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Response Monitoring and Adjustment: Differential Relations With

Psychopathic Traits
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Studies on the relation between psychopathy and cognitive functioning often show mixed results,
partialy because different factors of psychopathy have not been considered fully. Based on previous
research, we predicted divergent results based on a 2-factor model of psychopathy (interpersonal-
affective traits and impulsive-antisocia traits). Specifically, we predicted that the unique variance of
interpersonal-affective traits would be related to increased monitoring (i.e., error-related negativity) and
adjusting to errors (i.e., posterror slowing), whereas impulsive-antisocial traits would be related to
reductions in these processes. Three studies using a diverse selection of assessment tools, samples, and
methods are presented to identify response monitoring correlates of the 2 main factors of psychopathy.
In Studies 1 (undergraduates), 2 (adolescents), and 3 (offenders), interpersonal-affective traits were
related to increased adjustment following errors and, in Study 3, to enhanced monitoring of errors.
Impulsive-antisocial traits were not consistently related to error adjustment across the studies, athough
these traits were related to a deficient monitoring of errors in Study 3. The results may help explain

previous mixed findings and advance implications for etiological models of psychopathy.
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In thelast few decades, psychometric research has indicated that
psychopathy is likely a multidimensional entity composed of at
least two factors, which themselves are a collection of traits and
behaviors (Benning, Patrick, Hicks, Blonigen, & Krueger, 2003;
Cooke & Michie, 2001; Hare, 2003; Patrick, Fowles, & Krueger,
2009). Furthermore, multivariate analyses indicate that different
factors of psychopathy show unique and sometimes opposing
correlates in cognitive, affective, and behavioral domains (Hare,
2003; Hicks & Patrick, 2006; Patrick & Zempolich, 1998; Sadeh &
Verona, 2008; Vaidyanathan, Hall, Patrick, & Bernat, 2011; Vi-
tacco, Neumann, & Jackson, 2005). It is important to understand
the differential correlates of these factors as away of getting closer
to identifying distinct etiological pathways that manifest in psy-
chopathy and further building the nomological network of psy-
chopathy factors and their unique influence on outcomes of inter-
est (cf. Verona & Miller, in press).

In comparison with the affective and behavioral domains, there
has been less research and theory devoted to understanding differ-
ential correlates of psychopathic traits and cognitive functioning.
Moreover, much of the research that does exist has focused on
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general aspects of cognition (e.g., intelligence: Salekin, Neumann,
Leistico, & Zalot, 2004; Vitacco et a., 2005; executive function-
ing: Morgan & Lilienfeld, 2000; Ogilvie, Stewart, Chan, & Shum,
2011) or focused on total psychopathy scores instead of specific
factors (Brazil et al., 2009; Munro et a., 2007; although see
Baskin-Sommers, Zeier, & Newman, 2009 for a recent counter
example). Thus, more work is needed to explicate basic processes
that govern relations between cognitive functions and each factor
of psychopathy. With these gaps in mind, the goa of this article
was to examine the relation between the two main factors of
psychopathy (i.e., interpersona-affective and impulsive-
antisocial) and two basic processes that are important to many
aspects of cognitive functioning—specifically, monitoring and ad-
justing to errors (Botvinick, Braver, Barch, Carter, & Cohen, 2001,
Rabbitt, 1966).

Factors of Psychopathy

Although classic clinical descriptions of psychopathy describe a
unitary construct (e.g., Cleckley, 1976), factor analytic work on
psychopathy assessments support a multifactor solution (e.g., Ben-
ning et a., 2003; Hare & Neumann, 2008; Lynam & Widiger,
2007; Patrick et al., 2009). Indeed, across many common psychop-
athy assessments, a two-factor model has been proposed (Benning
et a., 2003; Harpur, Hare, & Hakstain, 1989). For instance, the
Psychopathic Personality Inventory (PPI; Lilienfeld & Andrews,
1996), a self-report measure designed for the general population, is
usually represented by two general factors: fearless dominance and
impulsive antisociality, with one of the subscales, coldheartedness,
not loading on either factor (Benning et al., 2003; Patrick, Edens,
Poythress, Lilienfeld, & Benning, 2006; although see Neumann,
Malterer & Newman, 2008 for an alternative factor structure).
Likewise, Hare's Psychopathy Checklist instruments (PCL-R,


mailto:konrad.bresin@gmail.com
http://dx.doi.org/10.1037/a0037229

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

MONITORING AND ADJUSTING TO ERRORS IN PSYCHOPATHY

PCL: SV; Hare, 2003; Hart, Cox, & Hare, 1999), designed for
forensic populations, have commonly been decomposed into two
factors (termed Factor 1 and Factor 2; Harpur et al., 1989; Verona,
Patrick, & Joiner, 2001). Although recent recommendations sug-
gest a four-facet structure, this is a higher order model and can be
reduced to the two-factor model (e.g., Hare & Neumann, 2008).
Across the PPl and PCL-based measures, the two factors can
loosely be described as interpersonal-affective (i.e., fearless dom-
inance and Factor 1) and impulsive-antisocial traits (impulsive
antisociality and Factor 2). However, the exact nature of the traits
captured in these factors varies by assessment type.

The differential coverage of the PPI and PCL-based measuresis
most apparent when comparing the fearless dominance scale of the
PPl and Factor 1 of the PCL-R (i.e., interpersonal-affective traits).
Whereas fearless dominance focuses on interpersonal traits related
to social dominance (e.g., an ability to influence) and affective
traits focused on the absence of anxiety (e.g., low fear, stress
immunity), Factor 1 focuses on interpersona traits of a more
antagonistic variety (e.g., deceitfulness, conning, superficia
charm) and affective traits focused on the absence of empathy and
remorse. Given that each scdle assesses different types of
interpersonal-affective traits, it is not surprising that the correlation
between fearless dominance and Factor 1 is small (Marcus et a.,
2013; Miller & Lynam, 2012). In spite of this small correlation,
research suggests that there is overlap between the nomological
networks of the two scales (Poythress et al., 2010). For example,
both fearless dominance and the unique variance of Factor 1 (i.e,,
covarying Factor 2) are negatively related to neuroticism (Harpur
et a., 1989; Hicks & Patrick, 2006; Marcus et a., 2013; Miller &
Lynam, 2012; Patrick, Hicks, Nichol, & Krueger, 2007; Verona et
al., 2001) and reduced fear-potentiated startle (Benning, Patrick, &
lacono, 2005; Vaidyanathan et al., 2011). Moreover, both scales
are positively related to aspects of positive adjustment (e.g., socia
potency; Marcuset a., 2013; Miller & Lynam, 2012; Patrick et al.,
2007; Verona et a., 2001).

In comparison with the differential coverage of interpersonal-
affective traits in the PPl and PCL -based measures, the impulsive-
antisocia traits across both measures have stronger convergence.
For instance, both impulsive antisociality and Factor 2 assess
similar types of impulsivity (e.g., failure to plan ahead, proneness
to boredom). Not surprisingly, the correlation between them is
moderate to large (Marcus et al., 2013; Miller & Lynam, 2012).
Moreover, the two scales have very similar correlates, being pos-
itively related to substance use, aggression, and neuroticism (Har-
pur et a., 1989; Marcus et al., 2013; Miller & Lynam, 2012;
Verona et a., 2001), suggesting similar nomological networks.

Despite the presence of multiple factors, psychopathy is often
defined as the combination of high levels of both interpersonal-
affective traits and impulsive-antisocia traits (Lilienfeld, 2013;
Patrick et al., 2009). Specifically, it has been proposed that it isthe
interpersonal-affective traits that distinguish psychopathy from
other disorders that are composed of impulsive-antisocial traits
(e.g., antisocia personality disorder; Patrick et al., 2013). Still,
there is utility in studying each factor separately, as the unique
correlates may reflect different etiological pathways to psychopa-
thy. This idea is referenced in theoretical work on subtypes of
psychopathy (Karpman, 1941; Lykken, 1995), with one subtype
(i.e., primary psychopathy) being driven mostly by the etiological
processes thought to give rise to interpersonal -affective traits and
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another subtype (i.e., secondary psychopathy) being influenced
mostly by impulsive-antisocial traits (e.g., development of low
empathy or shallow affect as a result of social experiences linked
to impulsivity). There is growing research to suggest that such
subtypes exist among individuals high in total psychopathy scores
(e.g., Falkenbach, Stern, & Creevy, 2014; Hicks, Markon, Patrick,
Kruger, & Newman, 2004; Skeem, Johansson, Andershed, Kerr, &
Louden, 2007). Thus, understanding the unique correlates of
interpersonal-affective traits and impulsive-antisocial traits may
help identify distinct pathways to psychopathy manifested by
different subtypes.

Cognition and the Two Psychopathy Factors

One interesting area of divergence between interpersonal-
affective traits and impulsive-antisocial traitsis cognitive abilities.
Although there is a negative relationship between criminality and
intelligence (Rushton & Templer, 2009), classical theories of
psychopathy posit that individuals with psychopathy have “good
intelligence” (Cleckley, 1976). This discrepancy fits with the
unique relations between interpersona-affective/impulsive-
antisocia traits and cognitive ability. Studies using both the PPI
and PCL have found that interpersonal-affective traits are unre-
lated or positively related to cognitive functioning, whereas
impulsive-antisocia traits are negatively related to intelligence,
particularly when adjusting for the overlap between the two factors
(Benning et al., 2003; Heinzen, Kohler, Godt, Geiger, & Huchz-
ermeir, 2011; Neumann & Hare, 2008; Salekin et a., 2004; Vi-
tacco et al., 2005). In terms of executive functioning, research with
the PCL has found that impulsive-antisocia traits are related to
deficits in executive functioning (Bernat, Nelson, Steele, Gehring,
& Patrick, 2011; Morgan & Lilienfeld, 2000), although null results
have been found when using the PPl (Carlson & Théi, 2010). In
contrast, interpersonal-affective traits as indexed by the PCL or
PPI are either unrelated to executive functioning (e.g., Hart, Forth,
& Hare, 1990), or for some aspects, related to superior executive
functioning (Baskin-Sommers et al., 2009; Sadeh & Verona, 2008;
Sellbom & Verona, 2007). In sum, there seems to be evidence of
divergent relations between the two psychopathy factors and cog-
nitive functioning.

Although these results are important, intelligence and executive
functioning are broad constructs. Relatively less research has fo-
cused on specific processes that may have differential relations to
psychopathic traits (although see Baskin-Sommers et al., 2009;
Carlson & Théi, 2010; Sadeh & Verona, 2008 for exceptions).
Therefore, further research is necessary to clarify relations be-
tween basic cognitive processes and factors of psychopathy that
generalize across samples and instruments. Two processes that
may be relevant to understanding the divergent relations of
interpersonal-affective and impulsive-antisocia traits and general
cognitive functioning are monitoring and adjusting to errors.

Error Monitoring and Adjustment

In order to regulate behavior and pursue goals, it is hecessary to
monitor discrepancies between one’s current state and the desired
goa (Carver & Scheier, 1990; Robinson, Schmeichel, & Inzlicht,
2010). When large discrepancies are detected, the individual must
adjust his or her behavior to be more in line with relevant goals.
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These two processes map quite well onto the cognitive processes
of monitoring and adjusting to errors. The error-related negativity
(ERN), an event-related potential (ERP) that consists of a negative
deflection following an error of commission (Gehring, Gross,
Coles, Meyer, & Donchin, 1993), is thought to reflect the moni-
toring process. The ERN is larger (i.e., more negative) for error
trials compared to correct trials (Gehring et al., 1993) and is
thought to reflect the conflict or discrepancy between response
options (Botvinick et al., 2001; Yeung, Botvinick, & Cohen,
2004). Similarly, there is a general tendency for individuals to
slow their reaction time (RT) on trials following an error, consis-
tent with behavioral adjustment (Rabbitt, 1966). It has been pro-
posed that this posterror slowing (PES) reflects an increase in
response caution following an error (Botvinick et a., 2001; Dutilh
et a., 2012).

Based on the differentia correlates of the two factors of psy-
chopathy, it might be predicted that the two factors would have
divergent relations with monitoring and adjusting to errors. First,
because individuals high (vs. low) in interpersonal-affective traits
are manipulative and able to influence others, they should be
highly attentive to errors, and be better able to adjust their behavior
as a way of avoiding detection (i.e., an outward appearance of
mental health disguising interpersonal, emotional, and behavioral
problems; Cleckley, 1976). This aso fits with the findings of
enhanced intelligence (e.g., Neumann & Hare, 2008) and enhanced
executive functioning in some domains (e.g., Sadeh & Verona,
2008) in individuals high in interpersonal-affective traits of psy-
chopathy. Second, because individuals high (vs. low) inimpulsive-
antisocial traits may lack planning and foresight, they may be less
able to notice errors and less able to adjust following mistakes.
This proposa is consistent with previous findings of negative
relations between impulsive-antisocial traits and intelligence and
executive functioning (Neumann & Hare, 2008).

Multiple studies have examined PES in individuas high (vs.
low) in psychopathy, including early work by Newman, Patterson,
and Kosson (1987; see Patterson & Newman, 1993 for areview of
some of this work), with recent work showing mixed results (e.g.,
Brazil et al., 2009). However, this work did not differentiate
between subcomponents of psychopathy. To our knowledge, only
two studies, presented in the same article, have examined the
relation between the psychopathy factors and PES. In this article,
Wilkowski and Robinson (2008) found that undergraduate stu-
dents scoring high on the secondary psychopathy scale (impulsive-
antisocia traits) of the Levenson Self-Report Psychopathy Scales
(LSRPS; Levenson, Kiehl, & Fitzpatrick, 1995) displayed defi-
cient RT slowing following errors. There was no relation between
the primary psychopathy scale (interpersonal -affective traits) and
PES. One limitation of this study isthat the primary and secondary
psychopathy subscales of the LSRPS both seem to index antago-
nism, callousness, and impulsivity (Lynam, Whiteside, & Jones,
1999). Indeed, some have argued that this scale does not have
accurate coverage of the interpersonal aspects of psychopathy as
defined by Cleckley (see Lilienfeld & Fowler, 2006). Moreover,
the authors focused on zero-order relationships and did not account
for the overlap between the primary and secondary psychopathy
scales when examining relationships with PES. Many measures of
psychopathy, including the LSRPS, show moderate to large cor-
relations between the factors (e.g., Hare, 2003; Levenson et a.,
1995), and the divergent correlates are only apparent when adjust-
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ing for this overlap, particularly for interpersonal-affective traits.
Although caution is warranted in interpreting the residual variance
(Lynam, Hoyle, & Newman, 2006), the unique variance of each
factor in previous research has been shown to be meaningful and
revealing of putative etiological processes (Hicks & Patrick, 2006;
Neumann & Hare, 2008; see Verona & Miller, in press). Thus, it
isimportant to ook at results for zero-order relations and relations
with the other factors partialed out.

Previous research has also examined the relation between
psychopathy and error monitoring (i.e., ERN) with mixed re-
sults. Two studies have found evidence for decreased ERN for
individuals high (vs. low) in psychopathy (Brazil et al., 2011;
Munro et a., 2007), and one found no group differences (Brazil
et al., 2009). These studies, however, did not examine the two
factors of psychopathy separately. A recent study by Heritage
and Benning (2013) examined the unique relations between
ERN and interpersonal -affective and impul sive-antisocial traits,
as measured by the PPI (i.e., fearless dominance and impulsive
antisociality). The results showed that fearless dominance was
not related to ERN amplitude, whereas impulsive antisociality
was related to reduced ERN. The results for impulsive antiso-
ciality traits are consistent with other ERN studies that have
found that constructs composed of high impulsivity (e.g., sub-
stance dependence, externalizing psychopathology) are related
to reduced ERN amplitude (Franken, van Strien, Franzek, &
van de Wetering, 2007; Hall, Bernat, & Patrick, 2007). Thus,
the extant research supports predicted negative relations be-
tween impulsive-antisocial traits and monitoring and adjusting
to errors. However, the evidence in support of a positive rela-
tionship with regard to interpersonal-affective traits is absent
from the literature.

Current Studies

In summary, there are theoretical reasons to assume that the
two general factors of psychopathy (interpersonal-affective and
impulsive-antisocial traits) have differential relations to moni-
toring and adjusting to errors. However, most studies on psy-
chopathy and monitoring and adjusting to errors have concep-
tualized psychopathy as a unitary construct. Moreover, few
studies have examined relations across different samples and
psychopathy assessment tools, which may help in uncovering
the constituent traits shared across instruments that are playing
arole in psychopathic cognitive functioning. To expand upon
the current literature, we examined data from three studies. Due
to the novelty of our predictions, the first two studies involved
secondary data analyses of two existing data sets—one a sam-
ple of college students and the other a sample of community
adolescents—to examine relations between psychopathic traits
and PES, measured as RT slowing following errors. The third
study examined both ERN and PES in a sample of individuals
with a history of involvement in the criminal justice system.
Based on theory and limited data, our general predictions were
that interpersonal-affective traits as measured by PPl fearless
dominance and PCL Factor 1would be related to increased
monitoring and adjusting to errors, whereas impulsive-
antisocial traits would be related to reduced monitoring and
adjusting to errors.
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Study 1

The primary goal of Study 1 was to examine the relation between
PES and the two factors of psychopathy. To do this, we examined
data from an unpublished task in a sample previoudy collected in our
lab (Sprague & Verona, 2010). The main god of the original project
was to determine whether individuds high (relative to low) on dys-
regulation (represented by high levels of both borderline and antiso-
cia traits) would show emotion-modulated behaviora dyscontrol.
Thus, participants completed an emotional-linguistic go/no-go task,
which measured the effects of negative emotional context on response
inhibition. Participants from this study also completed a letter-flanker
task, which was not analyzed in the previous publication (Sprague &
Verong, 2010). They dso completed a self-report measure of psy-
chopathy, specifically the short form of the PPI, which alowed us to
examine the relaion between PES and factors of psychopathy in the
current article.

Study 1 served as areplication and extension of Wilkowski and
Robinson (2008) in that the latter study assessed psychopathy
using the LSRPS, based partly on the PCL-R, in which the two
factors are highly correlated with each other. In contrast, the PPI
was developed based on trait models, and the two main factors
(i.e., fearless dominance and impul sive antisociality) have substan-
tially smaller correlations with each other than the LSRPS or
PCL-based measures (Benning et al., 2003; Marcus et a., 2013).
Due to the uncorrelated nature of fearless dominance and impul-
sive antisociality, the present study provided a strong test of the
unique relations between the two factors and PES.

Method

Participants. Participants were recruited from a larger pool of
318 undergraduates who completed self-report measures of personal-
ity pathology to screen for traits related to emotional and behaviora
dysregulation. Potential participants who scored in the upper 65th or
lower 35th percentile of a composite measure of dysregulated per-
sondlity disorder traits (i.e., borderline and antisocia) were invited to
participate (see Sprague & Verona, 2010 for more details on screening
measures). As detailed below, this process produced adequate spread
in scores for the two factors of psychopathy. A total of 83 participants
(43 women) were recruited to participate in the study for course credit.
Two participants were missing RT data and thus excluded from the
anadyses. The mgjority of the sample was between the ages of 18 and
21 (94%). The ethnic breakdown was 60% Caucasian, 22% Asian,
8% Hispanic, 8% other, and 1% African American. Approximately
62% of the sample reported a family income above $60,000 a year.
Data from these participants on a different task were reported by
Sprague and Verona (2010). However, results from the flanker task
have not been published.

Psychopathy assessment. Psychopathy was measured using
the Psychopathic Personality Inventory—Short Form (PPI-S; Lil-
ienfeld & Andrews, 1996). Participants indicated the extent to
which 56 items applied to them on a 4-point Likert scale (1 =
false, 4 = true). Based on previous factor analytic work (Benning
et al., 2003), we computed two scores for each participant: fearless
dominance (« = .85) and impulsive antisociality (« = .85; aso
known as self-centered impulsivity; Lilienfeld & Widows, 2005).
The subscale coldheartedness is typically not represented in either
factor and thus was not used in main analyses.* Consistent with
other research (see Marcus et a., 2013 for a review), the correla-
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tion between fearless dominance and impulsive antisociality was
close to zero (r = .02, p = .843).

Given that participants were recruited based on extreme scores on
personality traitsrelated to dysregulation (i.e., symptoms of borderline
and antisocial personality disorders), we carefully examined the dis-
tributions of the PPl scores to ensure normdity. We did this because
we were interested in using continuous scores, consistent with re-
search indicating that psychopathy is a dimensiona, and not taxonic,
condruct (e.g., Marcus, John, & Edens, 2004). To establish the
normdlity of the distributions, we calculated four indices: skew, kur-
tosis, bimodality index, and the Kolmogorov—Smirnov test. All skew
(fearless dominance = —.48, impulsive antisocidity = —.09) and
kurtosis (fearless dominance = —.08, impulsive antisocial-
ity = —.85) vaues were less than 1. Moreover, the Z tests indicated
that neither of the variables had significant skew (fearless domi-
nance = .078, impulsive antisocidity = .374) or kurtosis (fearless
dominance = .393, impulsive antisociaity = .108). Neither of the
variables had a bimodality index greater than .55 (fearless domi-
nance = .422, impulsive antisocidity = .468), which is suggestive of
a bimodal distribution (Freeman & Dale, 2013; Pfister, Schwarz,
Janczyk, Dde, & Freeman, 2013). Findly, nether of the
Kolmogorov—Smirnov tests was significant, suggesting that the data
did not depart from normality. Hence, we used untransformed con-
tinuous scores.

Flanker task. The flanker task was a modified version of the
Eriksen and Eriksen (1974) task. Participants were required to
respond to a central target (e.g., H) among flanking distracters
(e.g., SSHSS). However, we used a go/no-go version of the task in
which participants were instructed to respond to one target (i.e., H)
that occurred on 80% of trials and to withhold responding when
the central target was a different letter (i.e.,, S) that occurred on
20% of trials, thus encouraging a dominant response set. Partici-
pants were told to respond as quickly and accurately as possible to
emphasize both speed and accuracy. Flanking distracters were
either congruent or incongruent with the target. Following a prac-
tice block, participants completed four blocks of 40 trials each,
with two of the blocks involving a noise stressor. In this report, we
focus only on the two no-stress blocks,? which consisted of a total

1 For completeness, we also examined results including the coldheart-
edness subscale (« = .64). Coldheartedness was not significantly corre-
lated with accuracy (r = —.10, p = .780). When we included this scale in
our main analyses, there were no significant effects involving coldheart-
edness. Moreover, including coldheartedness did not affect the significance
of the main results. Finally, the zero-order correlation between coldheart-
edness and PES was positive, but not significant, r = .15, p = .19. We did
not conduct analyses involving coldheartedness in Study 2 because cold-
heartedness is usually not estimated in studies using estimated PPl scores
(e.g., Benning et al., 2005; Blonigen et a., 2006), so the nomological
network of estimated coldheartedness scores is unclear.

21n a second set of blocks (80 trials total), an aversive boat horn noise
was administered on 30% of trias, and not al individuals consistently
received the noise due to technical difficulties. Given that stress was not the
focus of the current study and that all participants received both types of
blocks in a within-subject design, we did not expect that removing these
trials would influence the results. Interestingly, there was a significant
fearless dominance by lag-error by stress block type interaction, y = 2.63,
t = 3.21, p = .001. Follow-up tests indicated that the two-way fearless
dominance by lag-error interaction was significant for the no-stress blocks,
vy =199 t = 325 p = .001, but not the stress blocks, v = —.47,
t=-.88 p=.378
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of 80 trials per participant. Within a trial, the stimulus was pre-
sented on the screen for 500 ms, and following onset, participants
had 2,000 msto respond. Theintertrial interval varied for each tria
(1,500 ms, 1,750 ms, or 2,500 ms). Feedback was not given for
incorrect responses. All participants completed an emotiona go/
no-go task (involving word stimuli; Sprague & Verona, 2010)
before the completion of the flanker task.

To reduce the influence of outliers, we discarded trials that
were aberrantly fast (<150 ms) or slow (>1,000 ms). Trias
were coded as to the accuracy of the current trial (i.e., trial,)
and the accuracy of the previous trial (i.e., trial,,_,). For both
current and previous trials, trials involving no response (either
correct rejections or errors of omission) were not considered
due to our interest in PES following errors of commission. We
also discarded trials in which an error of commission was made
(i.e, trial,, is an error) in analysis of PES (although those trials
were important in determining whether slowing occurred in
trials following error trials). This resulted in 4.93% of trials
being discarded. Accuracy in the task was quite high (M =
95.07%). Interestingly, in this study, accuracy (or percentage of
trials correct) had a small to medium correlation with fearless
dominance (r = .23, p = .036), but not impulsive antisociality,
(r = —.03, p = .780). Despite the relationship between fearless
dominance and accuracy, accuracy was not significantly corre-
lated with PES (r = —.11, p = .340). Participants made an
average of 3.25 (SD = 2.25, Max = 13) errors leaving an
average of 2.70 (SD = 2.09, Max = 12) errors on the previous
trial. Although there are no published guidelines on the number
of trials necessary to calculate PES, this number of errors is
lower than other published studies, which usualy average
around 10 errors per participant (e.g., Rabbitt, 1968; Wilkowski
& Robinson, 2008).

Results

Due to the nested nature of the data (trials within subjects),
we used multilevel modeling (MLM; Singer & Willett, 2003) to
examine relations between psychopathic personality traits and
PES. For our purposes, MLM had three distinct advantages over
repeated measures ANOVA. First, because participants had
different numbers of errors, they had different numbers of trials
available for analysis, and MLM is robust to unbalanced data
(Judd, Westfall, & Kenny, 2012). Second, MLM does not
require that the assumption of sphericity be met. Instead, MLM
allows for the modeling of an unstructured variance-covariance
matrix, which reduces Type | errors (Judd et al., 2012). Finally,
the MLM framework provides a more intuitive set-up for
follow-up tests with a continuous between-subjects moderator
and a categorical within-subject variable (Preacher, Curran, &
Bauer, 2006). The Level 1 (within-person) model was:

Yij = by + by(lag-errory) + rj; @)

where y;; is the RT for the ith trial for participant j, by; is the
within-person average RT for trials that follow a correct tridl, by;
is the within-person difference between postcorrect and posterror
trias (i.e, PES), and ry; is the within-person residual. Lag-error
was dummy coded such that O = the previous trial was correct,
1 = the previous trial was an error.
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The Level 2 (between-person) models were:
by = voo + Yor(Fearless Dominancs)
+ voo(Impulsive Antisociality;)
+ yos(Fearless Dominance, * Impulsive Antisociality;) + Uy, (2)
by = y10 + v11(Fearless Dominance)
+ v1o(Impulsive Antisociality;)
+ y13(Fearless Dominance, * Impulsive Antisociality;)  (3)

and the combined model was:

Yij = Yoo T Yo (Fearless Dominance,)
+ voz(Impulsive Antisociality;)
+ vos(Fearless Dominance, * Impulsive Antisociality;)
+ vio(lag-errory) + vy, (Fearless Dominance, * lag-error;;)
+ y1(Impulsive Antisociality; * lag-error;;)
+ y13(Fearless Dominance * Impulsive Antisociality;
* lag-errory) + rjj + Uyg  (4)

where o, is the grand average RT for lag-correct trias, v, isthe
grand average effect of PES, yo; — o3 are the slopes associated
with PPl factors and their interaction, y,, — +,5 ae the slopes
associated with the interaction between PPI factors and lag-error,
and u,, is the between-person residual. To reduce collinearity and
facilitate parameter estimate interpretation, fearless dominance and
impulsive antisociality were grand mean-centered (Enders & To-
fighi, 2007). We experimented with alternative error structures
(e.g., autocorrelation), but the unstructured model provided the
best fit by having the lowest AIC and BIC values.

The results from this analysis are presented in the left column of
Table 1. All tests are based on Type |11 sums of squares, as these
sums of squares account for other effects in the model. Consistent
with previous research (Rabbitt, 1966), there was a significant
effect of lag-error, which indicated that the average participant
sowed down 23.97 ms following an error. There was aso a
positive relation between fearless dominance and RT (regardless
of lag-error). Of more importance and consistent with one of our
predictions, there was a significant interaction between fearless
dominance and lag-error. Inconsistent with our other prediction,
analyses failed to reveal an interaction between impulsive antiso-
ciality and lag-error.

To follow-up the significant fearless dominance by lag-error
interaction, we first plotted estimated PES scores for prototypical
individuals low (—1 SD) and high (+1 SD) in fearless dominance
using the MLM output (see Figure 1 top panel). Second, we
conducted simple slopes analyses to examine the effect of lag-error
for individuals high and low in fearless dominance (cf. Preacher et
al., 2006). The results indicated that at high levels of fearless
dominance, there was a significant medium sized effect of lag-
error (y = 41.27,t = 4.32, p < .001, d = .52), in that there was
a dowing in RT following an error. However, at low levels of
fearless dominance, the effect of lag-error was close to zero (y =
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Unstandardized Regression Coefficients, Variance Components, and Standard Errors for
Reaction Time in Sudies 1, 2, and 3 Multi-Level Models

Study 1 Study 2 Study 3
(N = 81) (N = 42) (N=171)
Fixed effects

Intercept (Yoo) 449.02"" (5.21) 362.19" (6.56) 609.27" (9.68)
Int-Aff (yo1) —1.12" (.49) 3.44 (10.74) 6.56 (3.30)
Imp-Anti (yop) —0.06 (.44) —1.04 (11.54) 2.77 (3.90)
Int-Aff * Imp-Anti (yg3) —0.03(.03) —8.04 (26.28) —0.44 (1.02)
Lag Error (y40) 23.92" (5.96) 31.12" (3.40) 34.25™ (4.19)
Int-Aff * Lag-Error (y,,) 1.46" (.57) 15.55" (5.43) 3.90" (1.36)
Imp-Anti * Lag-Error (y;,) —0.28 (.48) 10.57 (6.28) —251(1.78)
Int-Aff * Imp-Anti * Lag-Error (y,3) 0.09" (.04) —8.14 (13.37) —0.35(.45)

Variance components

Within-person (o)
Between-person (70)

6479.58" (129.85)
208855 (344.80)

6151.81"* (81.30)
1682.17** (385.31)

5214.77" (911.37)
19311*" (156.36)

Note.

Int-Aff = Interpersonal-affective traits (fearless dominance in Studies 1 and 2, Factor 1 in Study 3);

Imp-Anti = impulsive-antisocial traits (impulsive antisociality in Studies 1 and 2, Factor 2 in Study 3).

*p< .05 *p<.001

8.78,t = 1.14, p = .253, d = .10). Taken together, these results
indicate that individuals high in fearless dominance displayed PES,
and individuals low in fearless dominance did not modulate their
behavior following an error.®
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Figurel. Posterror Slowing (i.e., lag-error — lag-correct) as afunction of
fearless dominance for Study 1 (top panel) and Study 2 (bottom panel).

Finally, there was a significant fearless dominance by impulsive
antisociality by lag-error interaction, y = .08, t = 2.06, p = .039.
The follow-up tests showed that athough no significant PES was
observed among individuals high in impulsive antisociality and
low in fearless dominance, vy = —6.23, t = —.60, p = .309,
d = —.07, PES was significantly different from zero for individ-
uals among the three other combinations (low on both factors, y =
22.69,t = 2.23, p = .025, d = .28; high fearless dominance/low
impulsive antisociality, vy = 31.81,t = 2.35, p = .018, d = .39;
and high on both factors, y = 47.43,t = 3.41, p < .001, d = .58).
Together, the results suggest that high fearless dominance servesto
increase behavioral adjustment following errors, including among
those also high on impulsive antisociality.

To show that the results were not exclusive to the unique
variance of the factors, we also computed zero-order correlations
between PES (average across trials) and the psychopathy factors.
Zero-order correlations were similar to the multivariate analyses
(fearless dominance: r = .32, p = .015; impulsive antisociality:
r = .05, p = .710). One potential concern is that participants are
more likely to make errors early in the task and have faster RTs
later in the task. To rule out this aternative, we added trial number
as a covariate, which did not affect the results. We aso ran
separate models using overall accuracy and gender as covariates,
which also did not affect the results.

3 Some previous research has found that when using the PPI-S, the
fearlessness subscale cross-loads on the fearless dominance and impulsive
antisociality factors (Benning et a., 2005; Edens & McDermott, 2010).
Hence, we also conducted the analyses without including the fearlessness
subscale in the former factor. The interaction between fearless dominance
and lag-error was still significant, y = 1.88, t = 2.27, p = .023. Moreover,
the follow-up test still showed a significant PES at high levels of fearless
dominance, y = 35.75, t = 455, p < .001, d = .44. The only dight
difference was a significant PES at low levels of fearless dominance, y =
13.30,t = 1.98, p = .047, d = .16.
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Discussion and Study 2

The results of Study 1 were consistent with one of our predic-
tions. Individual differences in interpersonal-affective traits, as
defined by the PPI, moderated the relation between accuracy on
the previous trial and RT. More specificaly, participants high in
interpersonal -affective traits slowed down after making an error on
the flanker task, yet individualslow in interpersonal -affective traits
displayed no modulation in response to errors. Inconsistent with
our other hypothesis and Wilkowski and Robinson (2008), the only
instance in which impulsive-antisocial traits were related to re-
duced PES was for individuals who were also low in interpersonal -
affective traits. One possible reason for these divergent results is
that our use of the PPI-S allowed us to better examine the unique
variance of interpersonal-affective and impulsive-antisocial traits
(as they are uncorrelated in the PPI-S), whereas Wilkowski and
Robinson (2008) did not adjust for overlap between the two
correlated factors in the LSRPS. However, it is unclear if the
divergence of results is meaningful based on the findings from a
single study. Although the three-way interaction suggests that
being high on interpersonal-affective traits modulates RT slowing
in impulsive-antisocial traits, replication is needed before this
result is considered further, particularly because this interaction
was not predicted.

Further, there are limitations to this study. Besides the need for
replication, there was a high accuracy rate and limited number of
overal trials; thus, PES was based on very few errors. Also, the
correlation between fearless dominance and accuracy may suggest
a speed—accuracy trade-off. Finaly, the current study was con-
ducted with afairly homogeneous sample of college students, and
it is not clear whether results would generalize to younger samples
or to a wider array of the population residing in the community.
Therefore, in Study 2 we attempted to determine whether the
results would replicate in an archival data set of mid- to late
adolescents (see Finy, Bresin, Korol, & Verona, in press).

The goa of the original project was to examine the interactions
between psychosocial stress and the personality traits of negative
emotionality and constraint on impulsivity, risk-taking, and corti-
sol reactivity in an adolescent sample (Finy et al., in press).
Participants were first assigned to a stress or no-stress condition,
and then they completed a go/no-go task to measure impulsivity.
Saliva samples were obtained at four different time points to assess
stress reactivity. Participants in this project also completed the
Multidimensional Personality Questionnaire-Simplified-Wording
Form (MPQ-SF; Javdani, Finy, & Verona, in press, Patrick,
Kramer, Tellegen, Verona, & Kaemmer, 2013), which allowed us
to estimate PPI scores (cf. Benning et a., 2003), and we used the
data from the go/no-go task to measure PES.

Method

Participants. Participants for Study 2 consisted of a sub-
sample of a larger study examining cortisol reactivity and disin-
hibition in adolescents (Finy et a., in press). A total of 88 ado-
lescent participants were recruited for the full study. However, in
this report we only focus on the 43 participants (26 males) in the
control (i.e., no-stress) condition.* Participants were recruited from
aprevious study of adolescentsin our lab (see Verona, Javdani, &
Sprague, 2011) and anew from flyers posted in the community for
a study on decision-making. Y outh with psychotic symptoms or a
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pervasive developmental disorder were excluded based on a phone
screening completed with the parent or guardian. The mean age of
these participants was 15.97 years (SD = 1.64, range 15-19), and
the ethnic breakdown was 67% Caucasian, 13% Biracial, 9%
Hispanic, 6% African American, and 2% Asian. Although the
majority of the sample (55%) had a household income over
$60,000, 15% earned less than $30,000 a year, indicating a range
of incomes.

Procedure. After obtaining assent from the adolescent (or
consent if the youth was over 18) and consent from the parent or
guardian, participants completed the MPQ-SF and other measures
not relevant to the current study. Following this, participantsin the
no-stress condition were asked to read neutral passages from the
text of three popular adolescent books (e.g., The Rescue, Lasky,
2004). Each book was provided for a 5-min interval to match the
timing of tasks in the stress condition (see Finy et a., in press for
more details). Participants were told that they could read at their
leisure and would not be tested on the material in any way.
Following the 15 min of reading, participants completed the go/
no-go task. Families were paid $25 for their participation.

Psychopathy assessment. Psychopathy factor scores were
calculated as estimated PPl scores based on the MPQ-SF, as done
in previous work in adults (Benning et al., 2003; Benning, Patrick,
Blonigen, Hicks, & lacono, 2005) and adolescents (Blonigen,
Hicks, Krueger, Patrick, & lacono, 2006).°> The version of the
MPQ-SF used in this study consists of 155 items, which were
modified from original versions of the MPQ to be at a sixth or
seventh grade reading level. This version has been validated in
young adults (Patrick et al., 2013) and adolescents (Javdani et al.,
in press). Participants were instructed to rate items as either true or
false based on which choice best described them. Following the
recommendations of Benning, Patrick, Hicks, Blonigen, and
Krueger (2003), fearless dominance scores were estimated based
on a composite of the social potency (a = .78), stress reaction
(e = .81), and harm avoidance (« = .75) subscales. Impulsive
antisociality scores were based on a composite of the aggression
(o = .80), traditionalism (o« = .66), control (o« = .78), aienation
(e = .82), and socia closeness (« = .80) subscales. Relevant
subscales were Z-scored and multiplied by the standardized beta
weights reported by Benning et a. (2003) before being summed to
create the factor scores. The two factors displayed a small nonsig-
nificant correlation in this sample (r = —.12, p = .439). Although

4 A second set of 42 participants completed a youth version of the Trier
Social Stress Test (Kirschbaum, Pirke, & Hellhammer, 1993) prior to
completing the go/no-go task (see Finy et al., in press for more details).
Because we were interested in replicating our results from Study 1, these
participants were not used in the main analyses. When all participants were
used, there was a significant fearless dominance by lag-error by stress
group interaction, y = —18.84, t = —2.35, p = .019. Follow-up tests
indicated that the two-way fearless dominance by lag-error interaction was
significant for the no-stress condition, y = 15.55,t = 2.86, p = .004, but
not for the stress condition, y = —3.20,t = —.54, p = .589.

SWe aso caculated fearless dominance and impulsive antisociality
based upon individual items (see Blonigen et a., 2006). The results were
consistent with those using the beta weight method. The fearless domi-
nance by lag-error interaction was marginally significant, y = 1.75, t =
1.94, p = .052. The follow-up tests showed that at both high, y = 39.64,
t = 7.54, p < .001, and low levels, y = 25.87, t = 5.50, p < .001, of
fearless dominance, there was an effect of PES. Hence, the results are
almost identical with both methods.
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there are likely disadvantages to estimating PPl scores rather than
measuring them directly, particularly in adolescents where there
has been less research on estimated PPl scores, we felt it was
justified given that this study was a replication and could revea
whether the results from Study 1 were generalizable to community
adolescents.

Go/no-go task. Similar to the flanker task in Study 1, the
go/no-go task required participants to respond to one stimulus (X)
but withhold responding to a rare (occurring on 20% of trials)
nontarget stimulus (K). However, in Study 2 there were no flank-
ing distracters presented. Nonetheless, the basic parameters in-
volving amain focus on target stimuli and a dominant response set
were both present. After a practice block, participants completed
four blocks of 76 trials. Within each block, stimuli were presented
in arandom order for 250 ms, and then participants had 1,000 ms
to respond. The intertria interval varied from tria to trial (1,500
ms, 2,000 ms, and 2,500 ms). No feedback was provided for
incorrect responses. Participants were instructed to respond as
quickly and as accurately as possible.

We again discarded trials for three reasons: they were abnor-
mally fast (<150 ms) or slow (>1,000 ms), no response was made,
or an error was made, which led us to discarding 5.59% of trials.
The overall accuracy rate was 94.57%, and participants made an
average of 14.36 (SD = 7.74, Max = 36) errors and 14.16 (SD =
6.60, Max = 13) lag-errors during the task, alowing for a larger
number of trials available for analysis relative to Study 1. In this
study, fearless dominance (r = —.05, p = .771) and impulsive
antisociality (r = —.17, p = .259) were not related to accuracy.
There was a small to medium, but nonsignificant, correlation
between accuracy and PES (r = .20, p = .190).

Results

MLM models were similar to those in Study 1. The results are
displayed in the middle column of Table 1. The effect of lag-error
was significant and indicated that on average participants slowed
down 31 ms following an error. Consistent with Study 1 and one
of our predictions, the interaction between fearless dominance and
lag-error was significant. Inconsistent with our other prediction,
none of the effects involving impulsive antisociality were signif-
icant, and the three-way interaction was not replicated (see Table
1 for parameter estimates). To follow-up the interaction involving
fearless dominance, we again plotted estimated means (see Figure
1, bottom panel) and calculated simple slopes tests. Asin Study 1,
at high levels of fearless dominance, there was a significant me-
dium sized effect of lag-error (y = 40.65,t = 8.91, p < .001,d =
.51), indicating PES. At low levels of fearless dominance, the
effect of lag-error was also significant (y = 22.60,t = 4.74, p <
.001, d = .28), but small according to Cohen’s (1992) standards.
The significant interaction indicates that PES was significantly
smaller for low versus high scorers (22 msvs. 40 ms, respectively).
Adjusting for trial number, overall accuracy, gender, and age did
not affect these results. Asin Study 1, the zero-order correlations
were similar to the results of the multivariate tests (fearless dom-
inance: r = .23, p = .124; impulsive antisociality: r = .09, p =
.530), athough in this study it appears that adjusting for the
overlap between the factors increased the effect for fearless dom-
inance (and decreased its p value to below significance level).
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Discussion and Study 3

The results for Study 2 were in line with those of Study 1.
Adolescents with high (vs. low) levels of interpersonal-affective
traits, as defined by the PPI, displayed greater RT slowing after
errors. In Study 2, adolescents with lower levels of interpersonal-
affective traits also displayed PES, but to a lesser degree than
individuals high in interpersonal-affective traits. Also, in this
study, there was no evidence of a speed—accuracy trade-off, in that
accuracy was not correlated with interpersonal-affective traits. It is
noteworthy that these results were replicated in an adolescent
sample performing a dlightly different task than in Study 1. Fur-
ther, PPl scores were estimated and not measured directly, indi-
cating that these results are likely robust across samples, tasks, and
psychopathy measurements. None of the effects involving
impulsive-antisocial traits were significant, and we did not repli-
cate the significant three-way interaction from Study 1 in this
study.

In spite of the consistency of the results for the interpersonal-
affective traits across the first two studies, there were unanswered
questions, which led us to conduct data analyses for a third study.
First, the participants recruited for Studies 1 and 2 involved college
students and adolescents in the community who typically score on
the lower range of psychopathic traits, especialy the more malig-
nant forms. Thus, we deemed it important to examine the gener-
alizability of these results to participants scoring at the higher
range of these psychopathic traits. second, the fearless dominance
scale has been criticized for primarily indexing traits related to
positive adjustment (e.g., low fear, social potency; Miller &
Lynam, 2012). In contrast, PCL-based measures assess
interpersonal-affective traits of a more maladaptive variety
(e.g., deceitfulness, conning, lack of empathy). Given this dis-
tinction, we considered it important to generalize these results
to forensic-based assessments of psychopathy as a way of
clarifying constituent traits that account for relations to PES. In
particular, if Factor 1 relates to PES in a similar way as PPI
fearless dominance, this would suggest that what these two
psychopathy-related constructs share (and not what is different
between them) may explain the higher cognitive control ob-
served. Third, Studies 1 and 2 were focused on behavioral
adjustments following errors and thus do not identify differ-
ences in cognitive processing involved in error monitoring,
specifically the ERN. Therefore, Study 3 involved a clinical-
forensic sample of individuals who completed the standard
letter-flanker task, while we measured both ERN and PES.
Consequently, Study 3 allowed us to fully test our predictions
concerning both monitoring (ERN) and adjusting to errors
(PES).

The goa of the origina study was to examine cognition-
emotion interactions among community dwelling offenders differ-
ing on scores of psychopathy and antisocial personality disorder
(Verona, Sprague, & Sadeh, 2012). We recorded event-related
brain potentials during an emotional-linguistic go/no-go task to
challenge both emotional processing and inhibitory control syn-
dromes. Participants high on psychopathy showed decreased neg-
ative emotional processing across inhibitory control conditions (go
and no-go), whereas participants with only antisocial personality
disorder showed enhanced negative emotional processing even
under inhibitory control conditions. Participants in this study also
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completed a letter-flanker task, the results of which were not
reported in the original publication and form the basis for Study 3.

Method

Participants. Seventy-one participants (49 males) were re-
cruited from alarger assessment study (see Schoenleber, Sadeh, &
Verona, 2011) targeting individuals with criminal histories. Par-
ticipants were selected for inclusion in the current study based on
scores of psychopathy and antisocial personality disorder. Al-
though in the origina study we analyzed results for groups of
individuals high on psychopathy, antisocial personality disorder,
or neither, we had recruited individuals scoring across the whole
range of psychopathy total scores to participate in the laboratory
experiment (see more details below). Participants were recruited
from parole and probation (39.43% of this sample), substance use
treatment centers (9.86% of this sample), local jails (8.45% of this
sample), and newspaper ads (42.26% of this sample). The mean
age of the laboratory sample was 33 years old (SD = 9.08, range
19-53). The ethnic breakdown was 49% Caucasian, 42% African
American, 2% Native American, 2% mixed ethnicity, 1% His-
panic, and 1% other. The mgjority of the sample (59%) earned less
than $15,000 annual income, and only 5.63% earned more than
$75,000. Data from a subsample of these participants from another
task were reported in Verona, Sprague, and Sadeh (2012). How-
ever, data from the flanker task have not yet been published.

Psychopathy assessment. Psychopathy was assessed using
the Psychopathy Checklist: Screening Version (PCL: SV; Hart et
al., 1999). Ratings on the PCL: SV were made based on a semi-
structured interview and areview of public criminal records. Each
of the 12 items was rated on a 3-point scale (0 = not at all
characteristic, 2 = extremely characteristic). Interviews were
conducted by trained doctoral students supervised by a Ph.D.-level
psychologist. Secondary ratings were available for 112 of the
participants from the full assessment sample (N = 493). The
interclass correlations (ICC) were high for Factor 1 (ICC = .95)
and Factor 2 (ICC = .94), indicating adequate interrater reliability.

As mentioned previously, participants who were recruited for
the laboratory portion of the study were low scorers (below 12),
middle scorers (between 12 and 18), and high scorers on the PCL:
SV to adeguately represent the whole range of psychopathy total
scores (range: 1-23; possible range of scores 0-24). Fifty-one
percent had a diagnosis of antisocial personality disorder. We
focused our analyses on the two PCL: SV factors. Factor 1
(skew = .41; kurtosis = —.98), which represents an antagonistic
affective-interpersonal style involving conning, deceitfulness, and
lack of empathy; and Factor 2 (skew = —.32; kurtosis = —.39),
which represents impulsive-antisocial traits, as per previous work
(Harpur et a., 1989; Hicks & Patrick, 2006; Patrick & Zempolich,
1998; Veronaet a., 2001). We also examined correlations with the
four-facet model in supplementary analyses, for the sake of thor-
oughness. The four-facet model breaks Factor 1 into interpersonal
and affective facets and Factor 2 into impulsive-lifestyle and
antisocial facets. As is typical with PCL-based measures (Hare,
2003), the two main factors were significantly correlated (r = .53,
p < .001) with a large effect size.

Flanker task. Similar to the flanker task in Study 1, partici-
pants were required to respond to a central target among flanking
distracters (Eriksen & Eriksen, 1974; Hall et a., 2007). However,
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in this task, the two letters (S and H) each served as targets on
different trials. Targets were displayed with congruent flankers for
half the trials and incongruent flankers on the other half. Each
target type required a unique response on the keyboard (i.e., right
or left shift keys), which was counterbalanced across blocks. To
increase task complexity, a nontarget (X) was displayed (with
congruent or incongruent flankers) on 16% of trials, and partici-
pants were instructed to withhold responses to these nontargets
(see Hall et a., 2007). After a practice block, participants com-
pleted six blocks of 100 trials. At the end of each block, partici-
pants received feedback about their performance in that block.
However, consistent with Studies 1 and 2, no feedback was given
at the trial level. For each tria, the stimulus array was displayed
for 150 ms, and participants then had up to 1,400 ms to respond.
The intertrial interval varied between 1,500 ms, 2,000 ms, and
2,500 ms. Participants were told to respond as quickly and as
accurately as possible. Participants also completed an emotional
go/no-go task (see Veronaet al., 2012) in a counterbalanced order.
Task order did not affect any of the results reported below and thus
is not discussed further.

As in Studies 1 and 2, we discarded trials that were too fast
(<150 ms) or too slow (>1,000 ms), trials where no response was
made, and trialsin which an error of commission was made on the
current trial (i.e., trial, is an error). We aso discarded blocks
where the accuracy rate was less than 50% based on the assump-
tion that the correct response mappings were not being used. In
total, 7.66% of trials were discarded. The accuracy rate (M =
88.22%) was comparable with other studies using similar para-
digms (Hall et a., 2007; Munro et al., 2007). Participants made an
average of 23.70 errors (SD = 22.54, Max = 126) and 18.44
(SD = 19.16, Max = 115) lag-errors. Asin Study 2, accuracy rate
was not correlated to Factor 1 (r = .00, p = .988) or Factor 2 (r =
.03, p = .741), with both having an effect size close to zero.
However, in this study the correlation between accuracy and PES
was significant and small to medium in size (r = .25, p = .027),
suggesting that individuals who were more accurate tended to slow
down more after errors, regardless of level of psychopathy.

Error-related negativity. Event-related potentials were mea-
sured with a stretch lycra electrode cap (Electrocap, Eaton, OH)
using the 10—20 international system. Analog signals were digi-
tized at 2,000 Hz with a .15-200 HZ bandpass filter using Neu-
roscan 2 amplifiers (Compumedics, Charlotte, NC). The left mas-
toid served as the online reference electrode, but off-line the data
were rereferenced to the average of the mastoids (Miller, Lutzen-
berger, & Elbert, 1991). Vertical and horizonta eye movements
were recorded for eyeblink correction and detection of artifacts.
Data reduction was completed using the PhysBox add-on to EE-
GLAB in Matlab (Curtin, 2011; Delorme & Makeig, 2004). First,
the data were filtered using a low pass (30 Hz) Butterworth filter.
Second, a hlink correction was applied. Third, trials that had
deflections greater than 75 wV in absolute value were discarded.
Waveforms were then averaged by trial accuracy. The response-
locked ERN was defined as the most negative peak in the window
from the response until 250 ms after the response, relative to the
baseline, which consisted of the activity between 250 ms and 50
ms before the response. Sixteen participants had data that was not
used due to either having too few blinks to apply the correction
procedure (n = 11) or excessive artifacts (n = 5), leaving 55
participants for ERN analyses.
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Results

Posterror slowing: Replication. First, we examined whether
the results from Studies 1 and 2 would replicate in this clinical-
forensic sample. In this analysis, we used the same models as in
the previous studies, with PCL: SV Factor 1 and Factor 2 repre-
senting the interpersonal-affective and impulsive-antisocial traits
of psychopathy, respectively. The results are displayed in the right
panel of Table 1. Consistent with Studies 1 and 2, there was a
significant main effect of lag-error indicating that, overall, partic-
ipants slowed down following errors. More importantly, the inter-
action between Factor 1 and lag-error was significant. The
follow-up tests indicated that at high levels of Factor 1, there was
significant PES (y = 46.77,t = 6.97, p < .001, d = .33). There
was also an effect of lag-error at low levels of Factor 1 (y = 18.78,
t = 277, p = .005, d = .13), but this effect was smaller in
magnitude (see Figure 2). It is worth noting that Factor 1 was not
correlated with accuracy, suggesting no evidence of a speed—
accuracy trade-off. Asin Studies 1 and 2, there was no significant
Factor 2 by lag-error interaction, and like Study 2, no significant
three-way interaction. Adjusting for age, gender, recruitment site,
ethnicity, overall-accuracy, and trial number did not affect any of
these results. The zero-order correlations between PES and Factor
1(r = .13, p = .227) and Factor 2 (r = —.07, p = .522) were
similar to the multivariate analysis, although somewhat weaker in
magnitude and not significant, indicating that adjusting for the
overlap strengthens the correlation for Factor 1 (cooperative sup-
pressor effects; Hicks & Patrick, 2006).

To better understand which facets may drive the effect for
Factor 1, we explored correlations between PES and the four-facet
model, using partial correlations for each facet with the others
partialed out. These results showed that the relation between PES
and Factor 1 was driven by the interpersonal facet (r = .22, p =
.074), and not the affective facet (r = —.05, p = .651). Both Factor
2 facets were negatively but not significantly related to PES
(lifestyler = —.07, antisocial r = —.07).

Error-related negativity: Expansion. We tested whether the
two factors of the PCL: SV were related to ERN using a general
linear model. In this model, Factor 1 and Factor 2 scores (mean-
centered) and their interaction were between-subjects continuous
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Figure2. Posterror slowing (i.e., lag-error — lag-correct) as a function of
Factor 1 for Study 3.
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variables, and accuracy of the current trial (correct, incorrect) was
a categorical within-subjects variable. We focused on the Cz site,
as this was where the differentiation between accurate and inac-
curate trials was numerically maximal. This site has also been the
focus of previous ERN research in psychopathy (Brazil et a.,
2011; Munro et al., 2007). There was a significant effect of
accuracy, F(1, 53) = 37.86, p < .001, partial n? = .41. Aswould
be expected, incorrect trials (M = —3.00, SD = 4.15) produced a
more negative amplitude than correct trials (M = .05, D = 2.23).
There were no significant main effects of the psychopathy factors,
and the two-way interaction between the factors was not signifi-
cant (ps > .31). Consistent with our prediction, there was a
significant interaction between Factor 1 and accuracy, F(1, 53) =
7.67, p = .007, partial * = .12. The interaction between Factor 2
and accuracy approached significance, F(1, 53) = 3.05, p = .086,
partial m? = .05. The three-way interaction was not significant
(p = .830).

To follow-up the significant Factor 1 by accuracy interaction,
we created a difference score that represented the within-person
effect (Judd, McClelland, & Smith, 1996) by subtracting correct
trials from incorrect trials, so that more negative vaues indicated
alarger ERN relative to correct trials. We then used this variable
as the dependent measure for two multiple regressions. In each
regression, Factor 1 was modified to reflect high (+ 1 SD) or low
(—1 D) levels. Factor 2 and the interaction between the modified
Factor 1 and Factor 2 were also added as covariates. In these
models, the significance of the intercept indicates an effect of
accuracy for that level of Factor 1 (Judd et al., 1996). Estimated
means are displayed in the top panel of Figure 3. At high levels of
Factor 1, the intercept was significant, b = —5.05,t = —5.69, p <
.001, d = —1.31, suggesting that there was differentiation between
errors and correct trials at high levels of Factor 1. Similarly, at low
levels of Factor 1, the intercept was significant but smaller in
magnitude than for high levels of Factor 1, b = —1.79,t = —2.41,
p = .019, d = —.46. Taken together, these results suggest that at
al levels of Factor 1, individuals are attending to errors, but
individuals higher in Factor 1 traits do this to a greater extent than
individuals low in Factor 1.

We also followed up the marginal Factor 2 by accuracy inter-
action due to our a priori hypotheses. Similar to other research
(Hall et a., 2007), the differentiation between correct and error
trials was larger at low levels, b = —7.04,t = —2.25, p = .002,
d = —1.83, compared with high levels of Factor 2, b = —4.97,
t = —4.36, p < .001, d = —1.29, and both were significantly
different from zero (see the bottom panel of Figure 3). Given that
the interaction was marginally significant, these results could be
interpreted as indicating some evidence that individuals high in
Factor 2 are less aware of or reactive to their errors. For compl ete-
ness, the zero-order correlations between the factors and ERN
werer = —.27, p = .035 for Factor 1, and r = .04, p = .714,
indicating a suppressor effect for Factor 2.

We aso explored the correlations between ERN and the four-
facet indices of the PCL: SV (with the other facets partialed out).
In terms of Factor 1, the relation with ERN was similar for the
interpersonal facet (r = —.21, p = .118) and the affective facet
(r = —.12, p = .379), dthough slightly stronger in the former. In
terms of Factor 2, the facet correlations showed that the effect was
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Figure 3. Error-related negativity (i.e., error — correct) as a function of
Factor 1 (top panel) and Factor 2 (bottom panel).

specific to the lifestyle facet (r = .32, p = .018), as the antisocia
facet was not significantly related to ERN (r = —.09, p = .487).°

Posterror slowing: Meta-analysis.  Given that each study had
relatively modest sample sizes, we used meta-analytic techniques
to combine the effect size for PES (but not ERN) across the three
samples to provide a more powerful test of our hypothesis regard-
ing PES. We examined Cohen’'s d, calculated as the RT following
a correct tria subtracted from RT following an error, divided by
pooled standard deviation, as estimated by the square root of the
model-based within-subject variance. This was done at high and
low levels of interpersonal-affective traits (acknowledging that
these traits were operationalized differently across the three stud-
ies), which were then compared using confidence intervals. Stan-
dard errors for the effect size were calculated based on the rec-
ommendations of Dunlap, Cortina, Vaslow, and Burke (1996),
taking into account the correlation between the repeated measures.
The weighted effect size and 95% confidence intervals were cal-
culated using the metafor package in R (R development Core
Team, 2010; Viechtbauer, 2010) based on arandom effects model.

At high interpersonal-affective traits, the effect size for PES was
medium based upon Cohen’s (1992) standards and significantly
different from zero (d = .57, Z = 8.69, p < .001), and there was
no significant heterogeneity in the effect across studies, Q(2) =
.99, p = .608. At low interpersonal-affective traits, the effect was
small in size and marginaly different from zero (d = .13, Z =
1.69, p = .089), and the test for heterogeneity was not significant,
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Q(2) = 3.45, p = .178. Critically, the confidence intervals for the
effect size at high and low levels of interpersonal-affective traits
did not overlap (low interpersonal-affective traits: [—.02, .28],
high interpersonal-affective traits: [.44, .70]), suggesting a robust
difference in the effect of PES for different levels of interpersonal-
affective traits across studies.

Discussion

Consistent with our predictions, the results of Study 3 showed
that individuals high in interpersonal -affective traits, as defined by
the PCL: SV, displayed enhanced adjusting to (consistent with
Studies 1 and 2) and monitoring of errors. This study extended the
results of Studies 1 and 2 to a clinical-forensic sample using a
widely validated interview-based assessment of psychopathy, as
well as by using two different indices of response monitoring
and/or adjusting (i.e.,, PES and ERN). It was important to show
these resultsin such a sample using a PCL-based assessment given
that the correlation between Factor 1 and fearless dominance is
small (Miller & Lynam, 2012), likely because they index very
different types of interpersonal-affective traits. Our results show
that the unique variance of Factor 1, which is characterized by
antisocial forms of interpersonal-affective traits (e.g., conning,
deceitfulness), has the same relation with PES as fearless domi-
nance. Thus, our study highlights an interesting point of conver-
gence between these different operationalizations of psychopathic
traits across instruments. Counter to the null results found for the
impulsive aspects of psychopathy and PES in Studies 1 and 2,
Study 3 found an effect, albeit marginal, relating impulsive-
antisocial traitsand ERN. Consistent with research on similar traits
(eg., externdlizing; Hall et al., 2007), individuals high in
impulsive-antisocia traits displayed reduced ERN relative to in-
dividuals low in impulsive-antisocial traits.

General Discussion

The goa of the current set of studies was to examine the
relations of the two-factor model of psychopathy with monitoring
and adjusting to errors, as an attempt to expand upon previous
research seeking to understand the trait dimensions associated with
regulation problems in psychopathy. Across studies, we supported
our prediction that individuals high in interpersonal -affective traits
would be better able to adjust their behavior following errors
(Studies 1, 2, and 3) and to detect errors (Study 3). However, we
found limited support for our prediction that individuals high in
impulsive-antisocia traits would have deficits in monitoring and
adjusting to errors. Together, these highly novel findings are likely
to add to our understanding of not only the unique aspects of
psychopathy, but psychopathy and cognitive control more gener-
aly.

The results for interpersonal -affective traits and PES were very
robust. In spite of the differences among samples, assessment
tools, and tasks, individuals high in interpersonal-affective traits

5 We explored whether ERN would mediate the relation between Factor
1 and PES. However, as is common in ERN/PES research (see Weinberg
et al., 2012 for areview), there was not a significant relation between ERN
and PES (r = —.15, p = .234); hence, mediation was not possible because
the mediator was not related to the dependent measure.



This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

MONITORING AND ADJUSTING TO ERRORS IN PSYCHOPATHY

showed a very similar RT slowing following errors across the
studies. Thisis particularly interesting when contrasting Studies 1
and 2 with Study 3. Although the fearless dominance subscale of
the PPl and Factor 1 of the PCL both assess interpersonal-affective
traits, they are operationalized quite differently with presumably
different nomological networks. Fearless dominance assesses a
more adaptive variant of interpersonal-affective traits (e.g., asser-
tiveness, persuasiveness, lack of fear), whereas Factor 1 taps into
more maladaptive forms of interpersonal-affective traits (e.g., de-
ceitfulness, manipulation, lack of guilt). The replication across
measures clearly indicates that PES is a cognitive function that
overlaps across different operationalizations of psychopathic traits.

It may be useful to examine the results of these studies through
the lens of the triarchic theory of psychopathy (Patrick et al.,
2009), which suggests that psychopathy is acomposite of boldness
(low stress reactivity, high socia efficacy), meanness (lack of
empathy, exploitativeness), and disinhibition (i.e., lack of planful-
ness, inability to control urges). It has been suggested that fearless
dominance is a relatively pure measure of boldness, whereas
Factor 1 is predominantly a measure of meanness, with boldness
being weakly represented mostly by the interpersonal facet (Pat-
rick et al., 2009; Patrick, Venables, & Drislane, 2013). The con-
sistency of our PES results across studies may suggest that they are
a function of boldness. This is further supported by the partial
correlations in Study 3 involving the four-facet model, which
showed that the interpersonal facet was driving the PES results.
However, the ERN results showed similar correlations between the
interpersonal and affective facets, possibly suggesting that mean-
ness might be driving these results aswell. The facet level analyses
suggest that the ERN Factor 2 results are a function of disinhibi-
tion (impulsive lifestyle and not antisocial aspects of psychopa-
thy).

The PES and ERN results are in line with previous research,
suggesting that interpersonal-affective traits (or at least the unique
variance when partialing impulsive-antisocial traits) are not asso-
ciated with gross deficits in cognitive functioning and are in fact
related to better cognitive functioning in some areas (Neumann &
Hare, 2008; Sadeh & Verona, 2008). The fact that these advan-
tages only occur in certain contexts (e.g., following an error) is
also consistent with other cognitive theories of psychopathy (e.g.,
Kosson & Harpur, 1997; Newman & Baskin-Sommers, 2012). Our
results add to this literature by indicating specific processes that
may aso play arole in the relation between certain aspects of
psychopathy and general cognitive functioning (e.g., intelligence).

There are many possible explanations for why the PES results
for impulsive-antisocial traits of psychopathy were not consistent
with our predictions and previous work (Wilkowski & Robinson,
2008). Previous research has generally found deficits in executive
functioning related to impulsive-antisocial traits in clinical-
forensic samples (Kiehl, Bates, Laurens, Hare, & Liddle, 2006;
Ogilvieet a., 2011), but not college or community samples as used
in Studies 1 and 2 (e.g., Carlson & Théi, 2010; Sellbom & Verona,
2007). However, it is not fully clear why there was no association
between PES and impulsive-antisocial traits in Study 3, which
used a clinical-forensic sample, suggesting that further research is
necessary.

Our findings with PES and impulsive-antisocial traits are incon-
sistent with two other sources of data. First, Wilkowski and Rob-
inson (2008) found that the impulsive-antisocial traits, as defined
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by the LSRPS, were related to reduced PES. There are some key
methodological differences of theoretica importance between
these two sets of studies that might explain these differences. For
instance, we did not provide feedback following errors at the trial
level, whereas Wilkowski and Robinson (2008) did. Work by
Newman et al. (1987) shows that psychopathy is related to perse-
verative errors in response to feedback, which might explain this
difference. Another key difference involves the stimuli used. In
contrast to our simple stimuli, Wilkowski and Robinson (2008)
used words that belonged to salient categories, some of which
involved affective words. It is possible that the inclusion of affec-
tive words in their studies may have exacerbated regulation defi-
cits among those high in the impulsive aspects of psychopathy
(eg., Verona et al., 2012).

Second, there is work by Newman and colleagues showing that
individuals high versus|ow on psychopathy tend to display deficits
in PES following punishing feedback (Newman, Patterson, How-
land, & Nichols, 1990; Newman, Patterson, & Kosson, 1987).
However, this work does not parse psychopathy into different
factors, making it difficult to know whether interpersonal-affective
traits, impulsive-antisocial traits, or the combination is driving the
results. It is also worth noting that the reduced PES shown by
Newman and colleagues is only seen when there is a need to
switch between response sets (e.g., reward and punishment are part
of the task; Newman et a., 1990). It could be argued that our task
only required one response set, which may explain the facilitated
performance for individuals high in interpersonal-affective traits
and the absence of effects for those high in impulsive-antisocial
traits (Newman & Baskin-Sommers, 2012; Patterson & Newman,
1993).

Nonetheless, the marginal results for Factor 2 and ERN do fit
with previous research showing that individuals with differing
forms of externalizing behaviors, similar to impulsive-antisocia
traits, have a reduced ability to detect errors (Franken et al., 2007;
Hall et a., 2007). In that regard, it is not uncommon for psycho-
physiology studies to find relations among ERP components and
not behavioral measures (e.g., Hall et a., 2007; Kiehl et a., 2006;
Weinberg, Riesdl, & Hajcak, 2012). One common interpretation of
this discrepancy is that psychophysiological measures may reveal
deficits that individuals can compensate for behaviorally when
performing simple tasks (Miller, 1996). Indeed, intact behavioral
performance in the face of aterations in cognitive processing are
commonly reported in ERP studies of psychopathology (e.g., Hall
et al., 2007; Kiehl et a., 2006; Verona et d., 2012).

Error Monitoring and Adjustment in Individuals
High in Psychopathy

Even though our approach was to decompose psychopathy into
two factors, it is important to understand our findings in the
context of explaining the behavior of individuals high on both
factors. Previous theory suggests that the ability to monitor and
adjust to errors is necessary for the pursuit of goals (Carver &
Scheler, 1990; Robinson et al., 2010). In the context of high
impulsive-antisocial traits (antisocial lifestyle), individuals high in
interpersonal-affective traits may use their ability to monitor and
adjust to errorsto pursue antisocial goals. For example, monitoring
and adjusting to errors may be useful in conning/manipulating
others, in that it requires the presentation of a coherent story to
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ensure deception (i.e,, monitor for errors) and adjustments to
remove the doubt in the victim (i.e., adjust to errors). Similarly,
monitoring and adjusting to errors may be advantageous in pre-
meditated crimes (e.g., instrumental aggression), which are some-
times correlated with the interpersonal-affective traits (Cornell et
al., 1996; Patrick & Zempolich, 1998; although see Camp, Skeem,
Barchard, Lilienfeld, & Poythress, 2013). Future research may
wish to examine whether monitoring and adjusting to errors are
related to certain types of antisocial behavior among individuals
high in interpersonal-affective traits.

Monitoring and adjusting to errors may also manifest in total
psychopathy (i.e., individuals high on both factors) as cognitive
processes that hide the impulsive-antisocial traits, similar to Cleck-
ley’s (1976) “mask of sanity.” Previous research in other areas has
found that individual differences in monitoring and adjusting to
errors (i.e., higher vs. lower) are related to some forms of adjust-
ment including lower levels of depression, higher levels of well-
being, greater expressions of happiness, and better academic per-
formance (Hirsh & Inzlicht, 2010; Robinson, 2007). Thus,
monitoring and adjusting to errors might be processes that lead to
the outward appearance of adjustment (e.g., an adept social pres-
ence, “good” intelligence, the limited experience of anxiety) that,
at least at first glance, obscure the maladaptive or destructive
aspects of psychopathy (lack of empathy, recklessness, deceit).
Hence, among people high in psychopathic traits, monitoring and
adjusting to errors are cognitive processes that partly represent the
psychopathic ability to display a mentally healthy outward appear-
ance. Conversely, in the absence of impulsive-antisocial traits,
monitoring and adjusting to errors may lead individuals high in
interpersonal-affective traits to be well adjusted (cf. Lilienfeld et
al., 2012; Patrick et a., 2009).

Given that we examined the two main factors of psychopathy
individually and did not consistently find significant interactions
between the factors, these interpretations are purely speculétive.
However, this approach fits with theory and research suggesting
unique underlying diatheses associated with distinct paths to psy-
chopathy (e.g., Karpman, 1941; Lykken, 1995; Patrick et al.,
2009). It is possible that monitoring and adjusting to errors may
reflect differential mechanisms associated with different pathways
by which individuals may look phenotypically psychopathic. For
instance, within the larger group of persons high on a measure of
psychopathy, there may be those who followed the interpersonal-
affective trgjectory (and thus would show enhanced PES and
ERN), and others would show a more externalizing trajectory
(with no enhancements in PES and reduced ERN). This interpre-
tation is consistent with cluster analyses revealing at least two
distinct temperamental and behavioral profiles among individuals
showing high levels of PCL-R psychopathy (e.g., Hicks et al.,
2004). However, longitudinal studies are required to fully under-
stand how our results help understand divergent etiological path-
ways.

Limitations and Strengths

The results of these studies should be interpreted within the
bounds of their limitations. First, the sample size for each study
was relatively modest. Although the size is consistent with recom-
mendations for MLM (van der Leeden & Busing, 1994), the ability
to recruit individuals high in psychopathy is enhanced with larger

BRESIN, FINY, SPRAGUE, AND VERONA

samples, particularly for nonincarcerated populations. Nonethe-
less, our use of ameta-analytic approach to estimate the effect size
across the three studies enhances confidence in the robustness of
our results for PES. Second, these studies only considered affec-
tively neutral stimuli, and it is unclear whether these results would
generalize to affective contexts. Finally, we used the two-factor
model of psychopathy based primarily on research on the PCL and
PPl. There are multiple models of psychopathy that may further
clarify distinct processing deficiencies in psychopathy (Cooke &
Michie, 2001; Patrick et al., 2009). For instance, new assessment
tools like the Triarchic Psychopathy Measure (Drislane, Patrick, &
Arsal, in press) or the Comprehensive Assessment of Psychopathic
Personality (Hoff, Rypdal, Mykletun, & Cooke, 2012) may deliver
a different set of results or more specification of traits linked to
enhanced or deficient cognitive control. Therefore, until more
studies are conducted, it is unclear how these results might gen-
eralize to other models of psychopathy.

Our set of studies aso has a number of strengths worth noting.
Given the current focus on replication in psychological science
(e.g., Pashler & Harris, 2012), it is notable that we were able to
replicate the relation between interpersonal-affective traits and
PES in three independent samples. Moreover, the meta-analytic
results provide additional support to the robustness of our findings.
The use of very different samples (e.g., adolescents vs. adults) and
assessment methods of psychopathy (e.g., PPl vs. PCL-R) allows
for some generalizability of our findings. This is particularly
noteworthy given the small correlation between fearless domi-
nance and Factor 1 (e.g., Marcus et al., 2013). We also used a
statistical technique (MLM) in our examination of PES that has
advantages over traditional methods (Judd et al., 2012). In sum-
mary, these studies help establish differential relations between
interpersonal-affective and impulsive-antisocial traits and monitor-
ing and adjusting to errors. Future research should seek to under-
stand the boundary conditions of these effects and further clarify
how these relations may help us understand their role in psychop-
athy.
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