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Social exclusion evokes different
psychophysiological responses in
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dominance and self-centered
Impulsivity
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and Psychotherapy, University of Bielefeld, Bielefeld, Germany, *Department of Biological and Medical
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Individuals with psychopathic personality traits are generally thought to have
difficulties in processing and experiencing emotions. These difficulties could
also translate to emotionally charged social situations such as social exclusion.
Being socially excluded is often experienced as stressful and unpleasant,
potentially even leading to selfish or aggressive behavior-both of which
are linked to certain aspects of psychopathy. The current study investigated
self-report and physiological responses to social exclusion in the cyberball
paradigm in a carefully selected community sample of individuals either scoring
high on primary (N =24) or secondary psychopathy traits (N =17). Across the
sample, the cyberball paradigm decreased experiences of joy and approach
motivation, increased subjective anger reports, and induced changes in heart
rate. In contrast, individuals scoring high on secondary psychopathy traits (Self-
Centered Impulsivity group) displayed stronger physiological reactivity during a
habituation phase of prolonged social exclusion than individuals scoring high on
primary psychopathy traits (Fearless Dominance group), indexed by changes in
skin conductance level. Moreover, a potential mismatch between self-reported
and physiological arousal seemed to be only observable in individuals with high
secondary psychopathy traits. Overall, the current results suggest diverging
patterns of emotional processing and regulation in a social exclusion situation
when comparing well-functioning individuals with varying psychopathy traits. It
seemed as if individuals high on primary psychopathy traits were insensitive to
contextual social cues, while individuals high on secondary psychopathy traits
were more affected by the potentially threatening social situation. Cautiously
transferring the current findings to forensic samples, they support the idea of
moving from a behavioral understanding of the psychopathy construct to a
more clinical picture with distinct cognitive and emotional processing patterns
in individuals high on either primary or secondary psychopathy traits.
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1 Introduction

Previous research suggests that individuals have an evolutionary
grounded need to belong to social groups or persons and hence seek
stable, frequent, and positive social interactions and relationships (1).
Thus, the question arises of what happens when one’s need to belong
is violated or threatened. In experimental situations of social exclusion,
individuals immediately react with enhanced frustration [e.g., (2)],
distress (3), physiological arousal [e.g., (4)], as well as self-reported
[e.g., (5)] and behavioral [e.g., (6)] aggression. As a physiological
reaction to social exclusion, among others, individuals show increases
in tension and diastolic and systolic blood pressure (7).

Being socially excluded also has an influence on prosocial or
antisocial behavior to the point that “when the benefits of prosocial
behavior are not linked to possible acceptance, socially excluded
people behave selfishly” [(8), p. 986]. Hence, whether someone feels
socially excluded plays a pivotal role in their behavior. In general,
emotional processing and responding play a central role in human
social interactions (9-11). This notion is of particular importance in
individuals with problems in emotion processing. Among others,
difficulties in emotional processing are linked to the construct of
psychopathy (12-15), which in turn is directly linked to antisocial
behavior (16, 17).

Previous studies have investigated how individuals with
psychopathic traits process emotional information [e.g., (18-20)],
their subjective emotional experience [e.g., (21)], and their
physiological reactions to emotional stimuli (16, 22). The construct of
psychopathy is based on different theoretical concepts (23, 24). The
terminology describing different psychopathic subtypes varies
regarding the underlying theoretical model, the measure used to
capture psychopathic traits,' and the investigated sample (e.g., forensic
sample, normal population, youth and adolescents). To account for
these different theoretical approaches, the terms primary psychopathy
and secondary psychopathy are used to describe general results
regarding the two main subtypes of psychopathic individuals. It has
to be noted though that the characteristics of primary and secondary
psychopathy are not always fully represented in the respective factors
measured by different psychopathy scales. Primary psychopathy
outlines the affective-interpersonal facet of psychopathy and is
associated with traits such as manipulative behavior, lack of empathy,
guilt, and fearlessness. Secondary psychopathy outlines the behavioral-
lifestyle facets of the construct and is associated with emotional
difficulties that are reflected in enhanced impulsivity, frustration
intolerance, aggressive behavior, and a lack of responsibility (27-34).
The current study approximates primary psychopathy traits via the
Fearless Dominance Scale and secondary psychopathy traits via the
Self-Centered Impulsivity Scale of the Psychopathic Personality
Inventory-Revised [PPI-R; (35, 36)]. Differentiating different subtypes
or trait components of psychopathy is crucial because they often show
contrasting or even opposing associations with experimental measures
such as self-report, task performance, or physiological correlates (37).

Depending on the subtype, psychopathic individuals seem to
adapt differently to social situations. In a community sample,

1 For a discussion of factor models see also (25) PCL-R 2nd ed. Chapter 7
(pp. 77-86) or (26) for the PPI/PPI-R.
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individuals with primary psychopathy traits seem to not suffer from
social functioning difficulties due to their personality traits, whereas
individuals with secondary psychopathic traits exhibit a lack of success
in exactly this area (12). Moreover, conflict-laden social situations
(such as interpersonal conflict) can cause diverging behavioral and
physiological reactions in individuals scoring high on either primary
or secondary psychopathy traits. While individuals with primary
psychopathy traits seem to inhibit anger in social conflicts, individuals
with secondary psychopathy traits seem to show increased risk for
anger (38). Furthermore, individuals with high primary psychopathy
traits are considered to show diminished startle reflex responses [e.g.,
(14)], as well as lower electrodermal activity (EDA) to aversive stimuli
[e.g., (39)]. In contrast, high secondary psychopathic traits have been
associated with enhanced startle reflex responses toward negatively
valenced stimuli [e.g., (15)], but also with reduced electrodermal
activity in response to all stimuli irrespective of their valence [e.g.,
(39)]. However, a recent meta-analysis reported no compelling
evidence for clear directional effects when comparing individuals with
primary and secondary psychopathy traits in regards to
psychophysiological responses (40).

When it comes to emotion regulation, recent research reported
global difficulties of individuals with psychopathy traits to adapt their
perception or behavior in emotional situations accordingly, especially
when their attention had already been directed toward an emotional
stimulus (41, 42). Individuals with primary psychopathy traits
commonly showed less interest toward emotional information and
therefore paid less attention to it (41, 43). In contrast, individuals with
secondary psychopathy traits were considered to show difficulties in
inhibitory processes relevant in the context of emotions, impacting
their emotion regulation and emotion expression (44, 45). Casey et al.
(22) investigated emotional experiencing and suppression in
individuals high on psychopathic traits and reported a reduced ability
to experience negative emotions in individuals with primary
psychopathy traits only. According to self-reported emotional coping
processes, individuals with primary psychopathy traits tended to
experience predominantly positively-valenced states such as pride,
strength, enthusiasm etc., whereas individuals with secondary
psychopathy traits seemed to experience predominantly negatively-
valenced states such as shame, guilt, hostility etc. (46, 47). Overall,
while the available evidence paints a complex and in part inconsistent
picture, primary psychopathy traits seem to be associated with a
reduced ability to experience negative affective states and emotions
(22), but also with an enhanced experience of positive affective states
and emotions (46, 48), while secondary psychopathy traits are rather
associated with negative affective states and emotions (46, 47).

Considering the strong and diverging emotional difficulties that
are attributed to both primary and secondary psychopathy traits, and
the key role these abilities play in interpersonal and social contexts
(49-52), there is still a lack of understanding concerning how
individuals with diverging psychopathy traits respond to social
frustration and ostracism.” This knowledge gap is of particular

2 Although there is some evidence demonstrating differences between the
terms social exclusion, social rejection and ostracism le.g., (53); for a definition
of terms see (3)], they are usually used interchangeably (3). In the present

manuscript these terms are used interchangeably.
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importance because psychopathic individuals-in particular when it
comes to forensic samples—are associated with high rates of criminal
recidivism, which poses considerable challenges regarding their long-
term treatment and rehabilitation (54, 55). Even though the prevalence
of psychopathic traits in forensic samples (from 3% up to 73%; see
(56)) seems to be higher than in community samples [between 0.6%
(57); and 4.5% (58)], high scoring non-criminal psychopathic
individuals appear not to differ significantly from criminal
psychopathic individuals in terms of psychopathic traits per se, but
only in their degree of expression (59).

In particular individuals with secondary psychopathy traits
seem to have difficulties in social interactions and might more
often fall victim to social exclusion (60). At the same time, exactly
this group of individuals might be more prone to become
delinquent and end up in prison, which could be the result of
repeated experiences of social exclusion. However, it is still not
known whether individuals with primary and secondary
psychopathy traits react differently to social exclusion. The current
study aims to fill the prevailing knowledge gap by investigating
how individuals scoring high on one of the psychopathy subtypes
react to social exclusion in an established experimental paradigm,
the cyberball task (5). The cyberball is a short experimental ball
tossing task that confronts participants with situations and feelings
of belonging to a group (while being included and repeatedly
receiving the ball) and of social exclusion (while being excluded
and active participation in the game is denied). Self-report and
psychophysiological responses (electrodermal and cardiac
activity) to such a potentially stressing and frustrating event were
assessed in a carefully selected male community sample with
individuals scoring either high on primary or secondary
traits.  The
psychophysiological responses was conducted to provide a more

psychopathy assessment  of  peripheral
objective measurement of arousal and emotional reactions in
response to social rejection. A previous study investigated neural
processing during social exclusion situations in adolescents and
young adults with varying global psychopathy sum scores (61).
The authors observed diminished cognitive-affective processing
during inclusion trials, but enhanced processing during ambiguous
exclusion trials in individuals scoring high on overall psychopathy.
Such a differentiation between inclusion and exclusion might also
be reflected in peripheral responses assessed in the current study.

Based on previous findings, we assumed a reduced experience
of self-reported negative emotional states in individuals with
primary psychopathy traits, while individuals with secondary
psychopathy traits were assumed to experience an increase in
negative emotional states in response to social exclusion [e.g., (15,
62)]. Furthermore, we assumed that individuals with primary
psychopathy traits might show generally stronger positive affective
states compared to individuals with secondary psychopathy traits
[e.g., (46-48)].

Based on more inconsistent previous findings and a recent meta-
analysis suggesting high task- and measure-dependency of
psychophysiological responses (63), we had no directional hypotheses
of how individuals high on primary or secondary psychopathy traits
would differ in electrodermal and cardiac activity in response to social
exclusion. In addition, we explored whether self-report and
psychophysiological responses to social exclusion were associated with
each other.

Frontiers in Psychiatry

10.3389/fpsyt.2023.1197595

2 Materials and methods
2.1 Participants

In total, 1,612 volunteers (of which 445 men) completed an online
screening. Approximately 15% of the online sample had to be excluded
due to exceeding the cut-off score of the PPI-R inconsistent
responding scales (64). Since the current study focused on a male-only
sample, 372 men were available because of valid questionnaire scores.
Within this male sample, those scoring high (similar to the top 25%
of a German speaking reference population) on either the Fearless
Dominance (n=24) or the Self-Centered Impulsivity (n=17) subscale
of the Psychopathic Personality Inventory-Revised [PPI-R; (35)] were
selected and invited to the laboratory. Further, we also invited
individuals with very low psychopathy traits, represented by low
scores (similar to the bottom 25% of a German speaking reference
population) on both subscales to the laboratory with the aim to collect
a control group. However, only 13 individuals fulfilling these strict
criteria could be recruited for the experiment. Furthermore, it can
be questioned, if participants of this low-trait group do represent a
valid control group, or rather another extreme group characterized by,
e.g., emotional sensitivity, high fearfulness and planfulness (as
opposites to high manifestations in the single PPI-R scales), more
associated with neuroticism. We therefore decided to focus on the
comparison between the two high-scoring psychopathy groups in the
current manuscript only. Comparisons of the two psychopathy groups
to the “low-trait group” are reported in Supplementary materials.
Groups were selected based on a validated general reference
population of the PPI-R (data and cut-off scores based on a German
version of the Psychopathic Personality Inventory-Revised (PPI-R),
provided by H. Eisenbarth, personal communication, see Table 1). The
final sample size was based on a priori considerations of prevalence
rates of psychopathic traits in the general population [e.g., (57, 58)].
Statistical power was enhanced by using an extreme-group design and
choosing the top 25% of PPI-R Fearless Dominance scores (while
controlling the second factor, Self-Centered Impulsivity, for scores
around the bottom 25%) for the group high on primary psychopathy
traits (Fearless Dominance: M=134.46, SD=11.88; Self-Centered
Impulsivity: M=119.33, SD=8.92), and the top 25% of PPI-R Self-
Centered Impulsivity scores (while controlling the second factor,
Fearless Dominance, for scores around the bottom 25%) for the group
high on secondary psychopathy traits (Self-Centered Impulsivity:
M=157.18, SD=11.32; Fearless Dominance: M=98.18, SD=9.73)
(65, 66).

The study was approved by the University of Vienna ethics
committee (nr. 00108, 2015-01-22) and was conducted in accordance
with the most recent revision of the Declaration of (67). All
participants gave written consent before starting the test session in the
laboratory and were financially reimbursed for their participation.

TABLE 1 PPI-R cut-off scores of the psychopathy factors for group
selection based on a validated general German speaking reference
population (provided by H. Eisenbarth, personal communication).

<25% 50% >75%
Fearless dominance 101 112 121
Self-centered 121 132 145

impulsivity
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2.2 Instruments (self-report)

The Psychopathic Personality Inventory-Revised [PPI-R;
(35)] is a 154 item self-report questionnaire, suitable for the
assessment of psychopathic traits in community populations (for
a meta-analysis on factor structure in community samples see
(26)). The eight factors of the PPI-R can be summed up to a
general psychopathy score as well as to two higher-order
subscales or psychopathy factors, namely Fearless Dominance
(FD) consisting of Social Influence, Fearlessness, and Stress
Immunity, and Self-Centered Impulsivity (SCI) consisting of
Carefree Nonplanfulness, Rebellious Nonconformity, Machiavellian
The
Coldheartedness is not assigned to any higher-order factor.

Egocentricity, and Blame Externalization. factor
Furthermore, the PPI-R provides four scales indicating a
systematic or manipulative responding style: two inconsistent
responding scales (IR15 and IR40), a virtuous responding scale
(VR), and a deviant responding scale [DR; see, e.g., (64, 68)].

We assessed several psychological variables known to
be associated with Fearless Dominance and Self-Centered Impulsivity
(69, 70) to account for their potential influence on the results:
depression [Beck Depression Inventory-1I; BDI-IL; (71)], social anxiety
[Social-Interaction Anxiety Scale; SIAS; (72)], impulsivity [Barratt
Impulsiveness Scale IT; BIS-II; (73)], and anger disposition [State-Trait
Anger Expression Inventory; STAXT; (74)].

While at the laboratory, participants completed several
subjective state assessments before and after the cyberball paradigm.
A non-verbal version of the Self-Assessment Manikin [SAM; (75)]
was administered to assess arousal, dominance, and joy on a
9-point-Likert-scale, as well as the Positive and Negative Affect
Scale [PANAS; (76)] to assess changes in positive affect, negative
affect and affective polarity in response to social exclusion. Affective
polarity constitutes a third factor of the traditional PANAS scale
where 10 items each load on Positive and Negative Affect. The factor
Affective Polarity regroups 10 items of the scale and describes a
general tendency to either react with higher approach to a certain
stimulus or situation or with higher withdrawal (77). Therefore,
higher affective polarity scores can be interpreted as higher
approach or lower withdrawal orientation, whereas lower scores can
be interpreted as lower approach or higher withdrawal orientation.
In addition, the state anger scale of the State-Trait Anger Expression
Inventory was administered [STAXI; (74)] to assess changes in
perceived anger.

2.3 Task and procedure

After providing written consent, participants were informed
that they were going to participate in an experiment together with
several other individuals, who were brought to other laboratory
rooms though. These other participants were assigned to groups A
and B, while the participant was assigned to group C. The other
players were only part of the cover story though. To enhance
credibility of the group assignment, photographs of each player
were taken which were supposedly uploaded into the experimental
software. The photographs of the other two players were always the
same. After the experimental part of the study, participants had the
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chance to ask questions about the purpose of the study. No
standardized debriefing took place.’

Before starting the experimental paradigm, participants were
prepared for the psychophysiological measurements and a 1-min
baseline recording at rest (resting phase) of electrodermal activity
(EDA) and cardiac activity via an electrocardiogram (ECG) was
conducted. Furthermore, participants filled in state self-report
questionnaires before and after the experimental paradigm. EDA and
ECG were recorded throughout the whole experimental task.

Social exclusion was induced using an adapted version of Williams
(78) cyberball paradigm [see (79) for the adapted version], introduced
to the participants as a virtual ball tossing game. The paradigm was
presented on a 21” computer screen including instructions and
pictures of the two other players the participant had been introduced
before (always a woman and a man displayed as silhouettes, see
Figure 1). Participants were told that all players were connected via a
computer network and made their own decisions when it was their
turn to toss the ball. The paradigm consisted of an inclusion block
during which the participants were actively engaged in the game
(mean duration 69s). This means that the participants received the
ball several times and they had to decide to pass it on to one of the
other players by pressing either the right or the left arrow button on
the keyboard placed in front of them. After 15 passes in total, of which
the participant received the ball up to 5 times, a second block followed
during which the participants were not actively involved in the game
anymore. Instead, they had to passively watch the other players
passing the ball to each other without receiving the ball (duration
approx. 125s). This second block was divided for further analyses into
an exclusion phase followed by a habituation phase (each approx. 60s).
All participants experienced the inclusion block before the exclusion
and habituation blocks. Fixing the block sequence was a deliberate
choice which aimed to increase the feeling of non-belonging responses
when switching from inclusion to exclusion.

2.4 Manipulation check

Two manipulation checks were conducted after completing the
experimental paradigm. First, four statements on a 6-point-Likert-
scale assessing the perceived inclusion/exclusion (e.g.. I felt as part of
the group. “I felt excluded”) were presented. Second, two statements
were administered assessing whether or not the participant thought
he played with a real person (‘I felt like playing with two other
persons. “I felt like playing with a computer”) (80).

2.5 Physiological recording and processing

Electrodermal activity (EDA) and cardiac activity (ECG) were
recorded before and during the cyberball paradigm with a bioamplifier
(Mobi8-BP 12 channel amplifier, TMSi B. V., Enschede, The

3 Invited volunteers participated in a larger research project, outside of the
scope of this manuscript. Results of the other parts of the study will be reported

elsewhere.
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Inclusion

Resting Self-report

T1

Self-report
T2

Habituation

Exclusion

=60 sec variable = 60 sec

FIGURE 1

were assessed concurrently.

Graphical overview of the experimental timeline of the cyberball paradigm, adapted version by Novembre et al. (79). Electrodermal and cardiac activity

= 60 sec = 60 sec variable

Netherlands) with a sampling rate of 1024 Hz and a 24-bit analog-to-
digital (A/D) conversion rate. The recorded data were divided into a
resting, inclusion, exclusion, and habituation® phase (each
approximately 60s, see Figure 1). Portilab 2.0 software was used to
acquire timing information of the different phases of the
cyberball paradigm.

2.6 Electrodermal activity

EDA was recoded exosomatically with a direct current (DC) of
5uV. Two Ag/AgCl electrodes were fixed to the medial phalanx of the
middle- and ring-finger of the nondominant hand. Participants were
asked to wash their hands with curd soap prior to electrode application.

Raw data was preprocessed in Matlab (R2020b) via the Ledalab
toolbox (V3.4.9) (83, 84). EDA data was down-sampled (32Hz),
filtered (IRR Butterworth low pass filter, 4th order, 8 Hz), and
smoothed using Matlab functions. Artifacts were first identified as
outliers by default settings implemented in Ledalab then double-
checked visually by the authors, and finally removed manually on the
individual level using Ledalabs linear interpolation function.

4 It is regularly observed that, after an initial orientation response,
electrodermal activity (EDA) tends to habituate (i.e., show reduced skin
conductance responses) with repeatedly presented identical stimuli over time
(80). The exact time frame of habituation is not well-understood and may vary,
depending on, e.g., individual sensitivity to the stimuli, the intensity of the
stimuli, the frequency of exposure, etc. (81). In our study, we assumed exclusion
to induce cognitive and emotional processing (e.g., cognitive restructuring,
switching of attention, etc.), and corresponding physiological changes,
including a change in EDA during the 2min of social exclusion. Thus, we divided
the exclusion phase into two phases (each 60s) and labeled the first phase

“exclusion” and the second phase "habituation.”

Frontiers in Psychiatry

Furthermore, a Continuous Decomposition Analysis (CDA; default
settings, amplitude threshold 0.01 pS) was conducted in Ledalab to
extract the mean skin conductance level (SCL), the frequency of
above-threshold skin conductance responses, and the amplitude of
these significant skin conductance responses separately for each
cyberball phase [see (85)]. The assessment of the three different
electrodermal activity measures allowed to distinguish between tonic
(SCL) and phasic (frequency and amplitude of significant SCRs)
aspects of an arousal response (83, 84). Each cyberball phase lasted for
about 60, which is longer than analysis intervals usually used with
SCRs. Therefore, reporting both overall SCR amplitudes as well as the
number of significant SCRs was intended as a comprehensive
description of individual arousal reactivity within each participant.
One participant high on Fearless Dominance was not available for
further analysis due to a recording error.

2.7 Cardiac activity (ECQG)

ECG was recorded in a bipolar setting. One Ag/AgCl surface
electrode was placed directly under the collarbone on the right body
side, while the second Ag/AgCl electrode was placed on the left body
side about 10 cm below the navel. The reference electrode was placed
behind the left ear. Participants skin was cleansed using alcohol prior
to electrode application.

Raw data was filtered and preprocessed via OpenANSLAB (V.4.0)
(86) using default settings. Where necessary, the threshold criterion
for detecting R-waves was adjusted in order to either reach more
conservative detection levels (i.e., to reduce false positive detections
in noisy data files), or more lenient detection levels (i.e., to reduce false
negative detections in noisy files). Each QRS complex, respectively
R-wave, was first identified by default settings in OpenANSLAB and
then inspected visually on an individual level. Obviously missing or
incorrectly detected R-waves were manually corrected in
OpenANSLAB. Mean heart rate (HR; i.e., the number of beats per
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minute) was extracted for further analysis. Changes in heart rate are
assumed to reflect the so-called orienting response (87), which can
be described as a reflex-like response to unexpected and potentially
important environmental changes.

Two participants high on Fearless Dominance were not available
for HR analysis due to recording errors.

2.8 Statistical analyses

For statistical analyses, SPSS® v28, Jamovi 2.2.5 (88), and R 4.2.2
(89). were used. p-values <0.05 were interpreted as significant.
p-values related to tests assessing the same hypothesis were corrected
for multiple comparisons, and if available effect sizes are reported,
among others to evaluate the potential clinical relevance of results.

The boxplot-method implemented in SPSS was used to identify
extreme outliers on the group-level for each dependent variable (self-
report, EDA, and ECG data) in each phase (resting, inclusion,
exclusion, and habituation). Outliers were defined as individual mean
values below Q1-IQR*3 and above Q3*IQR*3. These were only
detected in EDA data and were corrected by the next minimum,
respectively, next maximum value of the corresponding condition
(90). Self-report data were analyzed with robust statistical models to
account for violations of normality and unequal group size.
Physiological data were analyzed with linear mixed models which are
more robust in terms of data and sample characteristics (91).

2.9 Group characteristics and self-report
data analysis

Sample characteristics (age, Coldheartedness, depression, social
anxiety, impulsivity, anger disposition, and manipulation checks) and
manipulation check questions were compared for group differences
(Fearless Dominance vs. Self-Centered Impulsivity) using robust
independent samples t-tests. In order to investigate the subjectively
perceived effects of social exclusion, self-report data (derived from
SAM, PANAS, and STAXI) was analyzed using robust mixed ANOVAs
with the between-subject factor group (Fearless Dominance vs. Self-
Centered Impulsivity) and the within-subject factor time point (before
vs. after the cyberball paradigm). The function bwtrim (with the
default value of 20% trimmed means) from the R package WRS2 1.1-4
(92) was used for these computations. The explanatory measure of
effect size & (93) is reported for robust independent comparisons,
while a robust version of Cohen’s d (94) is reported as effect size for
dependent comparisons. Values of £=0.1, 0.3, and 0.5, respectively,
d=0.2, 0.5, and 0.8 denote small, medium, and large effects.

EDA (SCL, frequency and amplitude of significant skin
conductance responses) and HR data were analyzed with linear mixed
models in Jamovi. In these analyses, group (Fearless Dominance vs.
Self-Centered Impulsivity) and cyberball phase (resting, inclusion,
exclusion, habituation) were modeled as fixed effects. The random
effects structure included a random intercept for participant (model
description: dependent variable ~1+group + cyberball phase +
group:cyberball phase + (llparticipant)) No random slopes for
cyberball phase were added because these models did not converge.
The Satterthwaite method for approximation of degrees of freedom
was used and a restricted maximum likelihood estimation was applied
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for fixed effects. Post-hoc tests were corrected for multiple
comparisons (Holm). Semi-partial R* (95) is reported as effect size,
with values of 0.02, 0.13, and 0.26 denoting small, medium, and large
effects (96), respectively.

In exploratory analyses, we tested whether changes in self-report
and psychophysiological responses to social exclusion were associated
with each other. We first computed the difference between the
subjective state ratings from before to after the cyberball paradigm
(post-cyberball minus pre-cyberball, denoted via “A” in front of the
respective rating) and the difference between the exclusion and the
resting phase for those psychophysiological outcomes that showed
significant differences over the different cyberball phases (denoted via
“A” in front of the respective physiological variable). With these
difference scores reflecting potential changes due to social exclusion,
Spearman correlations were computed per group. Per subjective state
rating, corrections for multiple comparisons were implemented (2
groups X 3 psychophysiological variables; Bonferroni-corrected
p<0.0083).

3 Results
3.1 Group characteristics

Participants in the two groups did not differ significantly from
each other concerning age (p=0.311) and Coldheartedness (p=0.100).
In line with previous research (see (69)), participants in the Self-
Centered Impulsivity group had higher scores on scales assessing
depressive symptoms [Yuen’s ¢ (11.8) =4.73, p <0.001, £=0.90], social
anxiety tendencies [Yuenms ¢ (23.5)=5.98, p<0.001, £=0.89],
impulsivity [Yuen’s ¢ (15.9)=3.34, p=0.004, £=0.69], and anger
disposition [Yuen’s ¢ (14.2)=2.93, p=0.011, £=0.63] than participants
in the Fearless Dominance group - see Supplementary Table S1. Taken
together, these results indicate that the investigated participants reflect
a sample that validly represents the common traits related to the two
psychopathy subfactors.

3.2 Self-report before and after the
cyberball task

Means and standard deviations are reported in Table 2.

3.2.1 Arousal

Participants in the Fearless Dominance group reported lower
arousal than participants in the Self-Centered Impulsivity group [F
(1,21.28)=4.39, p=0.048, £=0.60]. Time point (p=0.491) and the
interaction group x time point (p=0.155) were not significant.

3.2.2 Dominance
The robust ANOVA did not show significant results (all
p’s>0.179).

3.2.3 Joy

Participants in the Fearless Dominance group reported to
experience higher joy than participants in the Self-Centered
Impulsivity group (F(1,27.05) =5.00, p=0.034, £ =0.44). Joy ratings of
all participants were higher before than after the cyberball [F
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TABLE 2 Means and standard deviation of subjective ratings.

Fearless dominance

Self-centered impulsivity

(n = 24) (n=17)
SAM - arousal PRE-T1 2.29 0.81 3.76 2.14
POST-T2 2.79 1.56 3.59 1.70
SAM-dominance PRE-T1 5.67 1.61 5.06 1.48
POST-T2 5.63 1.47 4.88 1.65
SAM-joy PRE-T1 7.00 0.89 6.24 1.09
POST-T2 6.58 1.47 5.82 1.02
PANAS-pos PRE-T1 31.63 3.81 30.41 5.42
POST-T2 30.33 5.55 29.82 7.54
PANAS-neg PRE-T1 11.42 1.50 14.18 4.56
POST-T2 10.92 1.44 12.00 1.87
PANAS-affective polarity PRE-T1 18.29 1.99 19.47 4.20
POST-T2 17.33 2.20 17.47 2.76
STAXI-anger PRE-T1 10.17 0.48 12.00 3.95
POST-T2 11.29 2.07 11.53 1.55
Manipulation check items Being ignored 3.17 1.20 3,53 1.28
Being part of a group 2.63 1.01 2.06 1.09
Feelings of inclusion 2.38 0.97 2.18 0.95
Feelings of exclusion 3.25 1.03 335 1.17
Playing with individuals 2.17 1.34 2.18 1.43
Playing with computer 4.13 1.33 4.12 1.22

(1,29.53) =5.40, p=0.027, =0.33]. The interaction was not significant
(p=0.989).

In summary our results show general group-specific state
differences on the one side (i.e., higher state arousal and negative
affect in individuals with secondary psychopathy traits, but higher
3.2.4 Positive affect

experience of joy in individuals with primary secondary traits). On

The robust ANOVA did not show significant results (all
P's>0.374).

3.2.5 Negative affect

Participants in the Fearless Dominance group reported lower
negative affect than participants in the Self-Centered Impulsivity
group [F (1,23.46) =6.57, p=0.017, £=0.49]. Time point (p=0.070)
and the interaction group x time point (p=0.668) were not significant.

3.2.6 Affective polarity

Ratings of affective polarity decreased from before to after the
cyberball task [F (1,29.59) =4.78, p=0.037, £=0.30]. Group (p=0.626)
and the interaction group x time point (p=0.584) were not significant.

3.2.7 Anger

Anger ratings increased from before to after the cyberball task [F
(1,23.02)=5.20, p=0.032, £=0.39]. Group (p=0.075) and the
interaction group x time point (p=0.984) were not significant.

3.2.8 Manipulation check

Participants in the Fearless Dominance and the Self-Centered
Impulsivity group did not differ in the manipulation check questions
(all p’s>0.113).
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the other side, task-specific changes from before to after the
cyberball paradigm were observed across all participants (i.e.,
decrease in joy and affective polarity, increase in anger after social
exclusion). No group-specific effects of social exclusion were found
in self-report.

3.3 Electrodermal activity

3.3.1 Skin conductance level

Skin conductance level varied significantly as a function of group
[F (1,38)=8.51, p=0.006], cyberball phase [F (3,114)=12.43,
p<0.001], and the interaction of group and cyberball phase [F
(3,114)=3.13, p=0.029]. Participants in the Fearless Dominance
group had lower SCL values than participants in the Self-Centered
Impulsivity group [b=0.91, SE=0.31, t (38.0) =2.92, p=0.006, semi-
partial R*=0.18]. Overall, SCL values increased significantly from
baseline to the inclusion phase [b=—0.69, SE=0.12, t (114.0) =—5.64,
p<0.001, semi-partial R*=0.24], and remained on a similar level when
comparing inclusion and exclusion phase (p=0.269) and exclusion
and habituation phase (p =0.927). The interaction effect seemed partly
driven by a larger change in SCL from baseline to inclusion in the
Self-Centered Impulsivity than the Fearless Dominance group
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FIGURE 2
Skin conductance level values (SCL) in the two groups, separately plotted for the 4 cyberball task phases. The box plots depict the median and quartiles
(whiskers demonstrating 1.5 times the interquartile range). Individual values are plotted in the respective group colors. The asterisk indicates significant
group differences in post-hoc tests.

TABLE 3 Means and standard deviation of psychophysiological measures.

Fearless Self-centered
dominance impulsivity
(n=23) (n=17)
M SD
SCL Resting 2.03 0.76 2.48 0.95
Inclusion 2.44 0.96 3.45 1.43
Exclusion 2.28 0.87 3.34 1.38
Habituation 2.24 091 3.35 1.40
Amplitude | Resting 0.40 0.47 0.53 0.67
sSCRs Inclusion 0.44 0.45 0.70 0.60
Exclusion 0.40 0.41 0.86 0.95
Habituation 0.47 0.63 1.05 1.07
Frequency | Resting 9.09 8.64 8.71 7.09
sSCRs Inclusion 11.04 9.41 11.35 9.00
Exclusion 11.35 10.16 13.76 11.78
Habituation 8.78 8.23 13.53 10.73
HR Resting 68.18 13.33 70.78 12.25
Inclusion 68.72 11.47 72.08 14.11
Exclusion 66.36 11.75 70.55 13.19
Habituation 67.94 11.66 72.00 13.91

[b=—0.56, SE=0.25, t (114.0)=—2.29, p=0.024, semi-partial

R*=0.08]. Further disentangling the interaction effect by focusing on
group comparisons at each cyberball phase showed that both groups
showed comparable SCL values at baseline (pom>0.999), while group
differences became apparent over the course of the cyberball
(inclusion:  ppym=0.078; exclusion: pju,=0.056; habituation:
Phoim=0.045) — see Figure 2 and Table 3.
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3.3.2 Amplitude of sSCRs

Amplitudes of significant skin conductance responses varied
significantly as a function of group [F (1,38.0) =4.40, p=0.043] and
cyberball phase [F (3,114.0) =2.87, p=0.040], while the interaction
was not significant (p =0.146). Participants in the Fearless Dominance
group had lower SCR amplitudes than participants in the Self-
Centered Impulsivity group [b=0.36, SE=0.17, t (38.0)=2.10,
p=0.043, semi-partial R*=0.10]. Comparisons between the cyberball
phases analog to the SCL model above did not result in significant
results (all p’s>0.216). The observed main effect of cyberball phase
was most likely driven by higher amplitudes in the habituation than
the baseline phase (pPhoim =0.030).

3.3.3 Frequency of sSCRs
No significant effects were observed (all p’s >0.078).

3.4 Electrocardiogram

3.4.1 Heart rate

Heart rate varied significantly as a function of cyberball phase [F
(3,111.0)=3.42, p=0.020]. While HR did not significantly change from
baseline to inclusion (p=0.154), it significantly decreased from inclusion
to exclusion [b=1.94, SE=0.64, t (111.0)=3.04, p=0.003, semi-partial
R?=0.09], and increased again from exclusion to habituation [b=—1.52,
SE=0.64, t (111.0)=—2.38, p=0.019, semi-partial R*=0.09]. Group and
the interaction between group x cyberball phase had not significant effect
on HR [all p’s>0.382; see Figure 3; Table 3].

3.5 Exploratory correlation analyses
Group-wise Spearman correlations between changes in

psychophysiological variables (ASCL, AAmp_sSCR, AHR) and most

subjective state ratings did not show strong associations (ADominance:
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Heart rate values (HR) in all participants, separately plotted for the four cyberball task phases. The box plots depict the median and quartiles (whiskers

©® Fearless Dominance
Self-Centered

Impulsivity
12 » “\Fearless Dominance
~._Self-Centered
Impulsivity
6 °
x . r.=0.198
< 0
*
-6 [} °
o o r.=-0.598
-12
-2 0 2 4
A arousal
FIGURE 4

Associations between cyberball-induced changes in subjective
arousal ratings and heart rate as physiological marker of arousal.
“Post-cyberball minus pre-cyberball” differences in subjectively
experienced arousal are plotted on the x-axis. Positive values indicate
higher subjective arousal after than before the cyberball, while
negative values indicate higher subjective arousal before than after
the cyberball paradigm. On the y-axis, exclusion phase minus resting
phase” differences are plotted for heart rate (HR). Positive values
indicate higher physiological arousal during the exclusion than the
resting phase, while negative values indicate higher physiological
arousal in the resting than the exclusion phase. Associations are
plotted for individuals high on Fearless Dominance traits in blue and
for individuals high on Self-Centered Impulsivity traits in mint color.
The colored solid lines depict the regression lines per group;
correlation coefficients r; are reported per group. The asterisk
denotes a significant group difference for the association between
AHR and A arousal (Steiger's z: —=2.50, p = 0.012).

P’s>0.146; AJoy: p’s>0.219; APositive affect: p’s>0.357; ANegative
affect: p’s >0.095; AAffective polarity: p’s>0.056; AAnger: p’s>0.255).
In individuals high on Self-Centered Impulsivity traits, negative
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associations between AArousal and ASCL (r;=—0.488, p=0.047) and
between AArousal and AHR (r,=—0.598, p=0.011; see Figure 4) did
not pass the corrected significance level. Interestingly, however, these
associations were in the opposite direction in individuals high on
Fearless Dominance traits (ASCL: r,=0.082; AHR: r,=0.189, both not
significant). An exploration of these diverging association patterns
with Steiger’s Z test (97) to compare correlation coefficients showed
that they indeed differed between the two groups for the heart rate
measure (AArousal/ASCL: z=—1.77, p=0.077, two-tailed; A Arousal/
AHR: z=-2.50, p=0.012, two-tailed). Participants high on Self-
Centered Impulsivity reporting higher arousal after than before the
cyberball paradigm showed a reduction in physiological arousal (as
indicated by HR) during exclusion compared to the resting phase. This
mismatch between self-report and physiological responding was not
observed in participants high on Fearless Dominance traits.

4 Discussion

The current study investigated the effect of social exclusion in
healthy male individuals with varying psychopathy traits. More
precisely, we analyzed the influence of a modified cyberball paradigm
(78, 79) as a proxy for social exclusion on electrodermal and cardiac
activity and on self-reported emotional states in individuals with
either high Fearless Dominance (hereinafter primary psychopathy)
traits or high Self-Centered Impulsivity (hereinafter secondary
psychopathy) traits. It has to be noted that the characteristics of
primary and secondary psychopathy cannot be equated with the
characteristics of Fearless Dominance and Self-Centered Impulsivity
traits and are only approximations of the corresponding factors.

Across the sample, the cyberball paradigm induced changes in
self-report (e.g., increase in anger, decrease in joy and in affective
polarity representing lower approach motivation and higher
withdrawal after social exclusion) and physiological responding in
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ways that would reflect the experience of being socially excluded, with
general effects comparable to previous literature [e.g., (2-6)]. These
findings suggest that the current cyberball version and the experiences
of our participants reflected a valid task implementation. Importantly
though, individuals with high primary compared to those with high
secondary psychopathy traits showed a different pattern of
physiological responses when being socially excluded, which will
be discussed in detail below.

As initially expected, individuals with high primary psychopathy
traits reported in general significantly lower trait arousal and higher
experience of joy than individuals with high secondary psychopathy
traits. In contrast, individuals with high secondary psychopathy traits
reported in general significantly higher negative affect than individuals
with primary psychopathy traits. This is in line with previous research
indicating generally low arousal levels in individuals with primary
psychopathy traits (98), and the experience of predominantly negative
emotions (46) in individuals with secondary psychopathy traits.

Emphasizing a divergent processing pattern of individuals high
on primary and secondary psychopathy traits, physiological responses
also differentiated between the two psychopathy trait groups. The
amplitude of skin conductance responses was in general higher in
individuals high on secondary than those high on primary
psychopathy traits. Moreover, skin conductance level responses were
significantly higher during the habituation phase in individuals high
on secondary compared to those high on primary psychopathy traits.
Furthermore, our exploratory correlation analysis showed that
individuals high on secondary psychopathy traits differed significantly
from individuals high on primary psychopathy traits in how
physiological and self-report markers of arousal were associated with
each other. While individuals with secondary psychopathy traits
seemed to show a mismatch between their cognitive assessment of
experienced arousal and their physiological level of arousal in
response to social exclusion (i.e., self-reported higher arousal after
than before social exclusion but reduction in physiological arousal as
indicated by HR during exclusion compared to the resting phase),
individuals high on primary psychopathy traits did not seem to
be aroused at all in response to social exclusion. Taken together, these
results might suggest different patterns of emotional processing and
regulation during social situations in the two groups.

A possible explanation for the lack of corresponding responses of
individuals with primary psychopathy traits to social exclusion in the
current study can be given by characteristics associated with primary
psychopathy. Generally, individuals with primary psychopathy traits
were often characterized by exhibiting low physiological arousal (39)
and by a tendency to show less sensitivity to social affiliation (99).
Therefore, they might not feel affected by the social exclusion situation
because they might simply fail to pay attention to it (41). This is in line
with the proposed response modulation hypothesis of psychopathy
[for a meta-analysis see (100)], in particular with the assumption of
an early attentional bottleneck leading to a selective processing of only
goal-directed (i.e, subjectively relevant) information while
concurrently neglecting other (e.g., contextual) aspects of a situation
(101). Such an early attentional focus on personally relevant
information might explain why individuals with primary psychopathy
traits have been assumed to not benefit from any form of treatment.
However, Baskin-Sommers and colleagues (102) reported that the
emotion regulation strategy of cognitive remediation was effective also
in individuals with high primary psychopathy traits. Their participants
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benefited most from an “attention to context” training, instructing
them to pay more attention to contextual cues in their environment.
Linking these findings to the current study, individuals high on
primary psychopathy traits might have also successfully directed their
attention away from the emotionally conflicting situation. While this
might be a beneficial strategy for individuals who engage too much in
highly emotional situations, for individuals high on primary
psychopathy traits it could be considered a maladaptive strategy,
preventing them from an emotional experience in the situation at
hand. Based on the findings by Baskin-Sommers and colleagues (102),
future therapy programs could directly tackle this lack of emotional
experience by providing instructions on what to focus on in
social situations.

Individuals with high secondary psychopathy traits showed a
stronger increase in physiological arousal from the resting to the
inclusion phase compared to individuals with high primary
psychopathy traits. Generally, an increase of arousal from the resting
phase to any phase where active engagement in the experimental
manipulation was required, was expected in all participants (103). The
larger increase in individuals with secondary psychopathy traits as
compared to those with primary ones has to be interpreted with due
care. Blackburn and Lee-Evans (98) found that especially individuals
with secondary psychopathy traits from a high-security psychiatric
hospital report greater somatic arousal in response to anger-evoking
situations. Unfortunately, to date, this association between hypo-or
hyperarousal and psychopathic traits has not been sufficiently
validated (40, 104). This is mainly due to methodological issues such
as underpowered samples, the investigation of primarily forensic
samples with interfering antisocial personality disorder, or
disregarding the sub-facets of psychopathy when investigating
psychopathic vs. non-psychopathic individuals (104). Therefore, a
replication of our study with a larger sample would be required to
draw valid conclusions on a potentially higher reactivity of individuals
with secondary psychopathic traits to social situations. The assessment
of physiological arousal measures, as suggested by a recent population-
based study on re-offending (105), could further improve the quality
of risk assessments as low autonomic arousal might serve as a
predictor for reoffending.

When focusing on direct group comparisons for each cyberball
phase, it seemed that participants high on secondary psychopathy
traits were physiologically more reactive to the different phases of the
cyberball paradigm than participants high on primary psychopathy
traits. While both groups showed comparable levels of arousal (as
indicated by SCL) at baseline, group differences became apparent over
the course of the cyberball phases, resulting in significantly higher
arousal in participants high on secondary psychopathy traits during
the final habituation phase. This finding indicates a continuously high
level of arousal in these individuals and is in line with previous
literature assuming individuals with high psychopathic traits to show
difficulties to adapt their perception or behavior in emotionally
charged situations, especially when attention has already been directed
toward the respective emotional stimulus (41, 42). Individuals high on
secondary psychopathy traits might take a longer time until their
physiological arousal levels return to resting levels. This might lead
these individuals to a sustained focus on the threatening social
situation and to an increase in emotional involvement. So, while
individuals with primary psychopathy traits seem to not pay attention
to contextual emotional cues, individuals with secondary psychopathy
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traits seem to show a sustained attentional focus on them. Moreover,
particularly individuals high on secondary psychopathy traits are also
considered to show difficulties in emotionally relevant inhibitory
processes, which in turn influence their emotion regulation abilities
and emotional responses (44, 45), and might lead to impulsive and
aggressive behavior. These findings have been mainly reported in
criminal populations, but a similar pattern might also be observable
in individuals with high psychopathy traits from a community sample,
as suggested by the current study.

though, with  high
psychopathy traits seemed to show a mismatch in their cognitively

Interestingly individuals secondary
perceived and physiologically experienced emotional and arousal
reactions to social exclusion, as compared to individuals with high
primary psychopathy traits. This pattern is somewhat reminiscent of
a dissociation between emotion and cognition that is also found in
traumatized individuals [e.g., (106)]. Already Porter (107) developed
a theory suggesting that secondary psychopathy might rather be a
distinctive dissociative disorder and not a personality disorder,
defined by a disconnection between emotion and cognition influenced
by early maltreatment. In line with this assumption, individuals with
secondary psychopathy traits seem to develop an inability to form
early secure attachments (108) due to parental rejection and abuse
(109), among other experiences of interpersonal rejection.
Furthermore, investigating the influence of conflicting social
situations on the development of psychopathy traits, Dishion and et al.
(60) evaluated effects of early aggressive behavior on peer affiliation.
They found that young boys and girls with higher levels of aggressive
behavior were more likely being disliked by their classmates, and
therefore most probably socially excluded. Taken together, these
observations could potentially partly explain the mismatch between
self-report and psychophysiology observed in individuals high on
secondary psychopathic traits in the current study.

Another reason might also be that physiological and subjective
responses following affective stimuli or situations do not always
necessarily cohere to a large extent, as debated for example by
Levenson et al. (110).

Nevertheless, and in line with other studies [e.g., (99, 111), for a
review on the treatment of psychopathy see (112)], our results support
the necessity of implementing specific intervention strategies for
individuals scoring high on psychopathy traits, in particular for those
with secondary psychopathy traits. The violation of basic emotional
needs in children, such as the need for secure attachments to others,
can result in early maladaptive schemas leading to maladaptive coping
strategies on a cognitive, emotional and behavioral level (112, 113), and
contribute to the trauma-psychopathy hypothesis explaining the
development of particularly secondary psychopathy traits (107, 111).
The current results should be interpreted with due care. A limitation of
this study pertains to the rather small sample size in an extreme group
design, which results in less power to detect small to medium effects of
divergent emotional experiences and processing in response to social
exclusion in individuals with high psychopathic traits. However, in
total 1,612 volunteers (445 men) were screened for psychopathic traits,
and the recruited laboratory sample was well selected in regard to the
two psychopathy factors. The number of recruited participants almost
exactly represents the prevalence of individuals with psychopathic
traits in the community [between 0.6% (57); and 4.5% (58)], and
should therefore be considered a representative sample. Of note, the
generalizability of our results is limited to a male-only sample with
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extremely high primary and secondary psychopathy traits in a normal
population. Thus, factors such as variability in psychopathic traits or a
valid control group (with, e.g., mean scores in psychopathic traits in a
reference-based sample) and sex/gender are missing to draw broader
conclusions. By choosing a male-only extreme group design, we aimed
to enhance the comparability with forensic samples (59), which are
mostly the targets of psychopathy research. Nevertheless, investigating
a continuous distribution of psychopathy scores on each facet would
have allowed a clearer picture of how the diverging facets individually
(i.e., fearless dominance and self-centered impulsivity) and their
combination relate to social exclusion. To address these limitations,
future research should aim for multi-center studies that allow the
collection of larger and more diverse participant samples. This may
then provide a more accurate view on the underlying emotional,
cognitive, and behavioral differences of, for example, socially excluded
individuals with psychopathic traits. Moreover, future implementations
of the cyberball paradigm could make use of virtual reality installments
to further increase the validity of the artificially created social exclusion
setting [such as (80)]. This could be particularly important when
investigating individuals with varying psychopathy levels, who seem to
be less sensitive to contextual cues.

It is noteworthy to mention that results of the exploratory
association between physiological responses and self-reported state
measures may be influenced by the chosen time-point of self-report
assessment (after the habituation phase and not directly after the
social exclusion phase). In order to minimize the influence of, for
example, cognitive strategies to deal with the potentially threatening
effects of social exclusion (114) it could be recommended to assess
self-report directly after social exclusion. In this case, a presentation
of shortened self-report assessment would be most feasible.

According to Mahmut and colleagues (59), non-criminal
psychopathic individuals appear not to differ significantly from
criminal psychopathic individuals in terms of psychopathic traits per
se, but rather in their degree of expression. Hence, it can be assumed
that the current findings are also applicable to criminal individuals
with high psychopathy traits. Along these lines, also Boduzek and
colleagues (115) argue that the prevalence of individuals with high
psychopathy traits are rather comparable in student samples. In
conclusion, we therefore suggest that our results may be most relevant
to forensic populations with psychopathic traits and could lead to
important implications for more efficient therapeutic interventions. A
better understanding of how individuals with varying psychopathy
traits react to social exclusion and generally to conflict-laden social
situations might contribute to more suitable, need-specific therapy,
and furthermore to a reduction of criminal acts and recidivism.

In terms of therapy approaches, it would be desirable to switch from
a solely behavioral understanding of the psychopathy construct to a
more clinical view to account for the specific cognitive and emotional
dysfunctions in therapeutic settings (112). Hence, more research is
needed in order to investigate the different emotion processing
mechanisms and cognitive coping strategies by comparing the two
psychopathy subtypes in both well-functioning community population
with psychopathic traits and in matched forensic populations.

Finally, it is important to mention that our study focuses only on the
two main factors of psychopathy, while more or less neglecting the third,
maybe crucial, factor, namely Coldheartedness. Coldheartedness is
supposed to reflect a lack of compassion, indifference against the
emotions of others [e.g., lack of empathy for other’s pain (116, 117) and
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egoistic behavior (35)], and is therefore associated with empathic abilities
crucial to social situations and interactions. These specific characteristics
have caused the development of alternative conceptualization of
psychopathy like the triarchic model (37) that entails Boldness (i.e.,
tendency for social assertiveness, dominance and emotional resilience),
Meanness (i.e., lack of empathy and affiliative capacity as well as
aggressive manipulation) and Disinhibition (i.e., boredom proneness,
irresponsibility, and impulsivity) (118). Regarding the specific
characteristics of Coldheartedness/Meanness that are not fully covered
by none of the other facets, it might add pivotal information to our
understanding of social behavior of individuals with psychopathic traits
when integrating this third domain of psychopathy in further research
on social exclusion or other social situations.

Data availability statement

The anonymized raw data supporting the conclusions of this
article will be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by University of
Vienna ethics board. The studies were conducted in accordance with
the local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

NS: original idea, designed the study, acquired funding, performed
the research, and data curation. KH-F and DP: supervision. KH-F:
provided input to methods. NS and DP: data analyses, data
visualization, and wrote the manuscript. NB and CL: provided
comments on the manuscript. All authors contributed to the article
and approved the submitted version.

References

1. Baumeister RE, Leary MR. The need to belong: desire for interpersonal attachments
as a fundamental human emotion. Psychol Bull. (1995) 117:497-529. doi:
10.1037/0033-2909.117.3.497

2. Williams KD, Zadro L. Ostracism: the indiscriminate early detection system. In:
KD Williams, JP Forgas and HippelW Von The social outcast: Ostracism, social exclusion,
rejection, and bullying. 500109. New York: Psychology Press, pp. 279-295. (2004).

3. Williams KD. Ostracism. Annu Rev Psychol. (2007) 58:425-52. doi: 10.1146/
annurev.psych.58.110405.085641

4. Craighead WE, Kimball WH, Rehak PJ. Mood changes, physiological responses,
and self-statements during social rejection imagery. J Consult Clin Psychol. (1979)
47:385-96. doi: 10.1037/0022-006X.47.2.385

5. Zadro L, Williams KD, Richardson R. How low can you go? Ostracism by a
computer is sufficient to lower self-reported levels of belonging, control, self-esteem, and
meaningful existence. ] Exp Soc Psychol. (2004) 40:560-7. doi: 10.1016/j.jesp.2003.11.006

6. Warburton WA, Williams KD, Cairns DR. When ostracism leads to aggression: the
moderating effects of control deprivation. J Exp Soc Psychol. (2006) 42:213-20. doi:
10.1016/j.jesp.2005.03.005

7. Stroud LR, Tanofsky-Kraff M, Wilfley DE, Salovey P. The Yale interpersonal stressor
(YIPS): affective, physiological, and behavioral responses to a novel interpersonal
rejection paradigm. Ann Behav Med. (2000) 22:204-13. doi: 10.1007/BF02895115

8. DeWall CN, Deckman T, Pond RS, Bonser I. Belongingness as a core personality
trait: how social exclusion influences social functioning and personality expression. J
Pers. (2011) 79:1281-314. doi: 10.1111/j.1467-6494.2010.00695.x

Frontiers in Psychiatry

10.3389/fpsyt.2023.1197595

Funding

Participants’ financial remuneration was funded by a scholarship
of the University of Vienna awarded to Natalia A. Seeger, and faculty
funds of Kristina Hennig-Fast.

Acknowledgments

Hypotheses, study design, and analyses were not pre-registered.
We thank T. Benke, J. Dunkel, E Giesel, M. Heine, K. Irrle, B. Kappers,
L. Kraft, L. Laufiner, J. Robotta, A. Schmiedecker, J. Willinghofer,
G. Wurmauer for support during data collection.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1197595/
full#supplementary-material

9. Frijda NH, Mesquita B. The social roles and functions of emotions In: S Kitayama
and HR Marcus, editors. Emotion and culture. Empirical studies of mutual influence.
Washington, DC: American Psychological Association (1994). 51-87.

10. Miller RS, Leary MR. Social sources and interactive functions of emotions: the case
of embarrassment In: MS Clark, editor. Emotion and social behavior. Newbury Park: Sage
Publications (1992). 202-21.

11. Salovey P, Grewal D. The science of emotional intelligence. Curr Dir Psychol Sci.
(2005) 14:281-5. doi: 10.1111/§.0963-7214.2005.00381.x

12. Baird SA. The links between primary and secondary psychopathy and social
adaptation. Colgate Univ ] Sci. (2002) 2:61-82.

13. Blair RJR. The emergence of psychopathy: implications for the neuropsychological
approach to developmental disorders. Cognition. (2006) 101:414-42. doi: 10.1016/j.
cognition.2006.04.005

14. Patrick CJ, Bradley MM, Lang PJ. Emotion in the criminal psychopath: startle
reflex modulation. J Abnorm Psychol. (1993) 102:82-92. doi: 10.1037/0021-843X.102.1.82

15. Vanman EJ, Mejia VY, Dawson ME, Schell AM, Raine A. Modification of the
startle reflex in a community sample: do one or two dimensions of psychopathy underlie
emotional processing? Pers Individ Dif. (2003) 35:2007-21. doi: 10.1016/
S0191-8869(03)00052-7

16. Lorber ME Psychophysiology of aggression, psychopathy, and conduct problems:
a meta-analysis. Psychol Bull. (2004) 130:531-52. doi: 10.1037/0033-2909.130.4.531

17. Visser BA, Bay D, Cook GL, Myburgh J. Psychopathic and antisocial, but not
emotionally intelligent. Pers Individ Dif. (2010) 48:644-8. doi: 10.1016/j.paid.2010.01.003

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1197595
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1197595/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1197595/full#supplementary-material
https://doi.org/10.1037/0033-2909.117.3.497
https://doi.org/10.1146/annurev.psych.58.110405.085641
https://doi.org/10.1146/annurev.psych.58.110405.085641
https://doi.org/10.1037/0022-006X.47.2.385
https://doi.org/10.1016/j.jesp.2003.11.006
https://doi.org/10.1016/j.jesp.2005.03.005
https://doi.org/10.1007/BF02895115
https://doi.org/10.1111/j.1467-6494.2010.00695.x
https://doi.org/10.1111/j.0963-7214.2005.00381.x
https://doi.org/10.1016/j.cognition.2006.04.005
https://doi.org/10.1016/j.cognition.2006.04.005
https://doi.org/10.1037/0021-843X.102.1.82
https://doi.org/10.1016/S0191-8869(03)00052-7
https://doi.org/10.1016/S0191-8869(03)00052-7
https://doi.org/10.1037/0033-2909.130.4.531
https://doi.org/10.1016/j.paid.2010.01.003

Seeger et al.

18. Dolan M, Fullam R. Face affect recognition deficits in personality-disordered
offenders: association with psychopathy. Psychol Med. (2006) 36:1563-9. doi: 10.1017/
$0033291706008634

19. Glass SJ, Newman JP. Recognition of facial affect in psychopathic offenders. J
Abnorm Psychol. (2006) 115:815-20. doi: 10.1037/0021-843X.115.4.815

20. Marsh AA, Blair RJR. Deficits in facial affect recognition among antisocial
populations: a meta-analysis. Neurosci Biobehav Rev. (2008) 32:454-65. doi: 10.1016/j.
neubiorev.2007.08.003

21.Kirsch LG, Becker JV. Emotional deficits in psychopathy and sexual sadism:
implications for violent and sadistic behavior. Clin Psychol Rev. (2007) 27:904-22. doi:
10.1016/j.cpr.2007.01.011

22. Casey H, Rogers RD, Burns T, Yiend J. Emotion regulation in psychopathy. Biol
Psychol. (2013) 92:541-8. doi: 10.1016/j.biopsycho.2012.06.011

23. Patrick CJ. Handbook of psychopathy. New York: Guilford Press (2006).

24.Hicks BM, Markon KE, Patrick CJ, Krueger RF, Newman JP. Identifying
psychopathy subtypes on the basis of personality structure. Psychol Assess. (2004)
16:276-88. doi: 10.1037/1040-3590.16.3.276

25.Hare RD. Hare psychopathy checklist-revised. Toronto, Ontario: Multi-Health
Systems (2003).

26. Ruchensky JR, Edens JE, Corker KS, Donnellan MB, Witt EA, Blonigen DM.
Evaluating the structure of psychopathic personality traits: a meta-analysis of the
psychopathic personality inventory. Psychol Assess. (2018) 30:707-18. doi: 10.1037/
pas0000520

27. Blackburn R, Maybury C. Identifying the psychopath: the relation of Cleckley’s
criteria to the interpersonal domain. Pers Individ Dif. (1985) 6:375-86. doi:
10.1016/0191-8869(85)90062-5

28. Karpman B. On the need of separating psychopathy into two distinct clinical types:
the symptomatic and the idiopathic. J Crim Psychopathol. (1941) 3:112-37.

29.Kosson DS, Newman JP. An evaluation of Mealeys hypotheses based on
psychopathy checklist: identified groups. Behav Brain Sci. (1995) 18:562-3. doi: 10.1017/
S0140525X00039832

30. Levenson MR, Kiehl KA, Fitzpatrick CM. Assessing psychopathic attributes in a
noninstitutionalized population. ] Pers Soc Psychol. (1995) 68:151-8. doi:
10.1037/0022-3514.68.1.151

31. Lykken DT. Psychopathy, sociopathy, and crime. Society. (1996) 34:29-38. doi:
10.1007/BF02696999

32. Lynam DR, Whiteside S, Jones S. Self-reported psychopathy: a validation study. J
Pers Assess. (1999) 73:110-32. doi: 10.1207/515327752JPA730108

33. McHoskey JW, Worzel W, Szyarto C. Machiavellianism and psychopathy. ] Pers Soc
Psychol. (1998) 74:192-210. doi: 10.1037/0022-3514.74.1.192

34. Morrison D, Gilbert P. Social rank, shame and anger in primary and secondary
psychopaths. J Forensic Psychiatry. (2001) 12:330-56. doi: 10.1080/09585180122541

35. Alpers GW, Eisenbarth H. Psychopathic personality inventory-revised (German
version). Géttingen: Hogrefe (2008).

36. Lilienfeld SO, Widows MR. Psychopathic personality Inventory revised (PPI-R).
Professional manual. Lutz, Florida: Psychological Assessment Resources (2005).

37. Patrick CJ. Psychopathy: current knowledge and future directions. Annu Rev Clin
Psychol. (2022) 18:387-415. doi: 10.1146/annurev-clinpsy-072720-012851

38. Reidy DE, Wilson LF, Sloan CA, Cohn AM, Smart LM, Zeichner A. Psychopathic
traits and men’s anger response to interpersonal conflict: a pilot study. Pers Individ Dif.
(2013) 55:957-61. doi: 10.1016/j.paid.2013.07.473

39. Benning SD, Patrick CJ, Tacono WG. Psychopathy, startle blink modulation, and
electrodermal reactivity in twin men. Psychophysiology. (2005) 42:753-62. doi: 10.1111/j.
1469-8986.2005.00353.x

40. de Looff PC, Cornet LJM, de Kogel CH, Fernandez-Castilla B, Embregts PJCM,
Didden R, et al. Heart rate and skin conductance associations with physical aggression,
psychopathy, antisocial personality disorder and conduct disorder: an updated meta-
analysis. Neurosci Biobehav Rev. (2022) 132:553-82. doi: 10.1016/j.neubiorev.2021.11.003

41. Malterer MB, Glass S], Newman JP. Psychopathy and trait emotional intelligence.
Pers Individ Dif. (2008) 44:735-45. doi: 10.1016/j.paid.2007.10.007

42. MacCoon DG, Wallace JE, Newman JP. Self-regulation: context-appropriate
balanced attention In: DG MacCoon, editor. Handbook of self-regulation: Research,
theory, and applications. New York: The Guilford Press (2004). 422-44.

43. Zeier JD, Maxwell JS, Newman JP. Attention moderates the processing of
inhibitory information in primary psychopathy. ] Abnorm Psychol. (2009) 118:554-63.
doi: 10.1037/a0016480

44, Feilhauer J, Cima M, Korebrits A, Kunert H]J. Differential associations between
psychopathy dimensions, types of aggression, and response inhibition. Aggress Behav.
(2012) 38:77-88. doi: 10.1002/ab.20415

45. Patrick CJ, Hicks BM, Krueger RE, Lang AR. Relations between psychopathy facets
and externalizing in a criminal offender sample. ] Personal Disord. (2005) 19:339-56.
doi: 10.1521/pedi.2005.19.4.339

Frontiers in Psychiatry

13

10.3389/fpsyt.2023.1197595

46. Del Gaizo AL, Falkenbach DM. Primary and secondary psychopathic-traits and
their relationship to perception and experience of emotion. Pers Individ Dif. (2008)
45:206-12. doi: 10.1016/j.paid.2008.03.019

47. Grieve R, Mahar D. The emotional manipulation-psychopathy nexus: relationships
with emotional intelligence, alexithymia and ethical position. Pers Individ Dif. (2010)
48:945-50. doi: 10.1016/j.paid.2010.02.028

48. Ali F, Amorim IS, Chamorro-Premuzic T. Empathy deficits and trait emotional
intelligence in psychopathy and Machiavellianism. Pers Individ Dif. (2009) 47:758-62.
doi: 10.1016/.paid.2009.06.016

49. Hess U, Blairy S. Facial mimicry and emotional contagion to dynamic\remotional
facial expressions and their influence on\rdecoding accuracy. Int J Psychophysiol. (2001)
40:129-41. doi: 10.1016/S0167-8760(00)00161-6

50. Bourgeois P, Hess U. The impact of social context on mimicry. Biol Psychol. (2008)
77:343-52. doi: 10.1016/j.biopsycho.2007.11.008

51. Hess U, Bourgeois P. You smile-I smile: emotion expression in social interaction.
Biol Psychol. (2010) 84:514-20. doi: 10.1016/j.biopsycho.2009.11.001

52. Nummenmaa L, Glerean E, Viinikainen M, Jaiskeldinen IP, Hari R, Sams M.
Emotions promote social interaction by synchronizing brain activity across individuals.
Proc Natl Acad Sci U S A. (2012) 109:9599-604. doi: 10.1073/pnas.1206095109

53. Leary MR. Varieties of interpersonal rejection In: MR Leary, editor. The social
outcast: Ostracism, social exclusion, rejection, and bullying. Winston-Salem: Department
of Psychology, Wake Forest University (2005). 35-51.

54. Harris GT, Rice ME. Treatment of psychopathy: a review of empirical findings In:
CJ Patrick, editor. Handbook of psychopathy. New York: The Guilford Press (2006).
555-72.

55. Olver ME, Lewis K, Wong SCP. Risk reduction treatment of high-risk psychopathic
offenders: the relationship of psychopathy and treatment change to violent recidivism.
Personal Disord Theory Res Treat. (2013) 4:160-7. doi: 10.1037/a0029769

56. Coid J, Yang M, Ullrich S, Roberts A, Moran P, Bebbington P, et al. Psychopathy
among prisoners in England and Wales. Int ] Law Psychiatry. (2009) 32:134-41. doi:
10.1016/j.ijlp.2009.02.008

57.Coid ], Yang M, Ullrich S, Roberts A, Hare RD. Prevalence and correlates of
psychopathic traits in the household population of Great Britain. Int ] Law Psychiatry.
(2009) 32:65-73. doi: 10.1016/}.ijlp.2009.01.002

58. Sanz-Garcia A, Gesteira C, Sanz J, Garcia-Vera MP. Prevalence of psychopathy in
the general adult population: a systematic review and Meta-analysis. Front Psychol.
(2021) 12:1044. doi: 10.3389/fpsyg.2021.661044

59. Mahmut MK, Homewood J, Stevenson R]. The characteristics of non-criminals
with high psychopathy traits: are they similar to criminal psychopaths? J Res Pers. (2008)
42:679-92. doi: 10.1016/j.jrp.2007.09.002

60. Dishion TJ, Nelson SE, Yasui M. Predicting early adolescent gang involvement
from middle school adaptation. J Clin Child Adolesc Psychol. (2005) 34:62-73. doi:
10.1207/s15374424jccp3401_6

61. Brennan GM, Crowley MJ, Wu ], Mayes LC, Baskin-Sommers AR. Neural
processing of social exclusion in individuals with psychopathic traits: links to anger and
aggression. Psychiatry Res. (2018) 268:263-71. doi: 10.1016/j.psychres.2018.07.024

62. Seara-Cardoso A, Neumann C, Roiser J, McCrory E, Viding E. Investigating
associations between empathy, morality and psychopathic personality traits in the
general population. Pers Individ Dif. (2012) 52:67-71. doi: 10.1016/j.paid.2011.08.029

63. De Looff P, Didden R. Changes in heart rate and skin conductance in the 30 min
preceding aggressive behavior. Psychophysiology. (2019) 56:¢13420:e13420-12. doi:
10.1111/psyp.13420

64. Marcus DK, Church AS, O’Connell D, Lilienfeld SO. Identifying careless
responding with the psychopathic personality inventory-revised validity scales.
Assessment. (2018) 25:31-9. doi: 10.1177/1073191116641507

65. Fisher JE, Guha A, Heller W, Miller GA. Extreme-groups designs in studies of
dimensional phenomena: advantages, caveats, and recommendations. ] Abnorm Psychol.
(2020) 129:14-20. doi: 10.1037/abn0000480

66. Preacher KJ, Rucker DD, MacCallum RC, Nicewander WA. Use of the extreme
groups approach: a crtical reexamination and new recommendations. Psychol Methods.
(2005) 10:178-92. doi: 10.1037/1082-989X.10.2.178

67. World Medical Association. World Medical Association Declaration of Helsinki:
ethical principles for medical research involving human subjects. JAMA. (2013)
310:2191-4. doi: 10.1001/jama.2013.281053

68. Anderson JL, Sellbom M, Wygant DB, Edens JE. Examining the necessity for and
utility of the psychopathic personality inventory-revised (PPI-R) validity scales. Law
Hum Behav. (2013) 37:312-20. doi: 10.1037/lhb0000018

69. Edens JE, Mcdermott BE. Examining the construct validity of the psychopathic
personality inventory-revised: Preferential correlates of fearless dominance and self-
centered. impulsivity. Psychol Assess. (2010) 22:32-42. doi: 10.1037/a0018220

70. Drislane LE, Patrick CJ, Sourander A, Sillanmaki L, Aggen SH, Elonheimo H, et al.
Distinct variants of extreme psychopathic individuals in Society at Large: Evidence from
a population-based sample. Personal Disord. (2014) 5:154-63. doi: 10.1037/per0000060

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1197595
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1017/S0033291706008634
https://doi.org/10.1017/S0033291706008634
https://doi.org/10.1037/0021-843X.115.4.815
https://doi.org/10.1016/j.neubiorev.2007.08.003
https://doi.org/10.1016/j.neubiorev.2007.08.003
https://doi.org/10.1016/j.cpr.2007.01.011
https://doi.org/10.1016/j.biopsycho.2012.06.011
https://doi.org/10.1037/1040-3590.16.3.276
https://doi.org/10.1037/pas0000520
https://doi.org/10.1037/pas0000520
https://doi.org/10.1016/0191-8869(85)90062-5
https://doi.org/10.1017/S0140525X00039832
https://doi.org/10.1017/S0140525X00039832
https://doi.org/10.1037/0022-3514.68.1.151
https://doi.org/10.1007/BF02696999
https://doi.org/10.1207/S15327752JPA730108
https://doi.org/10.1037/0022-3514.74.1.192
https://doi.org/10.1080/09585180122541
https://doi.org/10.1146/annurev-clinpsy-072720-012851
https://doi.org/10.1016/j.paid.2013.07.473
https://doi.org/10.1111/j.1469-8986.2005.00353.x
https://doi.org/10.1111/j.1469-8986.2005.00353.x
https://doi.org/10.1016/j.neubiorev.2021.11.003
https://doi.org/10.1016/j.paid.2007.10.007
https://doi.org/10.1037/a0016480
https://doi.org/10.1002/ab.20415
https://doi.org/10.1521/pedi.2005.19.4.339
https://doi.org/10.1016/j.paid.2008.03.019
https://doi.org/10.1016/j.paid.2010.02.028
https://doi.org/10.1016/j.paid.2009.06.016
https://doi.org/10.1016/S0167-8760(00)00161-6
https://doi.org/10.1016/j.biopsycho.2007.11.008
https://doi.org/10.1016/j.biopsycho.2009.11.001
https://doi.org/10.1073/pnas.1206095109
https://doi.org/10.1037/a0029769
https://doi.org/10.1016/j.ijlp.2009.02.008
https://doi.org/10.1016/j.ijlp.2009.01.002
https://doi.org/10.3389/fpsyg.2021.661044
https://doi.org/10.1016/j.jrp.2007.09.002
https://doi.org/10.1207/s15374424jccp3401_6
https://doi.org/10.1016/j.psychres.2018.07.024
https://doi.org/10.1016/j.paid.2011.08.029
https://doi.org/10.1111/psyp.13420
https://doi.org/10.1177/1073191116641507
https://doi.org/10.1037/abn0000480
https://doi.org/10.1037/1082-989X.10.2.178
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1037/lhb0000018
https://doi.org/10.1037/a0018220
https://doi.org/10.1037/per0000060

Seeger et al.

71. Beck AT, Steer RA, Braun GK. Beck-depressions-Inventar (BDI). Testhandbuch, vol.
2. New York: Hartcourt Test Service (2009).

72. Stangier U, Heidenreich T, Berardi A, Golbs U, Hoyer J. Die Erfassung sozialer
Phobie durch social interaction anxiety scale (SIAS) und die social phobia scale (SPS).
assessment of social phobia by the social interaction anxiety scale (SIAS) and the social
phobia scale (SPS). Z Klin Psychol. (1999) 28:28-36. doi: 10.1026/0084-5345.28.1.28

73. Patton JH, Stanford MS, Barratt ES. Factor structure of the barratt impulsiveness
scale. J Clin Psychol. (1995) 51:768-74. doi: 10.1002/1097-4679(199511)51:6<768::AID-
JCLP2270510607>3.0.CO;2-1

74. Schwenkemezger P, Hodapp V, Spielberger CD. Das State-Trait-Argerausdrucks-
Inventar STAXI: Handbuch. Bern: Huber (1992).

75. Bradley MM, Lang PJ. Measuring emotion: the self-assessment manikin and the
semantic differential. ] Behav Ther Exp Psychiatry. (1994) 25:49-59. doi:
10.1016/0005-7916(94)90063-9

76. Krohne HW, Egloft B, Kohlmann C-W, Tausch A. Positive and negative affect
schedule--German version (PANAS). APA PsycTests. (1996) 1. doi: 10.1037/t49650-000

77. Leue A, Beauducel A. The PANAS structure revisited: on the validity of a Bifactor
model in community and forensic samples. Psychol Assess. (2011) 23:215-25. doi:
10.1037/20021400

78. Williams KD, Jarvis B. Cyberball: a program for use in research on interpersonal
ostracism and acceptance. Behav Res Methods. (2006) 38:174-80. doi: 10.3758/
BF03192765

79.Novembre G, Zanon M, Silani G. Empathy for social exclusion involves the
sensory-discriminative component of pain: a within-subject fMRI study. Soc Cogn Affect
Neurosci. (2015) 10:153-64. doi: 10.1093/scan/nsu038

80. Kothgassner OD, Griesinger M, Kettner K, Wayan K, V6lkl-Kernstock S, Hlavacs
H, et al. Real-life prosocial behavior decreases after being socially excluded by avatars,
not agents. Comput Human Behav. (2017) 70:261-9. doi: 10.1016/j.chb.2016.12.059

81. Groves PM, Thompson RE. Habituation: a dual-process theory. Psychol Rev. (1970)
77:419-50. doi: 10.1037/h0029810

82.Rankin CH, Abrams T, Barry R], Bhatnagar S, Clayton DE, Colombo J, et al.
Habituation revisited: an updated and revised description of the behavioral
characteristics of habituation. Neurobiol Learn Mem. (2009) 92:135-8. doi: 10.1016/j.
nlm.2008.09.012

83. Benedek M, Kaernbach C. A continuous measure of phasic electrodermal activity.
J Neurosci Methods. (2010) 190:80-91. doi: 10.1016/j.jneumeth.2010.04.028

84. Benedek M, Kaernbach C. Decomposition of skin conductance data by means of
nonnegative  deconvolution.  Psychophysiology. ~ (2010)  47:647-58.  doi:
10.1111/j.1469-8986.2009.00972.x

85. Boucsein W. Electrodermal activity. 2nd ed. New York: Springer (2012).

86. Blechert ], Peyk P, Liedlgruber M, Wilhelm FH. ANSLAB: integrated multichannel
peripheral biosignal processing in psychophysiological science. Behav Res Methods.
(2016) 48:1528-45. doi: 10.3758/s13428-015-0665-1

87. Sokolov EN. Neuronal models and the orienting reflex. Cent Nerv Syst Behav.
(1960) 1:187-276.

88.JAMOVL. The jamovi project. jamovi (version 2.3). Computer Software. (2022).
Available at: https://www.jamovi.org.

89.R Core Team. R: A language and environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing (2022).

90. Wilcox R. Modern Statistics for the Social and Behavioral Sciences: A Practical
Introduction. Chapman and Hall/CRC. 2nd ed. (2017).

91. Schielzeth H, Dingemanse NJ, Nakagawa S, Westneat DF, Allegue H, Teplitsky C,
et al. Robustness of linear mixed-effects models to violations of distributional
assumptions. Methods Ecol Evol. (2020) 11:1141-52. doi: 10.1111/2041-210X.13434

92. Mair P, Wilcox R. Robust statistical methods in R using the WRS2 package. Behav
Res Methods. (2020) 52:464-88. doi: 10.3758/s13428-019-01246-w

93. Wilcox RR, Tian TS. Measuring effect size: a robust heteroscedastic approach for
two or more groups. ] Appl Stat. (2011) 38:1359-68. doi: 10.1080/02664763.2010.498507

94. Algina J, Keselman HJ, Penfield RD. An alternative to Cohen’s standardized mean
difference effect size: a robust parameter and confidence interval in the two independent
groups case. Psychol Methods. (2005) 10:317-28. doi: 10.1037/1082-989X.10.3.317

95. Edwards L], Muller KE, Wolfinger RD, Qagqish BE, Schabenberger O. An R2
statistic for fixed effects in the linear mixed model. Stat Med. (2008) 27:6137-57. doi:
10.1002/sim.3429

96.Cohen J. A power
10.1037/0033-2909.112.1.155

primer. Psychol Bull. (1992) 112:155-9. doi:

Frontiers in Psychiatry

14

10.3389/fpsyt.2023.1197595

97. Steiger JH. Tests for comparing elements of a correlation matrix. Psychol Bull.
(1980) 87:245-51. doi: 10.1037/0033-2909.87.2.245

98. Blackburn R, Lee-Evans JM. Reactions of primary and secondary psychopaths to
anger- evoking situations. Br ] Clin Psychol. (1985) 24:93-100. doi:
10.1111/j.2044-8260.1985.tb01319.x

99. Waller R, Corbett N, Raine A, Wagner NJ, Broussard A, Edmonds D, et al. Reduced
sensitivity to affiliation and psychopathic traits. Personal Disord Theory Res Treat. (2021)
12:437-47. doi: 10.1037/per0000423

100. Smith SE, Lilienfeld SO. The response modulation hypothesis of psychopathy: a
meta-analytic and narrative analysis. Psychol Bull. (2015) 141:1145-77. doi: 10.1037/
bul0000024

101. Baskin-Sommers AR, Curtin JJ, Newman JP. Emotion-modulated startle in
psychopathy: clarifying familiar effects. ] Abnorm Psychol. (2013) 122:458-68. doi:
10.1037/a0030958

102. Baskin-sommers AR, Curtin JJ, Newman JP. Altering the cognitive-affective
dysfunctions of psychopathic and externalizing offender subtypes with cognitive
remediation. Clin Psychol Sci. (2015) 3:45-57. doi: 10.1177/2167702614560744

103. Kelly M, McDonald S, Rushby J. All alone with sweaty palms - physiological
arousal and ostracism. Int ] Psychophysiol. (2012) 83:309-14. doi: 10.1016/j.
ijpsycho.2011.11.008

104. Kavish N, Boisvert D, Wells ], Lewis R, Cooke E, Woeckener M, et al. On the
associations between indicators of resting arousal levels, physiological reactivity,
sensation seeking, and psychopathic traits. Pers Individ Dif. (2019) 141:218-25. doi:
10.1016/j.paid.2019.01.013

105. Oskarsson S, Kuja-Halkola R, Latvala A, Andersson A, Garcia-Argibay M,
Bertoldi BM, et al. Low autonomic arousal as a risk factor for reoffending: a
population-based study. PLoS One. (2021) 16:€0256250-13. doi: 10.1371/journal.
pone.0256250

106. Hayes JP, VanElzakker MB, Shin LM. Emotion and cognition interactions in
PTSD: a review of neurocognitive and neuroimaging studies. Front Integr Neurosci.
(2012) 6:1-14. doi: 10.3389/fnint.2012.00089

107. Porter S. Without conscience or without active conscience? The etiology of
psychopathy  revisited. ~ Aggress  Violent Behav. (1996) 1:179-89. doi:
10.1016/1359-1789(95)00010-0

108. Kyranides MN, Neofytou L. Primary and secondary psychopathic traits: the role
of attachment and cognitive emotion regulation strategies. Pers Individ Dif. (2021)
182:111106. doi: 10.1016/j.paid.2021.111106

109. Hong HG, Kim H, Han J, Lee J. Impact of parental abuse during childhood on
the formation of primary and secondary psychopathy. Korean J Clin Psychol. (2016)
35:697-702. doi: 10.15842/kjcp.2016.35.3.009

110. Levenson RW, Lwi SJ, Brown CL, Ford BQ, Otero MC, Verstaen A. Emotion In:
GG Berntson, JT Cacioppo and LG Tassinary, editors. Handbook of psychophysiology.
4th ed. Cambridge: Cambridge University Press (2017). 444-64.

111. de Ruiter C, Burghart M, de Silva R, Griesbeck Garcia S, Mian U, Walshe E, et al.
A meta-analysis of childhood maltreatment in relation to psychopathic traits. PLoS One.
(2022) 17:€0272704-27. doi: 10.1371/journal.pone.0272704

112. Lewis M. Treatment of psychopathy: a conceptual and empirical review. J
Criminol Res Policy Pract. (2018) 4:186-98. doi: 10.1108/JCRPP-06-2018-0019

113. Young JE, Klosko JS, Weishaar ME. Schema therapy: A practitioner’s guide. New
York: Guilford Press (2003).

114. Timeo S, Riva P, Paladino MP. Dealing with social exclusion: an analysis of
psychological strategies In: S Rudert, R Greifeneder and KD Williams, editors. Current
directions in ostracism, social exclusion and rejection research. 1st ed. United Kingdom:
Routledge (2019). 65-81.

115. Boduszek D, Debowska A, Sherretts N, Willmott D, Boulton M, Kielkiewicz
K, et al. Are prisoners more psychopathic than non-forensic populations? Profiling
psychopathic traits among prisoners, community adults, university students, and
adolescents. Deviant Behav. (2021) 42:232-44. doi: 10.1080/01639625.2019.1665221

116. Fecteau S, Pascual-Leone A, Théoret H. Psychopathy and the mirror neuron
system: preliminary findings from a non-psychiatric sample. Psychiatry Res. (2008)
160:137-44. doi: 10.1016/j.psychres.2007.08.022

117. Sérman K, Nilsonne G, Howner K, Tamm S, Caman S, Wang HX, et al. Reliability
and construct validity of the psychopathic personality inventory-revised in a swedish non-
criminal sample - a multimethod approach including psychophysiological correlates of
empathy for pain. PLoS One. (2016) 11:1-17. doi: 10.1371/journal.pone.0156570

118. Patrick CJ, Drislane LE. Triarchic model of psychopathy: origins,
Operationalizations, and observed linkages with personality and general
psychopathology. J Pers. (2015) 83:627-43. doi: 10.1111/jopy.12119

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1197595
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1026/0084-5345.28.1.28
https://doi.org/10.1002/1097-4679(199511)51:6<768::AID-JCLP2270510607>3.0.CO;2-1
https://doi.org/10.1002/1097-4679(199511)51:6<768::AID-JCLP2270510607>3.0.CO;2-1
https://doi.org/10.1016/0005-7916(94)90063-9
https://doi.org/10.1037/t49650-000
https://doi.org/10.1037/a0021400
https://doi.org/10.3758/BF03192765
https://doi.org/10.3758/BF03192765
https://doi.org/10.1093/scan/nsu038
https://doi.org/10.1016/j.chb.2016.12.059
https://doi.org/10.1037/h0029810
https://doi.org/10.1016/j.nlm.2008.09.012
https://doi.org/10.1016/j.nlm.2008.09.012
https://doi.org/10.1016/j.jneumeth.2010.04.028
https://doi.org/10.1111/j.1469-8986.2009.00972.x
https://doi.org/10.3758/s13428-015-0665-1
https://www.jamovi.org
https://doi.org/10.1111/2041-210X.13434
https://doi.org/10.3758/s13428-019-01246-w
https://doi.org/10.1080/02664763.2010.498507
https://doi.org/10.1037/1082-989X.10.3.317
https://doi.org/10.1002/sim.3429
https://doi.org/10.1037/0033-2909.112.1.155
https://doi.org/10.1037/0033-2909.87.2.245
https://doi.org/10.1111/j.2044-8260.1985.tb01319.x
https://doi.org/10.1037/per0000423
https://doi.org/10.1037/bul0000024
https://doi.org/10.1037/bul0000024
https://doi.org/10.1037/a0030958
https://doi.org/10.1177/2167702614560744
https://doi.org/10.1016/j.ijpsycho.2011.11.008
https://doi.org/10.1016/j.ijpsycho.2011.11.008
https://doi.org/10.1016/j.paid.2019.01.013
https://doi.org/10.1371/journal.pone.0256250
https://doi.org/10.1371/journal.pone.0256250
https://doi.org/10.3389/fnint.2012.00089
https://doi.org/10.1016/1359-1789(95)00010-0
https://doi.org/10.1016/j.paid.2021.111106
https://doi.org/10.15842/kjcp.2016.35.3.009
https://doi.org/10.1371/journal.pone.0272704
https://doi.org/10.1108/JCRPP-06-2018-0019
https://doi.org/10.1080/01639625.2019.1665221
https://doi.org/10.1016/j.psychres.2007.08.022
https://doi.org/10.1371/journal.pone.0156570
https://doi.org/10.1111/jopy.12119

	Social exclusion evokes different psychophysiological responses in individuals high on the psychopathy facets fearless dominance and self-centered impulsivity
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Instruments (self-report)
	2.3 Task and procedure
	2.4 Manipulation check
	2.5 Physiological recording and processing
	2.6 Electrodermal activity
	2.7 Cardiac activity (ECG)
	2.8 Statistical analyses
	2.9 Group characteristics and self-report data analysis

	3 Results
	3.1 Group characteristics
	3.2 Self-report before and after the cyberball task
	3.2.1 Arousal
	3.2.2 Dominance
	3.2.3 Joy
	3.2.4 Positive affect
	3.2.5 Negative affect
	3.2.6 Affective polarity
	3.2.7 Anger
	3.2.8 Manipulation check
	3.3 Electrodermal activity
	3.3.1 Skin conductance level
	3.3.2 Amplitude of sSCRs
	3.3.3 Frequency of sSCRs
	3.4 Electrocardiogram
	3.4.1 Heart rate
	3.5 Exploratory correlation analyses

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

