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externalizing (lower DLPFC activity during RI) was linked 
to increased motor impulsivity.

Color-Word Interference Test performance.   As a 
test of convergence, we ran a multivariate GLM analysis 
to assess relationships between externalizing and psy-
chopathy and measures of inhibitory control and atten-
tional flexibility derived from the D-KEFS battery. We 
found that unique variance in psychopathy negatively 
predicted inhibition/switching performance (B = –0.21, 
–0.36 to –0.05, p = .01, �Kp

2 = .16, scaled inhibition switch 
vs. color contrast; B = –0.15, –0.31 to 0.002, p = .05, �Kp

2 = 
.1, inhibition switch time). Next, we constructed two 
multivariate GLM analyses in which IS and RI-related 
activity were separately considered as predictors of 
D-KEFS inhibitory control and attentional flexibility mea-
sures. For the IS analyses, we used signal from each of 
the four foci identified in the whole-brain individual 

difference analyses (i.e., DLPFC, IFG, TPJ, and amPFC). 
We found that IS-related BOLD signal within IFG pre-
dicted poorer inhibition/switching performance (B = 
–1.12, p = .02, –2.02 to –0.22, �Kp

2 = .16, scaled inhibition 
switch vs. color contrast; B = –1.36, –2.42 to –0.29, p = 
.01, �Kp

2 = .16, scaled inhibition switch vs. inhibition con-
trast). Robust regression analyses corroborated this find-
ing (p < .001 and p = .02, respectively). For the RI 
analysis, we used signal from each of the three foci iden-
tified from the whole-brain correlations with adjusted 
ESI and PCL-R scores (DLPFC, TPJ). This analysis did not 
reveal any significant associations between RI-related 
BOLD signal and D-KEFS measures of inhibitory or 
attentional control. On the whole, these findings suggest 
that psychopathy, and psychopathy-linked heightened 
frontoparietal BOLD signal during IS, is associated with 
diminished attentional flexibility during a Stroop-like 
color-word interference test.
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Fig. 3.  Differential effects of psychopathy and externalizing on frontoparietal circuit function during inhibititory self-control. Panels A–B depict 
regions where adjusted PCL-R scores are significantly positively correlated with brain activity during interference suppression (incongruent > 
congruent contrast). Panel C shows the significant negative correlation with adjusted EXT scores and DLPFC function during response inhibi-
tion (No-Go > Congruent). Panel D displays the significant positive correlation between adjusted PCL-R scores and response inhibition-related 
activity within DLPFC and the TPJ. SPMs are thresholded at pCluster-FDR < 0.05, using a cluster defining height threshold of t > 3.
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Discussion

Here, we employed a multilevel and multimeasure appro
ach to map externalizing and psychopathy to brain cir-
cuitry supporting two executive capacities for inhibitory 
self-control: IS and RI. A modified Eriksen flanker task 
permitted selective evaluation of IS and RI. The unique 
variance attributable to psychopathy was positively asso-
ciated with frontoparietal activation during both IS and RI. 
By contrast, the unique variance attributable to external-
izing was negatively associated with DLPFC activity dur-
ing RI; no relationship to IS-related brain activity emerged. 
These results provide a neurobiological dissociation of 
externalizing and psychopathy: the former is linked to 
relatively weaker prefrontal activity during RI, whereas 
the latter is characterized by relatively stronger recruit-
ment of frontoparietal networks during both RI and IS.

On the whole, these findings accord well with prior 
work showing reduced cortical thickness (Yang & Raine, 
2009) and poor performance on RI tasks (Dolan, 2012; 
Dolan & Park, 2002) in participants with high levels of 
externalizing. Our analyses suggest that externalizing is 
associated with reduced DLPFC activation during RI. 
Although the correlation between adjusted ESI scores 
and commission errors was not significant, the strong 
negative relationship between RI-related DLPFC BOLD 
signal and commission errors implies that diminished 
DLPFC engagement in externalizing individuals is 
dysfunctional.

A significant open question pertains to the relevance 
of inhibitory control deficits for “real-world” self-control 
failure (e.g., substance abuse, aggression, and criminal 
behavior) in externalizing individuals. Prevailing models 
assume that antisocial behavior in externalizing individu-
als results from a deficit in the capacity to actively inhibit 
the execution of prepotent responses to threat or reward 
associated stimuli (Dolan, 2012; Dolan & Park, 2002;  
Herpertz et  al., 2008; Hobson, Scott, & Rubia, 2011; 
Kirisci, Tarter, Mezzich, & Vanyukov, 2007; Patrick, 
Durbin, & Moser, 2012; Raine & Yang, 2006; Swann et al., 
2009). The current results would appear to support this 
model, and are consistent with other brain imaging stud-
ies in antisocial offenders that have reported reductions 
in DLPFC gray matter volume and cortical thickness 
DLPFC (Dolan, 2012; Montigny et al., 2013; Sarkar et al., 
2015; Wallace et al., 2012; Weiland et al., 2014; Yang & 
Raine, 2009; Yang, Raine, Colletti, Toga, & Narr, 2010), as 
well as reduced DLPFC activation during classic neuro-
psychological indices of inhibitory control (Moeller et al., 
2014; Vollm et al., 2004; Yang & Raine, 2009; Ziermans 
et al., 2012). By contrast, externalizing individuals appear 
to have relatively exaggerated responses to threat stimuli 
(within the amygdala) and reward cues (within the  
striatum; Bjork, Chen, & Hommer, 2012; Buckholtz, 

Treadway, Cowan, Woodward, Benning, et  al., 2010; 
Buckholtz, Treadway, Cowan, Woodward, Li, et al., 2010; 
Carré, Hyde, Neumann, Viding, & Hariri, 2013; Coccaro, 
McCloskey, Fitzgerald, & Phan, 2007; Coccaro, Sripada, 
Yanowitch, & Phan, 2011; Hyde, Byrd, Votruba-Drzal, 
Hariri, & Manuck, 2014; Pujara, Motzkin, Newman, Kiehl, 
& Koenigs, 2014). Together, such findings are often con-
strued as evidence that the impulsive-reactive antisocial 
behavior characteristic of externalizing occurs when bot-
tom-up “affective” signals activate or generate a prepo-
tent behavioral response that is inadequately inhibited by 
top-down “cognitive” resources due to poor prefrontal 
control. However, we (Buckholtz, 2015) have speculated 
that the relevance of EF deficits for antisocial behavior in 
externalizing individuals may be more apparent than 
real. Central to this argument is the role of DLPFC; in 
contrast to “inhibition-centric” models of antisocial 
behavior, we have previously argued for a stronger focus 
on the role of prefrontal cortex in value-based decision-
making (Buckholtz, 2015; Buckholtz & Faigman, 2014). A 
growing body of work suggests that prefrontal cortex can 
promote self-control by reweighting striatal action value 
signals according to prospective simulations that incor-
porate information about goals, costs, consequences, and 
context, rather than by inhibiting the execution of an 
action program after valuation and selection have already 
occurred. Prefrontal dysfunction, therefore, may predis-
pose impulsive antisocial behavior by preventing these 
prospective calculations from appropriately modulating 
“downstream” action value signals, rather than through a 
failure to actively inhibit a maladaptive motor program 
that has already been selected for execution. If this is 
true, associations between inhibitory control-related 
brain activity and antisocial behavior link may not reflect 
a direct causal relationship, but rather may arise epiphe-
nomenally from the fact that DLPFC is important for both 
EF and value-based decision making. In other words, EF 
deficits may be a “third variable” marker of compromised 
prefrontal value modulation. Future work should test this 
hypothesis by measuring prefrontal function during both 
RI and value-based decision-making tasks, and determin-
ing whether associations between externalizing and RI-
related brain activity remain after controlling for brain 
activity linked to value-based decision-making. Likewise, 
prospective designs could determine whether EF and 
value-based decision making each uniquely predict 
future antisocial behavior in externalizing individuals 
(and if so, which of the two has the strongest predictive 
power).

Our finding that psychopathic individuals have 
increased frontoparietal engagement during IS accords 
well with reports that these individuals exhibit superior 
selective attention relative to individuals low on psy-
chopathy (Baskin-Sommers et al., 2009; Baskin-Sommers 
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et  al., 2015; Sadeh & Verona, 2008; Sellbom & Verona, 
2007). Moreover, enhanced prefrontal activity during IS 
trials predicted less susceptibility to distractors. However, 
some caution is warranted in interpreting the present 
data as evidence for superior EF in psychopathic indi-
viduals. In particular, the observed correlations between 
psychopathy-linked frontoparietal activity and inhibition/
switching performance on the Color-Word Interference 
Test implies that attentional flexibility is compromised in 
psychopathy. On the whole, the combination of decreased 
distractor susceptibility and poorer attentional flexibility 
is consistent with the suggestion that psychopathic indi-
viduals have a deficit in early attentional selection mech-
anisms, leading to an attentional bottleneck phenomenon 
(Baskin-Sommers, Curtin, et al., 2012; Hamilton, Baskin-
Sommers, & Newman, 2014). Future imaging studies with 
IS tasks that manipulate these early attentional selection 
mechanisms will be necessary to clarify and extend the 
present findings.

Taken together, these findings provide neurobiologi-
cal evidence supporting the existence of two distinct 
dimensions of antisocial behavior. In addition, they shed 
light on dimension-specific systems-level pathomecha-
nisms. However, several issues merit consideration. First, 
we did not observe any significant relationships between 
adjusted EXT or PCL-R scores and task performance. This 
may be due to our task design, which was optimized for 
imaging and resulted in most participants performing 
near ceiling. Although this was done to reduce errors 
(and potentially confounding error-related activity), by 
minimizing individual variation in performance we may 
have reduced the likelihood of detecting associations 
between our assessment measures and task behavior. 
Future imaging work in this area would benefit from the 
use of a task design that induces more variable perfor-
mance, and which includes enough trials to enable an 
appropriately powered investigation of error-related 
activity (Aharoni et  al., 2013). Second, the associations 
reported here are modest in size. This is consistent with 
a multifactorial model of antisociality, wherein relative 
deficits in multiple cognitive, affective, social and motiva-
tional processes contribute to the expression of antisocial 
behavior (Buckholtz & Meyer-Lindenberg, 2012). Third, 
we limited our investigation of EF to only two subcompo-
nent processes—IS and RI—due to practical consider-
ations. Within the domain of “cognition” alone, this leaves 
many other candidate processes—such as response 
selection, action cancellation, and error detection—unex-
amined. Future work in this area should endeavor to 
develop a more precise and comprehensive mapping of 
cognitive, affective, social, and motivational processes to 
common and unique variance associated with external-
izing and psychopathy.
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