressions of sadness associated w ith a reduction
in mean negative peak response (X = -.14; SD = 1.18) compared to neutral stim uli (X = .51; SD = 1.19).

The low CU tra it group only showed m odulation of the P2 peak over the left OP
electrodes (t(9) = 3.13, p = .012, d = .67); sad faces were associated w ith a slower P2
peak latency (X = 230.60; SD = 13.59) than neutral comparisons (X = 221.81; SD =
12.80).

A n g r y E xp ressions

For expressions of anger the high CU tra it group showed an increase o f the
latency of the PI left OP component for angry expressions (X = 109.80; SD = 13.33)
when compared to the neutral baseline (X = 99.89; SD = 11.88) (t(9) = 2.49, p = .036, d
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= .78). This suggests that the PI response o f high CU tra it participants to angry faces
was slower. The control and low CU tra it groups by comparison showed no difference
in the components of the waveforms produced for neutral and angry expressions.

H a p p in e ss E xp ressions

For happiness expressions the high CU tra it participants showed adaptations of
the P2 ERP component. The right OP P2 latency was significantly different for
expression o f happiness (t(9) = 2.41, p = .039, d = .40), with a happiness expressions
being associated w ith increased latency of the P2 peak (X = 226.50; SD = 12.85) by
comparison to the neutral baseline (X = 221.33; SD = 12.85).

Control participants again showed little difference in their ERP waveforms for neutral
and happiness condition stimuli. However, the N2 component in the FC was
significantly different in am plitude (t(7) = 3.25, p = .014, d = .38) for happiness (X = -.08;
SD = 1.07) than the neutral comparisons [X = -.51; SD = 1.19) with lesser responses of
the N2 observed for happy expressions. The low group showed no difference in their
ERP responses to neutral and happy expressions.
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6.4 Discussion

The facial expression stim uli revealed distinct waveforms w ith ERP components
at 100ms, 170ms and 200ms. Three principal ERP components were observed in the
left and right occipital-parietal areas (OPL and OPR); PI, N170 and P2. Furthermore,
N l, P170 and N2 components were also observed in the fronto-central (FC) electrodes
sites. Comparison o f the waveform components w ith those observed by Smith et al
(2013), who employed a similar presentation of the NIMSTIM expression stimuli,
suggest both reliability of the ERP waveforms produced by the NIMSTIM stimuli when
presented in this un-augmented manner and the validity of ERP waveforms collected
for the purposes of exploring responses in the selected CU tra it experimental groups. In
addition, the findings replicate the PI and N170 components identified by previous
research as being implicated in facial expression response (Blau et al., 2007; Eimer &
Flolmes, 2007; Balconi & Pozzoli, 2003; Batty & Taylor, 2003). However, no ERP
waveform

components

were

observed

at

300ms

or

above

in

the

neural

electrophysiological response, as have been observed in some previous research
(Balconi & Pozzoli, 2003; Sato et al., 2001); although these tw o studies used a task
based EEG recording methodology rather than passive viewing, thus these later
components could be indicative of the greater semantic processing of some task
procedures rather than being associated w ith the expressions themselves. This would
explain the lack of such components in this research and that by Smith et al (2013),
both of which employed a passive viewing research paradigm.

Differences in the group responses to stimuli are subtle. When considering the
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between group comparisons of the ERP waveforms analysis of the variance revealed
difference between the CU tra it groups for expressions of fear, disgust and sadness,
though none for expressions of neutrality, happiness or anger. Previously, it was
discussed that the CU tra it groups differed w ith regards to their ability to correctly
recognise fearful expressions. Highly callous-unemotional participants were less able to
correctly identify fearful faces by comparison to low and control CU tra it groups (see
chapter 4). Analysis of the left OP PI and N170 components of the waveform response
to fearful stimuli showed increased latencies o f the peak for the low group in both
instances.

W hilst differences in the PI and N170 components may have been

expected, as these have been identified as central to emotional expression processing
(Blau et al., 2007; Eimer & Holmes, 2007; Balconi & Pozzoli, 2003; Batty & Taylor, '2003),
it is unclear why the low CU tra it group shows an increased latency of the PI and N170
components over the left OP electrodes than the high group and control groups and
why this slower peak would be associated w ith a group w ith higher recognition ability
for this expression type. Slower peaks are usually indicative of a slower response,
although, M uller et al (2003) found increased activity o f the OP cortical area to
negative valence images in psychopaths using fMRI. Therefore, a quicker PI and N170
peak observed in high CU tra it participants may be a reflection o f this over activation in
the occipital-parietal cortex; it would then seem less surprising that the slower peak
was observed in the low CU tra it experimental group. Furthermore, recent research
into the ERP responses of those with varying levels of psychopathic traits have also
revealed the m odulation of the N170 response to fearful expressions w ith regards to
the presence of the cold-heartedness dimension of psychopathic traits (Almeida et al.,
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2014). Furthermore, Almeida et al (2014) found only response at the 100, 170 and
200ms in reaction to the expression stimuli.

Previous behavioural findings for expressions of disgust revealed a significantly
more negative scoring on the positive-negative scale in the low CU tra it group than the
high. Analysis of between group effects observed that the PI component over the left
OP was modulated; the high group was significantly lower in mean am plitude of the PI
than the control, suggesting a smaller response to expressions o f disgust. Again, the
distinguishing o f the responses to disgusted expressions between the experimental
groups occurs over the left OP parietal area, suggesting that responses in this region
may be key to the behaviour differences observed in general CU tra it manifestation.
Furthermore, despite no behaviour differences in their responses to expressions of
sadness between the experimental groups, the P I component o f the left OP ERP
waveform showed adaptation in its response across the high and low CU tra it groups.
Similarly, to expressions of fear the low CU tra it participants were associated w ith a
significantly longer latency of the PI component than the high group.

In summary,

three of the four negative expressions explored (fear, sadness and disgust) showed
differentiation between the groups in the PI and/or N170 component over the left
occipito-parietal electrodes. These components in the left OP cortical area may,
therefore, be key to understanding general differences in facial expression response
related to callous-unemotional trait manifestation.

There were no differences in the responses of the experimental groups to
expressions of anger, happiness or neutrality. Despite previous behavioural differences
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in self-reported responses observed for expressions of anger, with the high CU trait
group reporting reduce affective valence and intensity to angry expressions than the
low CU tra it group, there were no neural differences in response detectable w ith the
EEG recording and ERP analysis technique. The same is true of the expressions of
happiness. Though, given the convoluted nature of previous literature regarding CU
traits and the behaviour and neurological responses to facial expressions o f anger and
happiness, this is perhaps not unexpected (Fairchild et al., 2009; Hastings et al., 2008;
Blair, 2005). The lack of difference of ERP waveform to neutral expressions is not
unanticipated, however, as facial stimuli devoid o f emotion would not trigger the
postulated core empathetic deficits associated w ith high CU traits; furtherm ore, facial
structure recognition dysfunction is not associated w ith high CU traits (Fairchild et al.,
2009; Blair, 2007).

Differences in the neural electrophysiological waveforms for each experimental
group's ERP response to emotional expressions, when compared to the neutral stimuli
(used as a baseline) through repeated measures analysis within groups, reveal fu rth e r
differences in response. When comparing the ERP responses to the neutral and fearful
expressions in the high group, modulation was observed in the N l and N2 components
over the frontal and central cortical electrodes, w ith shorter latencies and larger mean
amplitudes respectively observed.

Therefore, variation o f the response for fearful

expressions seems to be manifesting prim arily in the FC cortical areas in the high CU
tra it group. By comparison, neither the control nor low experimental groups showed
differences in the FC electrodes waveforms when comparing neutral and fear
expressions.

However,

both

presented

significant effects
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in the

OP waveform

components. The control groups showed a significant effect of the PI latency in the
right OP electrodes and the low group showed differential responses w ithin both the
P I component over the left OP electrodes. Overall, a larger negative am plitude of the
PI component was observed in the left OP electrodes for expression of fear in low CU
tra it participants. The response presenting over the FC cortex and in the N2 component
of the waveform suggests a more top-down, semantic processing o f the fearful stimuli;
findings reflecting this increased activity of the frontal cortical areas and a lack of
integration w ith amygdala in those with psychopathic traits in response to emotion
have been recently reported in research using fMRI neuroimaging (Contreras-Rodriguez
et al., 2014). The larger PI over the left OP area manifested by the low CU tra it group
suggests larger autonomic, visual and emotional responses. These differences may
underlie the different behaviour recognition responses to fearful stimuli observed in
the previous research studies between these groups.

High and Control CU tra it experimental groups exhibited no difference in their
waveform components for disgusted and neutral expressions. Only the low CU tra it
group showed the adaptation of the waveform components in response to the
disgusted condition stimuli verses the neutral baseline; though these findings lie
counter to the adaptions of the ERP response to disgust observed by Almeida et al
(2014). However, the N170 component of the right OP electrodes adapted in its mean
amplitude, w ith neutral expressions invoking a smaller mean N170 am plitude than
those of disgust and the N170 component latency w ith neutral expressions associated
w ith quicker peaks than those of disgust. A larger, slower N170 peak to expressions o f
disgust in the low CU trait group is therefore observed, suggesting a neural sensitivity
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to disgust w ithin this low CU tra it group.

When analysing the pair-wise comparisons for expressions o f neutrality verses
sadness, the result seems to be complex. Whereas the high and low CU tra it groups
showed differences over the left OP electrodes, the control participants' difference
manifested over the FC. The high CU tra it group presented w ith an increased latency of
the PI in response to the expressions of sadness by comparison to neutral faces
suggestive of a slower response to expressions of sadness. The low CU tra it group also
revealed latency m odulation in the left OP, but in the P2 peak over the left OP
electrodes; sad faces were associated w ith a slower P2 peak latency than neutral
comparisons. Therefore, it appears that a slower response in this OP area to
expressions of sadness is common to both the high and low CU tra it groups, but
differentiates to the PI and P2 respectively. P2 is associated w ith later semantic
processing of complex stimuli (Luck, 2005) and, therefore, the low group may be
differentiated in regards to their semantic interpretation of the sadness and neutral
expressions. Whereas, a slow PI suggests slower autonomic, visual response by the
high CU tra it group. The control participants presented w ith modulation o f the N2 FC
amplitude, w ith sadness associated w ith a reduction in mean negative peak response
when compared to neutral stimuli, again suggesting differentiation in processing of
sadness over the FC areas responsible for high-order cognition. Interestingly, all groups
show a slower or smaller response to expressions of sadness by comparison to neutral
baseline expressions.

The high CU tra it group showed an increase of the latency of the PI left OP
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component for angry expressions when compared to the neutral baseline expressions.
PI response of high CU tra it participants to angry faces was, therefore, slower than for
neutral ones. However, no other differences in response were observed for pairwise
analysis of angry expressions verses neutral ones.

The high CU tra it participants revealed that right OP P2 latency was significantly
different for expression o f happiness, w ith a happiness expressions being associated
w ith increased latency of the P2 peak by comparison to neutral ones. This suggests a
slower em otional response in higher CU tra it participants to expressions of happiness.
Whereas, the N2 component in the FC o f controls was significantly smaller in
am plitude for happiness than the neutral comparisons, suggesting a smaller neural
response across the FC electrodes to happy faces. The low group exhibited no
difference in their ERP responses to neutral and happy expressions, suggesting this low
CU tra it group have little neural electrophysiological sensitivity to positive stimuli.

The limitations of the need to be addressed which could be improved in future
research. Although the NIMSTIM stimuli are a commonly recruited and well validated
stimuli

set

for

examined

response

to

emotional

expressions,

the

numerous

presentations and accompanying task formats mean that facial expression literature is
variable w ith regards to its findings; therefore, it is difficult to directly compare
findings. Inclusion of a task based methodology may have evoked the later components
observed in some other research (Balconi & Pozzoli., 2003; Sato et al., 2001), though it
is not clear whether these would have been related to the potentially greater attention
paid to the stimuli or, instead, due to the semantic and m otor processing required by
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the task. However, the close symmetry of the current findings to those of Smith et al's
(2013) research which also used the passive viewing of a similarly uncropped
presentation of the NIMSTIM, suggests the validity o f the generated ERP waveforms.

To conclude, the PI and N170 components of the ERP waveforms seem to
prim arily modulate the response to expressions of emotion in experimental groups of
varying CU traits. Adaptation over the left OP cortical area to negative emotions (fear,
anger and disgust) seems to be particularly strongly associated w ith differing levels of
CU tra it manifestation. The level o f CU tra it presentation had, however, no effect on
the electrophysiological responses to happiness or neutrality. These findings are not
unexpected, given previous research into CU traits. Though when considering
differences in responses to em otion compared w ith neutral expression, the patterns of
difference become more complex, extending into the P2 and N2 components as well as
varying across the cortical regions.
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Behavioural findings suggest that, for neurotypical individuals, pain in others is
an aversive experience that causes distress, however, those w ith high CU traits may not
experience this aversion (W olf & Centifanti, 2014). Data from the primary research of
this research programme found that, although there was no correlation between CU
tra it manifestation and the ability to recognise facial expressions of pain, higher
manifestations of CU traits were associated w ith a less negative, self-reported affective
response to facial expressions of pain. Furthermore, higher levels of CU traits were
consistently correlated w ith a less negative and less intense self-reported response to
affective stimuli depicting humans and animals in pain (see chapter 4). Cheng et al's
(2012) research looking at high CU tra it offenders suggested that the N120, P300 and
LPP em pathetic response ERP components would be most likely to be differentiated
w ith regards to CU traits in the general sample in response to pain in others (see
chapter 3). The current research study aimed to expand on this previous publication by
looking at empathy for painful situations w ith regards to CU traits in a general
population, an area lacking in published literature. This second electrophysiological
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study adapted the methodology employed by Li and Han's (2010) research into
empathy for pain from a self and other imagined perspective. Stimuli were similarly
presented in 2 conditions: an imagine-other condition, where the participant imagined
another person in the painful situation, and an imagine-self condition, during which
the participants imagine themselves in the painful stimuli. Those w ith high levels of
high CU traits may have different responses to the self-other differentiation than
controls or low CU tra it individuals. The study aimed to investigate empathy for pain as
an insight into the cognitive elements of the empathy construct w ith regards to
differential ERP responses regarding CU tra it manifestation in a general population.

7.2 Methodology

7.2.1 Pa rtic ip a nts

The participants were recruited as described in chapter 5. However, one
participant was removed from the control groups for the purposes of analysis due to
artefacts, leaving 8 participants in the control group. The difference in CU tra it
manifestation between the groups is still significant at p < .001.

7.2.2 M a teria ls

40 pictures showing hands in painful situations and 40 matched pictures of
hands in non-painful situations were used to assess empathy for pain in participants.
The visual stimuli depicting pain in a peer included 40 high-resolution, digital colour
photographic stimuli portraying hands in both potentially painful real-life accidents (for
example, a hand trapped in a door or cut by scissors) and environmentally symmetrical,
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but non-painful, situations. Both male and female hands were included in the stimuli in
equal proportions.

Figure 20: Illu stra tio n o f p a in fu l (B) and n o n -p a in fu l (A) stim uli.

7.2.3 Procedure

Each stimulus picture was randomised and presented for 1000ms, w ith a pre
stimulus fixation cross of duration 500ms and a 1000ms inter-stim uli interval. A plain
background bordered the stimuli and formed the inter-stim uli interval. Stimuli were
presented in 2 blocks of 80 trials each, 40 painful stim uli and their matched non-painful
stimuli). Prior to each block were instructions to participants to consider the stim uli
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from a self-perspective ("Imagine that hands shown in the pictures are your own") or
the perspective of observing another unfamiliar person ("Imagine that hands shown in
the pictures are those of an unfamiliar other person"). The blocks were presented as
one for each condition "imagine-self" and "im agine-other" and were randomised in
th e ir presentation to prevent the influence of the potential effects e.g. practice and/or
fatigue. This created four conditions: self-imagined pain, self-imagined non-pain, otherimagined pain and other-imagine non-pain. The total running tim e for the experiment
was approximately 6.67 minutes. The participants were given as much tim e as needed
to read the instructions and started the task when ready.

To assure attendance to the potential pain element of the stim uli the
participants were given a task to categorise the stimuli as painful or non-painful using
tw o buttons on a console controller.

For the self-imagined condition the participant

pressed 1 for a picture they considered to be depicting pain and 2 for a non-painful
picture. The other-imagined condition the participants were instructed to press 3 for a
painful picture and 4 for a non-painful one on the console style controller. The
response times were also recorded.

7.2.4 Ethics

Before participating in the study participants were briefed as to the purpose
and procedure of the research (including examples of similar stimuli), informed as to
their rights as a participant (see appendix D) and given tim e to ask questions, thus
ensuring that the participants' informed consent was given when signing the consent
form (see appendix E). After the data collection the participants were debriefed (see
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appendix F). These ethical procedures were sanctioned by the Sheffield Hallam
University Research Ethics Committee.

7.3 Results

7.3.1 Analysis o f the Sti m u li

To ensure that the pain and non-painful stimuli were demonstrably
decipherable w ith regards to w hether the hands were in painful or non-painful
situations, the responses given to the stimuli were analysed w ith out division by group.
For the self-imagined condition the participant pressed 1 for a picture they considered
to be depicting pain and 2 for a non-painful picture. The other-imagined condition the
participants were instructed to press 3 for a painful picture and 4 for a non-painful one
on the console style controller. When looking at the participant population, w ith out
partition by group, analysis of the response exclusively to the painful and non-painful
stimuli show that a highly significant difference is seen between the responses to the
painful and non-painful stimuli for both the self and other imagined stimuli conditions
(Z = -4.28, p < .001 (2-tailed); Z = -3.54, p < .001 (2-tailed) respectively) (data was nonparametric, therefore appropriate statistical analysis was performed). For descriptives
see table 25 below. Such significant results suggest validity in the stim uli's portrayal of
the conditions.
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Table 25:
A table showing participants' scores for the painful and non-painful stimuli under the self and other imagined
conditions.

Condition

Statistic

Self-Im agined Non-pain

O ther- Imagined Non-Pain

Self - Imagined Pain

O ther - Imagined Pain

Mean

1.81

Median

1.89

Ranjpe

.8 8

Mean

3.73

Median

3.89

Range

1 .0 0

Mean

1.26

Median

1 .2 0

Range

.79

Mean

3.32

Median

3.26

Range

.78

7.3.2 Behavioural Data Analysis

When considering the effect of CU tra it manifestation on

participants'

responses to painful verses non-painful stimuli for both the imagine self and imagine
other conditions, pair-wise comparison were used to compare the responses. For
descriptives see table 26 below. The high CU tra it group showed a significant difference
between the scores given for pain and non-pain stimuli when imagining the hands in
the photographs belonged to themselves (Z = -2.09, p = .037 (2-tailed)). However, when
imagining that the stimuli contained the hands of others in painful and non-painful
situations the high CU tra it group showed no significant difference in th e ir response (Z
= -1.68, p = .093 (2-tailed)); indicating less accuracy when rating painful and nonpainful photos in others.
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The control group showed a similar pattern o f response to the high group.
There was a significant difference in the responses of the control CU tra it group to
painful and non-painful stimuli when the participant's imagined that the hands were
th e ir own (Z = -2.67, p = .008 (2-tailed)), but no such difference was observed between
rating of painful and non-painful stimuli when the participants considered the hands to
be that of another (Z = -1.96, p = .051 (2-tailed)). Though it is w orth noting that the pvalue is only .002 from significance.

Finally, the low CU tra it group showed a significant difference between both the
self-imagined pain and non-painful stimuli (Z = -2.81, p = .005 (2-tailed)) and the otherimagined pain and non-pain stimuli (Z = -2.50, p = .013 (2-tailed)). In addition, low CU
tra it groups showed the highest significance in the differentials between painful and
non-painful responses in both the self-imagined and other-imagined conditions. There
were no significant differences for the data exploring reaction times to the stimuli (see
table 26 below).
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Table 26:
The descriptive statistics exploring participants' scores for the four stimuli conditions.

Condition

Group

High

Statistic
Mean

1.76

Median

1.87

Range

Self-Im agined Non-Pain

Mean

1.91

Median

1.94

Range

.23

Mean

1.78

Median

1.87

Range

.66

Mean

3.75

High

Median

3.92

Control

Median

Control

Low

Other-lm agine Non-Pain

Low

High

Self-Im agined Pain

Control

Low

High

Other-im agined Pain

Control

Low
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Mean

3.70

Median

3.83

Range

1.00

Mean

1.30

Median

1.19

Range

.74

Mean

1.25

Median

1.24

Range

.34

Mean

1.22

Median

1.20

Range

.41

Mean

3.40

Median

3.41

Range

.64

Mean

3.33

Median

3.26

Range

.74

Mean

3.23

Median

3.17

Range

.44

7.3.3 Present Waveforms

In order to compile analysable waveforms, the average ERP waveforms for the
experimental groups were constructed by separately averaging electrophysiological
responses for the 4 conditions: self-imaged pain, self-imagined non-pain, otherimagined pain and other-imagined non-pain. Analyses of ERPs were conducted on the
basis of mean amplitude (pV) and latency (ms) for a given ERP component's tim e
parameters.

Three principal ERP components were observed in the left and right

occipital-parietal areas (OPL, OPR); PI, N170 and P250. The OPL activation area
consisted of electrodes 01, P3/5/7 and P03/5/7. Activation in the right OP area was an
assimilation of electrodes 02, P4/6/8 and P04/6/8. PI was analysed as the mean peak
am plitude and peak latency from 80-160ms, where the P I com petent was typically
maximal. N170 was observed to be of maximum peak between the 150 and 190ms
post stimuli. Finally, the P2 component was observed to be maximal between 210 and
290ms.

The fronto-central (FC) electrodes sites including: FC1/2/3/4, FCz, Fz, F3/4 and
Cz, also showed ERP responses to the stimuli.

This broad ERP response in the FC

electrodes included N l, P170 and N250. N1 was observed between 80-150ms, the
P170 between 150-190ms and the N250 between 210 and 290ms. Assimilation o f the
maximal peak amplitudes and peak component latencies were explored for significant
main

effects. These components were

observed to

present for each

o f the

experimental groups. Example wave forms can be seen below for each of the
electrodes used in the analysis.
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Figure 21: G rand averaged w aveform s o f the ERPs recorded f o r the co n tro l CU t r a it g ro u p : Black lines: o th e rim agined, n o n -p a in fu l co n d itio n response, blue lines: o ther-im agined, p a in fu l co n d itio n response, red lines: se lf
im agined, n o n -p a in fu l condition response, green lines: self-im agined, p a in fu l c o n dition response.
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Figure 22: G rand averaged w aveform s o f the ERPs recorded f o r the high CU tr a it group: Black lines: o th e r- im agined,
n o n -p a in fu l co n d itio n response, blue lines: o ther-im agined, p a in fu l co n d itio n response, red lines: self-im agined, nonp a in fu l condition response, green lines: self-im agined, p a in fu l condition response.
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Figure 23: G rand averaged w aveform s o f the ERPs recorded fo r the lo w CU tr a it group: Black lines: o th e r- im a gine d ',
n o n -p a in fu l co n d itio n response, blue lines: o th er-im agined, p a in fu l condition response, red lines: se lf-im agined, nonp a in fu l co n d itio n response, green lines: self-im agined, p a in fu l condition response.
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7.3.4 Analysis o f Responses to Self and Other Imagined Painful and
Non-Painful Stim uli

3*(2*2) factorial ANOVA was used to explore the responses to the painful and
non-painful conditions when imagined from the self and other perspective conditions;
the interaction of these conditions with the three experimental CU tra it groups was
considered through the ANOVA analysis. Painful stim uli evoked larger mean amplitudes
in the N170 over the left occipital-parietal (OP) electrodes and P170 and N2 over the
Frontal-cortical (FC) electrodes (F(l,25) = 9.24, p = .005 pp2 = .27; F(l,25) = 11.86, p =
.002, r|p2 = .32; F(l,25) = 6.43, p = .018, pp2 = .21, respectively) (see table 27). The self
and other perspectives only revealed a difference in the left OP latency o f the PI
component (F(l,25) = 4.84, p = .037, pp2 = .16); stimuli imagined from another's
perspective evoked a longer PI (X - 136.77 SE = 2.77 ) than the stimuli imagined from
the perspective of the self (X = 133.18, SE = 2.42).

Table 27:
M ean amplitude of the N170, P170 and N2 components in the non- painful and painful conditions.

Mean Amplitude (pV)
N170

P170

N2

Stimuli Condition

Mean

SE

Mean

SE

Mean

SE

Non Painful

-.492

.295

.047

.251

-1.093

.304

Painful

-.802

.328

.327

.267

-1.258

.321

The factorial analysis of variance was used in order to investigate the difference
in ERP response to stimuli by the high, low and control CU tra it groups. Interactions
between the groups and the conditions were found to manifest in the mean am plitude
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and latency of the left OP PI component (F(2,25) = 10.04, p = .001, r\p2 = .45; F(2,25) =
4.61, p = .020, np2 = .27, respectively) and the latency of the N170 over the right OP
electrodes (F(2,25) = 7.98, p = .002, pp2 = .39). Post hoc analysis w ith a corrected alpha
value of .0167 was used to explore the interaction between the conditions and the CU
tra it groups.

Self-Imagined, Non-Painful Stimuli

Post hoc analysis reveals that the control groups (X = 2.05, SD = 1.04) PI left OP
am plitude was significantly higher than both the high (X = .44, SD = 1.25) and low (X =
.40, SD = .95) CU tra it group (t(16) = 2.91, p = .010, d = 1.40; t(16) = 3.53, p = .003, d =
1.66 respectively). There was, however, no difference between the high and low CU
tra it experimental groups (t(18) = .09, p = .928, d = .04).

E poch E vent 1

S N P (2 ): 1 0 / 3 9 9 E \k *a t*
SNP (3): jlO ■39 6 E v U fs

Figure 24: Com parison o f the g ra n d averaged ERP response to the self-im agined, n o n -p a in fu l co n d itio n f o r the high,
lo w a nd co n tro l CU tr a it groups: Black: co n tro l CU tr a it group, blue: high CU tr a it group, Red: lo w CU tr a it group.
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Self- Imagined, P a in f u l S ti m u li

The self-imagined, painful stimuli modulated the amplitude and latency of the
PI over the left OP electrodes; once more, the post hoc analysis reveals that the
control groups (X = 3.03, SD = 2.46) amplitude was significantly higher than both the
high (X = .58, SD = 1.05) and low (X = .31, SD = 1.12) CU trait group (t(16) = 2.86, p =
.011, d = 1.30; t(16) = 3.13, p = .006, d = 1.42 respectively). There was, however, no
difference between the high and low CU tra it experimental groups (t(18) = .56, p =
.581, d = .25).

The latency o f the PI component over the left OP electrodes varied significantly
between the experimental groups; the P I was shortest for the high (X = 124.97, SD =
11.88) CU tra it group suggesting that they have a significantly faster PI peak to their
own-imagined pain than the low CU tra it (X = 144.97, SD = 12.91) (t(18) = 3.51, p =
.003, d = 1.61) (alpha value = .017).

However, there were no significant differences

between the control group's latency (X = 134.42, SD = 14.91) and that of high and low
CU tra it groups (t(16) = 1.50, p = .143, d = .76; t(16) = 1.53, p = .147, d' = .68
respectively).
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E poch
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Figure 25: Com parison o f the g ra n d averaged ERP response to the self-im agined, p a in fu l co n dition f o r the high, lo w

and co n tro l CU tr a it g roups: Black: co n tro l CU tr a it group, blue: high CU tr a it group, Red: lo w CU tr a it group.)

Other-Imagined, N on- Pa inf ul S ti m u li

Post hoc analysis observed that the control group's (X = 2.22, SD = 1.39) left PI
am plitude was again significantly higher than both the high (X = .26, SD = 1.44) and low
(X = .12, SD = .27) CU trait group (t(16) = 2.93, p = .010, d = 1.38; t(16) = 4.73, p < .001,
d = 2.10 respectively).

There was, however, no difference between the high and low

CU tra it experimental groups (t(9.62) = .30, p = .772, d = .14). The latency o f the N170
component over the right OP electrodes also varied significantly between the
experimental groups in response to other-imagined, non-painful stimuli; the low CU
tra it group's N170 latency was shortest (X = 175.01, SD = 10.77) when compared to
controls (X = 190.20, SD = 11.81) (t(16) = 4.73, p < .001, d = 1.34). Whereas, there were
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no significant differences between the control group's latency and that o f high CU tra it
participants (X = 186.28, SD = 14.75) (t(16) = .61, p = .550, d = .29) nor the high and low
CU tra it groups (t(16) = 1.95, p = .067, d = .87).
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Figure 26: Com parison o f the g ra n d averaged ERP response to the o th er-im agined, n o n -p a in fu l co n d itio n f o r the
high, lo w a nd co n tro l CU t r a it groups: Black: co n tro l CU tr a it group, blue: high CU tr a it group, Red: lo w CU tr a it
group).

O t her -Im ag ine d, Pa in fu l S ti m u li

The painful stimuli evoked a faster PI in the high CU tra it group (X = 129:66, SD
= 15.81) than the low group (X = 147.21, SD = 12.33) (t(18) = 2.77, p = .013, d = 1.24).
However, there were no significant differences between the control group's latency (X
= 136.27, SD = 17.11) and that of high CU tra it participants and low groups (t(16) = .84,
p = .412, d = .40; t(16) = 1.59, p = .132, d = .73 respectively).
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Figure 27: Com parison o f the g ra n d averaged ERP response to the o th er-im a g in e d , n o n -p a in fu l co n d itio h f o r the
high, lo w and co n tro l CU tr a it groups: Black: co n tro l CU tr a it group, blue: high CU tr a it group, Red: lo w CU tr a it
group.)

7.3.5 Pair-wise Comparisons Painful Verses Non-Painful S tim u li

When the effect of pain is explored w ith out the consideration o f the
perspective of imagination all three groups show modulation in th e ir ERP response
when observing painful and non-painful stimuli. The control group demonstrates a
shorter N250 peak latency over the FC cortex area for stimuli showing painful Stimuli
(X= 257.08, SD = 12.64) than those showing non-painful situations (X= 262.44, SD =
9.53) (t(7) = 3.49, p = .010, d = .48).

The low group also displays modulations over the FC electrodes, but in the N1
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and P170 components. The N1 am plitude is larger for stimuli depicting painful events
(.X= -.43, SD = .70) than non-painful ones (X= -.23, SD = .61) (t(9) = 2.74, p = .023, d =
.30). P170 latency, however, increases for painful stimuli (X= 189.73, SD = 8.74) by
comparison to non-painful comparisons (X= 184.51, SD = 9.31) (t(9) = 2.42, p = .039, d =
.58).

However, the high group shows modulations in both the left OP response and
the P170 over the FC. The left OP PI latency was shorter for the painful stimuli (X=
127.32, SD = 11.88) than the non-painful stimuli (X= 130.99, SD = 13.45) (t(9) = 2.72, p
= .024, d = .29). The amplitude o f the left OP N170 component was significantly smaller
for painful situations (X= -.17, SD = 1.80) than non-painful comparisons (X - -.70, SD =
.61) (t(9) = 4.47, p = .002, d = .39). The amplitude of the P170 over the FC was also
smaller in response to painful events (X= .16, SD = 1.25) than non-painful equivalents
(X= .51, SD = 1.11) (t(9) = 2.52, p = .033, d = .30).

Considering the interaction between imagined perspective and the presence of
pain, the control groups showed a significant difference in the other-imagined
condition between non-painful and painful stimuli in the latency of the P I component
over the right OP electrodes and the N2 over the FC (t(7) = 2.37, p = .049, d = .51; t(7) =
2.75, p = .029, d = .67 respectively). Over both the PI and N2 components, the painful
stimuli imagined as occurring to another evoked a shorter latency in the painful
condition (X= 122.91, SD = 13.82; X= 258.63, SD = 12.13) than the non-painful stimuli
(X= 130.34, SD = 15.49; X - 265.41, SD = 7.54). However, the self-imagined condition
invoked no differences in response between the painful and non-painful conditions.
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When comparing painful and non-painful stimuli in the other-imagined
condition, the high CU tra it group showed a significantly different ERP response over
the amplitude of N170 over the left OP electrodes and the P170 over the FC (t(9) =
2.46, p = .036, d = .37; t(9) = 3.75, p = .005, d = .38 respectively). The N170 and P170
present w ith smaller amplitudes in response to others pain (X= -.25, SD = 1.81; X= .07,
SD = 1.45) by comparison to non-painful events (X= -.88, SD = 1.62; X= .58, SD = 1.19).
However, there were no differences in the self-imagined, painful and non-painful
conditions

The low CU tra it participants presented no adaptations to painful stim uli when
compared to non-painful stimuli in neither other nor self-imagined conditions.

7.3.6

Pair-wise

Comparisons o f the Self-Imagined

Verses Other-

Imagined Conditions

When

considered w ith out the

interaction

of pain, the

self and other

perspective conditions cause no m odulation in the ERP responses in the CU tra it
experimental groups. Furthermore, when considering the interaction o f pain and
perspective the control groups and the low CU tra it group show no significant
differences in their responses to self and other imagined, neither in the painful
condition nor in response to non-painful stimuli.

For the painful stimuli, the high CU tra it experimental group showed no
differences in the ERPs recorded for the self-imagined and other-imagined conditions.
However, in the non-painful condition the high CU tra it participants demonstrate
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m odulation of their response in the latency of the P170 over the FC electrodes and the
amplitude of the left OP P2 (t(9) = 2.40, p = .040, d = .42; t(9) = 2.57, p = .030, d = .14
respectively). The latency o f the P170 was found to be shorter for the self-imagined
stimuli (X= 183.16, SD = 15.36) than the other-imagined perspective (X= 189.19, SD =
12.96). Furthermore, the self-imagined, non-painful condition evoked a larger left OP
am plitude (X= 1.04, SD = 2.58) than the other-imagined (X= .65, SD = 2.83).

7 . 4 D isc us si on

Analysis of stimuli suggests that the painful and non-painful stim uli conditions
were demonstratively different w ith regards to whether the hands were in painful or
non-painful situations, in both the self and other imagined perspective conditions. This
ensured that the differences in response were due to the CU personality traits under
investigation and not instead to the recruited stimuli. Given this, the behavioural data
presented group differences in response. The high CU tra it group exhibited a difference
between the scores given for pain and non-pain stimuli when imagining the hands in
the photographs belonged to themselves, however, when imagining that the stimuli
contained the hands of others, the high CU tra it group showed less accuracy when
rating painful and non-painful photos in others.

This pattern o f response was

replicated in the control group, though the difference in the other-imagined condition
was close enough to significance to be called into question; for instance, it is possible
that w ith more participants the control group's response to the other's hands might
have become significant. Flowever, the low CU tra it group presented highly significant
differences between both the self-imagined pain and non-painful stim uli and the

other-imagined, painful and non-painful stimuli. As the stimuli are highly significant in
the scored differences, when the population is considered as a whole, it is unlikely that
this difference is due purely to differences in stimuli.

Previous literature exploring psychopathy consistently demonstrates deficits in
empathy for pain in others in the neural and behavioural responses o f psychopaths, a
behavioural inaccuracy paralleling the clinical findings was observed in the reduced
response to pain in others in this non-clinical sample demographic (Decety et al., 2013;
Marsh et al., 2013).

The behavioural response of those high in CU tra it suggests a

mirrored reduction in concern for others pain in the investigated high CU trait;
however, the responses to the condition which required that the participant imagine
the stimuli as containing their own hands showed no such inaccuracy in interpreting
painful and non-painful stim uli content. Less expected is the borderline significance of
the control group in discerning the painful and non-painful stimuli in the otherimagined condition; it is unclear why the control group found the task more difficult
that the low CU tra it group.

The stimuli-evoked waveform components are similar to those reported by
Cheng et al (2012), including waveform components between at 120 -130, 170-190,
250 over the OP and FC areas, suggesting some convergent validity. However, the later
peaks at 300ms and 360ms, as well as the LPP peaking at 600ms, were not observed.
Li and Han (2010) reported ERP components also similar to the ones described here,
the authors observed that stimuli in the painful and non-painful conditions evoked a
negative component between 80 and 120ms (N110) at the fronto-central electrodes,
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followed by a positive component (P160) and a negative deflection later at 220-270ms
(N240) latency, suggesting sim ilarity of response across pain empathy research.
Although, again the later components described by Li and Han (2010) were not
replicated in the presented study.

Cheng et al (2012) considered that CU trait

manifestation modulated the response to painful stimuli by decreasing the frontal
N120 negativity for painful stimuli in the high CU tra it participants; furtherm ore, the
central recording sites observed that painful stimuli elicited smaller central LPP
amplitudes. Although, it was observed in the between group that the latency of the PI
component over the left OP electrodes varied significantly between the experimental
groups, the PI was shorter for the high CU trait group than the low CU trait; when
observing the adaptation of ERPs to painful and non-painful stimuli, the high group
shows modulations in the amplitude of the left OP N170 component which was smaller
for painful situations than non-painful comparisons, furtherm ore, the am plitude of the
P170 over the FC was also smaller in response to painful events. Therefore, decreases
in amplitude (although later 170 verses 130ms) were also observed in this research
paradigm. One of these reduced responses to pain adaptations was also observed over
the FC electrodes, similarly to the Cheng et al's (2012) research. Both studies suggest a
reduction in the amplitude o f response to painful stimuli by comparison to non-painful
ones in high CU tra it participants.

The low CU trait group by comparison exhibited modulations also over the FC
electrodes, although in contrast to the high group the N1 amplitude was increased for
stim uli depicting painful events than non-painful ones. This finding suggests an
increase in response over the FC electrodes peaking between 120 and 130ms. An N100
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response is often associated w ith stimulus predictability or auditory response,
however, when observed over the frontal/central cortices, an increased N1 can be
associated w ith attentiveness (Coull, 1998); thus, possibly the low CU tra it group
exhibit increased attentiveness to painful stimuli. N1 components may also be
modulated by emotional saliency (Pourtois & Vuilleumier, 2006). The P170 latency
increases for painful stimuli by comparison to non-painful comparisons, which is
unexpected. The control group demonstrated a shorter N250 peak latency over the FC
cortex area for stimuli showing pain suggesting faster response of the component to
painful stimuli.

It is possible that both the high and low CU tra it groups have personalities
which were somewhat different to the mean and possibly approaching pathologies; the
high group approaching psychopathy and the low group hyper empathy, hence the
differences in response to painful stimuli imagined from the self and other perspective
between the groups may reflect this hypothesis. However, significant research would
be required to investigate such a hypothesis fully.

Pair-wise comparisons of the self-imagined verses other-imagined conditions
showed no difference when the presence of pain was not considered. The self-other
distinction also gave no differences in ERP waveform response in the low and control
CU tra it groups when the painful and non-painful stim uli were explored for interaction.
However, in the non-painful condition the high CU tra it participants demonstrate
modulation of their response in the latency o f the P170, which was found to be shorter
for the self-imagined stimuli than the other-imagined perspective. Furthermore, the

224

self-imagined, non-painful condition evoked a larger left OP amplitude than the otherimagined. This finding suggests a smaller, slower response in the high groups P170
component to non-painful stimuli in others. Though, painful stim uli in the high group
evoked no difference in waveforms between the painful and non-painful stimuli
m irroring the low and control group.

To conclude, there seem to be differences in both the behavioural and ERP
waveforms responses of the CU tra it experimental groups. The high CU tra it group
present with a reduced accuracy in discerning painful and non-painful stimuli in others,
but not when imagining the stimuli are relevant to themselves. Furthermore, high CU
tra it participants presented w ith adaptation of response to painful stim uli centring
around the diminishment of the 170-190ms peaks over the left OP and FC electrodes.
Consideration o f the non-painful stimuli was also associated w ith larger responses of
the P170 to the stimuli considered from the perspective of occurring to oneself than
another. Whereas, by comparison, the low group exhibited no difficulty in discerning
painful and non-pain stimuli when imagined as oneself or another; this behavioural
accuracy is accompanied by an increase in the N1 amplitude, as well as an increase in
latency presented in the P170. By comparison, the control group show an unexpected
lack of accuracy in determining other-imagined painful and non-painful stimuli. Painful
stimuli were associated w ith quicker N250 component. However, changing the
imagined condition from self to other had no effect on ERP waveform response to
either the control or low CU tra it groups, only the high group as described previously.
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8.1

Ai m

Emotional valence to emotion in others is due to the activation o f the
sympathetic nervous pathway (Blair, 2005; Decety & Jackson, 2004). High CU traits in
individuals within both sub-adult CD and adult psychopathic populations are correlated
w ith reduced emotional valence (Loney et al., 2003) and deficient em pathetic
responding to emotive stimuli (beyond those looking specifically at facial expressions)
(Dadds et al., 2009). The primary research o f this programme observed a negative
association between CU traits and the emotional response. Individuals w ith higher CU
traits tended to score their experience of negative emotional stim uli less negatively
than low CU traits individuals; a less positive response to positive images was also
observed. Furthermore, CU traits correlated w ith reduced intensity on both the
positive and negative images, suggesting that high CU traits individuals score
themselves as experiencing less intensity of emotion when viewing both positive and
negative images.

Individuals with psychological disorders resulting in high CU tra it personalities
reliably present w ith depleted amygdala function to facial expressions depicting
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negative em otion, and thusly, reduced emotional valence to affective stimuli (Marsh &
Blair., 2008; Blair, 2005). Anderson and Stanford (2012) also observed that controls
present w ith a robust, persistent ERP positivity (200-900ms) to negative affective
stimuli when compared to neutral stimuli in both conditions, however, psychopathic
participants only exhibited this electrophysiological response when th e ir attention was
directed towards the emotional content o f the stimuli, though the responses were still
smaller than the amplitude of response observed in the control sample. The aim o f this
final

electrophysiological

study

was

to

investigate

the

electrophysiological

manifestation of the CU tra it associated deficit in emotional valence and the
moderating effect of attention.

8.2 Methodology

8.2.1 Pa rticip an ts

Participants were recruited as described in chapter 5. However, 3 participants
were lost due to artefacts and recording failure, tw o from the control group and one
from the high group, resulting in a control group o f 7 participants and a high CU tra it
group of 9 participants. The difference between the groups w ith regards to CU traits is
still significant at the p< .001 level.

8.2.2 M aterials

Emotion evoking stimuli were deployed in order to record the electroneurological response of participants to positive and negative emotive stim uli which
have not been abstracted from environmental factors nor context. The m ethodology
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for this study investigated participants' neurological responses to the International
Affective Picture System (IAPS) emotive stimuli set (Lang & Bradley., 2007). The IAPS is
a valence scored and validated set o f emotion evoking photographs. It is well
documented that ERP component research recruiting stimuli from IAPS images reports
that

positive

and

negative

affective

images are

responded

to

w ith

different

electrophysiological responses, particularly w ith am plitude and latency modulations in
the 100-300ms latency range (Sadeh & Verona, 2012; Cano et al., 2009; Codispoti et al.,
2007; Olofsson & Polich, 2007; Carretie et al., 2006, 2004, 2003; Schupp et al., 2003,
2000). These emotive stimuli were viewed w ith and w ith out attention to the emotive
content to observe w hether the difference in attentive response associated w ith
psychopathic traits, reported by Anderson and Stanford (2013), is also present in a
cross section of the CU tra it measure participants. It is postulated that this effect may
extend to general individuals high in CU traits and may not be present in low CU tra it
individuals or controls.

IAPS pictures were selected for 6 conditions; including 80 positive emotions in
humans (including scenes of human happiness, affection and achievement), 80 neutral
facial expressions and events depicting humans, 80 negative depictions o f humans
(including scenes o f injury and violence equivalent to those that might be observed in a
15 rated movie), 80 negative non-human scenes (including pictures o f waste,
destruction and decay), 80 depicted positive non-human scenes and objects and 80
neutral non-human scenes. These were presented w ith a target black-w hite pattern,
presented 40 times.

Half of the images in each condition were presented in a

condition during which the participant had to only respond to the target image, the
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other half in a condition during which the participant had to attend to the emotional
content of the stimuli. There were, thus, 40 images in every condition to ensure a valid
average ERP response. The positive, neutral and negative conditions were matched for
average intensity using the IAPS valence scores over the attention-only and emotional
attention conditions. Conditions recruited in this manner allowed for the investigation
of CU tra it interaction w ith positive, negative and neutral stimuli containing human
social inform ation and no human social information.

There was tw o parts to the experimental paradigm, similarly to Anderson and
Stanford (2012); the first part presented the images w ith a task that did not require the
participant to attend to the emotive content of the images, whereas the second part
presented images in the same 6 conditions but required the participants to attend to
the emotive nature of the content in order to complete the task by categorising the
picture as positive, negative or neutral. Given Anderson and Stanford's (2012) findings,
it

is

expected

that

those

w ith

high

CU

traits

would

responded

in

an

electrophysiologically different manner when they attend to the emotive stimuli,
compared to when the task did not require emotive processing. However, those low in
CU traits and the controls would be expected to react similarly regardless o f attention,
as emotional valence processing is prioritised. The 80 stimuli were therefore divided
across the tw o conditions. However, to ensure no difference in the average valence of
the data sets, which may have affected the responses across the non-em otional and
the emotional attention conditions, the IAP stimuli were arranged to ensure equal
average valence across the conditions to parameters within .2 of a valence score (see
table 28 below).
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Table 28:
Average valence scores fo r each condition.

Condition

Non-emotional Attention

Emotional Attention

Average Valence

Average Valence

Human Negative

2.42

2.39

Human Neutral

5.13

Human Positive

5.15
7.47

Scene Negative

3.14

3.16

Scene Neutral

5.16

4.97

7.41

Scene Positive

Fig u re 28: Examples o f positive, neutral and negative stim uli (top to bottom ) fro m the IAPS (Lang e t a i, 2005).
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8.2.3 Procedure

Participants were sat alone in the recording room approximately 50cm from the
presentation screen to reduce the effect o f external stimuli. Once the cap of
electrodes was applied the participants were instructed to remain as still as possible to
lim it extraneous artefacts and to blink in the inter stimuli intervals if required. Stimuli
were presented, using a com puter screen and e-prime software.

For the first part o f the experiment the target stimulus and the 6 non-emotional
attention conditions (human negative, human neutral, human positive, scene negative,
scene neutral and scene positive) stimuli were present to the participants randomly
and w ith equally probability. Each condition, as stated previously, consisted of 40
stimuli within this first block. Temporal duration of the presented stimuli was fixed at
1000ms, w ith an interval of 1000ms and pre-stimulus fixation cross presented for
500ms. The participants were instructed to press a button when they observed the
target pattern stimuli. Thus, the stimuli were observed w ith out specific attention to
th e ir affective content, or lack thereof. The total running tim e of this first task was
11.67 minutes.

The second part of the experiment was structured in a similar manner, including
40 trails of each stimuli condition. Though the target stimuli was absent for this task,
instead the participants were asked to attend to the emotional content o f the stimuli
and

categorise

them

into

positive,

neutral

and

negative

types

by

pressing

predetermined buttons on a response pad (1, 2 and 3 respectively). For consistency,
the temporal duration of the presented stimuli was again fixed at 1000ms, w ith an
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interval o f 1000ms and a pre-stimuli fixation cross shown for 500ms. The total running
tim e of the task was therefore 10 minutes.

It is considered that these stimuli arranged within this research paradigm would
allow exploration of whether lower emotional valence to photographic stimuli
presenting emotive images would be likely in those w ith high scores on the measures
of callous and unemotional traits; furtherm ore, w hether the opposite is true in those
low CU tra it individuals, by comparison to high CU tra it individuals and controls.

8.2.4 Ethics

Before participating in the study participants were briefed as to the purpose
and procedure of the research (including examples of similar stimuli), informed as to
their rights as a participant (see appendix D) and given tim e to ask questions, thus
ensuring that the participant's informed consent was given when signing the consent
form (see appendix E). After the data collection, the participants were debriefed (see
appendix F). These ethical procedures were sanctioned by the Sheffield Hallam
University Research Ethics Committee.
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8.3 Results

8.3.1 Behavioural data

There were no significant differences between the responses of the high, low
and control CU tra it groups to the 6 conditions when rating the stimuli (p > .05) (see
table 29 & 30). Furthermore, there were no differences between the groups with
regards to response times when categorising the stimuli (p > .05) (see table 31 & 32).
Data was non-parametric and therefore was analysed using appropriate

non-

parametric techniques.

Table 29:
Descriptive analysis o f betw een group responses to the em otional attention conditions.

Group Response Scores for the
Minimum

Maximum

Mean

Std. Deviation

Hum an negative

2.38

2.94

2.74

.21

Human neutral

1.48

2.13

1.95

.18

Hum an positive

1.00

2.00

1.44

.34

Scene negative

2.42

2.95

2.73

.19

Scene neutral

1.97

2.18

2.06

.07

Scene positive

1.15

1.97

1.58

H U B

Hum an negative

2.77

3.00

2.86

.07

Human neutral

1.19

2.08

1.78

.34

Hum an positive

1.00

1.91

1.31

.26

Scene negative

2.44

2.97

2.81

.16

Scene n e utral

1.96

2.32

2.13

.10

Scene positive

1.06

1.88

1.57

.31

Human negative

2.67

3.00

2.83

.13

Human neutral

1.40

2.22

1.82

Hum an positive

1.00

2.03

1.37

.37

Scene negative

2.10

3.00

2.72

.32

Scene n eutral

1.68

2.65

2.08

.26

Scene positive

1.00

1.83

1.48

.30

Conditions

High

Control

■

Low
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Table 30:
Descriptive analysis o f betw een group responses to the em otional attention conditions.

Responses to the Emotional Attention Conditions

V ' vj r

/ ■' ~

Human
negative

Human
neutral

Human
Positive

Scene
negative

Scene
neutral

Scene
positive

Kruksal-Wallis

1.19

1.00

.95

1.15

2.68

-.58

df

2

2

2

2

2

2

P-value

.552

.606

.623

.564

.262

.750

Table 31:
Descriptive analysis o f between group reaction times to the em otional attention conditions.

Group Reaction Times Scores for
Minimum

Maximum

Mean

Std. Deviation

the Conditions
Hum an negative

589.00

699.40

637.00

34.13

Human neutral

574.90

725.30

652.23

Hum an positive

584.33

735.58

663.57

52.72

Scene negative

515.77

774.48

645.59

78.04

Scene neutral

611.75

779.25

689.21

50.05

Scene positive

564.75

740.27

629.40

48.66

Hum an negative

375.77

731.75

636.47

142.57

Human neutral

305.75

735.08

593.66

134.90

Hum an positive

249.22

708.80

618.36

155.63

Scene negative

381.75

718.20

620.14

118.12

Scene neutral

538.45

740.10

668.97

58.08

Scene positive

432.38

741.95

646.76

89.66

Hum an negative

432.98

797.13

642.97

95.44

Human neutral

125.72

735.52

546.27

188.12

Hum an positive

178.75

722.20

585.71

161.00

Scene negative

569.05

755.70

649.11

69.26

Scene n e utral

438.40

715.42

608.17

94.19

Scene positive

310.57

729.75

601.65

117.92

Hi

52.29

’

HU

High

Control

Low
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Table 32:
Descriptive analysis o f betw een group reaction times to the em otional attention conditions.

Reaction Times in Response to the Emotional Attention Conditions
Human

Human

Human

Scene

Scene

Scene

Negativity

neutral

positive

negative

neutral

positive

Kruksal-Wallis

3.35

1.16

1.33

.01

4.03

2.74

df

2

2

2

2

2

2

P-value

.188

.559

.514

.996

.133

.254

8.3.2 Electrophysiological results - Present Waveform Components

Average ERP waveforms for the experimental groups were constructed by
separately averaging the electrophysiological responses for the 6 attention conditions
and 6 emotional attention conditions (human and scene images depicting negative,
neutral and positive emotional content). Analyses of ERPs were conducted on the basis
of mean amplitude (pV) and latency (ms) for each ERP waveform component's tim e
parameters across the three experimental groups. The control groups showed three
core ERP components in the left and right occipital-parietal areas (OPL and OPR); PI,
N170 and P2. The OPL activation area consisted of electrodes 01, P3/5/7 and P 03/5/7.
Activation in the right OP area is an assimilation of electrodes 02, P4/6/8 and P04/6/8.
P I was analysed as the maximum peak amplitude and latency from 80-150ms, where
the PI component was typically maximal. N170 was observed to be of maximum peak
between the 140ms and 190ms post stimuli. Finally the P2 component was observed to
be maximal between 190ms and 260ms (see figures 29-34). N l, P170 and N2
components were also observed in the fronto-central (FC) electrodes sights including:
FC1/2/3/4, F3/4, Fz, Cz, and FCz. The N l was observed between 80-150ms, the P170
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between 140-190ms and the N2 between 190 and 260ms (see figure 29-34 below).

8.3.3 Analysis o f ERP Waveform Components f o r Affective Sti m u li o f
Human and Non-Human Scenes and Effect o f A tte n tio n

3*(3 *2 *2 ) factorial ANOVAs were recruited to investigate the effect of emotion
(positive, negative and neutral), attention (attending to a non-emotional target or to
the emotional content of the image) and the content o f the scene (human or non
human); the interaction of these conditions w ith the three experimental CU tra it
groups was considered through the ANOVA analysis.

The ANOVA analysis revealed significant outcomes in the P2 over the right
occipital-parietal (OP) electrodes (F(2,23) = 4.10, p = .023, np2= .15) and the N l and N2
over the FC electrodes (F(2,23) = 2.67, p = .044, qp2 = .19; F(2,23) = 2.90, p = .032, r|p2 =
.20, respectively). These components were considered in within groups and between
groups post-hoc analyses.

Human Negative S ti m u li

W ithin groups analysis showed no m odulation within the P2 over the OP
electrodes nor the N l or N2 of the FC. However, when the negative human images
were compared between the attention and em otional-attention conditions the high CU
tra it participant's showed a modulation in the mean amplitude o f the P I com ponent in
the left OP response (t(8) = 2.90, p = .020, d = .45); the attention condition showed a
lower amplitude of the P I to negative images o f humans (X = .36, SD = 1.89) by
comparison to the emotional attention condition (X = 1.11, SD = 1.40). By comparison,
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the control group and low groups showed no significant shifts in their waveform when
analysed between the attention and em otional-attention conditions. Therefore, only
the high group increases th e ir neural response significantly to negative affective images
between the attention only condition and the emotional attention condition; the
control and low CU tra it groups show the same neural response to the negative images
in both conditions.

Examining the differences between the experimental CU tra it groups with
regards to their electrophysiological responses to

negative images of humans,

differences are only observed in the attention only condition.

Analysis o f variance

reveals a significant difference in the am plitude o f the P2 over the right OP electrode
(F(2,23) = 4.34, p = .025, pp2 = .27); post hoc tests reveal that the high CU tra it is
significantly higher in mean amplitude (X = 6.45, SD = 4.3) than the control (X = 2.50,
SD = 2.82) and low (X = 2.65, SD = 2.03) CU tra it groups (t(14) = 2.21, p = .45, d = 1.09;
t(17) = 2.51, p = .023, d = 1.13 respectively). There was no difference between the
control and low groups (t(15) = .13, p = .901, d = .06). Although none are significant if
the alpha value is Bonferroni corrected to .017. Furthermore, there were no differences
between the CU tra it groups' waveforms in the emotional attention condition,
suggesting that the high group deviates from the controls' neurotypical response only
when their attention is not drawn to the emotional content of the negative stimuli.
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Figure 2 9 : Comparing CU tra it group responses to negative human stim uli in the attention and em otional-attention
scenes. Control group - black: attention stimuli, blue: em otional-attention stimuli. High group - red: attention
stimuli, green: emotional-attention. Low group - light blue: attention stimuli, yellow: em otional-attention stimuli.
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Human Neutral Stimuli

W ithin groups analysis reveals that the neutral human stimuli invoke ERP
waveform m odulation between the attention and em otional-attention for the high
experimental group, but once again the control and low group show no adaptation in
waveform response between the attention and em otional-attention conditions. The
high groups show several modulations in their waveform components between the
attention and emotional attention conditions. The N l over the FC electrodes was again
larger in amplitude in response to the emotional attention (X = -1.16, SD = 1:48) in
comparison to the attention condition (X = .02, SD = 1.33) (t(8) = 4.36, p = .002, d =
.84). Emotional attention also invoked a larger N2 response over the FC electrodes (X =
-3.54, SD = 2.18 verses X = -2.24, SD =2.08) (t(9) = 3.92, p= .004, d = .61). Such
outcomes suggest that again the emotional attention condition has a highly modifying
effect on the response of the high CU tra it individuals for neutral stimuli. Larger mean
amplitudes of the N l and N2 suggest increased activation of the FC cortical regions
when attention is drawn to trying to assess the emotional content o f neutral stimuli.
However, the attentional conditions to human neutral stimuli have no such modifying
effects on the control or low CU tra it group.

Between groups analyses reveal no significant differences between the groups
with regards to the generated waveforms for neutral human stimuli in neither the nonemotional attention condition nor the emotional attentional conditions; suggesting the
groups are responding in a similar neural manner to neutral human stim uli, as is
measurable by EEG.
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Figure BO: Com paring CU tr a it group responses to n e u tra l hum an s tim u li in the a tte n tio n and e m o tio n a l-a tte n tio n
scenes. C ontrol g ro u p - black: a tte n tio n stim uli, blue: e m o tio n a l-a tte n tio n stim uli. High gro u p - red: a tte n tio n
stim uli, green: e m o tio n a l-a tte n tio n . Low group - lig h t blue: a tte n tio n stim uli, ye llo w : e m o tio n a l-a tte n tio n s tim u li.)
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Human Positive Stimuli

W ithin groups analysis showed no m odulation within the P2 over the OP
electrodes nor the N l or N2 of the FC between the attention and emotional attention
conditions in the control group for positive human images. However, the high CU tra it
group showed modulation of the ERP in response to the attention and emotional
attention conditions. The N l response over the FC electrodes was larger in amplitude
in response to the emotional attention (X = -1.37, SD = 1.18) condition than the
attention condition (X = -.69, SD = .85) (t(8) = 2.73, p = .026, d = .66). The increases in
the amplitude of the ERP components in response to the emotional attention condition
in the high CU tra it group for positive human images mimic the results for the negative
and neutral stimuli. Interestingly, the low CU tra it participants also showed modulation
in response to the positive human stimuli when their attention is drawn to the
emotional content of the stimuli. An increase in mean am plitude was seen for the P2
component over OPR electrodes in response to the emotional attention condition (X =
5.39, SD = 4.11) by comparison to the attention condition (X = 2.27, SD = 1.68) (t(9) =
2.60, p = .029, d = .66).

As for negative human stimuli, between groups analysis only reveals differences
in the CU tra it group's responses to positive stimuli in the attention only condition. The
P2 over the right OP electrodes is significantly different between the groups (F(2,23) =
3.56, p = .045, np2 = .24); a larger mean P2 component is observed for the high group
(X = 5.36, SD = 3.83) than the low CU tra it groups (X = 2.27, SD = 1.68) (t(17) = 2.32, p=
.033, d = 1.04). However, there was no significant difference between the P2 am plitude

241

of the high CU tra it and the control group (X = 2.04, SD = 1.85) (t(14) = 1.90, p= .078, d
= 1.10) nor between the control and low groups (t(15) = .21, p = .837, d = .13). The
emotional attention condition reveals no significant differences between the groups
ERP waveform responses to positive stimuli, suggesting that, similarly the responses to
negative stimuli, when the high group's attention is drawn to the emotional content of
the stimuli their responses are similar to those in the control and low CU tra it groups.
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Figure 31: Com paring CU tr a it group responses to positive hum an s tim u li in the a tte n tio n and e m o tio n a l-a tte n tio n
scenes. C ontrol gro u p - black: a tte n tio n stim uli, blue: e m o tio n a l-a tte n tio n stim uli. High g ro u p - red: a tte n tio n
stim uli, green: e m o tio n a l-a tte n tio n . Low group - lig h t blue: a tte n tio n stim uli, ye llo w : e m o tio n a l-a tte n tio n stim uli.

243

Negative Non-Human Scene Stimuli

Pairwise analysis of the ERP waveform responses to negative emotional stimuli
depicting non-human scenes reveals no significant differences in the low, high and
control CU tra it groups' responses to negative scenes in the attention and emotional
attention conditions in the P2, N l or N2 components.

Between groups analysis reveals that, as for human negative stimuli, the
negative scene stimuli presented between group differences only in the non-emotional
attention condition. The P2 over the right OP electrodes was significantly different in
mean amplitude between the groups (F(2,23) = 4.18, p = .028, pp2 = -27); The high CU
tra it group was significantly larger in mean amplitude (X = 6.10, SD = 3.49) than the
control group (X = 2.17, SD = 2.94) (t(14) = 2.39, p = .031, d = 1.22) and the low group
(X = 2.85, SD = 2.54) (t(17) = 2.34, p = .032, d = 1.06). No significant differences were
observed between the controls and low CU tra it group (t(15) = .52, p = .613, d = .25).
Once the attention of the experimental groups was draw to the em otional content of
the stimuli no significant differences were observed between the components o f th e ir
ERP waveforms.
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Figure 32: C om paring CU tr a it g roup responses to negative, non-hum an scene s tim u li in the a tte n tio n a n d e m o tio n a la tte n tio n scenes. C ontrol gro u p - black: a tte n tio n stim uli, blue: e m o tio n a l-a tte n tio n stim uli. High gro u p - red:
a tte n tio n stim uli, green: e m o tio n a l-a tte n tio n . Low group - lig h t blue: a tte n tio n stim uli, ye llo w : e m o tio n a l-a tte n tio n
stim uli.
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Neutral Non-Human Scene Stimuli

Pairwise, within groups analysis reveals that the control group demonstrated
significant increases in the mean am plitude of the N l over the FC in the emotional
attention condition (X = -.95, SD = 1.43) when compare to the attention condition (X = .04, SD = 1.19) (t(6) = 3.11, p = .021, d = .69). The high groups showed similar, but more
pervasive, adaptation o f their responses in their ERP waveforms to controls, when
considering the emotional content of neutral stimuli containing non-human scenes.
Increases in mean am plitude were observed in both the N l and N2 over the FC for the
emotional attention condition when compared to the attention only condition (see
table 33).

Table 33:
Modulations of mean am plitude in the high CU trait groups responses to neutral scenes.

Component

N l FC

N2 FC

Mean

-.11

-2.36

SD

1.17

2.08

Emotional

Mean

-1.10

Attention

SD

1.46

-3.49
1.93

t(8) = 4.72

t(8)= 3.78

p = .001
d=. 75

p= .005
d = .56

Attention

Comparison

The low groups also presented w ith increases in the mean am plitude in the N l
over the FC, the right OP P2 and the N2 over the FC electrodes, when the attention of
the participants was drawn to the emotional content of the stimuli (see table 34):
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Table 34:
Modulations of mean am plitude in the low CU trait groups responses to neutral scenes.

Component
Attention

M ean
SD

N l FC

P2 OPR

N2 FC

.02
.74

2.30

-1.08

1.91

1.49

Emotional

Mean

-.74

6.33

-3.50

Attention

SD

1.21

4.91

3.17

t(9) = 2.51

t(9) = 2.54

t{9)= 2.45

p= .034

p= .032

p= .037

d = .76

d = 1.08

d = .98

Comparison

These findings suggest similar responses across the groups to neutral stimuli;
however, the high CU tra it group shows the most pervasive modulation o f their
response between the

attention

and emotional

attention

stimuli

presentation

conditions. The greater prevalence o f increased responses to the emotional attention
condition maybe due to some difficulty discerning the emotional content o f neutral,
non-human stimuli.

Between groups analysis reveals significant differences in the mean amplitude
right OP P2 (F(2,23) = 5.20, p= .014, pp2 = .31) components in the non-emotional
attention condition. The right OP P2 was significantly increased in mean am plitude for
the high CU tra it group (X = 6.13, SD =3.86) by comparison to the control (X = 2.14, SD
=2.76) and low CU tra it participants (X = 2.30, SD =1.91) (t(14) = 2.31, p = .037, d = 1.19;
t(17) = 2.79, p = .013, d = 1.26 respectively). There was, however, no significant
difference between the control and low (t(15) = .14, p = .894, d = .07). Only the
difference between the high and low CU tra it experimental groups is significant at a
Bonferroni corrected alpha level of .017. There were no significant differences in the
experimental CU tra it groups ERP responses to neutral stimuli when th e ir attention is
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draw to the potential emotional content o f the non-human scene stimuli.
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Figure 33: Com paring CU tr a it group responses to neutral, non-hum an scene s tim u li in the a tte n tio n a n d e m o tio n a la tte n tio n scenes. Control gro u p - black: a tte n tio n stim uli, blue: e m o tio n a l-a tte n tio n stim uli. High gro u p - red:
a tte n tio n stim uli, green: e m o tio n a l-a tte n tio n . Low group - lig h t blue: a tte n tio n stim uli, ye llo w : e m o tio n a l-a tte n tio n
stim uli.)
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Positive Non-Human Scene Stimuli

Pairwise

analysis

between

the

non-emotional

and

emotional

attention

condition responses to positive non-human scenes revealed no modulations in
response by the control participants. However, both the high and low groups adapted
their ERP waveform responses to the positive non-human stimuli. The high CU trait
group presented w ith decreases in right OP P2 mean am plitude when their attention is
drawn to the positive stimuli (X = 3.90, SD =3.07) by comparison to the attention only
condition (X = 5.53, SD =4.43) (t(8) = 2.63, p = .030, d = .43). By comparison, the low
groups exhibited increases in the FC N1 and N2 components mean am plitude (see table
35). Different ERP responses are therefore exhibited by the high and low CU tra it
groups to positive stimuli in the attention and emotional attention conditions,
whereas, no modulation is observed in the control group.

Table 35:
Modulations of mean am plitude in the low CU trait groups responses to positive scenes

Component
Attention

N1 FC

N2FC

Mean

.19

-1.16

SD

1.12

1.86

Emotional

M ean

-.7 4

-3 .5 0

Attention

SD

1 .2 4

2 .6 4

t(9) = 3.66

t(9)= 2.43

Comparison

p= .005
d = .79
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p= .038

d=

1.02

A similar pattern emerges in the between groups analysis as previously; the CU
tra it groups show difference in response over the right OP electrodes P2 com ponent
(F(2,23) = 6.19, p= .007, pp2 = .35) in the non-emotional attention condition, but no
differences are observed in the emotional attention condition. Post hoc analysis o f the
P2 component suggests a significantly larger mean amplitude in the high CU tra it group
(X = 7.33, SD =4.18) than the low CU tra it group (X = 2.78, SD =2.27) and controls (X =
2.48, SD =2.99) (t(17) = 3.00, p= .008, d = 1.35; t(14) = 2.59, p = .021, d = 1.33
respectively). However, again there were no differences in amplitude between the
control and low CU tra it group (t(15) = .237, p= .816, d = .11).

In conclusion, these findings therefore suggest that, when attending to the
em otion of the stimuli, the high CU tra it group respond by producing ERP waveforms
similar to the control and low CU tra it group's, but respond in a different neural
manner when not specifically attending to emotional content. This difference is seen to
manifest in the P2 component of the right OP electrodes; the P2 is larger over this
cortical area when attention is not drawn to emotional content but normalises to
control and low CU tra it groups when the participants are instructed to attend to
emotional content. These differences were observed in human negative and positive
stimuli, but similar waveforms were observed in the human neutral stimuli across the
CU tra it groups in both attentional conditions. Few differences were observed between
the low and control CU tra it group.
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Figure 34: Com paring CU tr a it group responses to positive, non-hum an scene s tim u li in the a tte n tio n a n d e m o tio n a la tte n tio n scenes. C ontrol g ro u p - black: a tte n tio n stim uli, blue: e m o tio n a l-a tte n tio n stim uli. High g ro u p - red:
a tte n tio n stim uli, green: e m o tio n a l-a tte n tio n . Low group - lig h t blue: a tte n tio n stim uli, ye llo w : e m o tio n a l-a tte n tio n
stim uli.
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8.4 Discussion

Analyses o f ERPs, conducted on the basis of mean amplitude (p.V) and latency
(ms) for each ERP waveform

component's tim e

parameters across the three

experimental groups, presented three core ERP components in the left and right
occipital-parietal areas; PI, N170 and P2. Furthermore, N l, P170 and N2 components
were detected in the fronto-central electrodes sights. These components were
modulated both by the presentation conditions (whether the participants were
directed towards the emotional content of the stimuli or not) and the experimental
group.

Pairwise comparison of the attention and em otional-attention conditions
revealed that only the high CU tra it group adapt their neural response between the
conditions in response to negative human stimuli. The high group exhibited an increase
in the PI waveform component over the left OP area to negative human stim uli when
the participants' attention was drawn to the emotional content of the stim uli. These
findings suggest that there is increased PI ERP response of the left OP area to negative
affective images when the high CU tra it participant's attention is directed to the
emotional content; this increase in ERP amplitude response is observed to both human
and non-human images. By comparison, the control and low CU tra it experimental
groups showed no such increased m odulation o f th e ir response between the attention
conditions for negative stimuli suggesting that their attention and valence does not
change for the negative human stimuli w ith regards to their presentation. This may be
because control and low CU tra it individuals automatically attend to the emotional
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content of negative stimuli.

Between groups analysis revealed that in response to both the human and
non-human scenes w ith negative affect the high CU tra it group was significantly
different in their neural response only within the attention condition. Mean am plitude
of the right OP was higher than that of the control and low group in response to both
the human and non-human scene stimuli in the attention only condition. However, the
high CU tra it group's ERP response is not significantly different from that o f control or
low CU tra it participants' once their attention is specifically directed towards the
affective content of the stimuli. Therefore, it appears that the high CU tra it group's
response normalises to a neurotypical response and is not discernible from that of
those at the low end of the CU tra it distribution or the controls, when they attend to
the em otion of photographic stimuli.

Previously, Anderson and Stanford (2012) also

observed that psychopathic individual's emotion-sensitive late positive potential (LPP)
was similar to controls at 200-900ms though only when their attention is drawn to
emotional components of stimuli. However, LPP was not observed; instead the
difference between groups seemed to manifest in the right OP P2, another established
emotion-sensitive ERP component that has been associated w ith affective valence
processing (Carretie et al., 2004; Delplanque et al., 2004). This normalisation of high CU
tra it neural responses, when attention to emotion is directed rather than voluntary, is
congruent w ith recent fMRI research on clinical populations (Larson et al., 2013;
M effert et al., 2013).

Human neutral stimuli presented with adaptation only in the high CU tra it
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group between the non-emotional and em otion directed conditions; increases in the
N1 and N2 FC electrodes' mean amplitudes were observed in response to directing the
attention of the participants to the emotion content o f neutral stimuli. This finding
suggests that a more cognitive top-down consideration of neutral stimuli once
attention is drawn to the emotional content of the stimuli. Again, no adaptation of
response was induced by the conditions in the control and low CU tra it groups.
Furthermore, no difference was observed in between group analysis for either
condition, suggesting the

neutral presence o f humans is not associated with

differences in the electroneurological responses o f participants differing in their
manifestation of CU traits.

The dysfunction of the high CU tra it group's attention,

manifesting in the larger right OP P2 response, seems to therefore, be specifically a
function o f the interaction between affective valence and attention, and not a function
of attention alone.

Neutral non-human scenes were unexpectedly associated w ith modulations in
all three CU tra it groups' ERP waveforms. Increases in the mean am plitude of the N1
components were common to all three experimental groups. This may be due to the
increased cognitive effort needed to infer emotional content judgem ent in nonemotional scenes o f non-human objects. Another explanation may be that, despite
great effort to ensure equal valence of the stimuli in each condition using the IAPS
valence scores, those in em otional attention directed condition may have differed in
some way which

invoked

increased

electrophysiological

responses in the

ERP

components. Between groups analysis once again revealed increased right OP P2 mean
amplitude in the high CU tra it groups in the non-emotional attention condition, but no
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significant difference

in the

emotional

attention

conditions;

again,

suggesting

normalisation o f the high CU tra it ERP waveforms to that of controls and low CU tra it
participants when attention to em otion is specifically required.

Positive

stimuli

containing

humans

evoked

adaptation

across

the

tw o

attentional conditions in the tw o experimental groups, but not the controls suggesting
a more pervasive difference in the response to human positivity when attending to the
emotional content of presented scenes. The ERP components in which the adaption
manifested varied between the groups, however, all exhibit an increase in mean
am plitude in the component differences. Non-human positive scenes, by contrast,
presented w ith differences in ERP waveforms in the attention conditions again for high
and low CU tra it participants, but the high CU tra it group presented w ith reduced ERP
am plitude in the OP P2 and lows increases in the N1 and N2. Such pervasive adaptation
of response within the groups between the attention conditions suggests that
electroneurological ERP responses to positive stimuli, particularly those w ith human
content, are more sensitive to the attention required by the condition and/or cognitive
task. This may be im portant when considering future neurological em otion research
methodology.

Between groups analysis again revealed that, in response to both the human
and non-human scenes w ith positive affect, the high CU tra it group was significantly
different in their ERP response only within the attention condition. In reflection o f the
negative, the mean amplitude of the right OP was higher than that of the control and
low group in response to both the human and non-human scene positive stim uli in the
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attention only condition. ERP responses were, however, not significantly different from
that o f control or low CU tra it participants' once their attention was directed towards
the emotional content of the stimuli. The high CU tra it group's ERP waveform response
again normalises to a neurotypical response, not significantly different from that of
those at the low end of the CU tra it distribution or the controls, when they attend to
the emotion o f photographic stimuli. Therefore, the high CU tra it group persistently
present w ith an increased P2 amplitude over the right OP in the non-emotional
attention conditions to all but the neutral human stimuli; this P2 component may
therefore

be a correlate

o f high

CU tra it

em otional

processing dysfunction.

Hyperactivity of the parietal area has been previously associated w ith psychopathic
responses to emotional stim uli (M uller et al., 2003). It is also demonstrable that the
normalisation of the response in the em otionally directed attention condition,
supported by previous research findings, is present to positive, as well as negative,
stimuli (Larson et al., 2013; M effert et al., 2013; Anderson & Stanford, 2012). These are
both points that could be further researched into the effect of affective valence and
attention

on the

neural

responses of those w ith

varying

levels o f CU tra it

manifestation.

It is also worth noting that the control and low CU tra it groups ERP responses
are very rarely distinguishable from each other in regards to their responses to
emotional stimuli. Only small differences were observed in the modulations between
non-emotional and em otional attention conditions for positive em otional stim uli of
human and non-human scenes and neutral non-human scenes. Between groups
analysis exhibit no waveform differences between the tw o groups. Further research
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could be done to see w hether more extremely low CU tra it individuals w ith high
empathy, perhaps those w ith M irror Touch Synaesthesia, are distinguishable from
controls in their ERP responses to affective stimuli.

There are tw o core limitations o f the recruited methodology. Firstly, the task, by
the nature of this study, had to vary between the attentional conditions; the
differences in required m otor response in the task could have affected the resulting
ERP waveforms and, potentially, confounded the effect of attention. However, there is
no pattern o f consistent differences between the condition observed, particularly in
the control and low CU tra it groups, which allows postulation that any differences are
due to the groups adaptation of emotional valence processing, where observed.
Secondly, to ensure that there was no contamination of the non-emotional attention
task w ith the demand characteristics of the emotional attention task, and to ensure
that voluntary attendance to emotional content was ensured in the attention only task,
the attention only task was always run first. There is the potential for order effects,
such as fatigue, in such a design, though should such an effect have occurred a pattern
of response across the conditions for all groups would have been observed and none is
present, again suggesting that the findings are due only to the attention to emotional
content.

To conclude, there are tw o key findings revealed by this ERP research into the
effect of attention on emotional valence processing in participants with varying levels
of CU traits. Firstly, the high CU trait group displays most m odulation o f th e ir ERP
response both within the attentional conditions and between the groups in the non-
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emotional attention condition. Between the groups the high CU tra it group presented
w ith a consistently larger Right OP P2 component in response to both negative and
positive stimuli. This result was consistent for both human and non-human scenes,
suggesting that emotional content is the core factor. By comparison the low and
control CU tra it groups exhibited no significant differences in their responses to the
various affect presentations. The second core observation provided is that the detected
difference in the high CU tra it group's ERP response to positive and negative emotional
stimuli, by comparison to the control and low CU tra it individuals, disappears when the
attention of the participants is directed towards the emotional content o f the images.
The findings may suggest a normalisation to a neurotypical ERP response modulated by
attention to specific cues o f affect; furtherm ore, the affective valence deficits in high
CU tra it individuals may be indicative o f dysfunctional attention to emotional
inform ation rather than an inability to respond in a neurotypical manner. W ithout
voluntary and prioritised awareness of the emotional content of situations, appropriate
and expected empathy responses could not be generated, even if the required neural
facilities are available for such a response to occur. This postulation aligns w ith similar
findings in research into both clinical psychopathic samples and those using fMRI
imaging techniques (Larson et al., 2013; M effert et al., 2013; Anderson & Stanford,
2012 ).
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Chapter 9:

G e n e r a l D is c u s s io n

The purpose of this thesis was to explore the relationship between CU traits
and empathy w ith regards to both the psychological and neural correlates of any
present

associations. Study

1 explored

the

manifestation

o f CU traits

using

psychometric measures and behavioural measures to investigate the relationship
between CU traits and empathy-processing abilities. This prelim inary study also
informed the methodological paradigms of the electrophysiological research and
provided participants fo r the investigation into the electrophysiological correlates of
empathy processing with regards to CU traits. The electrophysiological research
focused on three key empathy processing constructs and their neural correlates w ith
regards to CU traits; these constructs were: responses to facial expressions o f em otion
- a component of emotional empathy, EEG reactions to abstract painful and non
painful scenarios requiring the use of the cognitive elements o f em pathy processing
and, finally, the affective valence response.

There were six fundamental questions that were addressed through this thesis:

1.

W hat is the distribution of empathic processing ability and callousunemotional (CU) traits? The proposed research aims to examine these
constructs within a general population using a constellation of established
self-report measures.
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2.

The second objective is to examine the relationship between em pathy and
CU traits. Do measures o f CU tra it severity correlate negatively with
measures o f empathy-processing,

emotion

recognition

and

affective

valences as would be predicted from clinically-diagnosed populations?
3.

Are cognitive empathy and emotional empathy dissociable w ithin CU traits?
The

self-report

data

w ill

simultaneously

investigate

the

possible

fractionation o f empathic abilities in CU traits.
4.

How are the
measured

neurological

correlates of emotional

by expression recognition, as identified

empathic ability,
using topographic

electroencephalographic (EEG) recording and event related potential (ERP)
analyses modulated by CU traits?
5.

How are the ERP waveforms of cognitive empathy, measured by reactions
to abstract painful and non-painful scenarios, modulated by CU traits?

6.

How are the electroneurological correlates o f affective valence modulated
by CU traits and attention?
The research provided outcomes in all o f these areas, providing both insights

into the relationship between CU traits, empathy processing and affective valence in
the general population, and actionable outcomes which generate future research
possibilities.

These research results and continuation possibilities w ill be discussed

subsequently.
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9.1 Research exploring the psychological manifestation o f CallousUnemotional Traits and t h e ir Relationship with Empathy

Study one aimed to address the first three research questions. To recapitulate,
exploration o f the influence o f Callous and Unemotional traits on empathy and
emotional processing was facilitated by the recruitm ent of the Inventory o f CallousUnemotional Traits (Frick, 2004) and The Antisocial Process Screening Device (Frick &
Hare, 2001). Furthermore, tw o self-report measures of empathy, the Interpersonal
Reactivity

Index

(Davis,

1983)

and

the

Empathy

Q uotient

(Baron-Cohen

&

W heelwright, 2004) were recruited to examine the cognitive and em otional empathy
of the participant. The dual measures of empathy were employed to provide an
assimilated score of emotional and cognitive empathy that would help negate the
effect of subjective definitions of the empathy construct within empathy measuring
psychometrics (Reniers et al., 2011). The inclusion o f measures o f both cognitive and
emotional empathy allowed the analysis of the potential disassociations between
these distinct forms of empathy; furtherm ore, the prevalence and distribution o f CU
traits in the sample general population could also be investigated. A direct measure of
facial emotion recognition and indirect measures of affective valence were included to
explore empathetic response of the participants.

The findings of this research are discussed in relation to the questions to
research was designed to answer.
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9.1.2 Research Question 1 - What is the d is tr ib u tio n o f empathic
processing a b i l i t y and callou s-unem otio nal (CU) traits?

Reflection on the results of Inventory of Callous -U nem otional Traits suggests
that CU traits and empathy processing manifest in a normal, continuous distribution
throughout the general population. This finding suggests a dimensional, rather than
categorical or discrete, m anifestation of CU traits; an outcome in agreement w ith
recent findings suggesting a dimensional manifestation o f similar constructs, such as
psychopathy and conduct disorder (Hare & Neumann, 2008; Marcus et al., 2004;
Skeem et al., 2003). The undertaken research suggested a pervasive manifestation of
CU traits, core personality traits o f these disorders, exist on a normal distribution
continuum within the population, and those patients of psychopathy and conduct
disorder may lie at the extreme high end of this distribution (Edens et al., 2006; Lynam,
2002; Lilienfeld, 1994). The conclusion of these finding when combined w ith those of
previous literature is that CU traits are continuously distributed personality traits in a
subclinical population.
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9.1.3 Research Question 2 - Do measures o f CU t r a i t severity correlate
negatively w it h measures o f empathy-processing, emotion
recognition and affective valences as would be predicted f r o m
clinically-diagnosed populations?

Emotional

empathy was tested

through

the

participants'

responses to

psychometrics, the ability to correctly identify facial expression stimuli, the selfreported

emotional

valence

response

to

these

expressions

and,

finally,

the

participant's report affective valence (see chapter 4). A strong negative correlation is
observed in between the psychometric measures o f CU traits and em otional em pathy
which mirrors previous explorations of clinical, and the limited subclinical, CU tra it
m anifestation (Dadds et al., 2009; Hastings et al., 2008; Marsh & Blair, 2008; Blair,
2005).

The assimilated cognitive empathy measure was also observed to negatively
correlate w ith the psychometric CU tra it measure. The clinical disorders o f Conduct
Disorder, Antisocial Personality Disorder and Psychopathy reliably report em otional
empathy to be dysfunctional within high CU traits clinical patients, however, cognitive
empathy is usually reported intact (e.g. Blair, 2008; Marsh & Blair, 2008; Blair, 2005).
However, a significant negative correlation was observed between CU traits and
reported cognitive empathy (see chapter 4).

Of the six basic expressions of emotion explored, the prelim inary research
showed that only fear recognition associated negatively w ith callous and unem otional
tra it manifestation. This lower accuracy of fear recognition demonstrated patterns of
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response congruent w ith clinical research, which has established a reliable dysfunction
in the ability of those w ith high CU tra it conditions to recognise fearful facial
expressions (Fairchild et al., 2010; Fairchild et al., 2009; Hastings et al., 2008; Marsh &
Blair, 2008; Blair, 2005). Despite evidence of reduced recognition o f fearful expression,
no further dysfunction in recognition was observed fo r the other expressions, which
might have been expected given research into high CU tra it disorders which often
evidences reduction in the recognition of other expressions (Dawel et al., 2012;
Fairchild et al., 2010; Hastings et al., 2008; Blair, 2005). However, fear recognition
reduction is the most reliably reported within the research on clinical and subclinical
populations, possibly due to the, usually, larger effect size (Dawel et al., 2012; Fairchild
et al., 2010; Hastings et al., 2008; Blair, 2005). It is possible that different samples and
stimuli influence whether these results are significant, the exact effect of these
potential confounding factors would

need to

be determined through

fu rth e r

investigation.

It is w orth noting that the specific reduction in fear recognition ability observed
agrees strongly with research which looks specifically at CU tra it manifestation, rather
than psychopathic traits, ASPD and CD (Leist & Dadds, 2009; Munoz, 2009). Therefore,
CU traits may be specifically sensitive to fearful expressions w ith regards to reported
recognition deficits. However, recent papers contest this conclusion suggesting that
either a more pervasive dysfunction or even a positive association w ith fear
recognition (e.g. Prado et al., 2015; Del Gaizo & Falkenbach., 2008). Again, the
modulating effect of CU traits on facial expression recognition is an area requiring
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fu rther investigation. To conclude, the research literature portrays a tangle of results
regarding the relationship between CU traits and emotion recognition.

The research presented w ithin this thesis built on emotion recognition research
by exploring the relationship between CU traits and affective valence response to
facial expressions.

High CU traits in individuals w ithin both CD and psychopathic

populations often present w ith reduced emotional valence (AN et al., 2009; Loney et
al., 2003; Lorenz & Newman, 2002; Levenston et al., 2000; W illiamson et al., 1991);
therefore this research extended the literature to a subclinical population. Differences
were observed on both the positive-negative and intensity scales o f the selfassessment manikin (SAM), used to indirectly measure emotional responding, in
response to facial affect. Response to emotional expression in peers is a key
psychological construct w ithin emotional empathy. Negative facial expressions were
found to initiate less negative scoring in those participant's scoring more highly in the
measure o f CU traits, this pattern o f response is borne out over all 5 negative
emotions. Interestingly, the reverse pattern is seen in the participant responses to
facial expressions of happiness, w ith those individuals high in callous and unemotional
traits giving less positive responses. When considering the intensity of the evoked
emotional empathy response, those higher in CU traits reacted w ith less intensity to
stim uli depicting anger, disgust and pain. Fear stimuli were not associated changes in
intensity of response across CU tra it prevalence, however, if the expressions are being
misidentified it may be that the valence o f one of the other expressions is more
relevant.
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Furthermore, the findings

regarding participant's

responses to

emotion

invoking images suggest that CU traits consistently revealed a lower level o f emotional
valence in response to both positive and negative affective stimuli. This result was
observed over both the positive-negative and intensity scales o f the SAM in the
general population. These findings mirrored closely the outcomes of both clinical
population's research and research in sub-clinical populations w ith regards to the
affective responding o f the participants being reduced at higher manifestations of CU
traits (Loney et al., 2003; Lorenz & Newman, 2002; Levenston et al., 2000; Williamson
et al., 1991); therefore, a reduction in emotional response seems to be reliably
observed in those with higher CU traits across clinical and subclinical research
demographics.

9.1.4 Research Question 3 - Are cognitive empathy and em otion al
empathy dissociable w it h in CU traits?

Despite the substantial evidence of a dysfunction in the neural circuitry
processing emotional empathy in high CU tra it individuals, there is an am biguity in the
evidence considering potential deficits in cognitive empathic ability; however, typically
cognitive empathy is reported as being intact (Jones et al., 2010; Richell et al., 2003;
Blair et al., 1996).Despite this commonly reported empathy paradigm, the results of
this research into the general population seem to suggest a more complex association,
suggesting that both emotional and cognitive empathy negatively correlate w ith CU
traits.

Such a finding tentatively suggests that perhaps CU traits are indicative o f a

dysfunction in both emotional and cognitive empathy processing in the general

266

population, but that the negative association w ith cognitive empathy is much more
tenuous and may be dependent on the type of tasks employed and the statistical
analyses used to examine them , whereas emotional empathy is independently,
negatively associated with CU traits. The number o f predictors in the analysis seems to
be particularly im portant.

Research that concentrates specifically on CU traits and psychopathic traits in
the general population, rather than high CU tra it disorders, has also previously
evidenced this negative association w ith cognitive empathy measures (Ali & ChamorroPremuzic, 2010; Dadds et al., 2009). It is possible that reduced cognitive em pathy may
be specifically a feature of high CU traits in the general, non-clinical population,
contrasting to the prevalence and characteristics of cognitive empathy w ithin high CU
tra it clinical populations. However, there are other factors which may also explain the
variability of results within the literature, and seen within the described research.

The reduction in cognitive empathy may be task dependent; the research
presented in this thesis used psychometric measure whereas previous research has
focused on behavioural measures of cognitive empathy e.g. the Reading the Mind in
the Eyes test (Blair, 2008). Both Ali and Chamorro-Premuzic (2010) and Dadds et al
(2009), papers that reported reductions in cognitive empathy, used facial recognition
tasks, it maybe that these tasks are a measure more closely associated w ith em otional
empathy, as is evidentiary in the research presented in chapter 4. Furthermore, the
power of the experimental design paradigm and the form o f analysis used may
influence results. For example, when the data was analysed via correlation a decrease

267

in cognitive and emotional empathy in those w ith higher CU tra it m anifestation was
observed. Analysis using Steiger's Z inferential testing to compare the coefficients
shows a significant difference in the size of the coefficients for cognitive and emotional
empathy, the negative association w ith cognitive empathy being significantly weaker
than for emotional empathy. However, analysis through linear regression of this same
data indicates that only emotional empathy (when controlling fo r cognitive empathy)
was predictive o f CU tra it scores - the opposite pattern was not significant when
controlling fo r emotional empathy. This suggests that the latter may have a
modulating effect on cognitive empathy in relation to CU traits, and may somewhat
explain the mixed results in previous literature.

The outcomes o f the described research suggest that a reduction in both selfreported cognitive and emotional empathy is associated w ith

higher CU tra it

manifestation in a general demographic, but that the decrease in em otional empathy
exhibits a significantly larger negative correlation w ith CU traits; thus a disassociation
in the magnitude of empathy processing dysfunction is postulated, rather than the
more commonly reported preservation of cognitive empathy w ith dysfunction of
empathy processing being restricted to emotional em pathy components.

For a quick read infographic summary of these findings see Figure 35.
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Figure 35: An in fo g ra p h ic describing the results o f research stu d y 1.
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9.1.5 P otentia l Research Extensions

The outcomes of this primary research study raised many questions that could
be investigated through future research. One of the most intriguing was the conflicting
result regarding whether emotional and cognitive empathy were disassociated in the
general sample of participants studied. Future research would need to examine if a
disassociation truly exists within this general demographic, or w hether a universal
reduction in the emotional and cognitive empathy constructs is more common within
non-clinical samples, and to what extent different tasks and data analysis approaches
effect the outcome of such research. Particularly, im portant is w hether facial
expression research is appropriate to be used as a method of cognitive analyses or
whether such tasks activate more closely the emotional empathy pathways of the
cortex. This extension in the research could be achieved through either a meta-analysis
o f current general demographic research exploring CU traits, or fu rth e r quasiexperimental research into the mediating effect of CU traits on em otional and
cognitive empathy that uses a large range o f tasks designed to explore both concepts,
this approach would allow the results of different tasks to be directly compared. Such
research would greatly improve our understanding of how CU traits interact w ith the
emotional and cognitive elements of empathy in the general population.

In addition to the exploration of the empathy construct disassociation, the
facial expression recognition research suggests fu rth e r examination of the relationship
between CU traits and facial emotion recognition may prove fru itfu l. Useful fu rther
research could potentially determine which expression high CU tra it participants from
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subclinical demographics mislabel expressions of fear as. This inform ation could inform
psychological research into the interpersonal responding of high CU tra it individuals.
Given that fear recognition reductions are not always reliably reported in the
subclinical literature into CU traits, fu rther research may be required to consider fully
the relationship between CU traits and facial expression recognition in non-clinical,
general demographics and to ensure the reliability of this finding. Both of these
extensions could be addressed by fu rther quasi-experimental research into facial
recognition in the research demographic.

9.1.6 Discussion o f the L im it a ti o n s o f Study 1

The sample size of study one (n=124) was smaller than some similar
contem porary research (e.g. Prado et al., 2015; Bryd et al., 2013; Dadds et al., 2009),
although it is consistent w ith other research in the area (Ali & Chamorro-Premuzic,
2010; Ali et al., 2009). Analysis w ith G *power 3 (Faul et al., 2007) suggests th a t a
sample o f n=124 is suitable for investigating the constructs described through
correlational analysis and will provide enough power at an alpha value o f <.05 to
provide significance at effect sizes o f > r = .28. Therefore, although smaller than some
comparable research studies, the sample size obtained was appropriate fo r the
research design and large enough to negate the potential effect o f type 2 errors (Faul
et al., 2007).

Gender ratios are a typical problem within psychological research, and the
research described in this first study has a ratio of approximately 2:1 females to males
and thus the ratio is skewed towards females. However, this ratio is congruent w ith,

271

and sometimes an im provem ent on, similar research (Ali & Chamorro-Premuzic, 2010;
Ali et al., 2009), therefore, although a ratio of 1:1 would be ideal, this lim itation should
not negate the reported outcomes.

There may also be lim itations w ith regards to the validity o f CU tra it measures.
High CU tra it disorders, such as psychopathy, are reliably correlated w ith an increase in
lying, a lack of insight and a tendency to give an overly positive report of personal
qualities (Ray et al., 2013; Ziegler et al., 2012; M iller & Lynam, 2011); it is possible that
such tendencies also manifest in higher CU tra it individuals in the general population
which would mediate the accuracy o f self-report measures in higher CU tra it
participants. Two factors o f the paradigm were included to lim it the potential effect of
such inaccuracies. Firstly, the use o f the Inventory o f Callous-Unemotional Traits (ICUT)
ensures that the measure of CU traits is both widely validated and reliable (Kimonis et
al., 2008; Essau et al., 2006; Frick, 2004). Furthermore, the ICUT was found to be
internally reliable within the research o f the presented thesis and the scores obtained
were similar to those in previous research (Byrd et al., 2013; Essau et al., 2006)
suggesting a stability in the research a validity o f the measure. Secondly, a direct
measure of emotional empathy - facial expression recognition, was included to ensure
the results did not rely purely on self-report measures.

The facial stimuli, used for the facial recognition and valence task w ithin this
research, were specifically located from the internet to fulfil specific criteria, eg. close
cropped, facing the camera, on a mono-coloured, pale background. Pilot research into
the stimuli ensured that only those facial expression images w ith reliable responses
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were included; 70% was chosen as an appropriate level of agreement as this level has
been previously employed by other facial stimuli research (e.g. Ebner et al., 2009;
Tottenham et al., 2009). The decision to use a self-designed stim uli set allowed
insurance that equally numbers of males and females and that a range of ethnicities
were included to reduce the potential interference of 'own-group' bias (Van Bavel et
al.,2013). There are lim itations to such an approach. The stimuli set has only been
previously validated and tested fo r reliability of response through pilot work.
Consideration of this factor lead to the decision to use previously established stimuli
for the electrophysiological research, as it was im portant that the stimuli used reliably
produced analysable event-related potentials. Therefore, the NIMSTIM stim uli set
(Tottenham et al., 2009) was recruited fo r further electroencephalographic research
into responses to facial expression stimuli.

A similar lim itation applies to the images used for emotional valence task o f the
primary study. The photos were chosen because other stimuli sets such as the
International Affective Picture System (IAPS) (Lang et al., 2005) did not allow an
appropriate level of control over the content of the images. Therefore, it was
considered that to select pictures that allowed standardisation of content would allow
for a better exploration of affective response and the mediating effect of CU tra it
manifestation. For example, selecting pictures that standardised images showing
painful experiences to injections allowed a more rigorous testing o f responses to such
images. However, using the IAPS would have allowed the responses to be compare to
a previously rated and validated stimuli set and a comparison of obtained valence
scores. As the research paradigm of study one required within groups comparisons of
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response the independently collated stimuli was appropriate because of the greater
control afford by such stimuli selection, however, in consideration of the lim itations of
such a stimuli set, the electroneurological study into affective valence recruited the
IAPS (lang et al., 2005) which has been broadly employed in electroenchaplographic
research and produces reliable ERP waveforms.

9.2 Study 2 - Research Explor ing the Elec troneurolo gical Correlates
o f Expression o f Emotion and t h e ir M odula tio n by CallousUnemotional Traits

The aim of the second study was to examine potential electrophysiological
correlates of facial affect response and their potential adaptation in regards to CU tra it
manifestation, thereby addressing research question 4. Given the research outcomes
of study one, where fear recognition was negatively correlated w ith CU traits, it is
expected that expressions of fear will invoke a different neural response in participant
w ith high levels of CU traits by comparison to low CU tra it participants and controls.
Furthermore, in line w ith the first study's outcomes regarding valence responses to
positive and negative expression stimuli differences were also potentially expected for
other expressions. To recapitulate, 360 photographs were selected from the NIMSTIM
facial affect stimuli set (Tottenham et al., 2009). The stimuli portrayed 5 core
expressions o f emotion (sadness, disgust, happiness, fear and anger) and a neutral
expression (Tottenham et al., 2009), allowing a range of expressions to be investigated.
60 novel stimuli of each emotional expression were presented to the participant on a
blank background using E-prime software.
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9.2.1 Research Question 4 - How are the neuro logical correlates o f
em otio na l empathic ability, measured by expression recognition,
modulated by CU traits?

Electroneurological investigation into the quasi-experimental high, low and
control CU tra it groups revealed subtle differences in the group's responses to facial
expression stimuli. Between group comparisons of the ERP waveforms analysis o f the
variance revealed differences fo r expressions of fear, disgust and sadness, though
none for expressions of neutrality, happiness or anger. Analysis of the left OP PI and
N170 components of the waveform response to fearful stim uli showed increased
latencies of the peak fo r the low CU tra it group in both instances. Differences in the PI
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Electroneurological investigation into the quasi-experimental high, low and
control CU tra it groups revealed subtle differences in the group's responses to facial
expression stimuli. Between group comparisons o f the ERP waveforms analysis of the
variance revealed differences fo r expressions of fear, disgust and sadness, though
none for expressions of neutrality, happiness or anger. Analysis of the left OP PI and
N170 components of the waveform response to fearful stim uli showed increased
latencies o f the peak for the low CU tra it group in both instances. Differences in the PI
and N170 components may have been expected, as these have been identified as
central to emotional expression processing (Blau et al., 2007; Eimer & Holmes, 2007;
Balconi & Pozzoli, 2003); it is unclear why the low CU tra it group shows an increased
latency o f these components. M uller et al (2003) found increased activity o f the OP
co rtical area to negative valence im ages in p sychop aths using fMRl. Th erefore, a

responses to expressions of sadness, the PI component of the left OP ERP waveform
showed adaptation in its response across the high and low CU tra it groups. Similarly, to
expressions of fear the low CU tra it participants were associated w ith a significantly
longer latency of the PI component than the high group. Three o f the four negative
expressions explored (fear, sadness and disgust) showed variation between the groups
in the PI and/or N170 component over the left occipito-parietal electrodes; the left OP
cortical area may, therefore, be key to understanding general differences in facial
expression response related to callous-unemotional tra it manifestation. However, such
a hypothesis would require significant further research to substantiate.

Differences

in the

neural

electrophysiological

waveforms

to

em otional

expressions when compared to the neutral stim uli (used as a baseline) reveal further
differences in response. When comparing the ERP responses to the neutral and fearful
expressions in the high group, m odulation was observed in the N1 and N2 components
over the frontal and central cortical electrodes, w ith shorter latencies and larger mean
amplitudes respectively observed. Therefore, differences in the response to fearful
expressions seem to be manifesting prim arily in the FC cortical areas in the high CU
tra it group. By comparison, neither the control nor low experimental groups showed
differences in the FC electrodes waveforms when comparing neutral and fear
expressions. However, both presented significant effects in the OP waveform PI
components. Difference in FC N1 and N2 suggests a more top-dow n, semantic
processing of the fearful stim uli (Luck, 2005); whereas, the larger PI over the left OP
area manifested by the low CU tra it group suggests larger autonomic, visual and
emotional responses (Luck, 2005). These differences may underlie the different

276

behaviour recognition responses to fearful stimuli observed in the preliminary
research psychometrics.

A larger, slower N170 peak to expressions of disgust in the low CU tra it group is
therefore observed, suggesting a neural sensitivity to disgust w ithin this low CU tra it
group.

However,

unfortunately there

is a paucity o f evidence

exploring the

electrophysiological responses o f low CU tra it individuals, who may have higher than
average empathy and valence, in the literature to compare this result to.

The pair-wise comparisons for expressions of neutrality verses sadness reveal a
complex pattern of results. The high and low CU tra it groups showed differences over
the left OP electrodes and the control participants' difference manifested over the FC.
Therefore, it seems that a slower response in this OP area to expressions o f sadness is
common to both the more extreme personalities o f high and low CU tra it groups. For
expressions of anger, the high CU tra it group showed an increased latency o f the PI
left OP component for angry expressions when compared to the neutral baseline
expressions. Whereas, fo r expressions o f happiness the high CU tra it participants
revealed an increased right OP P2 latency. Whereas, the N2 com ponent in the FC of
controls was significantly smaller in amplitude for happiness than the neutral
comparisons. The low group exhibited no difference in their ERP responses to neutral
and happy expressions. Again, as this research is novel, there is a scarcity o f published
research to which these results can be compared. Although research into facial
expressions has previously observed fluctuations over the ERP components described
(Smith et al., 2013; Batty & Taylor, 2003); however, these components have not been
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explored for the mediating effect o f high and low CU tra it personalities. The key
findings of this research are summarised in the infographic below (see figure 36)
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Callous-

Callous-

Callous-

Unemotional

Unemotional

Unemotional

Group
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Group

No differences betw een th e groups in th e ir response to
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Faster P I P e a k -
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Larger P I P e a k -

Right OP
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Left OP
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angry expressions
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P eak— Right OP
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Figure 36: In fo gra p h ic show ing results o f the EEG research in to fa c ia l expression response in high, lo w a n d c o n tro l CU
tr a it groups - com parisons to the n e u tra l s tim u li (FC = fro n ta l-c e n tra l electrodes, OP = O ccip ita l-p a rie ta l electrodes)
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9.2.2 Pote ntial Research Extensions

Further research which aimed to extend on these findings could focus on three
areas. Firstly, a replication would be desirable due to the originality of the research.
Secondly, a useful extension o f the research could compare the ERP responses of high
CU tra it general population individuals and those w ith diagnosed high CU tra it
disorders, to explore whether responses are comparable or whether there are further
differences in response to facial expression seen in clinical groups that can be measure
via EEG and ERP analysis.

Finally, another potentially productive area o f the research could include
comparing EEG response and psychophysiological measures (e.g. heart rate and
galvanic skin response) of response to expressions in high CU tra it individuals from the
general population and controls. This would allow consideration of whether other
dysfunctional psychophysiological responses in high CU tra it clinical disorders are
m irrored, though more weakly, in the general population in response to facial
expression stimuli, particularly those depicting fear.
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9.3 Study 3 - Research Exploring Whether the Electrophysiological
Correlates o f Cognitive Empathy are Modulate d by CallousUnemotional Traits

CU traits were consistently associated w ith a less negative and less intense selfreported response to affective stimuli depicting humans and animals in pain (see
chapter 4). Furthermore, Cheng et al's (2012) research investigating high CU tra it
offenders proposes that the N120, P300 and LPP ERP components would be most likely
to be differentiated w ith regards to CU traits in the general sample in response to pain
in others (see chapter 3). Study three aimed to develop this Cheng et al's w ork by
looking at empathy for painful situations w ith regards to CU traits in a general
population, an area deficient in the literature. This study should provide insight into
empathy for pain as a cognitive element o f the empathy construct w ith regards to
differential ERP responses regarding CU tra it manifestation in a general population,
and in doing so, address research question 5.

To recapitulate, 40 pictures showing hands in painful situations and 40
matched pictures of hands in non-painful situations were used to assess em pathy for
pain in participants. Both male and female hands were included in the stimuli.
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9.3.2 Research Question 5 - How are the ERP waveforms o f cognitive
empathy , measured by reactions to abstra ct p a in fu l and n o n -p a in fu l
scenarios, modulated by CU traits?

As might be expected there were few differences in this more cognitive task
between the high CU trait, low CU tra it and control groups; however, some differences
were still observed in the electroneurological responses of the experimental groups.
The high CU tra it group present w ith a reduced accuracy in discerning painful and nonpainful stimuli in others, but not when imagining the stim uli are relevant to
themselves. Such differences in the ability to discern painful stimuli, as relating to
themselves and to others, were not observed in low CU tra it participants. Additionally,
high CU tra it participants presented w ith adaptation of response to painful stimuli
centring on the depletion of the 170-190ms peaks over the left OP and FC electrodes.
Consideration of the non-painful stim uli was also associated w ith larger responses of
the P170 to the stimuli considered from the perspective of occurring to oneself than
another. By comparison, the low group presented with an increase in the N1
am plitude, as well as an increase in latency presented in the P170. The control group
demonstrated an unexpected lack of accuracy in determining other-imagined painful
and non-painful stimuli, though the p-value was w ithin .002 of significant and,
therefore, maybe subject to a loss of power due to the small experimental groups.
Painful stimuli were associated w ith quicker N250 component in controls but no other
modulations of ERP responses were observed.
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The waveform components observed are comparable w ith those reported by
Cheng et al (2012) and Li and Han (2010), who used similar pain perception research
paradigms; ERP components were exhibited at latencies of 120 -130, 170-190, 250
over the occipital-parietal and frontal-central areas; this finding suggests convergent
validity between the presented research and previously published research. However,
it should be noted that the later peaks seen in previous research at 300ms and 360ms,
as well as the LPP peaking at 600ms, were not detected in this research (Cheng et al.,
2012; Li & Han, 2010). The present research found decreases in am plitude in high CU
tra it group's responses to painful stimuli which replicates research findings by Cheng
et al (although later 170 verses 130ms). This reduced response to pain seems to
manifest over the frontal and central electrodes in both studies. This finding strongly
suggests a lessening in the amplitude of response to painful stimuli by comparison to
non-painful ones in high CU tra it participants.

High CU tra it participants demonstrated m odulation of th e ir response to nonpainful stim uli in the latency of the P170, which was found to be shorter fo r the self
imagined stimuli than the other-imagined perspective. The self-imagined, non-painful
condition also evoked a larger left OP amplitude than the other-imagined.

These

findings suggests a smaller, slower response in the high groups to non-painful stim uli
in others. However, it is interesting that self-imagined stim uli in the high group evoked
no difference in waveforms between the painful and non-painful stim uli emulating the
low and control group's ERP responses, suggesting less priority of response fo r the self
in high CU tra it individuals when the stimuli are painful in nature.

By comparison, the low group displayed no difficulty in discriminating between
painful and non-pain stimuli when imagined as oneself or another. Painful stimuli also
evoked an increase in the N1 amplitude. The N1 peak in ERP response over the
frontal/central cortices has been associated w ith attentiveness (Coull, 1998) and
emotional saliency (Pourtois & Vuilleumier, 2006). Therefore, it maybe that low CU
tra it individuals are cognitively more sensitive to stimuli depicting pain in addition to
manifesting higher emotional empathy.

The control group show an unexpected lack of accuracy in determ ining otherimagined painful and non-painful stimuli although given the closeness to significance,
more testing would be required to ensure this wasn't due to a type 2 error created by
the lower group numbers. Painful stimuli were associated w ith

quicker N250

component suggesting a quicker neural response to such stimuli. However, changing
the imagined condition from self to other had no effect on ERP waveform response to
either the control or low CU tra it groups, only the high group as described previously.

9.3.3 Potential Research Extensions

These electrophysiological insights allow the positing that there are some
neural differences in cognitive empathy response across high and low CU tra it groups.
Future research should focus on whether these research are replicable. Again, it would
be interesting to extend such research to clinical samples to explore w hether their
electroneurological responses to cognitive empathy tasks are similar to high CU tra it
individuals from the general population or w hether there are other factors defining
these high Cu tra it clinical disorders that can be measured by electroencephalography.
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Another area of extension that fu rther research into the relationship between
CU traits and cognitive empathy could explore is the comparison of different forms of
cognitive empathy measures. Such research may be able to discern which cognitive
empathy tasks are associated w ith reduced cognitive empathy in high CU tra it
individuals and associated neural correlates, and which with preservation o f both
behavioural and neurological response.

9.4. Study 4 - Research Exploring the M o d u la tin g Effects o f CallousUnemotional Traits and A t te n tio n on P a r tic ip a n ts ' Affective Valence

The prelim inary research of this thesis observed a negative association
between CU traits and emotional response. Those individuals w ith higher CU traits
tended to score their experience of negative emotional stimuli less negatively than low
CU traits individuals; furtherm ore, a lower valence response to positive images was
also observed in higher CU tra it participants. As well as differences in affective valence
responses, high CU traits individuals scored themselves as experiencing less intensity
of emotion when observing both positive and negative images. Anderson and Stanford
(2012) observed that controls presented w ith an ERP positivity (200-900ms) to
negative affective stimuli when compared to neutral stimuli, however, psychopathic
participants only displayed this ERP waveform component when th e ir attention was
purposely directed towards the emotional content of the stimuli. The aim o f this fourth
study

was

then

to

build

on

this

previous

research

by

investigating

the

electrophysiological manifestation of the CU tra it deficit in emotional valence and the
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m oderating effect of attention in a general demographic. Through this study, research
question six would be addressed.

Participants' neurological responses to the International Affective Picture
System (IAPS) emotive stimuli set (Lang & Bradley., 2007) were measured through EEG
recording and ERP analysis. The IAPS is a valence scored and validated set of emotion
evoking photographs which has been recruited in many electrophysiological studies
into emotional response (Sadeh & Verona, 2012; Cano et al., 2009; Codispoti et al.,
2007; Olofsson & Polich, 2007; Carretie et al., 2006, 2004, 2003; Schupp et al., 2003,
2000). The negative, neutral and positive IAPS stim uli were viewed w ith and w ith out
attention to the emotive content to observe w hether the difference in attentive
response associated w ith psychopathic traits, reported by Anderson and Stanford
(2013). It is postulated that this effect may extend to general individuals high in CU
traits and may not be present in low CU tra it individuals or controls.

9.4.1 Research Questions 6 - How are the Elec tr on e uro lo g ical
Correlates o f Affective Valence M odu late d by Callous-Unemotional
Traits and At te n tio n ?

Electrophysiological measurement of the interaction between affective valence
and CU tra it presentation revealed im portant findings. The high CU tra it individuals
exhibited most variation in their ERP response between the attentional conditions and
between the groups in the non-emotional attention conditions in the positive and
negative condition, although neutral stim uli containing humans did not interact w ith
CU tra it manifestation. The high CU tra it group presented w ith a reliably larger Right
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OP P2 component in response to both negative and positive stimuli. This result was
consistent fo r both human and non-human scenes, suggesting that emotional content
is the core factor, but in symmetry w ith behavioural findings (see chapter 4) is
universal across positive and negative stimuli. However, when forced to contem plate
the emotional content of affective images, and thus, attend to them , the P2 response
normalises and there are no differences in the responses to emotion displayed by high,
low and control CU tra it individuals. By comparison the low and control CU tra it groups
exhibited no significant differences in their responses to the affect presentations. The
findings may suggest a normalisation to a neurotypical ERP response m oderated by
attention to specific cues of affect in high CU tra it individuals. Consequently,
insufficiencies in high CU tra it individuals ability to respond em otionally may be
indicative of dysfunctional attention to emotional inform ation, instead o f an inability
to respond in a neurotypically emotive manner. This supposition is congruent with
research into both clinical psychopathic samples and those using fMRI imaging
techniques (Larson et al., 2013; M effert et al., 2013; Anderson & Stanford, 2012). See
figure 37 below for a summary of these findings.
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Behaviour of the Right Occipital Parietal P2 Peak in High,
Low and Control CU trait Groups to Human Stimuli

Attention Not Drawn

Attention Drawn to

to Stimuli

Stimuli

No difference between

No difference between

groups

groups

NEUTRAL

NEGATIVE

Larger P2 over the right
occipital parietal electrodes
in the high CU trait
participants.

No difference between
groups

No difference between the
control and low CU trait
individuals

POSITIVE

Larger P2 over the right
occipital parietal electrodes
in the high CU trait
participants.

No difference between
groups

No difference between the
control and low CU trait
individuals

Figure 37: An in fo g ra p h ic describing the be h aviou r o f the P2 Peak in response to a ffe ctive s tim u li as m o d u la te d by
a tte n tio n a n d CU tra its.

287

9.4.2 Potential Research Extensions

Due to the greater attrition of participants for this finally study due to excessive
artefacts a replication of this research is particularly im portant to validate the research
findings. Although, the pattern of the electrophysiological outcomes m irrored clinical
findings w ith regards to the interaction between emotion, attention and CU traits, the
ERP components where that difference manifested were quite different. Therefore,
this effect of attention on the emotional responding of sub-clinical, high CU tra it
individuals would need to be accounted for w ithin future research in this area,
particularly w ith regards to the ERP components in which the valence differences
manifest when attention is not being paid to the emotional content of the stimuli. This
research should be the highest priority when extending these findings.

There is also the potential for the positive effect of attention to form the basis
of a neurofeedback or emotional response programme aimed at normalising the
affective response o f high CU tra it individuals with low affective responses. Although
this valence training is currently unexplored, it is supported by both the research
presented in chapter 8 and by previous published literature (Larson et al., 2013;
M effert et al., 2013; Anderson & Stanford, 2012).

9 .5 L im ita tio n s o f the Electrophysiological Research

There are limitations o f this electrophysiological research which need to be
acknowledged. Firstly, the use of a 64 electrode array is a low density EEG set up for
modern research set up, however, there are advantages to using such an array. For
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example, it is less likely that when applying the conductive gel to the electrodes a
bridge between electrodes will be created, allowing the interference o f signals from
difference electrode locations. The greater space between the electrodes in the 64
electrode array helps prevent such bridging. Furthermore, the shorter application tim e
o f a smaller array helps ensure that participants are still attentive and not-fatigued
when they begin the experimental task. Although the 64 electrode cap provides less
spatial resolution that a 128 or 256 array set up, the 64 electrode EEG has been shown
to be accurate enough spatially to allow broad spatial assumption to be drawn from
data obtained through use of a 64 array, given that spatial resolution is not the prim ary
purpose of EEG investigation (Ryynanen et al., 2004).

The sample size used for the electrophysiological research were smaller than
some similar studies (Smith et al., 2013; Anderson & Stanford, 2012), however, there
are other studies in researching the electrophysiology of CU traits, empathy and
affective valence that use group numbers are consummate w ith the research
presented in this thesis (Suway et al., 2013; Cheng et al., 2012; Frenkel & Bar-Haim,
2011; Schupp et al., 2004). The decision to use groups of this size was based on tw o
factors. Firstly, it was necessary to ensure that the groups were distinct w ith regards to
CU tra it manifestation. Therefore, smaller groups which represented the upper and
lower quartiles of the CU tra it distribution, rather than larger ones th a t regressed
towards the mean and the control were considered advantageous in th a t they would
be more likely to be discrete populations thus providing distinct results associated w ith
the level o f CU tra it manifestation described. Secondly, fu rther testing o f these CU
tra it groups ensured that any confounds were removed, such rigorous participant
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selection would have been difficult to orchestrate within the tim e allowed if a larger
sample was recruited.

The NIMSTIM stim uli recruited for the facial expression electrophysiological
research is a commonly recruited and well validated stimuli set (Lang et al., 2005),
however, the numerous presentations (e.g. different crops and colour verses black and
white presentation) and accompanying behavioural task paradigms mean that facial
expression literature is variable w ith regards to its findings; therefore, it is difficult to
directly compare findings. Furthermore, colour presentation of the stim uli as utilised in
study tw o is less usual, however, given that recent research has postulated that
removing the colour from stimuli can diminish emotional response it was considered
that a black and white or grayscale presentation could dampen the neural response
the research wished to explore (Cano et al., 2009). This forms a potential lim itation of
the methodology. Furthermore, it is possible that using a task based m ethodology
rather that a passive viewing paradigm may have invoked the later components at
300ms observed in some other research (Balconi & Pozzoli, 2003; Sato et al., 2001).
Despite these limitations, the results of the research into facial expressions m irror
closely the findings of Smith et al's (2013) which used an identical stim uli presentation
to the one adopted in this research, therefore suggesting a validity in the generated
ERP waveforms.

There were also potential lim itations to the affective valence research. The task
employed to ensure non-emotional attention to the target and em otional attention to
the stimuli, had to differ between the attentional conditions. Therefore, the m otor
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response in the task could have affected the resulting ERP waveforms. A potential
lim itation of the affective valence research paradigm. However, if the difference in
m otor tasks had confounded the study you would expect aconsistent pattern

of

difference between the attention conditions. No such difference is observed in the
control and low CU tra it groups, nor for the neutral human stim uli in the high CU tra it
group, suggesting that any differences are due to the group's adaptation o f emotional
valence processing, rather than an effect o f the task paradigm.

Finally, as the three electrophysiological stimuli were run in one session to
prevent attritio n o f participants, there is the potential for order effects, such as fatigue
and practice effect. Therefore, to ensure such effect did not lim it the research the
studies were run in a random order for each participant.

9 .6

Conclusion

To conclude, the present work has provided insight into CU tra it m anifestation
in a general population sample and, simultaneously, raised questions that could be
addressed through future research. In many ways the findings in sub-clinical, high CU
traits individuals reflect those reported in clinical samples. Particularly, the findings
show a reduction in emotional empathy, a decrease in the ability in to recognise
fearful

expressions and the

lower emotional valence. The electrophysiological

response to fearful expressions and the interacting effect o f attention on neural
response to emotion in high CU tra it participants from the general population, seem to
have certain symmetry w ith clinical findings. This outcome, when considered in
conjunction w ith the continuous, normal distribution observed in the measure of CU

291

traits, suggests that it is possible that high CU tra it disorder lie at the high tail end of
the presentation o f CU traits, rather than clinical individuals form ing a psychologically
and neurologically discrete population.

However, there do also seem to be distinct differences between high CU tra it
individuals in the general population and clinical findings regarding associated
disorders. For example, the disassociation between the em otional and cognitive
components of empathy does not present reliably in this and other sub-clinical
samples. The presentation of cognitive empathy may be a key difference between the
clinical

and

general

sample

populations,

certainly

one that

warrants

fu rther

investigation. The insights provided by the research presented w ithin this thesis
significantly

improve the

understanding of the

psychological and

neurological

manifestation o f callous-unem otional traits in the general, sub-clinical population.
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Appendix A: P a r t i c i p a n t In fo r m a t io n Sheet 1

Project title: Empathising Processes in Relation to Personality Traits

Dear Participant,
My name is Emma Lethbridge. I am a PhD student at Sheffield Hallam
University, my research investigates empathising processes w ith regards specific
personality traits. Specifically we are investigating em otion recognition ability,
emotional response, and empathy and social processing traits. The abilities and traits
we are researching are present to a greater or lesser extent in everyone, they affect
such aspects of your personality as, how much emotion you show and how concerned
you may be about the emotions of others. The purpose of this study is to investigate
the manifestation of these traits in a non-clinical, general population.
You are invited to take part in the research as part of that population. The study
simply requires the completion of 4 short self-report questionnaires which measure
both empathy and specific personality traits, and an emotion recognition and reaction
task. Examples o f statements which are included in the tasks include: "I feel bad or
guilty when I do something wrong" and "I express my feelings openly", you w ill be
required to rate how well such statements relate to your personality. Completing these
measures should take no more than an hour o f your time.
Please be aware that participation in this study is completely voluntary, you
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may leave at any tim e during the study and you may w ithdraw your data from the
research for up to 7 days after your completion o f the study tasks. All data will be
stored and published confidentially. Participant contact details w ill be kept and stored
separately from the data in order that your data can be effectively withdrawn if
requested. The raw data w ill be stored w ith an identifier code number. In addition,
your contact details and the code key will be kept separately from the raw data. Only
the primary researcher and the project supervisors will have access to your data which
will be stored securely under lock and key. Data extrapolated into software programs
will be encrypted for protection.
As the primary researcher, I will be responsible for the protection for your data
for the duration of its existence. The results o f the study may be published in print
and/or verbally presented, however no identifying data will be reported regarding any
participants.
If you wish to w ithdraw your data, find out the overall results of the
research or have any questions regarding my research please feel free to contact me on
the details provided. When contacting me please provide your participant code which
you will be provided with. Please note individual results and data analysis w ill not be
provided.
These self-report measures will be used to identify participants for future
empathy research using electroencephalography (EEG), therefore you may be
contacted for recruitm ent into these future studies. However, you have both the right
to refuse consent to be contacted regarding future studies and to refuse participation
when contacted.
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Please feel free to ask any questions you may have regarding the research
procedure. You will be prompted to discuss the project before signing the consent
form .
Many thanks,
Emma Lethbridge
Email: e.m.lethbridge(5>shu.ac.uk

Supervisor: Dr Paul Richardson
Email: dspr(5)exchange.shu.ac.uk
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Appendix B: Consent F o r m l

Project title: Empathising Processes in Relation to Personality Traits
Primary Researcher: Emma Lethbridge

Please answer the following questions by circling your responses:
Have you read and understood the inform ation sheet about this study?
YES/ NO
Have you been able to ask questions about this study?
YES/ NO
Do you feel that you have received enough inform ation about this study? YES /
NO
Do you understand that you are free to w ithdraw from this study:
• For up to 7 days following your completion of the research tasks?
YES/ NO
• W ithout giving a reason for your withdrawal?
YES/ NO
Do you agree to take part in this study?
YES/ NO
Do you agree to be contacted by email regarding participation in future studies?

YES/ NO
Your signature will certify that you have voluntarily decided to take part in this
research
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having read and understood the inform ation provided in the inform ation sheet. It will
also
certify that you have had adequate opportunity to discuss the study w ith an
investigator and
that all questions have been answered to your satisfaction.
Signature o f participant:.........................................................
Date:..............................
Name (block letters):..............................................................
Signature o f investigator:........................................................
Date:..............................
Participant contact details:
E m ail.....................................................................................................
Participant c o d e ........................................................................................
Please keep your copy of the inform ation sheet. My contact email:
e.m.lethbridge@shu.ac.uk
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Appendix C: Debriefing I n f o r m a t i o n !

Project title: Empathising Processes in Relation to Personality Traits
Primary Researcher: Emma Lethbridge

Firstly thank you fo r participating in my research. As explained previously the
study you have just participated in is investigating personality traits and how they may
interact w ith empathy processes. The purpose of this study is to investigate the
manifestation o f these traits and their effect, if any, on empathy processing in a nonclinical, general population.
The collected inform ation will be assimilated w ith that o f other participants and
form the basis of unique research into the neurological correlates of empathy w ith
regards to these personality traits using EEG technology. You may be contacted about
participating in this EEG research in the future if you agreed to such on the consent
form.
Please understand that you have the right to withdraw your participation for up
to 7 days following the completion of this study w ith o u t offering a reason for the
withdrawal but that after this period withdrawal will not be possible (my contact
details, and those of my supervisor, can be found below or on the participant
inform ation sheet provided earlier).

Please feel free to

ask any further questions you may have regarding my research.
Many thanks again for your participation,
Emma Lethbridge
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My contact details:
Email: e.m.lethbridge@shu.ac.uk
Supervisor: Dr Paul Richardson
Email: dspr@exchange.shu.ac.uk
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Appendix D: P a r t ic ip a n t I n f o r m a t io n Sheet 2

Project title: Empathising Processes in Relation to Personality Traits

Dear Participant,
My name is Emma Lethbridge. I am a PhD student at Sheffield Hallam
University, my research investigates empathising processes w ith regards to personality
traits. Specifically we are investigating em otion recognition ability, em otional response,
and empathy and social processing traits. The abilities and traits we are researching are
present to a greater or lesser extent in everyone, they affect such aspects of your
personality as, how much emotion you show and how concerned you may be about
the emotions o f others. The purpose of this study is to investigate the manifestation of
these traits in a non-clinical, general population and how these traits may affect the
brain's response to certain stimuli. You have been ask to join this research as you
previously completed some psychological measures for me and we are asking a cross
section of the previous participants, whose data was complete and who consented to
be contacted, to participate in this fu rth e r electrophysiological research.
EEG requires a cap of electrodes to be placed on the scalp, this does not hurt
and is non-invasive. Some conductive gel, used to improve EEG recordings, w ill be
placed under the cap, however you will be given the opportunity to wash and dry your
hair before leaving the research lab, should you wish too. The study you are about to
take part in consists o f 4 electroencephalographic (EEG) experiments lasting 10- 20
minutes each w ith a break in between. During the experiments you will be viewing a
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wide variety of photographic stimuli, some o f which contain scenes of humans in
unpleasant circumstances including moderate pain, distress and violence. However,
these images are no more unpleasant than what you might see in a 15 rated movie and
are only on screen for approximately 1 second each. Examples of some of the negative
stimuli are included below, although not all stimuli included w ill be negative in nature.
However, should the stimuli affect you, you are free to stop the experiment at any tim e
w ith out giving a reason by indicating to the experimenter that you wish to stop the
experiment.

Examples of Human Negative Stimuli

Please be aware that participation in this study is completely voluntary, you
may leave at any tim e during the study and you may w ithdraw your data from the
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research for up to 7 days after your completion o f the study tasks. All data will be
stored and published confidentially. Participant contact details w ill be kept and stored
separately from the data in order that your data can be effectively withdrawn if
requested. The raw data will be stored w ith an identifier code number. In addition,
your contact details and the code key w ill be kept separately from the raw data. Only
the primary researcher and the project supervisors will have access to your data which
will be stored securely under lock and key. Data extrapolated into software programs
will be encrypted for protection.
As the primary researcher, I w ill be responsible for the protection for your data
for the duration o f its existence. The results of the study may be published in print
and/or verbally presented, however no identifying data will be reported regarding any
participants. If you wish to w ithdraw your data, find out the overall results o f the
research or have any questions regarding my research please feel free to contact me on
the details provided. When contacting me please provide your participant code which
you will be provided with.
Please feel free to ask any questions you may have regarding the research
procedure. You will be prompted to discuss the project before signing the consent
form.
Many thanks,
Emma Lethbridge
Email: e.m.lethbridge(5)shu.ac.uk
Supervisor: Dr Paul Richardson
Email: p.richardson(5)shu.ac.uk
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Appendix E: Consent Form 2

Project title: Empathising Processes in Relation to Personality Traits
Primary Researcher: Emma Lethbridge

Please answer the following questions by circling your responses:
Have you read and understood the inform ation sheet about this study? YES /
NO
Have you been able to ask questions about this study? YES / NO
Do you feel that you have received enough inform ation about this study to give
your informed consent to take part? YES / NO
Do you understand that you are free to w ithdraw from this study:
•

During the experiment and for the 7 days following the data collection? YES
/N O

•

W ithout giving a reason for your withdrawal? YES / NO

Do you agree to take part in this study? YES / NO
Your signature will certify that you have voluntarily decided to take part in this
research
having read and understood the inform ation provided in the inform ation sheet. It will
also
certify that you have had adequate opportunity to discuss the study w ith an
investigator and
that all questions have been answered to your satisfaction.
Signature of participant:.........................................................
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Date:
Name (block letters):...............................................
Signature of investigator:.......................................
Date:..............................
Participant contact details:
E m ail.........................................................................
Participant c o d e ......................................................
Please keep your copy o f the inform ation sheet.
My contact email is: e.m.lethbridgeffishu.ac.uk

342

Appendix F: Debriefing I n f o r m a t io n 3

Project title: Empathising Processes in Relation to Personality Traits
Primary Researcher: Emma Lethbridge

Firstly, thank you for participating in my research. As explained previously the
study you have just participated in is investigating personality traits and how they may
interact w ith empathy processes. The purpose of this study is to investigate the
manifestation o f these traits and their effect, if any, on empathy processing in a nonclinical, general population.
The collected inform ation will be assimilated w ith that o f other participants and
form the basis of unique research into the neurological correlates of empathy w ith
regards to these personality traits using EEG technology. Please understand that you
have the right to withdraw your participation for up to 7 days following the com pletion
of this study w ith out offering a reason for the withdrawal, but that after this period,
withdrawal will not be possible (my contact details, and those o f my supervisor, can be
found below or on the participant inform ation sheet provided earlier).
Please feel free to ask any further questions you may have regarding my
research.
Many thanks again for your participation,
Emma Lethbridge
My contact details: Email: e.m.lethbridge(5)shu.ac.uk
Supervisor: Dr Paul Richardson, Email: p.richardson(5)shu.ac.uk
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