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Abstract
Four models of psychopathy ~frontal lobe dysfunction, response set modulation, fear dysfunction, and violence
inhibition mechanism hypotheses! are reviewed from the perspective of cognitive neuroscience. Each model is
considered both with respect to the psychopathy data and, more importantly, for the present purposes, with respect
to the broader cognitive neuroscience fields to which the model refers ~e.g., models of attention with respect to the
response set modulation account and models of emotion with respect to the fear dysfunction and violence inhibition
mechanism models!. The paper concludes with an articulation of the more recent integrated emotion systems model,
an account inspired both by recent findings in affective cognitive neuroscience as well as in the study of
psychopathy. Some directions for future work are considered.

According to the website of the Cognitive
Neuroscience Society, the term cognitive
neuroscience emerged in the late 1970s in the
back seat of a New York City taxi. The neuro-
scientist Michael Gazzaniga and the cognitive
psychologist George A. Miller were traveling
to a dinner organized to consider how the brain
enables the mind, a subject in need of a name.
The term cognitive neuroscience had emerged
by the end of the ride.

The cognitive neuroscientific approach is a
linguistic formalization of one form of inter-
discipline integration that is occurring. The
importance of a multiple levels of analysis
approach is clear ~Cicchetti & Dawson, 2002;
Kopnisky, Cowan, & Hyman, 2002!. For ex-
ample, to understand a disorder we need to
specify its behavioral profile ~i.e., its clinical
description!, the functional impairments that
give rise to this behavioral profile ~i.e., cogni-

tive psychology!, the neural systems that
mediate these functions ~i.e., systems neuro-
science!, the molecular level factors that are
impacting on the neural systems ~i.e., molec-
ular neuroscience!, and the genetic bases of
these molecular level factors. Cognitive neuro-
science is the relatively formalized combina-
tion of the fields of cognitive psychology and
systems neuroscience. In short, cognitive
neuroscience identifies an interdisciplinary ap-
proach to understanding the nature of thought.
Sometimes the term affective neuroscience is
used to identify an interdisciplinary approach
to understanding the nature of emotion ~Da-
vidson, 2003; Panksepp, 1998!. However, for
the purposes of this paper, affective process-
ing will be considered as simply another form
of cognitive processing.

Cognitive psychology is concerned with the
functional architecture of the mind. It need
not be concerned with determining the re-
gions of the brain that implement this archi-
tecture. A cognitive psychologist might be
interested in a particular cognitive function
and could have no position on what brain
regions mediate this function. Neuroscience
is concerned with the neural architecture of

Address correspondence and reprint requests to: James
Blair, Unit on Affective Cognitive Neuroscience, Mood
and Anxiety Disorders Program, National Institute of Men-
tal Health, 15K North Drive, Room 206, MSC 2670,
Bethesda, MD 20892-2670; E-mail: blairj@intra.
nimh.nih.gov.

Development and Psychopathology 17 ~2005!, 865–891
Copyright © 2005 Cambridge University Press
Printed in the United States of America
DOI: 10.10170S0954579405050418

865



the brain. It need not be concerned with the
specific functions that the individual systems
implement. A neuroscientist investigating a par-
ticular disorder might be interested in a par-
ticular neural system and have no position on
what functions this system is involved in me-
diating; the individual might use “probe tasks”
to examine whether there is anomalous activ-
ity in the region of interest in the population
under study.

To illustrate further with respect to aver-
sive conditioning: a cognitive psychologi-
cal account of aversive conditioning might
make reference to the formation of stimulus–
reinforcement associations. A cognitive psy-
chology account of a disorder marked by
impairment in aversive conditioning might con-
sider the developmental implications of this
impairment and perhaps suggest, to amelio-
rate the problem, the use of specific compen-
satory strategies for the patient. A neuroscience
account of aversive conditioning might refer
to the amygdala and temporal cortex and per-
haps the role of neurotransmitters such as
norepinephrine. A neuroscience account of a
disorder marked by impairment in aversive
conditioning might consider these neural0
neurotransmitter systems and perhaps sug-
gest, as a potential treatment, pharmaco-
logical agents that might modulate the
neurotransmitter level. Cognitive neurosci-
ence, by definition, is concerned with the func-
tional architecture of the neural architecture;
how components of brain regions interact to
achieve particular tasks. For example, a cog-
nitive neuroscience account of aversive con-
ditioning might make reference to the role of
the amygdala in allowing the formation of
stimulus–reinforcement associations, tempo-
ral cortex in representing the sensory qualities
of the presented stimuli, and norepinephrine
in accentuating the salience of those stimulus
features associated with reinforcement. A cog-
nitive neuroscience account of a disorder
marked by impairment in aversive condition-
ing might consider whether it was attributable
to an inability to form stimulus–reinforcement
associations, for example. Treatments in-
spired by cognitive neuroscience might either
focus on pharmacological means to improve
the impairment in stimulus–reinforcement as-

sociations or cognitive therapies that might
teach the patient methods that might bypass
their impairment.

Before I continue into the main body of
the paper, I briefly consider the advantages
of the cognitive neuroscience approach. The
neuroscience element of the cognitive neuro-
science approach involves the specification
of the neural systems involved in a particu-
lar type of processing. From a developmental
psychopathology perspective, it also involves
speculation regarding which neural systems
are dysfunctional in a particular disorder.
This is important with respect to potential
treatments because it allows principled hy-
potheses regarding which pharmacological
treatments might work. If we believe regions
X and Y are dysfunctional in patients with a
particular disorder and we know that neuro-
transmitter innervates these regions, a phar-
macological agent that increases the levels of
the neurotransmitter might be a useful candi-
date treatment.

The cognitive element of the cognitive
neuroscience approach involves the specifica-
tion of the cognitive functions that are reliant
on these neural systems. It is important to
note here that there is not a one to one map-
ping of cognitive function to neural region.
Cognitive functions are achieved through
different neural regions interacting with one
another. Which regions a region interacts
with will determine the cognitive function
performed. For example, specific forms of
instrumental learning rely on the amygdala
interacting appropriately with the caudate while
aversive conditioning requires the interaction
of the amygdala and specific brainstem re-
gions ~see below!.

The absence of a one to one mapping of
cognitive function to neural region means that
we must take care with respect to the phar-
macological treatment speculations offered
above. For example, the orbital frontal and
ventrolateral frontal cortex are involved in re-
sponse gating as a function of contingency
change ~i.e., in response reversal tasks! and
task demands ~i.e., response control tasks such
as Go0No-Go and Stop-Signal tasks; Aron,
Fletcher, Bullmore, Sahakian, & Robbins,
2003; Blair, 2004; Casey, Forman, Franzen,
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Berkowitz, Braver, Nystrom, Thomas, & Noll,
2001; Cools, Clark, Owen, & Robbins, 2002;
Rogers, Owen, Middleton, Williams, Pickard,
Sahakian, & Robbins, 1999!. Manipulations
that reduce serotonin levels have been re-
ported to disrupt performance on response re-
versal tasks ~Rogers, Blackshaw, et al., 1999!
but not response control tasks ~Crean, Rich-
ards, & de Wit, 2002; Rowley, Van, Morti-
more, & Connell, 1997; Schmitt, Jorissen,
Sobczak, van Boxtel, Hogervorst, Deutz, &
Riedel, 2000!. Serotonergic manipulations do
alter the neural response within ventrolateral
prefrontal cortex during the performance of
response control tasks. However, they do not
alter behavioral performance ~Anderson, Clark,
Elliott, Kulkarni, Williams, & Deakin, 2002!.
In other words, pharmacological agents may
affect the functioning of a region such as ven-
trolateral prefrontal cortex that is involved in
more than one cognitive function ~e.g., re-
sponse reversal and response control; see Blair,
2004! but only affect the operation of one of
these cognitive functions. This means, on the
basis of the evidence presented above, that it
would be unwise to offer a serotonergic treat-
ment for a disorder associated with impair-
ment in response control but not response
reversal even if we suspected disturbance in
ventrolateral prefrontal cortex in that disorder.

In addition to its implications for treat-
ment, the cognitive neuroscience approach also
has implications for diagnosis. Current psychi-
atric diagnoses, as articulated by DSM-IV
~American Psychiatric Association, 1994!, are
behavioral syndromes, which are clusters of
atypical behaviors that appear to group to-
gether. This syndromal approach was once also
common in neurology. However, neurology
now, for the most part, approaches disorders
with respect to their putative causality ~e.g.,
Huntington disease, caused by a faulty gene
on chromosome 4!.

A major problem with the behavioral ap-
proach is that it increases the risk that differ-
ent disorders will be grouped together because
they all appear to increase the probability of a
particular behavioral problem. The DSM-IV
diagnoses of conduct disorder ~CD! and anti-
social personality disorder ~APD! group indi-
viduals together who are associated with an

increased risk of aggression. However, there
are two main forms of aggression: instrumen-
tal and reactive. Instrumental aggression ~also
referred to as proactive aggression! is aggres-
sion that is purposeful and goal directed. The
aggression is used instrumentally to achieve a
specific desired goal such as obtaining the
victim’s possessions or to increase status within
a group hierarchy ~Berkowitz, 1993!. In con-
trast, reactive aggression ~also referred to as
affective aggression! occurs when a frustrat-
ing or threatening event triggers the aggres-
sive act and frequently also induces anger
~Barratt, Stanford, Dowdy, Liebman, & Kent,
1999; Barratt, Stanford, Kent, & Felthous,
1997; Berkowitz, 1993; Crick & Dodge, 1996;
Linnoila, Virkkunen, Scheinin, Nuutila, Ri-
mon, & Goodwin, 1983!. These forms of
aggression are mediated by different neuro-
cognitive systems that can become dysfunc-
tional in a variety of ways ~Blair, 2001!. In
other words, there is a wide variety of differ-
ent pathologies that can give rise to increased
aggression and, in consequence, a diagnosis
of CD0APD. However, using the same treat-
ment for all these different pathologies be-
cause they all received the same diagnosis is
only going to mean that many patients do not
receive a treatment that might actually be ben-
eficial to them. In contrast, by understanding
the nature of the neurocognitive systems that
allow successful functioning and how these
systems can become dysfunctional we can de-
sign treatments to benefit the individual.

The goal of this paper is to consider the
implications of applying a cognitive neuro-
science perspective to the understanding of
the developmental disorder of psychopathy.
Psychopathy is a developmental disorder that
presents across the lifespan ~Harpur & Hare,
1994!; children and adults with the disorder
present with similar symptomatology. The
syndrome is marked by both affective–
interpersonal ~e.g., such as lack of empathy
and guilt! and behavioral components ~e.g.,
criminal activity and poor behavioral con-
trols; Frick, O’Brien, Wootton, & McBurnett,
1994; Harpur, Hare, & Hakstian, 1989!. The
lack of empathy for victims and guilt for the
transgressions committed is the really remark-
able feature of psychopathy. As will be con-
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sidered below, there are several developmental
routes to conditions that are associated with
an increased propensity for aggression. How-
ever, there is no other psychiatric condition
that is associated with a markedly reduced
level of guilt following the committing of
transgressions that harm others. With respect
to the behavioral component, it is worth not-
ing that individuals with psychopathy present
with elevated levels of goal-directed instru-
mental aggression and frustration0threat based
reactive aggression ~Cornell, Warren, Hawk,
Stafford, Oram, & Pine, 1996; Williamson,
Hare, & Wong, 1987!. This is in contrast to
many other clinical conditions, for example,
childhood bipolar disorder and intermittent
explosive disorder, which are only associated
with an increased risk for reactive aggression
~Coccaro, 1998; Leibenluft, Blair, Charney,
& Pine, 2003!. In childhood and adolescence,
psychopathic tendencies are identified prin-
cipally by either the use of the Antisocial
Process Screening Device ~Frick & Hare,
2001! or by the Psychopathy Checklist: Youth
Version ~Forth, Kosson, & Hare, in press; Kos-
son, Cyterski, Steuerwald, Neumann, &
Walker–Matthews, 2002!. In adulthood, psy-
chopathy is identified though use of the Psy-
chopathy Checklist—Revised ~Hare, 1991!.

This paper will begin by reviewing four of
the earlier models of psychopathy: the frontal
lobe dysfunction, the response set modulation
~RM!, the fear dysfunction and the violence
inhibition mechanism ~VIM! positions. The
majority of these positions are either cogni-
tive or neuroscience accounts; the level of de-
scription is at either the cognitive or neural
level, and little more than cursory attention is
turned to the other level. Some of the short-
comings of these positions, at either the cog-
nitive or neuroscience level, will be considered.
Following this, the perspective from a more
integrated, cognitive neuroscience perspec-
tive, the integrated emotion systems ~IES!
model, will be considered.

The Frontal Lobe Dysfunction Hypothesis

Frontal lobe and consequent executive dys-
function have long been related to antisocial
behavior ~Elliot, 1978; Gorenstein, 1982; Mof-

fitt, 1993a; Raine, 1997, 2002!. This has led
to suggestions that either psychopathy in par-
ticular or antisocial behavior more generally
is due to frontal lobe dysfunction ~Gorenstein,
1982; Moffitt, 1993a; Raine, 2002!. In line
with the general position, there are consider-
able data indicating that individuals with anti-
social behavior show impaired performance
on measures of executive functioning ~for re-
views of this literature, see Kandel & Freed,
1989; Moffitt, 1993b; Morgan & Lilienfield,
2000!. In addition, and also in line with the
position, neuroimaging data indicates that ag-
gressive individuals are marked by reduced
frontal functioning ~Goyer, Andreason, Sem-
ple, Clayton, King, Compton–Toth, Schulz, &
Cohen, 1994; Raine, Buchsbaum, & LaCasse,
1997; Raine, Buchsbaum, Stanley, Lotten-
berg, Abel, & Stoddard, 1994; Raine, Meloy,
Birhle, Stoddard, LaCasse, & Buchsbaum,
1998; Volkow & Tancredi, 1987; Volkow, Tan-
credi, Grant, Gillespie, Valentine, Mullani,
Wang, & Hollister, 1995!. Finally, and also
in line with the position, there are consider-
able data that patients with lesions of frontal
cortex, whether these occur early in life or
adulthood, present with a heightened risk
for aggression ~Anderson, Bechara, Damasio,
Tranel, & Damasio, 1999; Blair & Cipolotti,
2000; Burgess & Wood, 1990; Grafman,
Schwab, Warden, Pridgen, & Brown, 1996;
Pennington & Bennetto, 1993!. In short, it
appears that here is a situation where individ-
uals with antisocial behavior present with re-
duced frontal lobe functioning, problems on
measures of frontal lobe functioning and there
are data that acquired frontal lobe damage leads
to a heightened risk of aggression.

The position described above is a neurosci-
ence position; that is, the basic claim is that
damage to region X ~frontal lobes! leads to a
particular form of problematic behavior ~anti-
social behavior!. There have been cognitive
neuroscience variants of this position; that is,
it has been suggested that frontal lobe damage
leads to problems with inhibition ~Barratt,
1994; Krakowski, Czobor, Carpenter, Libiger,
Kunz, Papezova, Parker, Schmader, & Abad,
1997! or working memory ~Pennington & Ozo-
noff, 1996!, and because of this, increases the
risk for aggression. However, a tight func-
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tional connection between the region, form of
processing and the problem behavior has rarely
been articulated. This is perhaps not surpris-
ing. The scope of the frontal lobe dysfunction
position is extremely broad. Frontal cortex cor-
responds to almost half of the cortex ~Fuster,
1980! and has been implicated in a wide vari-
ety of putative processes ~Baddeley & Della
Sala, 1998; Burgess & Shallice, 1996; Luria,
1966; Pennington & Ozonoff, 1996; Roberts,
Robbins, & Weiskrantz, 1998!.

At the neural level, divisions are made be-
tween the dorsolateral, ventrolateral, orbital,
and medial frontal cortex. According to the
neurological literature, only lesions of orbital
and ventrolateral frontal cortex are associated
with increased risk of aggression. Lesions of
dorsolateral frontal cortex are not ~Grafman
et al., 1996!. This might suggest that a closer
look at the neuroimaging literature should re-
veal reduced activation in orbital and ventro-
lateral frontal cortex in aggressive individuals
but not reduced activation of dorsolateral pre-
frontal cortex. Unfortunately, the majority of
the neuroimaging studies on antisocial indi-
viduals have not distinguished between re-
gions of frontal cortex ~Raine et al., 1994,
1997, 1998; Volkow et al., 1995; Volkow &
Tancredi, 1987!. However, one study did dis-
tinguish between the regions of frontal cortex.
Interestingly, and in line with the neurological
literature, this study did identify reduced neu-
ral activity in ventrolateral frontal cortex in
their aggressive population ~Goyer et al., 1994!.

The situation is more problematic with re-
spect to the literature examining executive
functioning in individuals with antisocial be-
havior. This literature has tended to concen-
trate on the use of tasks that index executive
functions commonly linked to dorsolateral
prefrontal cortex; for example, the Wiscon-
sin Card Sorting Task and the Controlled
Oral Word Association Test. In other words,
this literature has examined the relationship
between aggression and performance on tasks
that index the integrity of a neural region,
dorsolateral prefrontal cortex, that the neuro-
logical literature indicates is irrelevant to an
increased risk for aggression. The fact that
a relationship between aggression and per-
formance on tasks indexing dorsolateral

prefrontal cortex functioning has been ob-
served is probably due to two reasons. First,
CD and attention-deficit0hyperactivity disor-
der ~ADHD! are highly comorbid ~Bieder-
man, Newcorn, & Sprich, 1991; Hinshaw,
1987; Taylor, Schachar, Thorley, & Wie-
selberg, 1986!. ADHD is associated with dys-
function of right-sided dorsolateral prefrontal
cortex–striatal systems ~Giedd, Blumenthal,
Molloy, & Castellanos, 2001! and executive
dysfunction ~Barkley, 1999; Pennington &
Ozonoff, 1996!. ADHD may be a risk factor
for dysfunction that leads to antisocial behav-
ior even if the pathology associated with
ADHD itself does not lead to antisocial behav-
ior. Indeed, in line with this suggestion, Pen-
nington and Ozonoff ~1996! noted in their
review that individuals with CD who were not
comorbid for ADHD presented with no indi-
cations of executive dysfunction. Second, the
degree of executive0dorsolateral prefrontal cor-
tex dysfunction likely predicts the degree of
dysfunction beyond dorsolateral prefrontal cor-
tex ~i.e., orbital and ventrolateral prefrontal
cortex dysfunction!.

An additional difficulty for the broad fron-
tal lobe dysfunction positions is that they have
not specified the form of the aggression asso-
ciated with frontal lobe dysfunction; that is,
they have not specified whether the model
applies to reactive or instrumental aggression
or both. However, the neurological data is clear.
Frontal lobe damage increases the risk of re-
active aggression ~Anderson et al., 1999; Blair
& Cipolotti, 2000; Burgess & Wood, 1990;
Grafman et al., 1996; Pennington & Bennetto,
1993!. Currently, there have been no cases
where acquired frontal lobe damage has in-
creased the risk of goal-directed instrumental
aggression. This issue is important because
although some psychiatric disorders are only
associated with an increased risk of reactive
aggression ~e.g., childhood bipolar disorder;
Leibenluft et al., 2003! others, such as psy-
chopathy, are associated with an increased risk
for both reactive and instrumental aggression
~Cornell et al., 1996; Williamson et al., 1987!.
As frontal lobe dysfunction is only associated
with reactive aggression, the frontal lobe dys-
function positions can only be considered rel-
evant to psychiatric conditions associated with
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increased reactive aggression and, potentially,
the explanation of the increased reactive ag-
gression seen in psychopathy. They cannot be
considered a full account of psychopathy, how-
ever, as they cannot provide an account of the
increased instrumental aggression seen in this
population.

Summary

In this section, it has been suggested that the
neuroscience position, that frontal lobe dys-
function leads to increased aggression, needs
greater specification. The existing data sug-
gests that orbital and ventrolateral frontal cor-
tex dysfunction leads to an increased risk of
reactive aggression ~Blair, 2001!. Of course,
this remains a neuroscience position. No claims
have been made regarding the functions of
orbital0ventrolateral frontal cortex which,
when dysfunctional, might increase the risk
for reactive aggression. A development of the
position, to make the position a cognitive
neuroscience account, will be articulated
below.

RM Hypothesis

The RM hypothesis has been an influential
model of psychopathy ~Newman, 1998; Pat-
terson & Newman, 1993!. RM involves “a
rapid and relatively automatic ~i.e., noneffort-
ful or involuntary! shift of attention from the
effortful organization and implementation of
goal-directed behavior to its evaluation” ~New-
man, Schmitt, & Voss, 1997!. This “brief and
highly automatic shift of attention . . . enables
individuals to monitor and, if relevant, use
information that is peripheral to their domi-
nant response set ~i.e., deliberate focus of at-
tention!” ~Lorenz & Newman, 2002!. This
proposed reduced automatic processing in in-
dividuals with psychopathy is at the core of
Newman’s model. Thus, “Whereas most peo-
ple automatically anticipate the consequences
of their actions, automatically feel shame for
unkind deeds, automatically understand why
they should persist in the face of frustration,
automatically distrust propositions that seem
too good to be true, and are automatically
aware of their commitments to others, psycho-

paths may only become aware of such factors
with effort” ~Newman, 1998!. Newman ar-
gues that it is not that individuals with psy-
chopathy are incapable of regulating their
behavior, only that self-regulation is more
effortful for psychopaths because of the lack
of these “relatively automatic processes” to
guide actions. The RM hypothesis is an
attention-based model. According to the model,
“the impulsivity, poor passive avoidance,
and emotion-processing deficits of individu-
als with psychopathy may all be understood
as a failure to process the meaning of infor-
mation that is peripheral or incidental to their
deliberate focus of attention” ~Lorenz & New-
man, 2002!.

The RM hypothesis has been associated
with an assortment of interesting paradigms.
For example, several Stroop type tasks have
been developed, some of which have re-
vealed reduced interference in individuals with
psychopathy ~Hiatt, Schmitt, & Newman,
2004; Newman et al., 1997!. According to
the RM hypothesis, reduced interference in
individuals with psychopathy is due to their
inability to use the peripheral information
when processing the target stimulus. In addi-
tion, in recent work with the lexical decision
task, where participants are presented with
letter strings and must determine whether the
string is a word or not, although healthy in-
dividuals are faster to respond to emotional0
high-frequency words rather than neutral0low-
frequency words, individuals with psychopathy
are less so ~Lorenz & Newman, 2002!. Ac-
cording to the RM hypothesis, the absence of
such frequency effects on lexical decision per-
formance in individuals with psychopathy is
due to their inability to use the peripheral
frequency information because of their focus
of attention on the dominant response set ~de-
ciding whether the stimulus was a word or
not!. In addition, the RM hypothesis has been
used to explain impairment in individuals with
psychopathy on some tasks involving reward
and punishment ~Newman & Kosson, 1986;
Newman, Patterson, & Kosson, 1987!. For
example, in the passive avoidance task, the
participant must learn to respond to stimuli
associated with reward and avoid stimuli as-
sociated with punishment. Individuals with
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psychopathy are impaired in learning to avoid
the stimuli associated with punishment ~New-
man & Kosson, 1986!. According to the RM
hypothesis, the poor performance of individ-
uals with psychopathy on passive avoidance
tasks is due to their inability to shift their
attention from their goal of responding to
gain reward to the peripheral punishment
information.

The problem that the RM hypothesis faces
is the problem that all models of psychopa-
thology face. Such models are not just ac-
counts of the impairment presented by the
patient population being considered. They are
also accounts of functioning in healthy indi-
viduals. As such, the RM hypothesis, an ac-
count of impaired attention in individuals with
psychopathy needs to be, at the very least,
compatible with contemporary models of at-
tention. The RM hypothesis appears to con-
sider a “spotlight” form of attention model.
Attention is directed at ~spotlights! task-
relevant information but also following “brief
and automatic” shifts of attention in healthy
individuals spotlights task-irrelevant informa-
tion. Examples of task irrelevant information
include, for a word, its frequency and emo-
tional valence. I would argue that such a view
of attention is not clearly consistent with the
attention literature ~Berger & Posner, 2000;
Desimone & Duncan, 1995; Duncan, 1998!.
This argument has been detailed elsewhere
~Blair, Mitchell, & Blair, 2005!.

Summary

In this section, it has been suggested that the
RM hypothesis, as an attention-based ac-
count, needs either to be compatible with cur-
rent models of attention or an alternative to
them. However, when the RM hypothesis is
interpreted within current models of attention,
it becomes clear that the processing deficits, if
they are attentional in nature, appear to be of a
variety of different forms and not due to a
unitary deficit.

The Fear Dysfunction Hypotheses

One of the main positions regarding the emo-
tional impairment shared by individuals with

psychopathy is that there is impairment in the
neurophysiological systems modulating fear be-
havior ~Eysenck, 1964; Fowles, 1988; Gray,
1987; Lykken, 1995; Patrick, 1994; Trasler,
1978!. For example, Cleckley ~1976, p. 340!
wrote: “Within himself he appears almost
as incapable of anxiety as of profound remorse.”
The dysfunctional fear positions all assume that
moral socialization is achieved through the use
of punishment ~Eysenck, 1964; Eysenck & Gud-
jonsson, 1989; Trasler, 1978!. In essence, they
assume that the healthy individual is fright-
ened by punishment and associates this fear with
the action that resulted in the punishment, thus
making the individual less likely to engage in
the action in the future. The suggestion is that
individuals with psychopathy, because they are
less aversively aroused by punishment, make
weaker associations, and thus are more likely
to engage in the punished action in the future
than healthy individuals.

In many respects the fear dysfunction hy-
potheses can be considered the first cognitive
neuroscience perspectives on the develop-
ment of psychopathy. The perspectives of at
least several authors existed at both the neural
and cognitive levels. For example, Patrick was
the first to consider that amygdala dysfunc-
tion might be linked to the development of
psychopathy ~Patrick, 1994!. Other theorists,
inspired by Gray’s work on the Behavioral
Inhibition System ~BIS; Gray, 1987!, consid-
ered that septal hippocampal regions might be
dysfunctional in individuals with psychopa-
thy ~Fowles, 1988; Gray, 1987!. At the cogni-
tive level, all made reference to systems
modulating fear behavior however few artic-
ulated the specifics of these systems in detail.
A notable exception to this lack of detail was
Gray’s BIS model ~Gray, 1987; McNaughton
& Gray, 2000!. This suggested the existence
of a unitary fear system, the BIS, which, when
activated by signals of punishment and nonre-
ward, novel stimuli and innate fear stimuli,
gives rise to behavioral inhibition, increased
arousal and increased attention.

The variants of the fear dysfunction hypoth-
esis have generated a considerable body of
empirical literature. Indeed, the earliest for-
mal experimental investigations of psychopa-
thy were based around the fear dysfunction
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hypothesis ~Lykken, 1957!. Functions thought
to be mediated by the fear systems include:
aversive conditioning, generating autonomic
responses to anticipated threat, the augmenta-
tion of the startle reflex following the presen-
tation of visual threat primes, passive avoidance
learning, and response reversal. Individuals
with psychopathy present with impairment in
aversive conditioning ~Flor, Birbaumer, Her-
mann, Ziegler, & Patrick, 2002; Lykken, 1957!,
generating autonomic responses to antici-
pated threat ~Hare, 1982; Ogloff & Wong,
1990!, the augmentation of the startle reflex
following the presentation of visual threat
primes ~Levenston, Patrick, Bradley, & Lang,
2000!, passive avoidance learning ~Lykken,
1957; Newman & Kosson, 1986!, and re-
sponse reversal0extinction ~Mitchell, Col-
ledge, Leonard, & Blair, 2002; Newman et al.,
1987!.

In addition to these data indicating dysfunc-
tion in fear processing in individuals with psy-
chopathy, Kochanska has stressed the role of
fearfulness as an important temperamental fac-
tor in moral0conscience development ~Kochan-
ska, 1993, 1997!. Indeed, she and others have
found fearful children to show higher levels
of moral development0conscience using a va-
riety of measures ~Asendorpf & Nunner–
Winkler, 1992; Kochanska, 1997; Kochanska,
De Vet, Goldman, Murray, & Putman, 1994;
Rothbart, Ahadi, & Hershey, 1994!.

The difficulty for a cognitive neuroscience
account is that it is vulnerable to neural and
cognitive level data. With the exception of
Patrick’s ~1994! consideration of the amyg-
dala, most fear dysfunction theorists followed
Gray’s stress on the importance of the septal
hippocampal system. Although the septum and
hippocampus play roles in some fear-related
functions, in particular in allowing the repre-
sentation of potential spatial context condi-
tioned stimuli ~CS!, many of the functions
attributed to them by the BIS model have not
been empirically supported ~LeDoux, 1998;
O’Keefe, 1991!. For example, most forms of
aversive conditioning are not reliant on the
integrity of the hippocampus, only on the in-
tegrity of the amygdala ~Bechara, Tranel, Da-
masio, Adolphs, Rockland, & Damasio, 1995;
LeDoux, 1998!.

At the cognitive level, the claim was of a
unitary “fear” system. However, such a posi-
tion has also not been empirically supported.
Instead, there are a series of at least partially
separable neural systems that are engaged in
specific forms of processing that can be sub-
sumed under the umbrella term fear ~Blair,
2004!. For example, aversive conditioning and
instrumental learning are two forms of pro-
cessing in which the fear system is thought to
be involved ~Lykken, 1995; Patrick, 1994!.
Yet, the neural circuitry to achieve aversive
conditioning and instrumental learning are dou-
bly dissociable ~Killcross, Robbins, & Ever-
itt, 1997!. Thus, a lesion to the central nucleus
~CeN! of the amygdala will prevent aversive
conditioning but still allow instrumental learn-
ing to occur. In contrast, a lesion to the baso-
lateral ~BLA! nucleus of the amygdala will
prevent instrumental learning but still allow
aversive conditioning to occur. Moreover, early
amygdala lesions result in a massive reduc-
tion of neophobia; the infant monkey is no
longer fearful of a novel objects. However,
the same infant monkeys with amygdala le-
sions show heightened social phobia; that is,
their fear response to another infant monkey
is actually heightened ~Amaral, 2001!. These
findings strongly suggest partially separable
“fear” systems: for aversive conditioning0
instrumental learning and for social threats
~Blair, 2004!.

Finally, the core developmental assump-
tion of the fear dysfunction positions, that
moral socialization is achieved through the
use of punishment and the formation of con-
ditioned fear responses has been questioned
~Blackburn, 1988; Blair, 2001; Blair, Jones,
Clark, & Smith, 1995!. Thus, the developmen-
tal literature indicates that moral socialization
is not achieved through the formation of con-
ditioned fear responses but rather through the
induction and fostering of empathy ~Hoff-
man, 1984!. Studies have shown, for example,
that moral socialization is better achieved
through the use of induction ~reasoning that
draws children’s attention to the effects of their
misdemeanors on others and increases empa-
thy! than through harsh authoritarian or power
assertive parenting practices which rely on
the use of punishment ~Baumrind, 1971, 1983;
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Hoffman & Saltzstein, 1967!. Indeed, there
have been suggestions that although empathy
facilitates moral socialization, fear actually hin-
ders it ~Hoffman, 1994!. Thus, in a review of
a large number of studies of disciplinary meth-
ods, it was concluded that punishment-based
power assertion had an adverse effect on moral
socialization regardless of age ~Brody & Shaf-
fer, 1982!. Indeed, it has been suggested that
the primary utility of power assertion is to
prevent the parent from being ignored while
the child is transgressing ~Hoffman, 1988!.

Summary

In this section, it has been suggested that the
fear dysfunction hypotheses can be consid-
ered the first cognitive neuroscience perspec-
tives on the development of psychopathy. They
have been highly successful in generating a
considerable body of data. However, data from
the broader literature indicates two main ways
in which many were incorrect. First, those vari-
ants of the hypothesis that stressed the impor-
tance of the septal hippocampal system in fear
dysfunction were wrong. The septum and hip-
pocampus have been shown to not mediate
the functions attributed to them by the older
fear positions ~LeDoux, 1998; O’Keefe, 1991!.
Second, those variants that suggested a uni-
tary fear system were also wrong. Data strongly
suggest partially separable systems mediating
specific functions that fall under the umbrella
term fear. Third, they can be considered sus-
pect following their stress on the role of fear
in moral socialization.

VIM Model

The importance of empathy for moral social-
ization was one of the reasons for the develop-
ment of the original VIM model of psychopathy
~Blair, 1995; Blair, Jones, Clark, & Smith, 1997!.
The VIM model was a cognitive account that
was originally designed with respect to typical
and atypical moral development. The basic sug-
gestion was the existence of an early develop-
ing system, the VIM, which, when activated by
distress cues, generates an aversive emotional
reaction in observers. It suggested that this sys-
tem was necessary for moral socialization, and

that this system was dysfunctional in individ-
uals with psychopathy.

There is a body of data consistent with the
position. Many social animals, including hu-
mans, find the experience of the distress of
conspecifics aversive. Thus, both rats and mon-
keys will learn to make instrumental responses
~press levers0pulling chains! that terminate un-
pleasant occurrences to conspecifics ~Church,
1959; Masserman, Wechkin, & Terris, 1964;
Rice, 1965; Rice & Gainer, 1962!. For exam-
ple, if a rat learns that pressing a bar will
lower another, suspended, rat to the ground ~a
distressing experience for the suspended rat!,
the rat will press the lever ~Rice & Gainer,
1962!. Alternatively, if a rhesus monkey learns
that a lever previously associated with greater
food reward now also causes another monkey
in sight of the test animal to receive an elec-
tric shock, the monkey will terminate respond-
ing to the lever in favor of other, less rewarded,
response options ~Masserman et al., 1964!.

The distress of another individual is con-
sidered aversive by most humans ~Bandura &
Rosenthal, 1966!. Moreover, the presentation
of cues indicating another individual’s sad-
ness or fear during aggression reduces the prob-
ability of future physical aggression ~Perry &
Perry, 1974!, disputes over property owner-
ship ~Camras, 1977!, and aggressive sexual
activity ~Chaplin, Rice, & Harris, 1995!.

At its simplest, the VIM is thought to be a
system that when activated by distress cues,
the sad and fearful expressions of other indi-
vidual, results in increased autonomic activ-
ity, attention, and activation of the brainstem
threat response system ~usually resulting in
freezing; Blair, 1995!. Through association
these representations of moral transgressions
become triggers for the mechanism. The ap-
propriately developing child thus initially finds
the pain of other individuals aversive, and
then, through socialization, thoughts of acts
that cause pain to other individuals aversive
also. The VIM account allowed an explana-
tion for the moral0conventional distinction;
the distinction made by typically developing
children between moral ~victim based! and
conventional ~social order based! transgres-
sions from the age of 36 months ~Smetana,
1981, 1985, 1993!; only moral transgressions
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would be associated with the activation of
the VIM. The suggestion was that the devel-
opment of psychopathy is marked by dysfunc-
tion within the VIM. This predicted that
individuals with psychopathy would be less
able to distinguish between moral and con-
ventional transgressions, a prediction that has
been confirmed in individuals with psychop-
athy and related CDs ~Arsenio & Fleiss, 1996;
Blair, 1995, 1997; Blair et al., 1995; Blair,
Monson, & Frederickson, 2001; Blair, New-
man, Mitchell, Peschardt, & Leonard, 2005;
Nucci & Herman, 1982!. The model also pre-
dicted the reduced responsiveness of individ-
uals with psychopathy to sad and fearful facial
expressions. Research has shown that psycho-
pathic individuals show reduced autonomic
responses to the distress of other individuals
~Aniskiewicz, 1979; Blair, 1999; Blair et al.,
1997; House & Milligan, 1976!. Moreover, it
has been shown that although “victim” scenes
prime up the threat system in healthy individ-
uals such that after this prime, the participant
presents with an augmented startle response,
this is not the case in individuals with psy-
chopathy ~Levenston et al., 2000!. In addi-
tion, individuals with psychopathy, in child
and adulthood, present with impairment even
in the naming of sad and particularly fearful
facial and vocal affect ~Blair, Colledge, Mur-
ray, & Mitchell, 2001; Blair, Mitchell, Rich-
ell, Kelly, Leonard, Newman, & Scott, 2002;
Stevens, Charman, & Blair, 2001!.

Although the original VIM model could
provide an account of the emergence of instru-
mental antisocial behavior in individuals with
psychopathy,and it did generate a variety of
predictions that have been empirically con-
firmed, it faces a serious difficulty. At best, it
can be considered only a very incomplete ac-
count of the disorder. Even at the cognitive
level, the VIM account could not explain the
results generated by the RM and fear hypoth-
eses. It made no neural level predictions at all.

Summary

In short, the VIM model provides an account
of the emergence of the instrumental anti-
social behavior displayed by individuals with
psychopathy. However, it does not provide a

complete account of the range of impairments
shown by individuals with psychopathy.

The IES Model

None of the positions briefly described above,
with the partial exception of some variants of
the fear dysfunction position, were cognitive
neuroscience accounts. These positions either
couched their explanation primarily either at
the neural ~the frontal lobe dysfunction posi-
tion! or cognitive levels ~RM and the RM
position!. The IES model, in contrast, was de-
signed as a cognitive neuroscience position
from the beginning ~Blair, 2004!. This model
will be described from the specific perspec-
tive of an account of psychopathy.

The Amygdala

At the neural level, the basic argument is that
specific forms of amygdala dysfunction are
the central focus of the pathology associated
with psychopathy ~Blair, 2004; Blair, Morris,
Frith, Perrett, & Dolan, 1999; cf. Patrick,
1994!. The amygdala is frequently divided into
two parts: the BLA and CeN ~Everitt, Cardi-
nal, Parkinson, & Robbins, 2003; LeDoux,
1998!. The amygdala is one of the most cru-
cial regions in the neural circuitry that pro-
cesses emotion, and is at the center of what
Joe LeDoux termed “The Emotional Brain”
~LeDoux, 1998!.

There are considerable indications of amyg-
dala dysfunction in individuals with psychop-
athy ~Blair, 2003b!. Functional imaging studies
have shown that adults with the disorder
present with reduced amygdala activation dur-
ing emotional memory ~Kiehl, Smith, Hare,
Mendrek, Forster, Brink, & Liddle, 2001! and
aversive conditioning tasks ~Veit, Flor, Erb,
Hermann, Lotze, Grodd, & Birbaumer, 2002!.
In addition, individuals with psychopathy
present with impairment on a series of tasks
that require the functional integrity of the
amygdala. Thus, lesions of the amygdala dis-
rupt aversive conditioning ~Bechara et al.,
1995; LaBar, LeDoux, Spencer, & Phelps,
1995!, the augmentation of the startle reflex
by visual threat primes ~Angrilli, Mauri, Pa-
lomba, Flor, Birhaumer, Sartori, & di Paola,
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1996!, passive avoidance learning ~Ambrogi
Lorenzini, Baldi, Bucherelli, Sacchetti, & Tas-
soni, 1999!, and fearful expression recogni-
tion ~Adolphs, 2002; Blair, 2003a!. Individuals
with psychopathy, show impairment in aver-
sive conditioning ~Flor et al., 2002!, the aug-
mentation of the startle reflex by visual threat
primes ~Levenston et al., 2000!, passive avoid-
ance learning ~Newman & Kosson, 1986!, and
fearful expression recognition ~Blair, Col-
ledge, Murray, & Mitchell, 2001!.

The amygdala allows the formation of three
types of appetitive and aversive CS associa-
tion ~Everitt et al., 2003!:

1. CS–unconditioned response ~UR! associa-
tions ~e.g., salivation to a tone previously
associated with food!: The CeN, but not
the BLA, is necessary for the formation of
CS-UR associations ~Everitt et al., 2003;
Killcross et al., 1997!.

2. CS–affect representation associations: The
suggestion is one of “an emotional ‘tone’
. . . [fear or the expectation of reward] . . .
that is tagged to a stimulus” ~Everitt et al.,
2003; p. 234, italics added!. The BLA, but
not the CeN, is necessary for the formation
of these associations.

3. CS–valenced sensory properties of the un-
conditioned stimulus ~US! associations:
Here, the CS is associated with specific
sensory ~e.g., visual appearance, sound and
smell! and “consumatory” ~e.g., taste! of
the US. The BLA, but not the CeN, is
necessary for the formation of these asso-
ciations. Reinforcer devaluation studies in-
dicate that these associations are not stored
in the amygdala ~Pickens, Saddoris, Set-
low, Gallagher, Holland, & Schoenbaum,
2003!. The suggestion here is that they are
stored within the insula ~e.g., Blair et al.,
2005!.

At the cognitive level, the basic claim is
that individuals with psychopathy are im-
paired in the formation of the three types of
CS association described above; referred to
henceforth as stimulus–reinforcement associ-
ations ~Blair, 2003b, 2004!. Importantly, this
position allows an integration of the earlier
fear and empathy ~VIM! dysfunction posi-

tions. The claim that individuals with psychop-
athy are impaired in aversive CS association
is clearly compatible with the fear dysfunc-
tion position. Impairment in the formation of
aversive stimulus–reinforcement associations
would give rise to the observed deficits in
individuals with psychopathy in aversive con-
ditioning ~Flor et al., 2002; Lykken, 1957!,
the augmentation of the startle reflex follow-
ing the presentation of visual threat primes
~Levenston et al., 2000!, and passive avoid-
ance learning ~Lykken, 1957; Newman & Kos-
son, 1986; see Blair, 2004!.

With respect to the empathy0VIM model,
the argument is that one class of aversive stim-
uli is the distress of other individuals; the ex-
pressions of fear and sadness ~Blair, 1995,
2003b!. The argument has been made that these
expressions serve as social US allowing con-
specifics to teach the societal valence of ob-
jects and actions to the developing individual
~Blair, 2003a!. Due to their impairment in the
formation of aversive stimulus–reinforcement
associations, individuals with psychopathy are
less able to take advantage of this “moral”
social referencing; they are more difficult to
socialize. In short, the position also allows the
explanation of impairment in individuals with
psychopathy in responsiveness to distress cues
~Aniskiewicz, 1979; Blair, 1999; Blair et al.,
1997; House & Milligan, 1976!, fearful facial
and vocal expression recognition ~Blair et al.,
2002; Blair, Colledge, Murray, & Mitchell,
2001!, and the processing of the moral0con-
ventional distinction ~Arsenio & Fleiss, 1996;
Blair, 1995, 1997; Blair et al., 1995, 2005;
Blair, Monson, & Fredrickson, 2001; Nucci &
Herman, 1982!. Moreover, it becomes easier
to understand findings indicating the impor-
tance of “fearfulness” as an important temper-
amental factor in socialization ~Kochanska,
1993, 1997!. It is not clear what role fear has
in moral socialization; certainly, and in con-
trast, to early positions ~Eysenck, 1964!, aver-
sive conditioning has no obvious role in
socialization ~Brody & Shaffer, 1982; Hoff-
man, 1994!. However, if we understand the
temperamental variable “fearfulness” as an in-
dex of the integrity of the amygdala ~Blair,
2003c!, its role in socialization becomes clear.
Fearfulness indexes the integrity of the neural
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system necessary for empathy induction and
the moral social referencing described above.

Concerning the earlier models, the IES ac-
count can be considered an extension of the
fear dysfunction and VIM models. Indeed, the
VIM model has developed into the IES ac-
count. However, there are three important dif-
ferences between the IES and fear dysfunction
positions. First, within the IES account there
is no unitary “fear” system, but rather a series
of systems that can function in integrated ways
to achieve particular types of processing goals.
For example, there is a clear dissociation be-
tween the role of the CeN in CS-UR associa-
tion formation as opposed to the role of the
BLA in CS-affect representation association
formation ~Everitt et al., 2003!.

Second, and a related point to the first,
the IES account does not predict that all
punishment-based processing in individuals
with psychopathy is disrupted. Due to the
neuroscience roots of the account a dichotomy
is made between aversive stimulus reinforce-
ment association formation and stimulus–
response association formation on the basis
of punishment information. Importantly, al-
though the functional integrity of the amyg-
dala is necessary for the formation of stimulus–
reinforcement associations, it is not necessary
for the formation of stimulus–response ~CS-
CR! associations; that is, the individual learns
a response to a stimulus as a function of
reward0punishment information. Lesions of
the amygdala do not disrupt the formation of
stimulus response associations ~Baxter & Mur-
ray, 2002!.

Some instrumental learning tasks are reli-
ant on the formation of stimulus–reinforcement
associations; for example, passive avoidance
learning. In passive avoidance learning, the
participant is presented with stimuli. Some
stimuli, if responded to, engender reward while
others, if responded to, engender punishment.
The participant’s task is to learn to respond to
the “good” stimuli and avoid responding to
the “bad” stimuli. If the individual has formed
a CS-positive affect association, the individ-
ual will approach ~respond to! this stimulus. If
the individual has formed a CS-negative af-
fect association, the individual will avoid ~fail
to respond to! this stimulus. In line with this

position, individuals with psychopathy are im-
paired in passive avoidance learning ~Lykken,
1957; Newman & Kosson, 1986!.

Other instrumental learning tasks cannot
be solved through stimulus–reinforcement as-
sociation formation and must be solved through
the formation of stimulus–response associa-
tions. For example, object discrimination learn-
ing involves learning to respond to one of two
objects ~one rewarded and one not rewarded!
repeatedly presented in a pairwise fashion over
a series of trials. In other words, the partici-
pant must learn that when Stimulus A and
Stimulus B are present they should respond
towards Stimulus A ~Baxter & Murray, 2002!.
In object discrimination tasks, and unlike pas-
sive avoidance learning tasks, the participant
cannot learn that some of the stimuli are good
or bad and should therefore be approached or
avoided. In object learning tasks, the com-
pound stimulus ~A plus B! can be good or bad;
what determines whether it is or not is not the
quality of the stimulus ~this is always re-
peated! but the quality of the response made
to the stimulus. In line with this, individuals
with psychopathy show no difficulty on ob-
ject discrimination learning tasks ~Mitchell
et al., 2002!.

It is interesting that some data that were
highly critical of the fear dysfunction position
become easily explained through reference to
the IES account. Newman ~1998! developed a
punishment-only version of the passive avoid-
ance paradigm. In punishment-only versions
of the passive avoidance task, some stimuli,
if not responded to, engender punishment
whereas others, if responded to, engender pun-
ishment. Newman showed that individuals with
psychopathy were intact on this task and cor-
rectly argued that this result is not compatible
with the older fear dysfunction positions ~New-
man, 1998!. However, it is important to note
that punishment-only task variants of the pas-
sive avoidance task cannot be solved through
the formation of CS-affect representation as-
sociations. In these variants of the passive
avoidance task, there are no good or bad stim-
uli; both S � s and S � s can give rise to
punishment. Instead of forming a stimulus–
reinforcement association, the participant must
form a stimulus–response association; If S�,
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do R1 ~respond to avoid punishment!; if
S�, do R2 ~respond differently to avoid
punishment!. In short, given the reliance of
punishment-only versions of the task on
stimulus–response associations, they should
be from the IES perspective ~and are! solvable
by individuals with psychopathy.

Third, a difference between the IES and
earlier fear dysfunction accounts is that the
fear dysfunction accounts assumed either that
the processing of reward information was in-
tact or even that the processing of reward in-
formation might be enhanced in individuals
with psychopathy ~Fowles, 1988; Levenston,
Patrick, Bradley, & Lang, 1996!. In contrast,
the cognitive neuroscience-based IES account
might assume at least some impairment in the
formation of appetitive stimulus–reinforcement
associations in individuals with psychopathy.
This is because the amygdala is known to be
involved in both the processing of reward and
punishment information ~Baxter & Murray,
2002; Everitt et al., 2003!.

Although it is clear that individuals with
psychopathy do present with impairment in
the formation of stimulus–punishment
associations0reduced representation of aver-
sive stimuli, the extent to which individuals
with psychopathy present with impairment in
the formation of stimulus–reward associations0
reduced representation of appetitive stimuli
is less clear ~Levenston et al., 2000; Pesch-
ardt, Leonard, Morton, & Blair, 2005; Pesch-
ardt, Morton, & Blair, 2005!. Individuals with
psychopathy show appropriate suppression of
the startle reflex following the presentation
of positive visual primes but reduced augmen-
tation of the startle reflex following the pre-
sentation of negative visual primes ~Levenston
et al., 2000; Pastor, Molto, Vila, & Lang, 2003;
Patrick, Bradley, & Lang, 1993!. This sug-
gests that individuals with psychopathy are
unimpaired in processing positive material.
However, in lexical decision-making tasks
where participants must identify words ver-
sus nonwords, comparison individuals are
faster to identify positive and negative emo-
tional words than neutral ones, but individu-
als with psychopathy show a significantly
reduced emotional advantage ~Lorenz & New-
man, 2002; Williamson, Harpur, & Hare,

1991!. In addition, Verona and colleagues re-
ported reduced skin conductance responses
to both positive and negative auditory stimuli
in individuals with psychopathy ~Verona,
Patrick, Curtin, Bradley, & Lang, 2004!. Fi-
nally, in recent work within our own group,
using both affective priming ~Peschardt,
Morton, et al., 2005! and decision-making
paradigms ~Peschardt, Leonard, et al.,
2005!, we have found impaired processing
of both positive and negative material, but
that this impairment is particularly severe for
negative material. Our assumption is that
appetitive stimulus–reinforcement associa-
tion formation is impaired but less impaired
than aversive stimulus–reinforcement associ-
ation formation ~Blair, 2004; Peschardt, Leon-
ard, et al., 2005!. This difference may reflect
fundamental neurotransmitter impairments in
the pathology of the disorder ~Blair, 2003b;
Peschardt, Leonard, et al., 2005!. However,
this issue will not be considered further in this
paper. It is interesting that, given this claim
that stimulus–reward association formation is
less impaired in individuals with psychopathy
than stimulus–punishment association forma-
tion, Kochanska has reported data indicating
that conscience development in “fearless” chil-
dren, is best achieved by socialization prac-
tices that presumably capitalizing on mother–
child positive orientation ~secure attachment,
maternal responsiveness; Kochanska, 1997!.

It is important to note here that the IES
model is a cognitive neuroscience position.
The claim being made here is not that the
amygdala is dysfunctional in individuals with
psychopathy. Rather, it is that the formation of
~aversive and to a less extent appetitive!
stimulus–reinforcement associations, a func-
tion reliant on the amygdala, is impaired in
individuals with psychopathy. The model pre-
dicts that individuals with psychopathy should
present with impairment on any task reliant
on the amygdala’s role in the formation of
stimulus–reinforcement associations. It does
not necessarily predict that individuals with
psychopathy will show impairment on any task
that requires the functional integrity of the
amygdala.

Additional functions to require the func-
tional integrity of the amygdala relate to
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other aspects of social cognition, in particu-
lar, affect-related judgments of facial stimuli
~Adolphs, 2003; Baron–Cohen, Ring, Bull-
more, Wheelwright, Ashwin, & Williams,
2000!. Data indicate that patients with amyg-
dala lesions present with different judgments
of the trustworthiness of other’s faces from
healthy individuals ~Adolphs, Tranel, & Da-
masio, 1998!. In addition, a recent neuroimag-
ing work indicates that healthy individuals
show greater amygdala activation to faces
judged to be untrustworthy relative to faces
judged to be trustworthy ~Winston, Strange,
O’Doherty, & Dolan, 2002!. Patients with
amygdala lesions also show impairment when
determining which complex social emotion is
being displayed by an individual when they
have information from the eye region only
~Adolphs, Baron–Cohen, & Tranel, 2002;
Stone, Baron–Cohen, Calder, Keane, & Young,
2003!. Neuroimaging work compliments these
findings by demonstrating amygdala activa-
tion during the performance of this task
~Baron–Cohen, Ring, Wheelwright, Bull-
more, Brammer, Simmons, & Williams, 1999!.
However, despite this apparent role of the
amygdala in these two aspects of social cog-
nition, individuals with psychopathy do not
present with impairment in either the making
of trustworthiness judgments ~Richell, Mitch-
ell, Newman, Leonard, Baron–Cohen, & Blair,
2003! or the judging of complex social emo-
tions from the eyes ~Richell, Mitchell, Pesch-
ardt, Winston, Leonard, Dolan, & Blair, 2005!.

At present, no formal model of these as-
pects of social cognition has been proposed.
There have been no attempts to tie these as-
pects of social cognition to the known role of
the amygdala in the formation of stimulus–
reward and stimulus–punishment associa-
tions. It is even conceivable that these aspects
of social cognition do not involve the amyg-
dala per se, but rather cortex adjacent to the
amygdala or even fiber tracts that pass through
the amygdala. However, if we assume that
they do involve the amygdala, then it is clear
that not all aspects of amygdala functioning
are impaired in individuals with psychopathy.
The current data only indicate that the forma-
tion of stimulus–reinforcement associations are
impaired in psychopathy, and even in this case,

the impairment in the formation of stimulus–
punishment associations is far more marked
than that for the formation of stimulus–reward
associations.

Orbital and Ventrolateral Frontal Cortex

As noted above with respect to the frontal
lobe dysfunction position, there are consider-
able data indicating that orbital and ventro-
lateral frontal cortex are involved in the
modulation of reactive aggression. Indeed, the
orbital and ventrolateral frontal cortex is con-
siderably involved in the regulation and me-
diation of emotional behavior. The orbital
frontal cortex regulates the neural systems that
mediate the basic responses to threat stimuli
~i.e., the amygdala, hypothalamus and periaq-
ueductal gray; Gregg & Siegel, 2001; Pank-
sepp, 1998!.

The link between orbital frontal cortex dam-
age and increased levels of aggression has led
to claims that the disorder of psychopathy is
due to orbital frontal cortex dysfunction ~An-
derson et al., 1999; Damasio, 1994!. How-
ever, as noted above, patients with orbital
frontal cortex damage, if they present with
aggression, present only with reactive aggres-
sion whether the lesion occurs in child- or
adulthood ~Anderson et al., 1999; Blair & Ci-
polotti, 2000; Grafman et al., 1996; Penning-
ton & Bennetto, 1993!. There has never been
a recorded case of a patient where orbital0
ventrolateral frontal lobe damage has been as-
sociated with an increase in the incidence of
instrumental aggression. Although individu-
als with psychopathy do present with an in-
creased incidence of reactive aggression, their
defining feature is their increased presenta-
tion of instrumental aggression ~Cornell et al.,
1996; Williamson et al., 1987!. In addition,
many of the results discussed above and inter-
pretable with reference to amygdala pathol-
ogy cannot be explained with reference or
orbital0ventrolateral frontal lobe pathology
~Blair, 2004!. For example, individuals with
psychopathy present with impaired aversive
conditioning ~Flor et al., 2002; Lykken, 1957!.
Patients with orbital0ventrolateral frontal lobe
pathology, even those presenting with pro-
found behavioral disturbance ~those Damasio,
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1994, termed presenting acquired sociop-
athy!, do not present with impaired aversive
conditioning ~Bechara, Damasio, Damasio, &
Lee, 1999!.

This is not to suggest that there are no in-
dications of orbital0ventrolateral frontal cortex
dysfunction in individuals with psychopathy.
Animal and human lesion studies, as well as
recent functional imaging studies, all strongly
indicate a role of orbital0ventrolateral frontal
cortex in response reversal and extinction
~Cools et al., 2002; Rolls, 1997; Rolls, Hor-
nak, Wade, & McGrath, 1994!. Both response
reversal and extinction involve changing the
response to a stimulus following a change in
contingency. From the perspective of the IES
model, ventromedial regions code expectancy
of reinforcement and allow rapid decision
making on the basis of this information while
ventrolateral regions gate response choice fol-
lowing a change in contingency ~Blair, 2004!.

Individuals with psychopathy show marked
problems in response reversal0extinction ~LaPi-
erre, Braun, & Hodgins, 1995; Mitchell et al.,
2002; Newman et al., 1987!. This appears to be
related to a reduced sensitivity to temporal dif-
ference errors; the difference between the ex-
pected reward and received reward ~O’Doherty,
Dayan, Friston, Critchley, & Dolan, 2003!. The
impairment shown by individuals with psy-
chopathy becomes more marked, the more sub-
tle the temporal difference error to be detected
~Budhani & Blair, 2005!. In short, there are rea-
sons to believe that individuals with psychop-
athy do present with a specific functional
impairment related to the integrity of orbital0
ventrolateral frontal cortex.

Interestingly, adults with psychopathy are
notably more impaired on response reversal
and extinction tasks than children with psy-
chopathic tendencies ~Blair, Colledge, &
Mitchell, 2001; Fisher & Blair, 1998; Mitch-
ell et al., 2002; Newman et al., 1987; O’Brien
& Frick, 1996!. For example, while adults with
psychopathy and children with psychopathic
tendencies are both notably impaired on New-
man’s card-playing task ~Newman et al., 1987!
only adults with psychopathy show impair-
ment on the reversal state of the Intra-
dimensional–Extradimensional ~ID-ED! Task
~Dias, Robbins, & Roberts, 1996!.

In Newman’s card-playing task, the partici-
pant has to decide whether to play a card.
Initially, the participant’s choice to play is al-
ways reinforcing; if the participant plays the
card he0she will win points or money. How-
ever, as the participant progresses through the
pack of cards, their probability of reward de-
creases. The participant should terminate his0
her responding before he0she receives greater
levels of punishment than reward. In the ID-ED
task ~Dias et al., 1996!, the participant learns
that responding to one of two stimuli gains
reward while responding to the other is pun-
ished. This contingency is then reversed; that
is, responding to the first stimulus is no longer
rewarded but punished while responding to
the second is now rewarded.

We have argued that the principal differ-
ence between these two tasks is the salience of
the contingency change. In the card-playing task,
the probability of reinforcement decreases by
10% over every 10 trials. In the ID-ED task,
the probability of reinforcement changes from
100 to 0% once the initial learning criterion has
been achieved. Dayan and colleagues have
stressed the importance of prediction errors in
emotional learning ~O’Doherty, Dayan, Schultz,
Deichmann, Friston, & Dolan, 2004; Schultz,
Dayan, & Montague, 1997; Sutton & Barto,
1981!. The prediction error is the difference be-
tween the expected value associated with a
stimulus0action and the actual value currently
received with respect to that stimulus0action.
In other words, unexpected rewards induce large
positive prediction errors ~initiating rapid learn-
ing!. Absent highly expected rewards induce
large negative prediction errors ~initiating re-
sponse reversal0extinction!. Clearly, for sa-
lient contingency changes ~i.e., 100–0 in the
reversal phase of the ID-ED task; i.e., if the re-
sponse to a stimulus is always rewarded and
then never rewarded!, the negative prediction
error is large, and children with psychopathic
tendencies can alter their behavior ~although
adults with psychopathy show impairment!. For
more subtle contingency changes ~i.e., those
present in the four and one pack card playing
tasks!, the negative temporal difference error
is smaller, and both adults with psychopathy
and children with psychopathic tendencies are
less able to alter their behavior to this stimulus.
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We have recently tested this hypothesis using a
probabilistic response paradigm involving dif-
ferent stimulus pairs of varying contingency.
We found that the impairment in adults was far
greater than that seen in children with psycho-
pathic tendencies. However, differences be-
tween both groups with psychopathic tendencies
and their respective comparison groups in-
creased as the salience of the contingency change
decreased ~Budhani & Blair, in press; Budhani,
Richell, & Blair, 2005!.

Of course, it is important to note that this
difficulty with response reversal is not unique
to individuals with psychopathy. Patients with
intermittent explosive disorder and childhood
bipolar disorder also present with difficulties
in response reversal ~Best, Williams, & Coc-
caro, 2002; Gorrindo, Blair, Budhani, Pine, &
Leibenluft, 2005!. Nor is an elevated risk of
reactive aggression unique to psychopathy
~although an increased risk of instrumental
aggression is!. Patients with intermittent ex-
plosive disorder and childhood bipolar disor-
der also present with significantly increased
incidences of reactive aggression ~Coccaro,
1998; Leibenluft et al., 2003!.

Frustration has long been linked to the dis-
play of reactive aggression ~Berkowitz, 1993!.
Frustration occurs following the initiation of a
behavior to achieve an expected reward and the
subsequent absence of this reward. The sug-
gestion has been made that ventromedial re-
gions code expectancy of reinforcement and
identify contingency changes whereas ventro-
lateral regions gate response choice following
a detected change in contingency ~Blair, 2004!.
In short, damage to these regions will pro-
foundly alter the individual’s ability to initiate
behaviors appropriately to achieve expected re-
wards. In particular, if contingencies change,
damage to these regions will give rise to a sit-
uation where the individual consistently ini-
tiates a behavior to achieve an expected reward,
and this reward does not occur ~the essence of
a response reversal trial!. The basic suggestion
then is that if orbital0ventrolateral frontal cor-
tex dysfunction disturbs the computational sys-
tems that allow rapid response reversal, the
individual will be predisposed to frustration-
based reactive aggression. Importantly, orbital0
ventrolateral frontal cortex dysfunction is not

unique to psychopathy but common to a series
of psychiatric conditions associated with an el-
evated risk of reactive aggression.

It is interesting to relate the above to the
concept of “effortful control” introduced by
Rothbart and her colleagues ~Posner & Roth-
bart, 2000; Rothbart & Ahadi, 1994!. They
proposed this construct to denote a class of
self-regulatory mechanisms that emerge around
6–12 months of age. They defined effortful
control as the ability to suppress a dominant
response to perform a subdominant response.
Effortful control has been found to be posi-
tively associated with “fearfulness” and con-
science development ~Kochanska & Knaack,
2003!. This is an interesting echo of work
with individuals with psychopathy where there
is impairment in both fearfulness ~stimulus–
reinforcement association due to amygdala
dysfunction!, conscience development and ef-
fortful control ~the ability to perform re-
sponse reversal reliant on orbital frontal cortex,
ventrolateral frontal cortex!.

The Development of Psychopathy

In the beginning of this paper, I made refer-
ence to those who have advocate that devel-
opmental disorders can only be understood
following multiple levels of analysis ~Cic-
chetti & Dawson, 2002; Kopnisky et al., 2002!.
In this section, I wish to sketch a specifically
developmental model of psychopathy across
these levels of analysis ~gene, molecular, sys-
tems, cognitive and behavioral!.

Growing evidence suggests a genetic con-
tribution to psychopathy. It is important that
the claim here is that there is a genetic contri-
bution to the emotional disorder that is at the
heart of psychopathy. The claim is not that
there is a genetic contribution to antisocial
behavior directly; given that we learn to use
weapons0objects to commit antisocial behav-
ior, it is unclear how there could be. Instead,
the claim is that there is a genetic contribution
to a specific form of emotional responsive-
ness that may put the individual at risk for
learning antisocial behaviors.

Two recent studies have examined the her-
itability of psychopathy ~Blonigen, Carlson,
Krueger, & Patrick, 2003; Viding, Blair, Mof-
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fitt, & Plomin, in press!. Blonigen et al. ~2003!
collected data from 353 adult male twins using
the self-report Psychopathic Personality In-
ventory ~Lilienfeld & Andrews, 1996!. This
inventory forms a global index of psychopa-
thy with eight subscales, most of which
showed moderate heritability ~h 2 � 0.29–
0.56! and negligible shared environmental in-
fluence. Viding et al. ~in press! examined the
callous and unemotional component of psy-
chopathic tendencies within almost 3,500 twin
pairs at age 7 within the Twins Early Devel-
opment Study. This study revealed a signifi-
cant group heritability of hg

2 � 0.67 and no
shared environmental influence on the callous–
unemotional component; that is, genetic fac-
tors account for two thirds of the difference
between the callous–unemotional probands and
the population. In short, both studies sug-
gested a genetic contribution to psychopathy.

Genes have their impact at the molecular
level. However, currently there is no molec-
ular level account of psychopathy. In short,
although it appears that there is a genetic con-
tribution to the development of the disorder,
how this contribution is achieved remains un-
known. Suggestions can be offered with re-
spect to specific neurotransmitter systems
~Blair, 2003b!. However, at present, such sug-
gestions exist in a near absence of data.

What about environmental influences?
The studies of Blonigen et al. ~2003! and Vid-
ing et al. ~in press! suggested little environ-
mental impact. However, it is a common lay
impression that psychopathy may be due to
early stressors such as physical or sexual
abuse. Moreover, there is a considerable sci-
entific literature demonstrating the impact
of early stressors on the development of neu-
ral systems involved in the basic response
to threatening stimuli. Stressors in early life
have profound and long-term effects on
hypothalamic–pituitary–adrenal axis activity
~Bremner & Vermetten, 2001; Charney, 2003!.
During infancy animals do not demonstrate
hypothalamic–pituitary–adrenal axis responses
to stress. However, infant animals exposed to
stressors demonstrate increases in immediate
early genes ~e.g., c-fos and nerve growth fac-
tor inducible gene! in the paraventricular nu-
cleus of the hypothalamus ~Smith, Kim, van

Oers, & Levine, 1997!. Chronic stress is also
associated with potentiated release of norepi-
nephrine following exposure to subsequent
stressors ~Nisenbaum, Zigmond, Sved, & Ab-
ercrombie, 1991! and a general lifelong in-
crease in the sensitivity of the noradrenergic
system ~Francis, Caldji, Champagne, Plotsky,
& Meaney, 1999!. In short, environmental
stressors can alter the development of sys-
tems that mediate the basic response to threat.
However, their impact is to increase the re-
sponsiveness of the system. As yet, there are
no data that environmental stressors can lead
to the type of suppression of emotional re-
sponsiveness that is seen in individuals with
psychopathy. In other words, currently there
is no reason to believe that there could be a
social cause to psychopathy ~although this does
not imply that environmental factors play no
role in determining the nature of the pathol-
ogy seen in any given individual; see below!.

Although there is no molecular level ac-
count of psychopathy, the data presented above
suggest that the genetic contribution is man-
ifested as reduced amygdala responsiveness.
Of course, any genetic contribution is un-
likely to affect only one system, and while I
did also present evidence of orbital frontal
cortex0ventrolateral prefrontal cortex dysfunc-
tion, it is unknown whether the genetic con-
tribution influences regions beyond these
systems. On the basis of neuroimaging data,
Kiehl ~in press! has argued that there is dys-
function in individuals with psychopathy
within paralimbic cortex ~i.e., amygdala, an-
terior superior temporal gyrus, rostral and cau-
dal anterior cingulate, posterior cingulate,
ventromedial frontal cortex @orbital frontal cor-
tex# and parahippocampal regions!. How-
ever, neuroimaging data is notoriously unable
to localize deficits; impairment in any region
will lead to anomalous activity in any region
reliant on the dysfunctional region for input.
In addition, the anterior cingulate, at least,
does not appear globally impaired in individ-
uals with psychopathy. Damage to the ante-
rior cingulate is known to disrupt performance
on the Stroop task, for example ~Swick &
Jovanovic, 2002; Stuss et al., 2001!. However,
individuals with psychopathy show no indi-
cations of impairment on Stroop tasks ~Hiatt
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et al., 2004; Peschardt et al., in press; Smith,
Arnett, & Newman, 1992!.

I argued above that the functional signifi-
cance of the amygdala dysfunction in individ-
uals with psychopathy was that it interfered
with the ability to form stimulus–reinforcement
associations in individuals with psychopathy.
I also argued above that the developmental
consequence of this impairment was that it
interfered with moral socialization; the ability
of the individual with the disorder to learn the
“badness” of moral transgressions is pro-
foundly reduced.

It is worth considering environmental in-
fluences again now. As stated above, there are
currently no reasons to believe that there might
be an environmental cause to psychopathy.
However, there is a considerable literature in-
dicating a relationship between socioeco-
nomic status ~SES! and antisocial behavior
~Raine, 1993!. It would be surprising if social
variables did not impact on the probability of
antisocial behavior; SES, for example, is likely
to constrain the possibility of alternative be-
havioral choices to antisocial behavior as well
as increase the salience of the money con-
tained in a potential victim’s wallet. Indeed, in
line with this, a relationship between SES and
the antisocial behavior component of psychop-
athy has been reported ~Hare, 2003!. In other
words, to develop the full disorder, the indi-
vidual may have to be influenced by the ge-
netic factors such that his0her emotional
responsiveness ~and specifically, ability to form
stimulus–punishment associations! is reduced
and also by environmental factors such that
he0she regards antisocial behaviors as a po-
tential way of achieving his0her goals.

Implications of Psychopathy Research for
Understanding Typical Development

In the previous section, I briefly sketched a
developmental model of psychopathy. In this
section, I consider some of the implications
that the findings obtained with this population
can have for the understanding of typical de-
velopment. Psychopathy represents an “exper-
iment of nature.” Cicchetti and others have
argued for that the study of experiments of
nature is important because they allow the

isolation of “the components of the integrated
system” and that “investigation of these natu-
ral experiments sheds light on the normal struc-
ture of the system” ~Cicchetti, 2003!.

The genetic and environmental influence data
discussed above suggest that emotional respon-
siveness ~in particular, the ability to perform
the forms of emotional learning necessary for
moral socialization, i.e., the temperamental vari-
able Kochanska @1993, 1997# terms “fearful-
ness”! in typically developmentally children is
likely to be under considerable genetic influ-
ence. Environmental influences, at least in re-
spect to early exposure to stressors, are likely
to contribute to increased emotional respon-
siveness0fearfulness in children, particularly
children who are predisposed to be emotional
responsive because of genetic factors.

In the work with individuals with psychop-
athy it is also suggested that the tempera-
mental variable fearfulness is likely to be
heavily reliant of the integrity of the amyg-
dala. Following the arguments developed above
concerning the amygdala’s importance in
instrumental learning reliant on stimulus–
reinforcement learning but not in instrumental
learning reliant on stimulus–response learn-
ing, we might also consider whether socializa-
tion strategies might be adapted, for those
children showing reduced fearfulness, which
would take advantage of their intact ability to
form stimulus–response associations.

The research with individuals with psychop-
athy also suggests that the concept of
“effortful control” might be usefully refined
~Kochanska & Knaack, 2003; Posner & Roth-
bart, 2000; Rothbart & Ahadi, 1994!. Cur-
rently, it is defined as the ability to suppress a
dominant response to perform a subdominant
response ~Posner & Rothbart, 2000; Rothbart
& Ahadi, 1994!. A variety of tasks have been
used to index “effortful control,” but typically
these have been response control tasks ~i.e.,
tasks where the participant modulates behav-
ior due to task demands! such as variants of
Stroop and Go0No-Go tasks ~Kochanska &
Knaack, 2003!. The work with psychopathy
would suggest that more crucial measures
should be based on the response reversal par-
adigm. Although ventrolateral prefrontal cor-
tex is involved in mediating both response
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control and response reversal paradigms, these
two functions can be dissociated pharmaco-
logically ~Crean et al., 2002; Rogers, Black-
shaw, et al., 1999; Rowley et al., 1997; Schmitt
et al., 2000!. It is the impairment in response
reversal that is most marked in individuals
with psychopathy ~Mitchell et al., 2002!.

As an experiment of nature, psychopathy is
important for what it tells us about what is not
developmentally reliant on the amygdala0the
ability to form stimulus–reinforcement asso-
ciations. Neurocognitive functions that are un-
impaired in individuals with psychopathy can
be considered developmentally independent of
the integrity of the amygdala0the ability to
form stimulus–reinforcement associations ~at
least, if we assume that there is no selective
compensation occurring!. Individuals with psy-
chopathy, unlike other psychiatric disorders,
are not impaired in a wide variety of cognitive
domains. There are no indications of general
executive dysfunction ~LaPierre et al., 1995;
Mitchell et al., 2002; Peschardt et al., in press!,
memory. or language impairment ~Hart, Forth,
& Hare, 1990!, although there may be some
specific difficulties with abstract words ~Kiehl,
Hare, McDonald, & Brink, 1999; Kiehl, Smith,
Mendrek, Forster, Hare, & Liddle, 2004!. In-
dividuals with psychopathy may be impaired
in specific functions of orbital0ventrolateral
frontal cortex that may be reliant on input
from the amygdala; for example, response re-
versal ~LaPierre et al., 1995; Mitchell et al.,
2002; Peschardt et al., in press!. However, as
stated above, it is unclear that they are im-
paired on all functions of ventrolateral prefron-
tal cortex; specifically, response control on
the basis of task demands as indexed by Go0
No-Go and Stop tasks.

Computational Modeling and
Additional Deficits

In this final section of the paper, two addi-
tional points will briefly be considered: the
potential future impact of computational mod-
eling, and additional deficits that cannot be
accounted for with respect to the IES model.
Computational modeling has been one of the
more recent planks of particularly the cogni-
tive part of the cognitive neuroscience revo-

lution, emerging most saliently in the seminal
work of Rumelhart and McClelland ~1986!.
Its advantage is that it forces precise specifi-
cation of theoretical accounts, avoiding the
vagueness that is almost inevitable with a ver-
bal description.

Thus far there has been little formal model-
ing work with respect to psychopathy, and most
accounts have remained verbal descriptions.
Gray specified a functional architecture for the
BIS using the visual “box and arrow” form of
description ~Gray, 1987!. More recently, puta-
tive computational details have been provided
with respect to the IES model ~Blair, 2004!with
at least some components of the IES model ten-
tatively implemented ~Blair et al., 2005!. How-
ever, this formalization of the models of
psychopathy remains in its infancy.

One of the important features of a cogni-
tive neuroscience approach to psychopathy, or
to any psychiatric disorder, is that the models
should not only be models of the pathological
state but, at least implicitly, they should be
models of the healthy individual. Without a
clear model of the functioning of the healthy
individual it is difficult to consider how a
patient’s disorder might be pathological. The
importance of this point with respect to
computational modeling is that there is a new
generation of computational cognitive neuro-
science models of affect that are emerging.
For example, Dayan et al.’s work on the tem-
poral difference error has been used to under-
stand and predict activity in striatal regions in
both animals and humans ~Montague, Dayan,
& Sejnowski, 1996; O’Doherty et al., 2003!.
Siegle et al. have been modeling amygdala–
cortical interactions in the context of depres-
sion and using these models to predict
functional magnetic resonance imaging data
in patients with this disorder ~Siegle & Has-
selmo, 2002; Siegle, Konecky, Thase, & Carter,
2002!. The relevance of these and other mod-
els for understanding psychopathy has yet to
be determined. However, their importance is
that they provide highly specified predictions
that can be tested through both behavioral and
functional magnetic resonance imaging work.

The last, although connected, point con-
cerns currently unexplained data at least from
the perspective of the IES model. Two notable
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points stand out. First, individuals with psy-
chopathy show reduced interference on at least
some Stroop type tasks ~Hiatt et al., 2004;
Newman et al., 1997!. Second, recent work
with the lexical decision task, where partici-
pants are presented with letter strings and must
determine whether the string is a word or not,
has indicated that although healthy individu-
als are faster to respond to emotional0high
frequency words rather than neutral0low-
frequency words, individuals with psychopa-
thy are less so ~Lorenz & Newman, 2002!.
Neither of these results can be explained by
the IES model.

According to the RM hypothesis, the re-
duced interference on Stroop type measures and
reduced frequency effects in lexical decision
in individuals with psychopathy, is due to
their inability to use the peripheral nontarget0
frequency information because of their focus
of attention on the dominant response set ~re-
sponding to the target stimulus0deciding
whether the stimulus was a word or not; Hiatt
et al., 2004; Lorenz & Newman, 2002!. Diffi-
culties with the RM hypothesis were outlined
above. However, in this context, it is worth con-
sidering that highly specified computational
models of both Stroop performance and seman-
tic processing exist. In Cohen et al.’s model of
Stroop performance, the degree of interfer-
ence is determined by the relative strength of
the connections of the separate routes for the
competing task demands ~Cohen, Botvinick, &
Carter, 2000; Cohen, Dunbar, & McClelland,
1990; Cohen & Servan–Schreiber, 1992!. The
strength of the connections is determined by
the model’s exposure to stimulus pairings me-
diated by the separate routes. In short, if the
model has less experience with a form of stim-
ulus pairing ~i.e., less experience with read-
ing!, then reading will exert less interference
in hue naming during the Stroop task. In recent
computational models of semantic memory,
frequency is considered as the model’s ex-
perience with the stimulus pairing. Units rep-
resenting more frequent items will be associated
with greater weighted connections to other as-
sociated units than units representing less fre-
quent items ~Plaut & Booth, 2000; Rogers,
Lambon Ralph, Gerrard, Bozeat, McClelland,
Hodges, & Patterson, 2004!.

Unlike the RM hypothesis, these models
do not make reference to automatic switches
of attention to nontarget or frequency informa-
tion. However, these models do both imply
that less experience with reading and verbal
information more generally would give rise to
the observed effects of reduced interference
on Stroop tasks and reduced frequency effects
in verbal fluency. Individuals with psychopa-
thy, because of their limited educational expo-
sure ~Hare, 1991!, might represent such a
population and such an account has been
offered of the above data sets ~Peschardt,
Newman, Mitchell, Richell, Leonard, Mor-
ton, & Blair, in press!. It is important that
this account makes clear predictions regard-
ing individuals with subclinical psychopathy:
individuals who present with the emotional
dysfunction but who, because of other re-
sources ~intellectual0financial!, do not present
the full disorder. It suggests that these individ-
uals should not present with these difficulties
that may be a result of educational inexperi-
ence but should still present with impairment
on the fundamental emotional paradigms. Fu-
ture work will no doubt determine the validity
of this prediction.

Conclusions

In this paper, four earlier models of psychop-
athy were reviewed from the perspective of
cognitive neuroscience. These were the fron-
tal lobe dysfunction, RM, fear dysfunction,
and VIM hypotheses. Following this, an ac-
count inspired by recent findings in affective
cognitive neuroscience as well as in relation
to psychopathy, the IES model, was articulated.

The basis of the frontal lobe position is that
frontal lobe dysfunction leads to aggression.
The literature reviewed here suggests that this
position needs greater specification. Specifi-
cally, it was suggested that the position should
be qualified to orbital0ventrolateral frontal cor-
tex dysfunction, if it disrupts the systems nec-
essary for the rapid alteration of responding
following contingency change, will be associ-
ated with an increased risk for a type of ag-
gression, frustration-based reactive aggression
~Blair, 2001, 2004!. Importantly, this position
was a cognitive neuroscience position; it spans
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disorders. It does not only attempt to explain
the behavior of neurological patients with ac-
quired lesions of orbital0ventrolateral frontal
cortex and individuals with psychopathy but
also other disorders with comparable disrup-
tion; for example, childhood bipolar disorder
and intermittent explosive disorder.

The RM hypothesis is an attention-based
account. The basis of this position is that in-
dividuals with psychopathy are unable to use
nontarget information because of their focus
of attention on the dominant response set ~re-
sponding to the target stimulus!. It was sug-
gested here that as an attention-based account
it should either be compatible with contempo-
rary cognitive neuroscience models of atten-
tion ~e.g., Desimone & Duncan, 1995!. It was
suggested here that, at least as it is currently
articulated, the RM hypothesis cannot be con-
sidered as compatible with dominant accounts
of attention.

The fear dysfunction and VIM accounts
were both emotion-based models. The basic
position of both was that the behavior exhib-
ited by individuals with psychopathy was due
to a fundamental emotional deficit; either re-
duced fear or the malfunctioning of the VIM.
It was argued here that the fear dysfunction
accounts, as they are currently specified, have
been effectively disproved. Fear is not medi-
ated by a unitary system that functions to a
greater or less degree in different individuals.
Instead, fear-related behaviors are mediated
by a collection of systems that may operate in
an integrated fashion to achieve specific pro-
cessing goals but are also considerably disso-
ciable. Although the VIM account has not been
disproved, its flaws are equally obvious; it
can only explain a fraction of the pathology
associated with psychopathy.

The proposed IES model can be considered
an integration of the fear dysfunction and VIM
positions. At the same time, a strong attempt
has been made to be compatible with domi-
nant cognitive neuroscience views on the na-
ture of emotional processing. This position
suggests a primary amygdala dysfunction in
psychopathy. This deficit disrupts the ability
of the individual with psychopathy to form
stimulus–reinforcement associations ~particu-
larly stimulus–punishment associations though

stimulus–reward associations are also af-
fected, Peschardt et al., in press!. This deficit
interferes with socialization. The individual is
less likely to learn to avoid the use of anti-
social behavior to achieve their goals. Instead,
the individual may learn to use antisocial be-
havior instrumentally to achieve their desires
~they may receive the potential reward, e.g.,
financial gain, without the cost of the victim’s
distress!.

This position also suggests orbital0
ventrolateral frontal cortex dysfunction that
disrupts the systems necessary for the rapid
alteration of responding following contin-
gency change, and is associated with an in-
creased risk for frustration-based reactive
aggression. Importantly, this second form of
pathology, unlike the proposed amygdala dys-
function, is not unique to psychopathy but is
also shared with other emotional disorders such
as childhood bipolar disorder and intermittent
explosive disorder.

One interesting question is why there are
these two forms of pathology in psychopathy;
amygdala and orbito0ventrolateral dysfunc-
tion. Several possibilities exist ~Mitchell et al.,
2002!. First, the orbital0ventrolateral frontal
cortex dysfunction might be due to the amyg-
dala dysfunction; for example, because of re-
duced afferent input from the amygdala to
orbital0ventrolateral frontal cortex. Second,
the two types of pathology might be linked to
a single pathology at a different level. For
example, it is possible that both dysfunctions
are due to disruption within a single neuro-
transmitter system ~Peschardt, Leonard, et al.,
2005!. Third, the orbital0ventrolateral frontal
cortex dysfunction might reflect the lifestyle
of individuals with psychopathy. Part of the
syndrome of psychopathy is an increased risk
for drug use ~Hare, 1991!. Particular forms of
drug use have been associated with orbital0
ventrolateral frontal cortex dysfunction ~Rog-
ers & Robbins, 2001!. Future work may de-
termine which of these possibilities are correct.

In short, the cognitive neuroscience revo-
lution has had an enormous impact on the
general fields of psychology, neurology and
psychiatry. It will be interesting to follow the
impact of this revolution on the understanding
of psychopathy.
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