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A B S T R A C T

Psychopathy is a cluster of personality traits associated with high rates of aggression. While research on psy-
chopathic traits largely focuses on neurobiological factors implicated in aggression, other research suggests that
contextual factors, such as social exclusion, also contribute to promoting aggression. Yet, the relationships
among psychopathic traits, neural processing of exclusion, and aggression remain unknown. A sample of 76
adolescents and young adults completed Cyberball, a task involving conditions of social inclusion, ambiguous
exclusion, and unambiguous exclusion. During Cyberball, a slow wave (SW) event-related potential (an index of
elaborative processing) and self-reported anger were measured. Additionally, acts of real-world aggression were
assessed. Results indicated that as psychopathic traits increased, SW during ambiguous exclusion also increased,
but SW during inclusion decreased. However, the combination of smaller SW during ambiguous exclusion and
higher psychopathic traits predicted heightened anger following Cyberball and more frequent real-world ag-
gression. This response to social exclusion among individuals with elevated psychopathic traits may represent an
unreflective, reactive style that exacerbates anger and aggression in certain contexts. These data suggest that
neurobiological dysfunction in elaborative processing is related to psychopathic traits, and social context
comprises another important influence on the aggression of individuals with elevated psychopathic traits.

1. Introduction

Aggression is hostile, unfriendly behavior that often results in
physical, social, and/or emotional harm. Aggressive acts entail not only
tangible costs (e.g., financial; Corso et al., 2007; Waters et al., 2005),
but also intangible costs (e.g., psychological; McCollister et al., 2010). A
host of factors (e.g., personality traits, environmental conditions, neural
dysfunction, genetics) are known to influence risk for engaging in ag-
gression. One factor reliably linked to higher rates and severity of ag-
gression is psychopathy (Hare & McPherson, 1984; Kruh et al., 2005;
Murrie et al., 2004; Salekin et al., 1996; Serin & Amos, 1995), a dis-
order characterized by a set of traits including callousness, manipula-
tiveness, and impulsivity. Longitudinal research shows that elevated
psychopathic traits in adolescence predict aggression and violent crime
in adulthood (Gretton et al., 2004). Therefore, psychopathy represents
a key risk factor in the development and persistence of aggressive be-
havior. Although there is substantial evidence that individuals with

elevated psychopathic traits are more aggressive, research is lacking
regarding the contexts in which they behave aggressively.

Social exclusion, sometimes referred to as ostracism or peer rejec-
tion, is a particularly powerful context that can lead to negative affect,
hostility, anger, and aggression (Lansford et al., 2010; Williams, 2001;
Leary et al., 2006). In a series of longitudinal studies,
Dodge et al. (2003) reported that for both boys and girls social exclu-
sion by peers around age 6 was a strong predictor of aggressive beha-
vior around age 8, particularly for those who were already above the
median on aggression at age 6. Consistent with this finding, studies
focused on adolescence show that social rejection can lead to negative
affect (Sebastian et al., 2010) and aggression (Reijntjes et al., 2011).
The experience of social exclusion unleashes a cascade of negative
consequences that span cognitive (Buelow et al., 2015), emotional, and
behavioral domains (e.g., self-regulation; Baumeister et al., 2005;
Chester & DeWall, 2014; risky behavior; Peake et al., 2013; Svetieva
et al., 2016). Unsurprisingly, exclusion also affects interpersonal
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functioning, such that individuals who have been excluded are less
likely to engage in prosocial behavior (Twenge et al., 2007; Will et al.,
2016; Moor et al., 2012) and are more likely to attribute hostile intent
to others (DeWall et al., 2009a; Reijntjes et al., 2011). Thus, exclusion
may heighten risk for aggression through multiple psychosocial ave-
nues.

Social exclusion also impacts neurobiological processes, with evi-
dence for altered perceptual and attentional processing of social cues
following exclusion (Chester et al., 2014; Kawamoto et al., 2014;
Dewall et al., 2009b). In a laboratory-induced form of social exclusion
(i.e., the Cyberball task), the slow-wave (SW) event-related potential
(ERP) is a widely studied and validated measure of cognitive-affective
processing of this social context (Crowley et al., 2009; Crowley et al.,
2010; White et al., 2012; Sreekrishnan et al., 2014; Baddam et al.,
2016). Broadly, the SW, which is maximal at centroparietal sites and is
evident from as early as 300ms following stimulus presentation, in-
dexes the extent to which individuals engage in elaborative processing,
particularly of intrinsically motivating stimuli (Cuthbert et al., 2000;
Hajcak et al., 2010; Ruchkin et al., 1992; Schupp et al., 2004). More
specifically, in the Cyberball task, enhanced SW is related to experi-
ences of heightened threat to basic needs (e.g., control, self-esteem)
following exclusion (Crowley et al., 2010; Sreekrishnan et al., 2014).
The SW responses to both unambiguous, clear slights (being con-
tinuously excluded by peers) and ambiguous slights (being subtly ex-
cluded in the context of overall inclusion) track cognitive-affective re-
actions to Cyberball (Crowley et al., 2010; Crowley et al., 2009).
However, only a small number of studies examined how neural pro-
cessing during exclusion relates to aggression (e.g., Chester et al., 2014;
Eisenberger et al., 2007), and no studies used ERP for this purpose,
despite the advantageousness of ERP for measuring how individuals
process rapidly unfolding social interactions.

Moreover, no research has examined neural processing of social
exclusion as it relates to psychopathic traits. There is some evidence
that children with elevated psychopathic traits are at higher risk for
experiencing exclusion in the first place (Waller et al., 2017) and that
social exclusion mediates the relationship between psychopathic traits
and later affiliation with antisocial peers (Kimonis et al., 2004). How-
ever, it is unclear if individuals with elevated psychopathic traits pro-
cess the experience of exclusion differently from individuals with lower
levels of these traits, and whether these potential variations in in-
formation processing are associated with engagement in real-world
aggression. Exploring the relationships among psychopathic traits,
neural processing of social exclusion, and aggression is especially im-
portant, as it is precisely the way in which psychopathic individuals
process information that is implicated in their deviant behavior
(Baskin-Sommers & Newman 2012; Brennan et al., 2017; Blair, 2010).

To examine the relationships among psychopathic traits, social ex-
clusion, and emotional-behavioral outcomes, we used a Cyberball social
exclusion task paired with dense-array electroencephalography (EEG)
in an at-risk sample of adolescents and young adults. The goals of the
study were three-fold. First, we were interested in the relationship be-
tween psychopathic traits and neural responses to social exclusion,
specifically the SW ERP. Based on research suggesting that neural re-
sponses to ambiguous and unambiguous social exclusion index over-
lapping yet separable cognitive-affective reactions to the Cyberball task
(Crowley et al., 2009; van Noordt et al., 2015), we examined responses
to both types of exclusion events. Second, the feeling of anger is a key
aspect of the exclusion-aggression link (Chow et al., 2008; Zimmer-
Gembeck et al., 2016); however, since not all individuals experience
exclusion in the same way, we were interested in assessing for whom
this relationship was strongest. Specifically, we examined whether the
relationship between SW and anger following the Cyberball task varied
depending on level of psychopathic traits. Finally, given the association
between exclusion and aggression (Lansford et al., 2010; Leary et al.,
2006), we also examined whether psychopathic traits moderated the
relationship between SW and real-world aggression. Delineating the

relationship between psychopathic traits and responses to social ex-
clusion is crucial for shedding light on whether aberrant processing of
social contexts underlies the aggression that renders psychopathy so
impairing and destructive.

2. Methods

2.1. Participants

Participants were recruited from the New Haven community. A
prescreen phone interview was completed to exclude individuals who
self-reported a history of schizophrenia, bipolar disorder, or psychosis,
not otherwise specified; a family history of psychosis; or a history of
medical problems (e.g., uncorrectable auditory or visual deficits, head
injury with loss of consciousness greater than 30 min) that may have
impacted their comprehension of the materials or performance on the
task. In the first session, participants provided written informed consent
if 18 years of age or older, and assent/parental consent if under 18
years of age, in line with the procedures set forth by the Yale University
Human Investigation Committee. Then, they completed the Shipley
Institute of Living Scale (Zachary, 1986), which provides an estimate of
IQ and was used to exclude anyone with an IQ below 70, completed a
self-report measure of psychopathic traits and behavior, and were
photographed and told that the photograph would be used for a game
they would play during their next visit. During the second session,
participants completed the Cyberball task while neural responses were
recorded using EEG. Participants were paid $30 per session. The study
was approved by the Human Research Protection Program at Yale
University.

An a priori power analysis based on similar published Cyberball
studies (Crowley et al., 2009; Crowley et al., 2010; Gutz et al., 2015;
Gutz et al., 2011) indicated that a sample size of 50 would be sufficient
to detect moderate effects with 80% power. To ensure sufficient power
to consider individual differences (i.e., psychopathic traits) and account
for the normative loss of data for EEG, we collected data from 89
participants. Participants were 59 males and 30 females between the
ages of 14 and 24 (M=19.65, SD=2.93). In terms of race, the ma-
jority of participants were African American (68.5%), while the re-
maining participants self-identified as mixed race (18%), White
(11.2%), or other (2.2%). 13.5% of participants self-identified as His-
panic. The vast majority of participants reported a household income of
less than $15, 000 (78.9%) and endorsed a family history of substance
use disorders (92.11%). Thus, on the basis of being recruited from an
urban, high-crime region where concentrated disadvantage is prevalent
(Baskin-Sommers et al., 2013; Dupéré et al., 2007; Raine, 1993; Shaw
et al., 2012) and exhibiting high rates of family history of externalizing
psychopathology (Raine et al., 2006), the sample is “at risk” for higher
levels of aggression and psychopathic traits.

2.2. Measures

2.2.1. Youth psychopathic traits inventory (YPI; Andershed et al., 2002b)
The YPI is a 50-item self-report measure that assesses psychopathic

traits among youth and young adults. Items from the measure make up
the following ten subscales: dishonest charm (e.g., “I have the ability to
con people by using my charm and smile”), grandiosity (e.g., “I'm better
than everyone on almost everything”), lying (e.g., “Sometimes I lie for
no reason, other than because it's fun”), manipulation (e.g., “I can make
people believe almost anything”), remorselessness (e.g., “To feel guilt
and regret when you have done something wrong is a waste of time”),
unemotionality (e.g., “I usually feel calm when other people are scared”
), callousness (e.g., “I think that crying is a sign of weakness, even if no
one sees you”), thrill seeking (e.g., “I like to be where exciting things
happen”), impulsiveness (e.g., “I consider myself as a pretty impulsive
person”), and irresponsibility (e.g., “I have often been late to work or
classes in school”). Participants respond on a 4-point Likert scale
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ranging from “does not apply at all” to “applies very well.” Several
items in the scale are reverse-coded so that a higher total score indicates
more psychopathic traits. Consistent with previous research
(Andershed et al., 2007), a total YPI score was derived by computing
the mean of all 50 items. The YPI was selected as a measure of psy-
chopathic traits in the present study for several reasons: (1) it is a re-
liable and valid measure of psychopathic traits designed for use in non-
referred, community samples of adolescents (Andershed et al., 2007;
Poythress et al., 2006), (2) the YPI items were constructed with the
explicit aim of framing “undesirable” traits and behaviors as strengths
in order to minimize underreporting due to social desirability-based
responding, and (3) unlike other self-report measures of psychopathic
traits, it does not include explicit assessments of anger or aggression.
This reduced the possibility of criterion contamination between our
measures of psychopathic traits and anger/aggression. For this sample,
excellent internal consistency (i.e., reliability) was demonstrated
(Cronbach's α=0.92).

2.2.2. Risky, impulsive, self-destructive questionnaire (RISQ; Sadeh &
Baskin-Sommers, 2016)

The RISQ is a 38-item self-report questionnaire that measures risky,
impulsive, and self-destructive behaviors in eight domains: aggression,
self-harm, gambling, reckless behavior, impulsive eating, risky sex,
drug use, and alcohol use. For each behavior, respondents note the
number of times they have engaged in the behavior in their lifetime,
how many times in the past month, and how old they were when they
first started engaging in the behavior. Additionally, respondents in-
dicate if there were any consequences (e.g., legal, social, financial) as a
result of their behavior. Finally, for each behavior respondents indicate
how strongly they agree with statements that assess their motivation
(distress relief or pleasure seeking) for engaging in the behavior.
Psychometrically, this instrument has demonstrated high internal con-
sistency and construct validity (Sadeh & Baskin-Sommers, 2016). As our
measure of real-world aggression, we used the 6-item aggression sub-
scale (example item: “gotten in a physical fight”) to quantify the extent
of recent engagement in aggressive behavior (i.e., frequency of ag-
gressive behavior in the past month). For this sample, the aggression
subscale exhibited excellent internal consistency (Cronbach's
α=0.95).

2.3. Experimental procedure

Each participant sat 60 cm away from a 19-in. LCD monitor in a
dimly lit (60W bulb), sound-attenuated room.

2.3.1. Cyberball social exclusion task
The Cyberball task is a virtual ball-toss game in which a participant

plays with two other players on a computer (Williams et al., 2000).
Before beginning the task, participants were informed that they would
play an online game with two other people. Unbeknownst to them,
however, these other players were simulated. To increase realness and
personal investment in the game, participants were prompted to select
their “favorite” glove from six images of baseball mitts. Participants
were also instructed to choose two other peers with whom they wanted
to play. The other players were depicted as photographs of individuals
matched to each individual participant's age, sex, and race/ethnicity.
The photograph of each player (including the participant, using the
photograph taken during the first session) was displayed above his or
her respective glove. The participant's glove was positioned at the
bottom center of the screen; the gloves of the other two players were
positioned at the top left and top right of the screen (see Fig. 1). After
selecting their glove and co-players, participants advanced to a
Google™ page with a ‘Cyberball’ listing that led to a false loading
screen. A pre-recorded female voice recited the game instructions,
which were simultaneously displayed in writing on the screen, and then
the game began.

Each trial began with the appearance of a cue signaling an im-
pending throw. The cue was a yellow outline around the glove of the
player “holding” the ball, intended to cue attention to the relevant
event. After an 1150-ms delay, the ball appeared alongside the glove,
oriented toward the player who was going to receive the ball next. This
meant that when a cyber player held the ball, the ball appeared either:
(a) oriented toward the other player's glove in yellow, indicating that
the ball would not come to the participant, or (b) oriented toward the
participant's glove in red, indicating that the ball would come to the
participant (see Fig. 2). Participants used their left and right index
fingers on a response pad to throw left or right to the other players.

Trials (155 total) were broken down into two blocks. The first block
of 108 trials was an inclusion block. During the inclusion block, the
participant regularly received the ball from the other players. The cyber
players threw to the participant 36 times, which were favorable trials
because the participant was actively included in the game. However, on
36 trials during the inclusion block, the cyber players threw to one
another and not to the participant. These were microrejection events,
where the participant was excluded but in the overall context of being
included. For this reason, microrejection events represent a subtle and
ambiguous form of rejection and signal the potential that ongoing ex-
clusion may be imminent (Moor et al., 2012). Whether a ball was
thrown to the participant during any one trial in the inclusion block was
pseudorandom and predetermined within a list such that the partici-
pant waited for either 0, 1, 2 or 3 throws by the other players before
receiving the ball again (frequency 12, 12, 10 and 2, respectively). The
second block of 47 trials was an exclusion block. Without any pause in
the game, the participant transitioned from the inclusion block to the
exclusion block. During this block, the cyber players primarily tossed
the ball back and forth to one another, but not to the participant. These
are rejection events in that they represent clear, unambiguous rejection
by the cyber players. The participant was excluded, or rejected, on 36
out of 39 trials in this block (the ball was thrown to the participant
three times to maintain attention).

2.3.2. Anger questionnaire
After completing the Cyberball task, participants responded to a set

of questions regarding how they felt about the game. This 9-item scale
assessed the extent to which participants experienced anger (e.g.,
“During the game I got frustrated and angry”) and desired revenge

Fig. 1. Schematic depicting the appearance of the Cyberball game. The parti-
cipant's photograph appeared above his or her glove at the bottom center of the
screen. Participants pressed one button to throw to the player on the left and
another button to throw to the player on the right.
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against the cyber players (e.g., “I thought about how to get back at the
other players”). Participants rated each item on a 5-point Likert scale
ranging from 1 (“not at all true”) to 5 (“extremely true”). Higher scores
indicate higher levels of anger. This scale demonstrated good internal
consistency (Cronbach's α=0.87). Principal components analysis
(PCA) was applied to confirm the single-factor structure of the items.
Each item loaded onto a single factor (initial Eigenvalue=4.79) that
explained 53.24% of the total variance in the items. Loadings for each
item ranged from 0.55 to 0.89. The three next-largest factors had initial
Eigenvalues of 1.10 (explaining 12.26% of the variance), 0.80 (ex-
plaining 8.84% of the variance), and 0.61 (explaining 6.79% of the
variance). Visual examination of the scree plot for this PCA confirmed
that the factor Eigenvalues showed a steep drop and leveling off after
the first factor, indicating that a single-factor solution is the strongest
solution for these items. Thus, the anger questionnaire was a reliable
and cohesive index of Cyberball-related anger.

2.3.3. Post-session debrief
After playing the game and answering the questions, participants

were debriefed about the falsity of the additional players and the game.

2.4. Psychophysiological recording and analysis

EEG was recorded throughout the experiment from 128 Ag/AgCl
electrodes embedded within a Hydrocel Geodesic sensor net, using
NetStation v.4.2 software (Electrical Geodesics, Incorporated [EGI])
and EGI high-impedance amplifiers, sampled at 1000 Hz (0.1 Hz high-
pass, 100 Hz low-pass). All electrodes were referenced to Cz for re-
cording. Electrooculogram (EOG) was recorded above and below the
left eye (VEOG) in line with the pupil. At the start of the experimental
session, impedance for each electrode was below 40 KΩ.

EEG data were preprocessed using the Physbox plugin
(Curtin, 2011) within the EEGLAB toolbox (Delorme & Makeig, 2004)
in MATLAB. Data were re-referenced to an average reference of all
electrodes and digitally filtered offline with a 30-Hz low-pass Butter-
worth filter. Eyeblink artifacts were identified and removed using a

regression-based procedure (Semlitsch et al., 1986). Data were seg-
mented around stimulus onset (−100 to 900ms) and corrected to a
100-ms pre-stimulus baseline. Trials with EEG voltages beyond ±
100 µV were discarded from further analyses.

EEG data were time-locked to the color change of the ball, which
indicated the outcome of each throw. To identify a SW that is sensitive
to rejection (Crowley et al., 2010), we used a cluster of channels in the
parietal-occipital region (71, 72, 75, 76, 77, 78, 82, 83, 84, 85, 86, 90,
91, 92, and 97; see Fig. 2 in Crowley et al., 2010). ERP were averaged
separately for all trials within each trial type (favorable throws, mi-
crorejection, rejection). Consistent with previous research (e.g.,
Baddam et al., 2016; Crowley et al., 2010), 11 of the 47 exclusion block
trials were not used in ERP analyses: the first five trials of the exclusion
block, the three throws to the participant during this block, and the
three throws back from the participant to the cyber players. Thus, 36
rejection events from the exclusion block were analyzed. The grand
average ERP waveform for all participants showed that the SW ex-
tended from approximately 500 to 900ms post-stimulus onset, con-
sistent with previous research (Crowley et al., 2010). Thus, the mag-
nitude of the SW was measured as the mean amplitude in the timeframe
of 500 to 900ms post-stimulus onset.

Following preprocessing, all ERP data were examined for quality,
and participants were excluded from analyses if, following artifact re-
jection, less than 20 trials from any trial type remained (Rietdijk et al.,
2014). Twelve participants were excluded for this reason. Additionally,
one participant was excluded due to technical issues during the ex-
perimental session. In total, 13 participants were excluded from ana-
lyses, leaving 76 participants in the final sample. Excluded participants
did not differ significantly from included participants in terms of any of
the following characteristics: sex, age, IQ, or YPI total score (all p va-
lues≥ 0.096). The final analyzed sample of 76 participants consisted of
53 males (69.74%) and 23 females (30.26%). Descriptive statistics of
key variables for the final sample are presented in Table 1 (see Sup-
plementary Table 1 for correlations among study variables). Further
support for the characterization of the sample as “at-risk” for higher
rates of aggression is demonstrated by the fact that the mean YPI total

Fig. 2. Schematic illustrating the types and timecourse of the Cyberball game trials. Each trial began with the appearance of the yellow outline cue. After 1150ms,
the ball reappeared, indicating which player was going to receive it. ERP in response to the throw outcomes were examined. Trial types for responses to the outcome
were microrejection (not receiving the ball during fair play) and rejection (not receiving the ball during exclusion; shown in the top images), and favorable throws
(shown in the bottom images). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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score for the sample falls between mean scores found in unselected
adolescent samples (Larsson et al., 2006) and incarcerated juvenile
offender samples (Skeem & Cauffman, 2003). The means for the
number of trials (and the associated ranges) included in the average
ERP for each condition were as follows: 34.47 favorable trials (range
21–36), 34.43 microrejection trials (range 20–36), and 34.05 rejection
trials (range 22–36).

3. Results

3.1. Slow wave and psychopathic traits

SW amplitude was analyzed in a repeated measures general linear
model (GLM) with trial type (favorable, microrejection, rejection) as a
within-subjects categorical factor and YPI total score (mean-centered
and standardized) as a between-subjects quantitative factor. Follow-up
simple interaction contrasts, with favorable SW amplitude as the re-
ference category, were used to yield the following comparisons: mi-
crorejection versus favorable and rejection versus favorable.

The trial type x psychopathic traits interaction was significant, F
(2,148)= 5.31, p= .006, ηp2= 0.07, 90% CI [.01, 0.13]. Examination
of the simple interaction contrasts indicated that the microrejection
versus favorable contrast was significant, F(1,74)= 10.97, p= .001,
ηp

2=0.13, 90% CI [.03, 0.25], whereas the rejection versus favorable
contrast was not, F(1,74)= 1.13, p= .291. The simple main effect of
psychopathic traits was significant in the microrejection trials,
B=0.27, p= .021, ηp2=0.07, 90% CI [.01, 0.17], and in the favorable
trials, B=−0.28, p= .033, ηp2=0.06, 90% CI [.003, 0.16]. The main
effect of psychopathic traits was not significant, p= .689. Together,
these findings indicate that psychopathic traits were related to en-
hanced SW in response to microrejection and diminished SW in re-
sponse to favorable events, and that these SW responses were sig-
nificantly different from one another (see Fig. 3).

3.2. Slow wave, psychopathic traits, and anger

The distribution of the anger questionnaire scores was non-normal
and positively skewed. Based on the characteristics of these data
(Brown & Dunn, 2011; Manning & Mullahy, 2001), we used a gamma
regression model with log link to examine whether psychopathic traits
moderated the association between SW and self-reported post-Cyberball
anger. The two outliers in the anger variable (> 3 SDs above the mean)
were winsorized.

The model demonstrated good fit, χ2/df= 0.15, p< .034. Higher
psychopathic traits were related to higher anger, OR=1.13, p= .007,
95% CI [1.03, 1.22], but microrejection SW itself was not related to
anger, OR=0.97, p= .417. However, the interaction between micro-
rejection SW and psychopathic traits was significant, OR=0.92,
p= .027, 95% CI [.86, 0.99], indicating that lower microrejection SW
amplitude and higher psychopathic traits were related to more anger in
response to Cyberball (see Fig. 4). The model using favorable SW as an
independent variable did not demonstrate good fit, χ2/df= 0.15,
p= .085, and thus was not examined further.

3.3. Slow wave, psychopathic traits, and aggression

Using negative binomial regression, since the aggression data were
in the form of counts and demonstrated positive skewness along with
overdispersion, we tested whether psychopathic traits moderated the
association between SW amplitude and frequency of past-month ag-
gressive behavior. The two outliers in the aggression variable (> 3 SDs
above the mean) were winsorized.

Table 1
Descriptive statistics for key variables.

Measure Mean Standard deviation Range

YPI total mean score 1.85 0.39 1.18 – 2.90
RISQ Aggression (last month) 1.26 4.04 0 – 20
Anger questionnaire 13.21 5.55 9 – 32

Note. YPI total= total mean score on the Youth Psychopathic Traits Inventory,
RISQ Aggression (last month)= number of times participant engaged in ag-
gression in the past month, as assessed using the 6-item Aggression subscale of
the Risky, Impulsive, Self-Destructive Questionnaire.

Fig. 3. Average ERP waveform at an electrode (E85) located centrally within the cluster of parietal-occipital electrodes examined. The average ERP waveform is
depicted for the full sample (A) as well as for the full sample split into two groups (B): those with high levels of psychopathic traits (red) and those with low levels of
psychopathic traits (blue). Though the primary analyses were conducted using continuous psychopathy scores, “high YPI” (individuals whose YPI total scores were
above the median) and “low YPI” (individuals whose YPI total scores were below the median) groups were used here solely for depiction. Dashed lines represent the
waveforms for microrejection trials, solid lines represent the waveforms for rejection trials, and dotted lines represent the waveforms for favorable trials. The gray
box indicates the timeframe used to derive the slow wave amplitude measure. (For interpretation of the references to color in this figure legend, the reader is referred
to the web version of this article.)

Fig. 4. Anger as a function of microrejection slow wave (SW) amplitude
(continuous) and psychopathic traits (YPI total; lines represent scores at ± 1
SD from the mean). Error bands indicate 1 SE.
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The model demonstrated good fit, χ2/df= 5.59, p< .001. Both
higher psychopathic traits, OR=2.61, p< .001, 95% CI [1.66, 4.13],
and lower microrejection SW, OR=0.65, p= .021, 95% CI [.46, 0.94],
were related to more frequent aggression in the past month.
Furthermore, the interaction between SW amplitude and psychopathic
traits was significant, OR=0.49, p= .005, 95% CI [.30, 0.81], in-
dicating that lower microrejection SW amplitude and higher psycho-
pathic traits were related to more aggression (see Fig. 5). One ad-
vantage of the RISQ measure is that it provides a metric for the extent to
which a motivation to avoid negative mood states or promote positive
mood states is related to engagement in risky, impulsive, and self-de-
structive behavior. A paired samples t-test indicated that, among those
who endorsed engaging in aggression on the RISQ, the motivation to
avoid negative mood states (M=0.82, SD=1.34) was significantly
higher than the motivation to achieve positive mood states (M=0.42,
SD=1.00), t(54)= 2.12, p= .038, d=0.29, 95% CI [.01, 0.55].

In the model using favorable SW as an independent variable (model
fit: χ2/df= 6.13, p= .021), higher psychopathic traits were again re-
lated to more aggression, OR=1.70, p= .004, 95% CI [1.19, 2.44],
but favorable SW was not, OR=1.03, p= .853. In addition, the in-
teraction between favorable SW amplitude and psychopathic traits was
not significant, OR=1.12, p= .540.

4. Discussion

This study was the first to examine associations between psycho-
pathic traits and neural responses to social exclusion. We used high-
density EEG while participants played the Cyberball task in order to
assess SW ERP in response to being included and excluded, both am-
biguously, during fair play, and unambiguously, during the subsequent
exclusion block. Additionally, we explored whether psychopathic traits
moderated the associations between task-related SW and anger, and
between task-related SW and aggression. Results indicated that higher
levels of psychopathic traits were related to larger SW in response to
microrejection, suggesting heightened elaborative processing of subtle,
ambiguous exclusion. Additionally, higher levels of psychopathic traits
were related to smaller SW in response to favorable throws, suggesting
diminished elaborative processing of active inclusion. Furthermore,
psychopathic traits interacted with SW amplitude in the prediction of
both task-related anger and real-world past-month aggression.
Specifically, smaller microrejection SW and higher levels of psycho-
pathic traits were associated with the highest levels of both anger and
aggression. Taken together, these results provide evidence that psy-
chopathic traits are associated with aberrant processing of social con-
texts.

The enhanced elaborative processing of ambiguous exclusion in
individuals with higher levels of psychopathic traits (i.e., larger SW to
microrejection) is consistent with previous research showing that

individuals with elevated psychopathic traits exhibit an exaggerated
sense of entitlement (Lessard et al., 2011) and more intense reactions to
perceived social threats (Blackburn & Lee-Evans, 1985). Greater ela-
borative processing of ambiguous rejection is perhaps a neurobiological
reaction to violations of their entitled expectations about how they
should be treated by others. Greater elaboration of these ambiguous
events also may result in the strong reactions to social threats, even
subtle threats. Furthermore, research in adolescents indicates that
psychopathic traits are associated with heightened theory of mind, also
referred to as hypermentalizing, which is characterized by over-
attributing mental states to others (Sharp & Vanwoerden, 2013).
Though speculative, it is possible that participants with higher levels of
psychopathic traits engaged in mentalizing-related cognitive processes
(e.g., judging intent, generating potential explanations for the other
players’ behavior) in an attempt to predict whether rejection was on the
horizon.

Interestingly, we found a significant relationship between psycho-
pathic traits and processing of ambiguous exclusion (microrejection)
but not unambiguous exclusion (rejection). Researchers have posited
that the unambiguous rejection of Cyberball (i.e., the exclusion block)
represents a “strong situation” (McDonald & Donnellan, 2012) that
leads to patterns of neural and emotional responding that are relatively
insensitive to individual differences. Since participants were con-
tinuously left out during the exclusion block, it may be that all parti-
cipants established expectations of being excluded as the block pro-
gressed and thus became accustomed to that experience. The “weaker”
situation in which participants do not receive the ball but it is not ob-
vious that they are being excluded (i.e., microrejection) may be better
suited to eliciting psychopathy-related differences (Lissek et al., 2006).
Furthermore, this may be consistent with research demonstrating that
aggressive individuals exhibit more anger and hostility compared to
non-aggressive individuals, but only when responding to a situation
that is ambiguous (Dodge, 1980; Zimmer-Gembeck & Nesdale, 2013).
Thus, microrejection may be analogous to the ambiguous situation,
whereas rejection corresponds to the clearly hostile situation that elicits
more similar reactions regardless of individual differences.

By contrast, psychopathic traits were associated with diminished
elaborative processing (i.e., smaller SW) in the context of inclusion.
This response may reflect a relative lack of value placed on positive
social interactions. Individuals with psychopathy tend to show low
communion (Sherman & Lynam, 2017), little concern about main-
taining social relationships (Pardini, 2011), and devaluation of at-
tachment bonds (Pasalich et al., 2012; Schimmenti et al., 2014). Atte-
nuated processing of social inclusion also has been found in depression
(Zhang et al., 2017) and could reflect a transdiagnostic social dis-
counting process whereby positive interactions are discounted, albeit
for different reasons (e.g., low communion in psychopathy versus
general anhedonia in depression). Across conditions, then, individuals
with elevated psychopathic traits exhibited different neural responses
to social context, with exaggerated elaboration during ambiguous ex-
clusion and reduced elaboration during inclusion. This differential
pattern of neurobiological processing of social context may reflect the
characteristic behaviors of psychopathy, such as failure to form genuine
relationships and intellectualization of emotional experiences.

Psychopathic traits were not only associated with altered SW; they
also moderated the links between SW and key affective and behavioral
responses to social exclusion, namely anger and aggression. Since the
combination of smaller microrejection SW and higher levels of psy-
chopathic traits was related to the highest levels of both anger and
aggression, it may be that diminished elaborative processing of am-
biguous rejection events among individuals with elevated psychopathic
traits promotes anger and aggression. These findings may be inter-
preted in light of theories from both the anger literature and the psy-
chopathy literature.

Dual-process models of anger and aggression (Anderson & Bushman,
2002; Wilkowski & Robinson, 2008) provide a useful framework for

Fig. 5. Aggression as a function of microrejection slow wave (SW) amplitude
(continuous) and psychopathic traits (YPI total; lines represent scores at ± 1
SD from the mean). Error bands indicate 1 SE.
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understanding the role of automatic and controlled processes in ap-
praising situations. According to such models, when individuals en-
counter potentially threatening or anger-provoking situations, two
types of processes are relevant: (1) rapid, automatic processes that
produce a broad-strokes, gist-like interpretation (Wilkowski et al.,
2007), and (2) controlled, effortful processes that can expand upon or
alter the initial interpretation. In the context of ambiguous provocation,
the hostile attribution bias seen in aggressive individuals is an auto-
matic process that occurs very early in information processing. How-
ever, given sufficient motivation, time, and cognitive resources, a
slower and more controlled process may come online, allowing a more
nuanced understanding of the situation to develop. Examples of these
more controlled processes include encoding information that is incon-
sistent with the initial hostile interpretation (Wilkowski et al., 2007),
accumulating evidence for judging intent (Dodge & Newman, 1981),
considering the mental states of the individuals involved
(Taubner et al., 2013), and revising prior expectations (Lochman &
Dodge, 1998). For many, these effortful cognitive processes override or
alter the initial affective reactions or action tendencies (Berkowitz &
Harmon-Jones, 2004), potentially quelling anger and inhibiting ag-
gression. However, some individuals fail to deploy controlled proces-
sing in certain provocative contexts, permitting initial hostile biases to
go unchecked. Thus, smaller SW in participants with elevated psycho-
pathic traits may represent a lack of elaborative processing that helps
regulate automatic hostile reactions to ambiguous social exclusion,
resulting in anger and aggressive acts.

Another important component of the present findings was that real-
world aggression was related to a motivation to avoid negative affect,
suggesting that participants who engaged in aggression tended to act
based on a state of aversive emotional reactivity which may have pre-
cluded or impaired elaborative processing. Considering the hetero-
geneity of psychopathy is relevant for understanding this finding and
may complement the dual-process interpretation regarding styles of
processing social context (Poythress & Skeem, 2007). One of the leading
classification schemes of psychopathy delineates subgroups based on
levels of anxiety and childhood maltreatment. The primary variant of
psychopathy is characterized by low anxiety and relative lack of mal-
treatment, while the secondary variant is characterized by high anxiety
and significant maltreatment (Karpman, 1948). Broadly, these two
variants of psychopathy track divergent styles of responding to provo-
cation: whereas the primary variant is associated with control and
planfulness, the secondary variant is associated with defensiveness and
emotional reactivity (Hicks et al., 2004). There is evidence that
heightened emotional reactivity to aversive events may interfere with
the ability to pause and reflect on information (Schmitt et al., 1999;
Dodge & Somberg, 1987), leading to processing that relies on simple
associations (Patterson & Newman, 1993). Moreover, the secondary
variant tends to be more angry and aggressive (Blackburn & Lee-Evans,
1985; Kimonis et al., 2011; Hicks et al., 2004). Thus, it may be that
participants in the present study with elevated psychopathic traits
combined with low reflectiveness engaged in a style of responding
consistent with the emotional reactivity (i.e., heightened anger and
aggression) in secondary psychopathy; conversely, participants with
elevated psychopathic traits and high reflectiveness may have been able
to monitor their interpretations of social context and be more controlled
and deliberate in their behavior (i.e., not necessarily angry and ag-
gressive in this context), a pattern more consistent with primary psy-
chopathy. Since this interpretation is speculative, future research on the
variants of psychopathy is needed in order to parse the neurobiological
processes underlying responses to certain contextual factors.

Before concluding, limitations of the present study should be noted.
First, participants were not randomly assigned to either an inclusion or
exclusion condition, and anger was only assessed at the end of the task;
thus, we were unable to compare affective responses to inclusion versus
exclusion blocks. However, our end-of-task assessment of anger was
more appropriate than multiple mid-task assessments of anger for two

reasons: (1) we were interested in affective responses to social exclusion
(not inclusion), and (2) mid-task reporting of anger would have dis-
rupted the trial structure and, possibly, drawn attention to affective
experiences in a way that could have altered the natural trajectory of
participants’ affective experiences (e.g., by giving participants time to
“cool off” and reflect on the situation). Moreover, the within-subjects
nature of the design did allow for the comparison of each individual's
neural response to each condition. Second, consistent with previous
research, we did not counterbalance blocks; inclusion always preceded
exclusion. If exclusion preceded inclusion, participants might have
carried this expectation into the inclusion block. Third, although SW
varied by the three trial types and was related to task-induced anger
and real-world aggression, we cannot know exactly what SW amplitude
reflects in this context. For example, the smaller microrejection SW in
those with elevated psychopathic traits could reflect a process of
avoidance of negative affect (Martin et al., 2017; Puetz et al., 2016;
Bushman et al., 2001; Tull et al., 2007; Strauss et al., 2015), emotional
reactivity that disrupts elaborative processing (Schmitt et al., 1999;
Dodge & Somberg, 1987; Patterson & Newman, 1993), or perhaps some
combination of both. Future work is needed to test these possibilities in
order to explore the precise neurobiological mechanisms by which SW
relates to anger and aggression among individuals with elevated psy-
chopathic traits. Fourth, our measure of aggression was limited in that
it was not designed to differentiate between types of aggression (e.g.,
reactive and proactive aggression, which could each be associated in
distinct ways with cognitive-affective processing of social context;
Gillespie et al., 2018) and was derived from self-report (as opposed to
an experimental measure). However, there is evidence that experi-
mental tasks measuring aggression (e.g., the Taylor Aggression Para-
digm) and self-report measures of aggression are highly correlated
(Anderson & Bushman, 1997). While there are advantages associated
with gathering objective estimates of aggression in the laboratory, the
validity of many commonly used experimental aggression measures is
limited by demand characteristics and a restricted range of behavioral
options (e.g., no option to behave in a non-aggressive manner; Tedeschi
& Quigley, 1996; Ritter & Eslea, 2005). Nevertheless, future work in
this area should endeavor to replicate the present findings using a
multi-method approach to measuring aggression. Finally, we did not
examine individuals with extremely high levels of psychopathic traits
(e.g., a sample consisting exclusively of those involved in the juvenile or
criminal justice system). Although meaningful insights into psycho-
pathy can be generated by studying at-risk community and non-referred
samples (see Andershed et al., 2002a) future research in incarcerated
populations would be helpful for assessing the generalizability of the
present findings.

In conclusion, the present study demonstrates that psychopathic
traits are associated with aberrant processing of cues related to social
exclusion and inclusion. Moreover, it appears that the highest risk for
anger and aggression in individuals with elevated psychopathic traits is
found among those who are less reflective during ambiguous social
exclusion. Thus, the aggressive behavior of individuals with elevated
psychopathic traits is best understood using a neuroecological approach
that recognizes the importance of social context as qualifying the ex-
pression of underlying neurobiological processes.
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