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The current review focuses on the construct of psychopathy, conceptualized as a clinical entity that is
fundamentally distinct from a heterogeneous collection of syndromes encompassed by the term ‘conduct disorder’. We will provide an account of the development of psychopathy at multiple levels: ultimate
causal (the genetic or social primary cause), molecular, neural, cognitive and behavioral. The following
main claims will be made: (1) that there is a stronger genetic as opposed to social ultimate cause to this
disorder. The types of social causes proposed (e.g., childhood sexual/physical abuse) should elevate
emotional responsiveness, not lead to the specific form of reduced responsiveness seen in psychopathy;
(2) The genetic influence leads to the emotional dysfunction that is the core of psychopathy; (3) The
genetic influence at the molecular level remains unknown. However, it appears to impact the
functional integrity of the amygdala and orbital/ventrolateral frontal cortex (and possibly additional
systems); (4) Disruption within these two neural systems leads to impairment in the ability to form
stimulus–reinforcement associations and to alter stimulus–response associations as a function of
contingency change. These impairments disrupt the impact of standard socialization techniques and
increase the risk for frustration-induced reactive aggression respectively.

The goal of the present paper is to provide as full an
account of the development of psychopathy as
possible. To explain a disorder, we need an account
of the development of that disorder at multiple levels:
ultimate causal (the genetic or social primary cause),
molecular, neural, cognitive and behavioral. We need
to be able to say how the genetic or social primary
cause leads to specific receptor-level, molecular
anomalies that impact on the functioning of specific
neural systems such that specific cognitive functions
are dysfunctional and a particular behavioral profile
emerges. Of course, we have not reached that stage
in understanding psychopathy. This paper will
review what is currently known.
One major tenet to our argument is that psychopathy is a construct that is unique, relative to other
syndromes captured in the current psychiatric nosology. The classification of psychopathy was introduced by Hare (1980, 1991). It is a developmental
disorder in that it can be identified in both childhood
and adulthood (Frick, O’Brien, Wootton, & McBurnett, 1994; Hare, 1980, 1991). Longitudinal studies
showing that those identified as psychopathic in
childhood are also identified as psychopathic in
adulthood have not yet been done. However, the
neuro-cognitive impairments seen in children with
psychopathic tendencies are, for the most part, also
seen in adults with psychopathic tendencies (see
below).
The classification of psychopathy identifies a
relatively homogeneous pathology (at least when
compared with the diagnoses of conduct disorder [CD]
and antisocial personality disorder [APD]). Unlike CD
and APD, psychopathy involves a pervasive pattern of
both emotional (considerably reduced empathy and
guilt) and behavioral (criminal activity and,
frequently, violence) symptoms (Frick et al., 1994;

Hare, 1980, 1991). We argue that the emotional
component is the crucial component of psychopathy.
There are many developmental routes to an elevated
risk for antisocial behavior (Blair, 2001; Silverthorn &
Frick, 1999). The emotional dysfunction that is at the
heart of psychopathy is only one such route. However,
it is one that puts the individual at heightened risk for
learning antisocial behaviors. Although, as will be
argued, it does not necessarily mean that the individual will learn to be antisocial; whether he/she
does or not will be determined by a constellation of
individual and social factors.
The problem with the diagnoses of CD and APD is
that because they focus on the behavioral feature of
antisocial behavior, they do not differentiate between
potential causes for its development. As a result,
only approximately 25% of individuals classified
with either of CD or APD will show psychopathic
tendencies (Hart & Hare, 1996). Indeed, children
with CD are a heterogeneous population. One child
with CD might show the marked reduction in anxiety, empathy and guilt associated with psychopathy
whilst another child with CD might show an opposite
pathology – markedly elevated levels of anxiety. In
contrast, we would like to believe that all appropriately identified individuals with psychopathy should
share some feature of basic pathophysiology.
A core feature of the behavioral profile of children
and adults with psychopathy is their excessive use of
instrumental (a.k.a. proactive and planned) aggression (Cornell et al., 1996; Frick, Cornell, Barry, Bodin, & Dane, 2003). Instrumental aggression is
purposeful and goal-directed aggression, used instrumentally to achieve a specific desired goal such
as obtaining the victim’s possessions (Berkowitz,
1993). In contrast, reactive (a.k.a. affective,
impulsive, defensive) aggression is triggered by a
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frustrating or threatening event and is often associated with anger (Barratt, Stanford, Dowdy, Liebman,
& Kent, 1999; Berkowitz, 1993; Crick & Dodge,
1996). Elevated levels of reactive aggression are
found in many disorders including psychopathy (see,
for a review, Blair, 2003c). However, individuals with
psychopathy show particularly elevated levels of instrumental aggression, relative to individuals with
other syndromes associated with behavioral dyscontrol.
At the anatomical level, we have followed the work
of Siegel and Panksepp suggesting that reactive
aggression is mediated by a basic threat system that
runs from medial amygdaloidal areas down to the
dorsal half of the periaqueductal gray (e.g., Gregg &
Siegel, 2001; Panksepp, 1998). We have suggested
that this system is regulated by orbital, medial and
ventrolateral frontal cortex (Blair, 2004; Grafman,
Schwab, Warden, Pridgen, & Brown, 1996) and that
it can become dysfunctional in two broad ways
(Blair, 2004): First, the basic threat system may become elevated in its responsiveness due to endogenous (e.g., genetic) or exogenous (e.g., trauma;
see below) factors. Second, the frontal systems
regulating its activity may become dysfunctional. We
will argue below that trauma can lead to increased
responsiveness of the basic threat circuitry and
therefore a greater risk for the individual expressing
an extreme response (reactive aggression) to a mild
threat rather than the more ecologically appropriate
one (freezing or escape behavior). We will also argue
below that the increased risk for reactive aggression
seen in psychopathy is not to this type of dysfunction; the threat circuitry in psychopathy (at least the
amygdala) is under-responsive rather than overresponsive. We will argue instead that the increased
risk for reactive aggression in psychopathy is related
to dysfunction in the regulatory activity of ventrolateral prefrontal cortex.
With respect to instrumental aggression, there
have been suggestions that animal work on the
neurobiology of predatory aggression may be
informative regarding human instrumental aggression (Gregg & Siegel, 2001). However, animal predatory aggression is not displayed towards
conspecifics while human instrumental aggression
is almost always displayed towards conspecifics.
Moreover, human instrumental aggression is goal
directed and highly influenced by the individuals’
learning history. Because instrumental aggression is
a goal-directed motor response, we argue that it recruits the same neural regions as any other goaldirected activity; i.e., striatal and premotor cortical
neurons (Passingham & Toni, 2001). We argue that
the pathology leading to heightened levels of proactive aggression relates to socialization; because of
impairment in specific forms of emotional learning,
the child does not learn to avoid antisocial behavior.
As noted above, children and adults with psychopathy show heightened levels of both reactive and
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instrumental aggression. We will argue that the
explanations of the increased risk for instrumental
and reactive aggression seen in psychopathy may be
independent at the neural and cognitive levels
though we assume, once an adequate genetic/
molecular account is available, that they are fundamentally related. In other words, there may be a
single genetic contribution to two, or more,
functionally relatively independent neuro-cognitive
dysfunctions.

Ultimate causes
By ultimate causes, we are referring to factors that
are hypothesized to give rise to the basic pathology
(the emotion dysfunction) that, we argue, is at the
heart of the disorder. In this section, we are not
considering factors (e.g., poor parenting, unemployment) that likely influence the behavioral manifestation of psychopathy but which, in our opinion, do not
cause the primary emotion dysfunction seen in psychopathy. These influences will, however, be briefly
discussed separately below. The ultimate causes we
will consider are genes, physical/sexual abuse and
brain damage (for example, from alcohol/drug abuse
during pregnancy or birth complications).

Psychopathy and genes
There has been a long behavioral genetic literature
examining genetic influences on aggression and
antisocial behavior more generally (Miles & Carey,
1997; Rhee & Waldman, 2002). This literature has
provided heritability estimates for dimensional measures of aggression ranging from 44% to 72% in
adults. However, this literature is difficult to interpret. First, because any genetic impact is likely to be
complex and may be expressed as a function of an
interaction with environmental factors (Caspi et al.,
2002). Second, because this literature typically treats
aggression as a unitary construct, there is no division
between reactive and instrumental aggression. Third,
because the literature has, on occasion, implied a
genetic basis to individual antisocial behaviors. It is
extremely unlikely that there is a direct genetic contribution to these specific behaviors, or at least it is as
likely as there is a direct genetic contribution to an
individual using an ATM machine to gain money. An
individual learns to use an ATM and under particular
conditions might also learn to become a pimp.
Genetic variation is likely to play a role is in
determining the probability that the individual will
learn an antisocial strategy to gain money (e.g.,
becoming a pimp) as opposed to a strategy sanctioned by society (using an ATM machine at the end
of the workday). Many have argued that the emotional dysfunction shown by individuals with psychopathy makes them more likely to learn antisocial
strategies to reach goals (Blair, 1995; Eysenck,
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1964; Lykken, 1995; Trasler, 1973). These strategies
fundamentally involve navigation of complex situations involving multiple emotionally salient cues. As
such, this suggests that there may a genetic contribution to the emotional dysfunction behind the behavior, and that it is this association with emotional
dysfunction which underlies the genetic contribution
to antisocial behavior. Three recent studies provide
support for this suggestion. In adults, Blonigen and
colleagues (Blonigen, Carlson, Krueger, & Patrick,
2003) collected data from 353 male twins using the
self-report Psychopathic Personality Inventory [PPI]
(Lilienfeld & Andrews, 1996) and found moderate
heritability (h2 ¼ .29 to .56) for the affect-based
subscales of the measure (Blonigen et al., 2003).
Blonigen and colleagues (2005) collected data from
626 pairs of 17-year-old male and female twins using
the Multidimensional Personality Questionnaire
and found significant heritability (h2 ¼ .46 to .51) for
the two measures of psychopathic traits indexed
[Fearless dominance and Impulsive Antisociality];
(Blonigen, Hicks, Krueger, Patrick, & Iacono, 2005).
In children, examining almost 3,500 twin pairs
within the Twins Early Development Study (TEDS),
the callous and unemotional component of psychopathic tendencies was indexed at age 7 (Viding,
Blair, Moffitt, & Plomin, 2005). This study revealed a
significant group heritability of h2 g ¼ .67 and
no shared environmental influence on the callousunemotional component; i.e., genetic factors
account for two-thirds of the difference between the
callous-unemotional pro-bands and the population.

A social basis to psychopathy?
There is considerable belief amongst the lay population, at least, that social factors, such as abuse,
might cause psychopathy. Certainly, there is considerable evidence in humans of an association between physical and sexual abuse and increased risk
of aggression and impulsivity (Dodge, Pettit, Bates, &
Valente, 1995; Farrington & Loeber, 2000; Widom,
1992). Similarly, considerable data indicates that
exposure to violence in the home/neighborhood
increases the risk for aggression (e.g., Miller, Wasserman, Neugebauer, Gorman-Smith, & Kamboukos,
1999; Schwab-Stone et al., 1999). However, our
position is that abuse/exposure to other extreme
traumas potentiates specific neural systems involved
in the individual’s response to threat and by doing so
increases the risk of reactive aggression and through
this, increases the probability of a diagnosis of CD
(see below). In contrast, we believe that abuse is
unlikely to lead to the affective ‘flattening’ that is core
feature of psychopathy (though see Carrey, Butter,
Persinger, & Bialik, 1995).
Considerable work with animals has revealed the
neurobiological impact of acute and prolonged
threat/stress on aggressive behavior. Stimulation of
the superior colliculus, a sub-cortical region involved

in the mammalian basic response to threat (Gregg &
Siegel, 2001; Panksepp, 1998), can potentiate the
responsiveness of this system. This stimulation can
increase levels of threat-relevant behavior for at least
3 months afterwards (King, 1999). In addition, the
neuro-chemical response to threat can be profoundly
affected throughout the lifespan by prior threat
experience, particularly if this occurs early in life
(Bremner & Vermetten, 2001; Charney, 2003).
The mammalian response to threat is gradated. At
low levels of danger, from a distant threat, animals
freeze. At higher levels, from a closer threat, they
attempt to escape. At higher levels still, when the
threat is very close and escape is impossible, the
animal initiates reactive aggression (Blanchard,
Blanchard, & Takahashi, 1977). In other words if, as
appears to be the case (Bremner & Vermetten, 2001;
Charney, 2003; King, 1999), prior threat exposure
increases the individual’s responsiveness to threat,
then an individual who has been abused will be more
likely to display reactive aggression to a lower-level
threat than an individual who has not been so exposed. We believe that this is the origin of the association between child abuse and increased risk of
aggression (Farrington & Loeber, 2000; Widom,
1992); lower-level threats, or more distal threats, can
elicit reactive aggression more easily in abused individuals than in individuals not abused. However, we
do not believe, on the basis of the available data, that
physical/sexual abuse is a key factor in the genesis of
psychopathy. A defining feature of psychopathy is the
reduction, not elevation, in the individual’s responsiveness to threat (Cleckley, 1976; Hare, 1970;
Lykken, 1995; Patrick, 1994). Indeed, it is even
possible that the neurobiological basis of psychopathy may protect the individual with psychopathic
tendencies from developing mood and anxiety
disorders such as depression, anxiety and post traumatic stress disorder. Thus, traumatic exposure,
including exposure to violence in the home/neighborhood, increases the risk for mood and anxiety
disorders in general, though not all exposed to trauma
will go on to develop these disorders (Gorman-Smith &
Tolan, 1998; Schwab-Stone et al., 1999). We argue
that trauma increases the risk for CD/ASPD as a
function of increased levels of purely reactive aggression. We hypothesize that individuals with psychopathy are protected from these risk factors. Studies
examining the emotional and behavioral dimensions
of psychopathy independently report that anxiety
level is inversely associated with the emotional
dimension but positively associated with the antisocial behavior dimension (Frick, Lilienfeld, Ellis,
Loney, & Silverthorn, 1999; Patrick, 1994; Verona,
Patrick, & Joiner, 2001). In short, increases in anxiety
are associated with increases in antisocial behavior,
particularly reactive aggression, but decreases in the
emotional component of psychopathy. Similarly,
depression appears to be inversely associated with
psychopathy (Lovelace & Gannon, 1999).
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Environmental insult
Birth complications such as anoxia and preeclampsia can give rise to brain damage. Babies who
suffer birth complications are more likely to develop
conduct disorder (CD), delinquency, and commit
violence in adulthood, particularly when other psychosocial risk factors are present (Hodgins, Kratzer,
& McNeil, 2001, 2002; Pine, Shaffer, Schonfeld, &
Davies, 1997; Piquero & Tibbetts, 1999; Raine,
2002a; Raine et al., 1994).
Minor physical anomalies (MPAs) are relatively
minor physical abnormalities consisting of such
features as low-seated ears, adherent ear lobes, and
a furrowed tongue. MPAs have been associated with
disorders of pregnancy and are thought to be a
marker for fetal neural mal-development towards the
end of the first three months of pregnancy. MPAs can
be caused by environmental factors acting on the
fetus such as anoxia, bleeding, and infection though
they can also have a genetic basis (Guy, Majorski,
Wallace, & Guy, 1983). MPAs, like obstetric complications, have also been linked to the development of
CD, delinquency, and violence in adulthood, again
particularly when other psychosocial risk factors are
present (Brennan et al., 1997; Mednick & Kandel,
1988; Raine, 2002a). Unfortunately, the literature
has not considered whether birth complications/
MPAs are a risk factor for the emergence of psychopathy or syndromes linked to heightened levels of
reactive aggression. Moreover, there has been little
consideration of why birth complications or problems during pregnancy, as indicated by MPAs,
should interact with psychosocial behavior. It has
been suggested that ‘the presence of a negative
psychosocial factor is required to ‘‘trigger’’ the biological risk factor …’ (p. 426, Raine, 2002a). It is
unclear, however, how a psychosocial factor could
trigger the biological risk factor. Instrumental
aggression is goal-directed behavior. It is difficult to
imagine how a particular state of a biological risk
would inevitably trigger a specific form of instrumental behavior, i.e., instrumental aggression. A
similar argument can be made for reactive aggression. Reactive aggression is a response to threat or
frustration. It will not occur in the absence of environmental input. But it is not that the environmental
input triggers the system into a state such that
reactive aggression will be regularly displayed.
Rather it is that reactive aggression will not be
displayed without some form of environmental
stimulus (such as an imagined threat).
Summary: We argue that there is a genetic contribution to the emotion dysfunction component of
psychopathy. This, in turn, puts the individual at
greater risk for the development of the full syndrome.
This does not suggest that the genetic contribution is
the only determinant of how the pathology manifests;
it is highly likely that other factors including social
factors will have an influence. However, it does sug-
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gest that the genetic contribution may be a prerequisite for the development of the disorder whilst
these other factors will influence the full presentation.
Physical and sexual abuse and other environmental traumas can elevate the responsiveness of
the basic threat circuitry and increase the probability that an individual might show reactive aggression
(Blair, 2004). However, an elevated responsiveness
of the basic threat circuitry is not seen in individuals
with psychopathy but rather reduced responsiveness. This is inconsistent with suggestions that
psychopathy might be due to early environmental
trauma.
Birth complications are risk factors for violent
antisocial behavior, particularly if they occur when
other psychosocial risk factors are present (Mednick
& Kandel, 1988; Raine, 2002b). Unfortunately, to
our knowledge, no studies have evaluated whether
birth complications and MPAs are associated with an
increased risk for instrumental or reactive aggression or both. An increased risk for instrumental
aggression would suggest that birth complications
and MPAs are associated with dysfunction in systems responsible for emotional learning. An increased risk for reactive aggression would suggest
that birth complications and MPAs are associated
with dysfunction in systems responsible for the
regulation of the basic threat system. We believe it is
far more likely that birth complications and MPAs
are associated with dysfunction in systems responsible for the regulation of the basic threat system
(and thus an increased risk for reactive aggression).
Indeed, work with animals shows that perinatal
distress does lead to hypofunction in systems
responsible the regulation of the basic threat system
(Brake, Sullivan, & Gratton, 2000). We believe, on
the basis of the current evidence, that it is unlikely
that birth complications are associated with an
increased risk for the instrumental aggression seen
in individuals with psychopathy.

A molecular neuroscience account of
psychopathy
Given the suggestion above of a genetic basis to the
emotional disorder that is the basis of psychopathy it
would be useful to be able to determine which genes
give rise to what sorts of effects at the molecular
level. However, we are some way off from a molecular
neuroscience account of psychopathy.
Several suggestions have been made. For example,
it has been suggested that there may be serotonergic
abnormalities in individuals with psychopathy (Soderstrom, Blennow, Manhem, & Forsman, 2001;
Soderstrom, Blennow, Sjodin, & Forsman, 2003).
However, the samples in the Soderstrom et al.
studies involve individuals under forensic pretrial
evaluation, a non-typical sample of individuals with
psychopathy. Studies with more typical samples find
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the usual relationship between reduced serotonergic
response and increased levels of aggression (Coccaro, 1996) but no relationship with the emotional
basis of psychopathy (Dolan & Anderson, 2003). We
have argued elsewhere that the norepinephrine system may be implicated in the pathology of psychopathy (Blair, 2003b). Norepinephrine (NE) has a
considerable role in the innervation of the neural
systems involved in the basic response to threat in
both animals and humans (Ferry, Roozendaal, &
McGaugh, 1999; MacDonald & Scheinin, 1995).
There have been provocative suggestions that NE is
involved in mediating the impact of aversive cues in
human choice (Rogers, Lancaster, Wakeley, &
Bhagwager, submitted), and NE manipulations appear to selectively impact the processing of sad expressions (Harmer, Perrett, Cowen, & Goodwin,
2001). In addition, there have been a series of reports
that high levels of antisocial behavior/conduct disorder are associated with reduced norepinephrine
levels (Raine, 1993; Rogeness, Cepeda, Macedo,
Fischer, & Harris, 1990). However, as yet the data
with respect to psychopathy remains sparse and
inconclusive.
Summary: While we believe that there is a genetic
contribution to the emotion dysfunction component
of psychopathy, how this contribution manifests
itself at the molecular level is currently unknown.

Neural systems implicated in psychopathy
While it remains unknown how the genetic
contribution to psychopathy manifests at the
molecular level, it appears clear that at the neural
system level it manifests in at least two main systems: the amygdala and orbital/ventrolateral frontal
cortex. These will each be briefly considered in turn.
As a fundamental tenet to both considerations, we
view these systems as neural circuits possessing
precise functions in terms of information processing.
Thus, delineation of information-processing deficits
in a syndrome is a fundamental prerequisite to
identifying circuitry involvement in complex syndromes, such as psychopathy. Moreover, given our
view of psychopathy as a neurodevelopmental disorder, delineating normal functions of these circuits,
both in developing and mature organisms, is
fundamental to linking circuitry-based dysfunction
to information processing deficits and their associated clinical manifestations.

The amygdala and psychopathy
There are considerable indications of amygdala
dysfunction in individuals with psychopathy (Blair,
2003b). Functional imaging studies have shown that
adults with the disorder present with reduced amygdala activation during emotional memory (Kiehl
et al., 2001) and aversive conditioning tasks

(Birbaumer et al., 2005; Veit et al., 2002); though
see (Muller et al., 2003). In addition, individuals with
psychopathy present with impairment on a series of
tasks which require the functional integrity of the
amygdala. Thus, lesions of the amygdala disrupt
aversive conditioning (Bechara et al., 1995; LaBar,
LeDoux, Spencer, & Phelps, 1995), the augmentation of the startle reflex by visual threat primes
(Angrilli et al., 1996), passive avoidance learning
(Ambrogi Lorenzini, Baldi, Bucherelli, Sacchetti, &
Tassoni, 1999) and fearful expression recognition
(Adolphs, 2002; Blair, 2003a). Individuals with psychopathy show impairment in aversive conditioning
(Flor, Birbaumer, Hermann, Ziegler, & Patrick,
2002), the augmentation of the startle reflex by
visual threat primes (Levenston, Patrick, Bradley, &
Lang, 2000), passive avoidance learning (Newman &
Kosson, 1986) and fearful expression recognition
(Blair, Colledge, Murray, & Mitchell, 2001). The
functional impact of this amygdala dysfunction with
respect to empathy, socialization and the development of instrumental aggression will be discussed
further below.

Frontal lobe dysfunction and psychopathy
Frontal lobe/executive function dysfunction has
long been related to antisocial behavior with claims
that either psychopathy in particular or antisocial
behavior more generally is due to frontal lobe dysfunction (Gorenstein, 1982; Moffitt, 1993; Raine,
2002a). Three main strands of data support this
contention: (1) individuals with antisocial behavior
show impaired performance on classic measures of
executive functioning (see, for reviews of this literature, Kandel & Freed, 1989; Morgan & Lilienfield,
2000); (2) neuro-imaging data indicate that aggressive individuals are marked by reduced frontal
functioning (Goyer et al., 1994; Raine et al., 1998;
Volkow et al., 1995); and (3) 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; Grafman et al., 1996; Pennington &
Bennetto, 1993).
We have argued elsewhere that the frontal lobe
positions need greater specification (Blair, 2004).
Frontal cortex corresponds to almost half of the
cortex (Fuster, 1980) and has been implicated in a
wide variety of putative processes (Baddeley & Della
Sala, 1998; Luria, 1966; Shallice & Burgess, 1996).
However, the frontal lobe positions rarely specify
which regions/executive processes are thought to be
dysfunctional. Moreover, the frontal lobe dysfunction positions also have not specified whether they
apply to reactive or instrumental aggression or both.
Fortunately, the existent data allow some specification of the frontal lobe dysfunction positions. The
neurological literature indicates that only lesions of
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orbital and ventrolateral frontal cortex, and not
dorsolateral prefrontal cortex, are associated with
increased risk of aggression (Grafman et al., 1996).
Moreover, only the risk for reactive, and not instrumental, aggression is associated with such lesions
(Anderson et al., 1999; Grafman et al., 1996; Pennington & Bennetto, 1993). Orbital and ventrolateral
frontal cortex regulate the neural systems (the
amygdala, hypothalamus and peri-aqueductal gray)
that mediate the basic response to threat (including
reactive aggression) (Gregg & Siegel, 2001; Panksepp, 1998). When they are dysfunctional the basic
threat response becomes dys-regulated, increasing
the risk for reactive aggression. Psychopathy is
associated with an increased risk for both reactive
and instrumental aggression (Cornell et al., 1996;
Frick et al., 2003; Williamson et al., 1987).
In other words, a frontal lobe dysfunction position,
even if specified in detail, is unlikely to be able to
account for the development of the full syndrome.
However, there are indications of orbital/ventrolateral 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 orbital/ventrolateral frontal cortex in response reversal and extinction (Cools,
Clark, Owen, & Robbins, 2002; Rolls, 1997; Rolls,
Hornak, Wade, & McGrath, 1994); see also below.
Individuals with psychopathy show marked problems in response reversal/extinction (LaPierre,
Braun, & Hodgins, 1995; Mitchell, Colledge, Leonard, & Blair, 2002; Newman, Patterson, & Kosson,
1987).
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no evidence of increases in the Stroop effect, if anything the opposite (Hiatt, Schmitt, & Newman, 2004;
Peschardt et al., in press b).
Summary: Earlier positions suggesting that frontal
lobe dysfunction is a risk factor for antisocial behavior more generally or psychopathy in particular
required specification. This has occurred. Orbital
and ventrolateral dysfunction is a risk factor specifically for reactive aggression; in the healthy individual these regions are involved in regulating the
neural systems that mediate the basic response to
threat (which, at its most extreme, is reactive
aggression). These regions appear dysfunctional in
psychopathy and, we believe, put individuals with
this disorder at heightened risk for inappropriate
displays of reactive aggression. In addition, we believe that psychopathy is marked by amygdala dysfunction. We believe this dysfunction disrupts the
ability of the individual to be socialized and thus
puts them at greater risk of learning antisocial
behaviors, including instrumental aggression, to
achieve their goals (see below).

Cognitive dysfunction in psychopathy
The use of the term cognitive here refers to a functional capacity of a given neural system/neural circuit whether the circuitry involved includes ‘limbic’
structures or not. Thus, for example, our neural
account of psychopathy above suggested amygdala
dysfunction and the comparable cognitive account to
be described will suggest impairment in stimulus–
reinforcement association formation.

Dysfunction beyond the amygdala and orbital/
ventrolateral frontal cortex

‘Executive’ accounts of psychopathy

It is unlikely that the genetic contribution to psychopathy only affects the amygdala and orbital/
ventrolateral frontal cortex. However, it is currently
unknown whether the genetic contribution influences regions beyond these systems. On the basis of
neuro-imaging data, Kiehl (in press) has argued that
there is dysfunction in individuals with psychopathy
within paralimbic cortex (i.e., amygdala, anterior
superior temporal gyrus, rostral and caudal anterior
cingulate, posterior cingulate, ventromedial frontal
cortex and parahippocampal regions). However,
neuro-imaging 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. We can only be sure that
an area is dysfunctional in a population if both
neuro-imaging and neuropsychological data indicate
impairment. Indeed, anterior cingulate, at least,
does not appear globally impaired in individuals with
psychopathy. Damage to anterior cingulate is known
to increase the Stroop effect; i.e., the interference by
distracter information (Stuss, Gallup, & Alexander,
2001). However, individuals with psychopathy show

We term Lynam’s impulse control and Newman’s
response set modulation models executive accounts
because they suggest the existence of general systems operating on multiple domains. These accounts
do not deny the existence of emotional deficits in
psychopathic individuals. However, they suggest
that these emotional deficits are secondary to putative executive deficits.
Executive dysfunction in psychopathy has been
linked to impulsivity (Miller, Flory, Lynam, & Leukefeld, 2003; Whiteside & Lynam, 2001), conceptualized as (lack of) premeditation and (lack of)
perseverance, where lack of premeditation is likened
to the ‘inability to inhibit previously rewarded
behavior when presented with changing contingencies’ (Whiteside & Lynam, 2001) and lack of perseverance ‘may be related to disorders that involve the
inability to ignore distracting stimuli or to remain
focused on a particular task’ (Whiteside & Lynam,
2001). In addition, executive dysfunction in psychopathy has been linked to impaired response set
modulation – the ‘rapid and relatively automatic (i.e.,
non-effortful or involuntary) shift of attention from
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the effortful organization and implementation of
goal-directed behavior to its evaluation’ (Patterson &
Newman, 1993; Newman, 1998).
From these accounts it could be expected that
individuals with psychopathy would be impaired on
a broad range of tasks; many tasks can be considered to involve inhibition or response set modulation
(e.g., the intra-dimensional/extra-dimensional (ID/
ED) and spatial alteration/object alteration tasks).
In these tasks, there are two principal measures:
First, the number of response reversal errors/object
reversals. Second, the number of ED errors/spatial
reversals (e.g., in the ID/ED task, when the participant responds by choosing one or other shape despite the fact that the reward contingency is based
on the lines which accompany the shapes). Response/object reversal, ED shifting and spatial
alteration would all appear to require the inhibition
of a previously rewarded behavior/response modulation. However, while inhibition or response modulation accounts can explain the response/object
reversal impairment shown by individuals with
psychopathy, they have more difficulty explaining
the lack of an impairment in ED shifting/spatial
alteration shown by the same individuals (Mitchell
et al., 2002; Peschardt et al., in press b). Yet an
account of these data can be provided from the
perspective of cognitive neuroscience. Thus, as we
argued above, individuals with psychopathy are
impaired in those processes, mediated by orbital/
ventrolateral frontal cortex, that allow the alternation of responding to different objects as a function of
contingency change. However, they are unimpaired
in those processes, mediated by dorsolateral prefrontal cortex, that allow the alternation of
responding to different conceptual categories
(shapes vs. lines) or spatial locations as a function of
contingency change. In short, even if a characterization of the impairment in individuals with psychopathy in terms of inhibition or response
modulation was correct, we argue that it would be
necessary to constrain such accounts such that they
were not domain general but rather specific to
particular neuro-cognitive systems.

Stimulus–reinforcement associations, fear, empathy,
moral socialization and instrumental antisocial
behavior
The amygdala is necessary for the formation of stimulus–reinforcement associations (Baxter & Murray, 2002; Everitt, Cardinal, Parkinson, & Robbins,
2003) and, it is claimed, individuals with
psychopathy are impaired in the formation of stimulus–reinforcement associations (Blair, 2004).
Impairment in the formation of aversive stimulus–
reinforcement associations would give rise to the
observed deficits in individuals with psychopathy in
aversive conditioning (Lykken, 1957), the augmentation of the startle reflex following the presentation

of visual threat primes (Levenston et al., 2000) and
passive avoidance learning (Newman & Kosson,
1986). In short, impairment in the formation of
aversive stimulus–reinforcement associations would
give rise to the deficits consistent with previous
suggestions (Lykken, 1957; Patrick, 1994) that there
is fear system dysfunction in psychopathy (Blair,
2004).
One class of aversive stimuli is the distress of other
individuals, the expressions of fear and sadness
(Blair, 2003a). The amygdala is involved in the response to these stimuli (Blair, 2003a; Morris et al.,
1996). In line with suggestions of a specific form of
empathy deficit, individuals with psychopathy show
reduced autonomic responses to the distress cues of
other individuals and impaired fearful facial and
vocal expression recognition (see, for a review, Blair,
2003a).
The argument has been made that the expressions
of fear and sadness serve as social reinforcers
allowing conspecifics to teach the societal valence of
objects and actions to the developing individual
(Blair, 2003a); actions/objects associated with the
sadness/fear of others acquire, in healthy developing children, negative valence. Due to their impairment in the response to the sadness and fear of other
individuals and in the formation of aversive stimulus–reinforcement associations, individuals with
psychopathy are less able to take advantage of this
‘moral’ social referencing. They should be, and are
(Oxford, Cavell, & Hughes, 2003; Wootton, Frick,
Shelton, & Silverthorn, 1997), more difficult to
socialize through standard parenting techniques.
They will not learn to avoid using instrumental
antisocial behavior to achieve their goals. This is
because of relative indifference to the ‘punishment’
of the victim’s distress and impairment in learning
the association between this ‘punishment’ and the
representation of the action that caused the victim’s
distress. If confirmed, this observation should have
fundamental implications for treatment. The nature
of interventions directed to children with severe
conduct problems should vary based on the degree
to which the specific child exhibits the emotional
features of psychopathy.
The amygdala is known to be involved in not only
the processing of punishment but also reward
information (Baxter & Murray, 2002; Everitt et al.,
2003). Individuals with psychopathy typically show
appropriate suppression of the startle reflex following the presentation of positive visual primes but
reduced augmentation of the startle reflex following
the presentation of negative visual primes (Levenston et al., 2000; Patrick, Bradley, & Lang, 1993),
though see (Herpertz et al., 2001). This suggests that
individuals with psychopathy are unimpaired in
processing positive material. However, in lexical
decision-making tasks where participants must
identify words versus non-words, comparison individuals are faster to identify positive and negative
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emotional words than neutral ones, but individuals
with psychopathy do not show this emotional
advantage (Lorenz & Newman, 2002; Williamson
et al., 1991). In addition, Verona and colleagues
reported reduced skin conductance responses to
both positive and negative auditory stimuli in individuals with psychopathy (Verona, Curtin, Patrick,
Bradley, & Lang, 2004). Finally, in recent work
within our own group, using affective priming (Peschardt, Morton, & Blair, under revision), decisionmaking (Peschardt et al., in press a) and emotional
attention paradigms (Mitchell, Richell, Leonard, &
Blair, in press), 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 association formation is impaired, but
less impaired than aversive stimulus–reinforcement
association formation (Blair, 2004). Interestingly,
given this claim that stimulus–reward association
formation is less impaired in individuals with psychopathy than stimulus–punishment association
formation, Kochanska has reported data indicating
that conscience development in ‘fearless’ children is
best achieved by socialization practices that
presumably capitalize on mother–child positive
orientation (secure attachment, maternal responsiveness); (Kochanska, 1997).
Interestingly, the amygdala is not involved in all
forms of reinforcement-based learning. For example,
it is not involved in stimulus–response association
formation (Baxter & Murray, 2002). Some instrumental learning tasks cannot be solved through stimulus–reinforcement association formation and
must be solved through the formation of stimulus–
response associations; e.g., object discrimination.
Object discrimination learning involves learning to
respond to one of two objects (one rewarded and one
not rewarded) repeatedly presented in a pair-wise
fashion over a series of trials. In object discrimination tasks, the participant cannot learn that some
of the stimuli are ‘good’ or ‘bad’ and should therefore
be approached or avoided. This is because the
compound stimulus (A plus B) can be both ‘good’ and
‘bad’. Whether it is ‘good’ or ‘bad’ is determined by
the response made to the stimulus. In line with this,
individuals with psychopathy show no difficulty on
object discrimination learning tasks (Budhani &
Blair, in press; Budhani, Sullivan, & Gratton, in
press; Mitchell et al., 2002).

Altering stimulus–response associations as a
function of contingency change, frustration and
reactive aggression
The suggestion has been made that ventro-medial
regions code expectancy of reinforcement and identify reinforcement contingency changes while ventrolateral regions gate response choice following a
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detected change in reinforcement contingency (Blair,
2004). In short, damage to these regions will profoundly impair the individual’s ability to alter stimulus–response associations, and corresponding
behavior, to achieve expected rewards following a
change in reinforcement contingency (i.e., a change
such that an action that used to be rewarding now
leads to punishment). Two tasks index the individual’s ability to alter stimulus–response associations
as a function of contingency change; response reversal and extinction. Individuals with psychopathy
show impaired response reversal and extinction
(LaPierre et al., 1995; Mitchell et al., 2002; Newman
et al., 1987). This appears to be related to a reduced
sensitivity to temporal difference errors; the difference between the expected reward and received reward (O’Doherty, Dayan, Friston, Critchley, & Dolan,
2003). The impairment shown by individuals with
psychopathy becomes more marked, the more subtle
the temporal difference error to be detected (Budhani
& Blair, in press).
Frustration has long been linked to the display 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. Impairment in the ability to
alter stimulus–response associations as a function of
contingency change means that the individual with
psychopathy will be less able to flexibly alter their
behavior in response to changes in the environment.
In short, the individual will be at heightened risk for
frustration-based reactive aggression.
Summary: At the cognitive level, the claim is that
psychopathy is marked by two main forms of
impairment: dysfunction in the ability to form stimulus–reinforcement associations and impairment
in altering stimulus–response associations as a
function of contingency change. Dysfunction in the
ability to form stimulus–reinforcement associations
is linked to the specific forms of ‘fear’ and ‘empathy’
deficits seen in psychopathy. This dysfunction is
thought to disrupt the child’s ability to be socialized
and therefore put the child at risk for learning to use
antisocial behavior to achieve their goals. Dysfunction in the ability to alter stimulus–response associations as a function of contingency change is a risk
factor for frustration and consequent reactive
aggression.

Additional influences on the behavioral
manifestation: the impact of social and
environmental variables
We have argued here that there is a genetic contribution to the developmental integrity of the amygdala and orbital/ventrolateral frontal cortex (i.e., the
emotional dysfunction that is the core of psychopathy), and that this leads to impairment in the
ability to form stimulus–reinforcement associations
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and to alter stimulus–response associations as a
function of contingency change. These impairments
interfere with the child’s socialization and also increase the risk that he/she will show frustrationinduced reactive aggression. This does not imply
though that social/environmental factors play no
role in the development of psychopathy. While the
current literature has so far provided no evidence
that any social/environmental factor leads to reduced amygdala functioning (and consequent reduced ability to form stimulus–reinforcement
associations), there is considerable reason to believe
that social/environmental variables influence the
behavioral manifestation of psychopathy.
There are a variety of factors that are associated
with an increased risk for antisocial behavior and
aggression; for example, parenting variables including inconsistent parenting, an antisocial cultural
and economic background and unemployment.
Some of these variables probably have less influence
on the behavior of individuals with psychopathy than
healthy individuals because of the nature of the
pathology. As noted above, for example, while poor
parenting is a risk factor for increased conduct
problems in healthy children, this is less the case for
children who show the emotional dysfunction associated with psychopathy (Oxford et al., 2003; Wootton et al., 1997). As argued above, good parenting,
including the use of empathy induction techniques,
should increase aversion to antisocial behaviors (the
person will associate the ‘punishment’ of the victim’s
distress with the antisocial behavior). Due to the
dysfunction in stimulus–reinforcement association
formation, individuals with psychopathic tendencies
are far less able to take advantage of good parenting
techniques. However, some of the variables may even
have more impact on the probability of instrumental
antisocial behavior in children with the emotion
dysfunction that is the core of psychopathy. Children
with psychopathic tendencies are at heightened risk
for learning to use antisocial behaviors to achieve
their goals. However, whether antisocial strategies
are learnt and certainly whether they are implemented is likely to be highly dependent on their social
circumstances. Family wealth/personal employment
is going to determine whether the child has sufficient
funds to achieve their goals in a socially typical
fashion. Exposure to role models in either the family
or on television is going to determine their level of
exposure to potential antisocial strategies. The level
of antisocial behavior shown by children with the
emotion dysfunction that, we argue, is the core of
psychopathy might even be under greater influence
of these social variables. While the impact of these
variables on the healthy child will be moderated by
their empathic responsiveness, this will not be the
case in the child with psychopathic tendencies.
Summary: Currently, to our knowledge, there are
no data indicating any social/environmental factor
leads to amygdala dysfunction and the specific form

of reduced emotional responding seen in psychopathy. Moreover, some social environmental variables that have an impact on aggression/antisocial
behaviors in typically developing children, such as
abuse, exposure to violence in the environment and
parenting techniques, are likely to have less of an
impact on the behavior of children with the emotion
dysfunction that is at the core of psychopathy. This is
because, we argue, they have their impact through
neuro-cognitive mechanisms that are dysfunctional
in psychopathy; i.e., their impact cannot be expressed. However, other social environmental variables that have an impact on aggression/antisocial
behaviors in typically developing children, for example, an antisocial cultural and economic background
and unemployment, are likely to have at least as
great an impact on the behavior of children with the
emotion dysfunction that is at the core of psychopathy. This is because they influence either the motivation to offend or the child’s knowledge base of
antisocial strategies, neither of which is likely to be
impaired in children with psychopathic tendencies.

General conclusion
As noted above, to explain a disorder we need an
account of the development of that disorder at the
ultimate causal (genetic/social), molecular, neural,
cognitive and behavioral levels. Fortunately, the
classification of psychopathy, unlike the diagnoses
of conduct disorder or antisocial personality disorder, identifies a relatively homogeneous population. There is a unitary disorder upon which a causal
account can be developed.
On the basis of the current data, we believe that
there is a genetic and not a social ultimate cause to
this disorder. The types of social causes proposed
(e.g., childhood sexual/physical abuse) should elevate emotional responsiveness, not lead to the specific form of reduced responsiveness seen in
psychopathy. We believe that the genetic contribution is to the emotional dysfunction that is the core of
psychopathy. While the impact of this contribution is
not yet understood at the molecular level, we believe
that neural systems that are disrupted include the
amygdala and orbital/ventrolateral frontal cortex. At
the cognitive level, disruption within these two crucial systems is mirrored by impairment in the ability
to form stimulus–reinforcement associations and to
alter stimulus–response associations as a function of
contingency change.
Although this was not articulated above, we believe that it is at the cognitive level that the influence
of social variables emerges. The ability to form stimulus–reinforcement associations is linked to the
‘empathy’ deficits seen in psychopathy and is
thought to disrupt the child’s ability to be socialized.
The child is at heightened risk for learning to use
antisocial behaviors to achieve their goals. However,
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whether antisocial strategies are learnt is likely to be
highly dependent on their social circumstances: for
example, whether they have sufficient funds to
achieve their goals in a socially typical fashion and
therefore do not have to learn antisocial strategies.
Dysfunction in the ability to alter stimulus–response
associations following contingency change is a risk
factor for frustration and consequent reactive
aggression. However, the individual’s environment
will determine the frequency of contingency change;
if it is rare, the individual should less frequently
express frustration-induced reactive aggression.
In conclusion, we believe that considerable progress has been made in understanding the development of psychopathy. The work of Robert Hare has
been crucial in identifying a relatively homogeneous
population that can be the focus of scientific concern.
This has allowed specification of the dysfunctional
bases of the disorder, particularly at the neural and
cognitive levels. What remains in its infancy, however, is an understanding of psychopathy at the
genetic and molecular levels. However, such an
understanding is at present being actively pursued.
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