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Abstract
This paper considers neurocognitive
models of aggression and relates them to
explanations of the antisocial personality
disorders. Two forms of aggression are
distinguished: reactive aggression elicited
in response to frustration/threat and goal
directed, instrumental aggression. It is
argued that diVerent forms of neurocogni-
tive model are necessary to explain the
emergence of these diVerent forms of
aggression. Impairments in executive
emotional systems (the somatic marker
system or the social response reversal sys-
tem) are related to reactive aggression
shown by patients with “acquired sociopa-
thy” due to orbitofrontal cortex lesions.
Impairment in the capacity to form asso-
ciations between emotional unconditioned
stimuli, particularly distress cues, and
conditioned stimuli (the violence inhibi-
tion mechanism model) is related to the
instrumental aggression shown by per-
sons with developmental psychopathy.
(J Neurol Neurosurg Psychiatry 2001;71:727–731)
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The goal of this paper is to consider neurocog-
nitive models of aggression and relate these
accounts to explanations of the antisocial
personality disorders. However, firstly it is nec-
essary to diVerentiate between the disorders
conduct disorder (CD), antisocial personality
disorder (APD), “acquired sociopathy” and
psychopathy, and reactive and instrumental
aggression.

Both CD and APD are DSM-IV diagnoses.
Conduct disorder, eVectively the child form of
APD, and APD are both diagnosed on the basis
of behaviour; thus, it is necessary to show at
least three diVerent forms of antisocial behav-
iour for at least 6 months to be diagnosed with
CD. Those considered to have APD must
present with a pervasive pattern of antisocial
behaviour that begins in childhood or early
adolescence and continues into adulthood.1

“Acquired sociopathy” was a term introduced
to characterise persons who, after acquired
lesions of the orbitofrontal cortex, fulfil the
DSM-III diagnostic criteria for “sociopathic
disorder”, an antecedent of APD.2 The term

was introduced after the study of a patient who
presented with profound emotional and behav-
ioural changes after lesions to the ventromedial
cortex.2

Classifications of psychopathy are not syn-
onymous with diagnoses of CD or APD but
represent an extension. Psychopathy, in both
childhood and adulthood, is currently defined
with high scores on clinically based rating
scales: for children, the psychopathy screening
device (PSD)3 and for adults, the revised
psychopathy checklist (PCL).4 Factor analyses
of behaviours rated on both the PSD and PCL
disclose two independent factors: (1) an
emotion dysfunction factor defined largely by
emotional shallowness and lack of guilt and (2)
an antisocial behaviour factor defined largely
by instrumental aggression and the commis-
sion of a wide variety of oVence types.5 6 High
scores on the antisocial behaviour factor of the
PSD and PCL are closely associated with the
diagnosis of CD and APD respectively.5 How-
ever, high scores on the emotion dysfunction
factor, although highly correlated with scores
on the antisocial behaviour factor, are less
closely associated with the DSM diagnoses.
More interestingly, scores on the emotion dys-
function factor seem to be determined, to a
certain extent, by diVerent influences from
scores on the antisocial behaviour factor. Thus,
both socioeconomic status and IQ are corre-
lated with scores on the antisocial factor, but
neither are associated with scores on the emo-
tion dysfunction factor.6 Moreover, whereas
scores on the antisocial behaviour factor
decline with age, scores on the emotion
dysfunction factor remain constant.7 This per-
sistence suggests that the emotion dysfunction
factor may more closely reflect the neurocogni-
tive impairment(s) that are thought to result in
the development of psychopathy.

The main reason for distinguishing these
disorders is the high likelihood that there is no
single explanation for all of them. Indeed, as
regards CD and APD, there are strong sugges-
tions that the diagnosed populations are highly
heterogeneous. Thus, diVerent risk factors are
associated with life course persistent CD
(appearing before the age of 10 years) and
adolescence limited CD (appearing after 10
years).8 In addition, there are considerable dif-
ferences in the constellation of symptoms that
diVerent cases of CD and APD present with;
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importantly, some present with reactive and
others with instrumental aggression. Reactive
aggression is elicited in response to frustration/
threat while instrumental aggression is more
purposeful and goal directed.9 Individuals with
acquired sociopathy following orbitofrontal
cortex lesions are a relatively homogeneous
population; they present solely with reactive
aggression even if the lesion occurs early in
life.10 Psychopathic persons are also a relatively
homogeneous population who present with a
marked preponderance for instrumental anti-
social behaviour including aggression.11

The control of reactive aggression and
“acquired sociopathy”
Various models have been proposed that
assume that there are executive systems that
control reactive aggression. These can be
crudely divided into the “inhibitory control”
models12 13 and the “executive emotional”
models.2 14 In essence, the inhibitory control
models suggest that violence in frontally
impaired patients is due to the patients’ inabil-
ity to inhibit their violence impulses.12 13 In line
with these models, there is evidence that those
with antisocial behaviour do show impaired
performance on measures of executive func-
tioning, including those of “inhibitory con-
trol”.15 However, these models are underspeci-
fied at both the neural and cognitive levels.
Little attempt has been made to specify which
regions of frontal cortex might be involved,
what the violent impulses are (or why they are
activated), what stimuli activate the attempt to
control the violent impulses in healthy persons
and how the inhibitory control might be
achieved. They could be considered redescrip-
tions of the patient data. Moreover, it is
diYcult to meaningfully interpret reports that
persons with antisocial behaviour show im-
paired performance on measures of executive
functioning.15 If the measures index the func-
tioning of systems involved in the control of
violent impulses, then those who present with
severely impaired performance on these meas-
ures should present with behavioural distur-
bance. Yet this is not always the case. Of course,
the measures might just index the integrity of
the frontal cortex and it is other systems medi-
ated by the frontal cortex that inhibit violence
impulses. But in this case, it is clear that the
models are too underspecified to make precise
predictions.

Before considering the executive emotion
theories, it is necessary to make reference to the
brain stem threat-response system, which when
highly triggered, initiates a violent response.16 It
is triggered by increasing threat. At low levels of
threat, this system, mediated by the hypothala-
mus and periaqueductal grey (PAG),16 initiates
a freeze response. If the threat continues to
approach, the system will initiate flight at-
tempts. Finally, if flight is impossible, the
system will initiate reactive aggression. Human
reactive aggression may be conceptualised as a
response to perceived threat that is mediated by
this system. The amygdala feeds into this
flight-fight response system information on the
current state of threat in the environment and

thus helps to determine whether the response is
flight or fight. In addition, the orbitofrontal
cortex has extensive projections to autonomic
control centres in the medial hypothalamus
and periaqueductal grey matter that are
thought to mediate the flight-fight response.
Interestingly, it is damage to the orbitofrontal
cortex, rather than any other region of the
frontal or posterior cortex, which places the
patient at greatest risk of presenting with reac-
tive aggression.17

How might the orbitofrontal cortex achieve
the suppression of reactive aggression? Cur-
rently, two, not necessarily contrasting, execu-
tive emotion positions can be oVered: the
somatic marker hypothesis2 18 and the social
response reversal hypothesis.14

THE SOMATIC MARKER MODEL

According to Damasio et al, the ventromedial
frontal cortex (orbitofrontal and medial frontal
cortex) acts as a repository, and is involved in
the formation of recorded dispositional link-
ages between factual knowledge and bioregula-
tory states.2 18 When people are faced with a
situation for which some factual aspects have
been previously categorised, the dispositional
linkages are activated. This can occur via a
“body loop” in which a “somatic marker” is
conveyed to somatosensory cortices, or via an
“as-if body loop” in which the body is bypassed
and reaction signals are conveyed to the soma-
tosensory structures. Under either loop, the
somatosensory structures then adopt an appro-
priate pattern that constrains option-outcome
reasoning. In short, the somatosensory pattern
marks the scenario as either good or bad,
allowing the rapid rejection/ endorsement of
specific option-outcome pairs. With regard to
reactive aggression within this model, we could
speculate that an option-outcome pair is
activated such as “hit that person but be
punished later”. In a healthy person, there will
be activation of the linkage between knowledge
of hitting and punishment and the emotional
aversion to punishment. The consequent aver-
sive somatic marker should then guide the per-
son away from hitting the other. However, if
there is damage to the somatic marker system,
there will be no somatic marker to guide
behaviour. Certainly, those with “acquired
sociopathy” are less likely to show autonomic
responses to visually presented social stimuli
(scenes of social disaster, mutilation, and
nudity) at least under passive viewing condi-
tions when they are not required to respond to
the stimuli.18 In addition, such patients are less
likely to shift their behaviour away from, and do
not show, unlike controls, raised skin conduct-
ance responses on the four pack card playing
task when they are choosing from packs of
cards associated with high risk.18

THE SOCIAL RESPONSE REVERSAL MODEL

An alternative position makes reference to the
role of the orbitofrontal cortex in response
reversal as a consequence of changes in
reinforcement contingencies.19 20 However, this
position stresses the role of social cues in
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modulating social behaviour.14 Angry expres-
sions are known to curtail the behaviour of
others in situations where social rules or
expectations have been violated.21 Thus, it is
suggested that there is a system that is activated
by another’s angry expressions and perhaps by
representations of situations that have been
previously associated with another person’s
angry responses or other negative valence
expressions (for example, the staring expres-
sions of others that can precede a sense of
embarrassment and perhaps others’ disgusted
expressions)—that is, situations where another
person’s anger might be expected. The sugges-
tion is that activation of this system results in
the modulation of current behavioural re-
sponding, in particular the modulation of reac-
tive aggression mediated by the hypothalamus
and PAG (and perhaps sexual behaviour medi-
ated by related systems). Evolutionarily, this
system may have its origins in a system respon-
sible for regulating behaviour in disputes
between conspecifics at diVerent levels in a
social hierarchy. Decisions concerning whether
to fight/flight a conspecific are heavily influ-
enced by such cues as the other conspecifics’
hierarchical location and whether they are cur-
rently displaying threat cues.22 In line with this
position, neuroimaging findings have indeed
shown the involvement of the right orbitofron-
tal cortex in processing angry, but not sad,
facial expressions.23 Moreover, patients who
present with reactive aggression after orbitof-
rontal cortex lesions have been found to be
impaired in processing angry expressions and
judging the appropriateness of behaviours in
particular social contexts.14 In addition, both
alcohol and diazepam have been found to
selectively impair the ability of healthy persons
to process angry expressions24 25 and both are
associated with increased risk for reactive
aggression.26

The main diVerence between the social
response reversal (SRR) and somatic marker
positions is in the set of stimuli thought to acti-
vate both systems. For SRR, this is primarily
angry expressions or the expectation of anoth-
er’s anger. By contrast, the somatic marker sys-
tem is thought to be activated by a broad range
of stimuli. The SRR position thus predicts that
generating judgments on the basis of an expec-
tation of another’s anger should be dissociable
from altering behaviour as a function of point
rewards/ punishments on, for example, the four
pack card playing task. Moreover, this seems to
be the case. Thus, patients with acquired
sociopathy have been found with SRR impair-
ment but who show preserved performance on
the four pack card playing task.14 In addition,
adult developmental psychopaths showed no
SRR impairment but have shown impairment
on response reversal tasks.14 25

Could either of the above explanations,
either alone or in combination, account for all
those with antisocial personality, including
psychopathic persons? There have certainly
been suggestions that early somatic marker
impairment could result in developmental psy-
chopathy.2 10 However, there are several diY-
culties with this position. Firstly, while persons

with acquired sociopathy are generally auto-
nomically hyporesponsive, psychopathic per-
sons show selective hyporesponsiveness to sad
and fearful expressions.27–30 Secondly, psycho-
pathic persons have been found to be unim-
paired on the four pack card playing task.31 In
addition, whereas most antisocial behaviour
committed by psychopathic persons is instru-
mental towards a goal (for example, increased
respect), most antisocial behaviour committed
by those with acquired sociopathy is a reactive
consequence to frustration.32 33 In addition, as
regards the social response reversal position,
psychopathic people show appropriate re-
sponding to angry expressions.34 This is not to
say that psychopathic persons may not present
with orbitofrontal cortex dysfunction. Indeed,
there are indications of impairment in psycho-
pathic persons in response reversal after
reinforcement contingency change,35 an im-
pairment commonly seen in patients with
orbitofrontal cortex damage.19 The argument is
that the neurocognitive somatic marker and
social response reversal positions, whatever
their utility in accounting for acquired sociopa-
thy, cannot provide an explanation for the
instrumental aggression associated with devel-
opmental psychopathy.

Instrumental aggression and
developmental psychopathy
There are two remarkable features of develop-
mental psychopathy. Firstly, as noted above,
the degree to which the antisocial behaviour of
developmental psychopaths is instrumental.11

Secondly, the diYculty the caregiver faces in
attempting to socialise an aVected person.
Indeed, psychopathy could be conceptualised
as a disability that disrupts the socialisation
process. For example, it has been shown that
the use of negative parenting strategies by
caregivers increases the probability of antiso-
cial behaviour in children with CD who lack
the emotional dysfunction of psychopathy. By
contrast, the level of antisocial behaviour of
children with CD who also present with the
emotional dysfunction of psychopathy, is unre-
lated to the form of the parenting strategies
adopted by their caregivers.36

The idea that psychopathy reflects dysfunc-
tion in the systems that allow socialisation is a
well established one.37 38 Various positions have
been proposed, almost all of which have
suggested that the systems that mediate fear are
dysfunctional in psychopathic persons.38–40

However, despite this variety, none of the posi-
tions has previously been able to account for
the breadth of the data. For example, no satis-
factory explanation have been put forward for
why psychopathic persons show intact auto-
nomic responses to basic threat stimuli, such as
bared teeth displays, but not to threat stimuli
produced through visual imagery.34 41 Secondly,
these positions have assumed that socialisation
is achieved through fear conditioning. How-
ever, the developmental literature indicates
that empathy induction—that is, reasoning that
draws childrens’ attention to the eVects of their
misdemeanours on others and increases
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empathy—rather than harsh, authoritarian or
power assertive parenting practises are best for
appropriate socialisation.42

THE VIOLENCE INHIBITION MECHANISM MODEL

The importance of empathy for moral sociali-
sation was one of the reason for the develop-
ment of the violence inhibition mechanism
model of psychopathy.34 43 44 This model was
also prompted by work suggesting that most
social animals possess mechanisms for the
control of aggression.45 46 They noted that sub-
mission cues displayed to a conspecific aggres-
sor terminate attacks—for example, an aggres-
sor dog will cease fighting if its opponent bares
its throat. The violence inhibition mechanism
(VIM) is considered to be a functionally similar
mechanism in humans where sad facial aVects
(distress cues) function as a human submission
response. At its simplest, the VIM is thought to
be a system that when activated by distress
cues, the sad and fearful expressions of others,
results in increased autonomic activity, atten-
tion and activation of the brain stem threat
response system (usually resulting in freez-
ing).43 According to the model, moral socialisa-
tion occurs through the pairing of the activa-
tion of the mechanism by distress cues with
representations of the acts which caused the
distress cues (moral transgressions—for exam-
ple, one person hitting another).43 A process of
classical conditioning results in these represen-
tations of moral transgressions becoming
triggers for the mechanism. The appropriately
developing child thus initially finds the pain of
others’ aversive and then, through socialisation,
thoughts of acts that cause pain to others aver-
sive also.

Blair has proposed that psychopathic per-
sons have had disruption to this system such
that representations of acts that cause harm to
others do not become triggers for the VIM.43

This is thought to occur because the signal to
the learning system concerning emotionally
aversive stimuli is muted—that is, the uncondi-
tioned stimulus (US) signal is diminished, thus
impairing the formation of US-conditioned
stimulus (CS) associations. Certainly, the
autonomic response of psychopathic persons to
the aversive US of sad and fearful facial expres-
sions is muted relative to controls.34 At the
neural level, this has been attributed to
dysfunction within the amygdala.23 47

As regards psychopathy, it is thought that the
inability to form US (distress cues)—CS (rep-
resentations of victim based transgressions)
associations is the cause of the diYculty in their
socialisation.43 But it is thought that other
emotional USs are also muted. This is thought
to be the cause of the impairments in
psychopathic persons in aversive conditioning
paradigms.48 In addition, disruption in the
amygdala’s ability to form US-CS associations
would also impair the ability of the person to
show augmentation of the startle reflex re-
sponse after a visual threat prime.49 This
impairment is also seen in psychopathic
persons.40 The basic threat stimuli, bared teeth
displays, that psychopathic persons do show
arousal to,34 40 may activate autonomic activity

through the social response reversal system or
other non-amygdala based routes to the
autonomic centres in the brain stem. However,
threat stimuli produced through visual imagery
rely on generating autonomic activity though
US-CS associations that are reliant on the
amygdala.

Conclusion
In conclusion, it is important to distinguish
between reactive and instrumental aggression.
These forms of aggression are associated with
diVerent disorders; “acquired sociopathy” after
orbitofrontal cortex lesions and psychopathy
after, perhaps, early amygdala dysfunction.
Acquired sociopathy is most likely a conse-
quence of disruption to the executive emo-
tional systems that allow control over the brain
stem systems that respond to threat. The
instrumental antisocial behaviours shown by
the developmental psychopath are a conse-
quence of inability to socialise due to an
impairment in the capacity to form associa-
tions between emotional unconditioned stimuli
(particularly distress cues) and conditioned
stimuli (specifically representations of trans-
gressions). If the person is raised in a social
environment (for example, poverty) where
there are advantages for engaging in antisocial
behaviour, they may engage in this behaviour
but will not experience aversion to the distress
of their victims. Because of the heterogeneity in
the populations of those with CD and APD,
diVerent cases are likely to correspond to either
a developmental form of acquired sociopathy
(and some cases may reflect trauma) or devel-
opmental psychopathy itself.
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Addendum
Could theory of mind be considered in the
context of empathy and socialisation? Cer-
tainly, it has been argued that representations
of the mental states of others are involved in the
generation of empathic responses to the
distress of others and in the control of
agression.50 Could psychopathy be due to
theory of mind impairment? It seems not. Psy-
chopathic persons show no theory of mind
impairment.51 Moreover, children with autism
do show autonomic, empathic responses to the
distress of others even if they present with
theory of mind impairment.52
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