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Raine, Buchbaum and LaCasse (1997), Brain Abnormality
in Murderers Indicated by Positron Emission Tomography

Physiological Background

THE CEREBRAL CORTEX (or CORTICAL AREA)

THE LIMBIC SYSTEM (in the SUBCORTICAL SYSTEM)
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Background
Each day, the news media is filled with examples of violence and
crime - and, since World War Two, there have been only around
thirty days during which a war is not being fought somewhere in
the world.  Faced with observations such as this, it seems that
aggression is an intrinsic and apparently inescapable feature of
human nature.  Unsuprisingly, the nature of aggression behaviour
has therefore been a concern to many psychologists, operating
from a range of perspectives.  A number of competing models
have consequently evolved which attempt to explain the origins
of aggressive behaviour.

Dollard (1939) proposed one of the earliest theories of
aggression, in the form of the Frustration-Aggression Hypothesis.
In brief, this perspective posits that aggression occurs as a natural
and instinctive response to external, frustrating stimuli - usually
when an individual is blocked from attaining a particular goal.
Some what simplistically, therefore, Dollard argues that
frustration always leads to aggression, whilst aggression must
always stem from frustration.
Dollard's theory was later refined by Berkowitz (1978), who
linked it to the fight-or-flight instinct.  He argues that frustration
results does not automatically lead to aggression, but to a state of
"readiness" which, if "triggered" can result in an aggressive
response.  This reformulation improved on Dollard's theory by
explaining why aggression did not always occur immediately -
and why seemingly insignificant stimuli (such as causual jokes
and gestures, or mild criticisms) can invoke unprecedented
aggressive responses.
A competing model of aggression is proposed by Freudian
Psychodynamic Theory.  Freud posits that, together with libido,
a fundamental human drive is that of thanatos - the death instinct.
He argues that this unconcious force pushes people towards their
own self-destruction - but that the ego, unable to cope with the
conflict between this and the drive for self-preservation, utilitises
a defense mechanism.  Destructive and violent urges are
consequently displaced outwards - into the environment around
the individual.  In a normal psychology, we are able expel this
reservoire of destructive urges in a constructive, socially
acceptable way (for instance, by playing a sport).  However,
Freud argues that if it is not released through these channels,
aggression can build up to the point at which the ego can no
longer contain it - and the result is a maladaptive aggressive
outburst. 
For their part, Behavioural perspectives have also developed
ideas about the origins of aggressive behaviour - particularly
Albert Bandura's Social Learning Theory.  As examined in the
core study in the prior unit of study, this perspective sees
aggression as a learned behaviour, through processes of
observation, imitation and reinforcement.  
Finally, further theoretical perspectives on aggression have been
proposed by social psychologists.  Theorists operating from this
perspectives place a particular emphasis on the role of group
membership in producing violent behaviour.  These theorists
have, for instance, examined the how processes of conformity
and deindividuation might produce aggressive behaviour on a
large scale, for instance during riots.

Physiological Approaches to Aggression
The perspective taken by the authors of this core study differs to
those outlined previously in that, rather than focus on mental or
social processes, they emphasise the physiological dimensions of
aggression and aggressive behaviour.  
Early forms of this approach focused on genetics; viewing
aggression as a survival mechanism, and thus a product of
evolution.  Lobroso, for instance, saw aggression (and other
criminal behaviour traits)  as having a genetic basis - and even
claimed that people with a tendency towards aggression could be
identified by their physical characteristics.  Ethology takes a
more sophisticated approach, studying the behaviour patterns of
animals and applying this understanding to humans.  This
perspective has highlighted the complex role of aggressive
behaviours in evolution - not just as a means of self-protection,
but also in a variety of other dimensions such as mating rituals.
Advances in medical science have enabled later psychologists to
study aggression as a biological state.  One  such approach is the
examination of biochemistry - exploring the role of chemicals
such as testosterone and other hormones in producing feelings of
aggression.  Alternatively, some theorists (including the authors
of this core study) take a neurological approach; exploring the
role of different regions and systems of the brain in producing and
managing aggression - and how abnormalities in these regions
might make some people more aggressive than others.
Early brain-based studies of aggression were forced to rely on
surgical experiments on animals and autopsies of abnormal
human patients.  However, the advent of imaging and scanning
technologies have allowed for a much more indepth and accurate
mapping of the neurophysiology of aggression in living patients;

! The earliest form of scanning technology was the EEG (as
used in Dement and Kleitman's study), which measures the
amount and frequency of electrical activity in the brain. 

! Magnetic Resonance Imaging (MRI) was a later
development, and uses powerful magnets and radio pulses to
measure changes in oxgen levels - and can thus be used to
map blood flow through the brain.

! Megneto-Encephalography (MEG) allows a further level
of precision in the scanning of brain function - by using very
precise sensors to map the weak magnetic fields generated
by active nerve networks.  Unfortunately, MEGs need to be
so sensitive that they can be affected by passing traffic!

! Positron Emission Tomography (PET) is the most recent
form of scanning technology.  The approach identifies how
hard different portions of the brain  are working by
examining their consumption of glucose (blood sugar which
effectively acts as "fuel").  In order to do this, participants
are injected with a radioactive material (or tracer) which
"bonds" itself to glucose.  The glucose is then consumed by
the brain, leaving behind the tracer - which, as it decays,
emits positively charged particles called positrons.  The PET
Scanner then detects these emissions and uses them to
produces coloured images showing level of activity.

PET scans - the method used in this study - are particularly useful
as they can tell us level of brain function whilst both thinking
("think about your left hand") and acting ("move your left hand)
- however we should note that, whilst the dose of radioactivity is
low and generally safe, no individual is allowed more than twelve
scans in any given year due to cumulative effects

1. Formulate your own psychological explanations of aggression
- try to produce theories from a range of perspectives,
including physiological, psychodynamic, social and
behavioural.  (HINT: Think about how Freud, Zimbardo and
Milgram might interpret aggression).

2. Your teacher will now distribute a series of newspaper articles
to your groups.  Try to interpret your story in reference to one
or more of the theories outlined above.

3. Your teacher will now give you a brief introduction to the
physiology of the systems and areas of the brain examined in
this study.  As they do this, you should label the diagram on
the front of this handout
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Aims of the Study
The aim of this study was to further examine the physiology of
aggression, by examining the neurophysiology of murderers
using PET scans. The authors hypothesised that these individuals
would have localised disfunction in areas of the brain which had
been previous identified as being linked to emotional control.  In
particular, they focused on the role played by the prefrontal
cortex, amygdala, thalamus and hippocampus.

Participants and Procedure
The participants in this study were 41 individuals (39 men and 2
women) from California, who had each been charged with either
manslaughter or murder. All were pleading Not Guilty for
Reasons of Insanity (NGRI); arguing that they were either not
competent to stand trial or that they had diminished responsibility
for their actions.  In other words, none contested the fact that they
had killed - but argued that they were not fully responsible.  The
basis for this plea ranged, including;
! Head injury or organic brain damage (23 participants)
! Schizophrenia (6 participants)
! Hyperactivity/learning disorders (3 participants)
! Epilepsy (2 participants)
! Affective (emotional) disorders (2 participants)
! Personality disorders (2 participants)

All of the participants had been taken in to custody and had not
taken medication for two weeks prior to the study (this was
confirmed with a urine test).  They had been referred to Raine's
unit for testing, in order to generate evidence for their trials.  They
were compared with a control group of 41 non-murderers, who
were matched with the experimental group on the basis of age and
gender.  Six schizophrenics were included in the control, and
these were matched to the schizophrenic murderers.  
On arriving a laboratory, the participants in the study were first
injected with the tracer needed for the PET scan.  They were then
asked to complete a continuous task in which they had to
concentrate on a series of targets for 32 minutes.  Finally, their
neurology was mapped using the PET scanner.

Findings
Raine and his colleagues drew conclusions about blood-glucose
metabolism in both the cortical and subcortical areas.
! Within the cerebral cortex (or cortical areas), the murderers

were found to have higher levels of activity in the occipital
lobe, and lower levels of activity within the prefrontal and
parietal areas when compared to the control group.

! The PET Scans of the subcortical areas of the NGRIs was
typified by imbalance - or, to use the correct terminology
abnormal asymmetries.  The left side of both the amygdala
and hippocampus was less active than in the comparison
group, whilst the right side had a higher level of activity.  In
addition, the right side of thalamus was more active amongst
the NGRI group, although there was no significant
difference in the activity within the left side.

Conclusions
Raine argues that his findings support the view that brain
structure plays a part in the production and management of
violence and aggression - positing that his scans confirm previous
theories about the structures involved in this type of behaviour.
The authors make particular reference to the amygdala, which is
responsible for generating some of the most basic human
emotions such as anger, and recognising emotion-inducing
stimuli - such as when another person is frightened.  Previous
research had also indicated that damage to this region  can result
in a degree of "fearlessness".
Once an emotion has been generated, it is passed through other
elements of the limbic system -  including the hippocampus and
prefrontal lobe - which may manage expression of emotion.  It
is therefore unsurprising that abnormal functioning in this region
might result in maladaptive emotional outbursts.  With the
addition of the thalamus, the limbic system also plays an
important role in laying down memories - and the authors suggest
that damage may lead to people failing to learn from experience
by forming appropriate conditioned emotional responses.

Evaluation
! The key strength of this study is in its use of a carefully

controlled laboratory environment - together with a control
group - to eliminate confounding variables.  It also utilises state-
of-the-art specialised equipment to provide new, more detailed
insights into brain function and aggression.

" It should, however, be noted that Raine explicitly noties a number
of conclusions which can not and should not be drawn;
! Proof that violence is only caused by biology
! That the participants are not responsible for their actions
! Anything about the causes of brain difference
! Generalising to other types of violence or crime

" Furthermore, we should note some other limitations of the
design used in the study.  Firstly, the design of the control group
is problematic as only six participants were matched with non-
murderers with the same psychological problems - and we are
therefore unable to ascertain whether the differences in the NGRI
were due to their “violent predisposition”, or their psychiatric
condition.  Furthermore, the initial task conducted by the
participants was somewhat arbtirary, and bore no relation to
violence or aggression.  Furthermore, the study is based on the
assumption that murder is a violent or aggressive action.
However, this is not necessarily the case - for instance, poisoning
a person, or even shooting them does not require “aggression”.

" We should also note a number of problems with the use of PET
scans within the study.  On one level, the technique is relatively
new and experimental - and there is therefore a potential for error
in their use and interpretation.  Furthermore, the scan only
indicates "hotspots" of activity - and these could be caused by
regions "turning on" (excitory nerves) or "turning off" (inhibitory
nerves).  Consequently, there is no way of determining whether
an area is "hot" as it is suddenly active, or because it has become
inactive.  Finally, activitydeclines as the brain becomes practiced
at a task - consequently, the activity in the study may just be
because the participants were processing something new.

" Finally, we should note that the sample is very specific -
consisting not just of murderers (who, hopefully, are not
representative), but of murderers pleading NGRI.  As noted by
Raine, we should therefore be cautious about generalising.

4. Evaluate the sample used in this study (think about the degree
to which we can generalise about violence and aggression).

5. Critically evaluate the use of a control group in this study.

6. Why was the continuous task used in the study? (Think about
what needs to happen to the glucose tracer)

7. What is problematic about the task? (Think about the purpose
of the study).

8. Return to the diagram at the front of this handout, and add
these findings to your notes - use a different colour pen.

9. Suggest two reasons why the disfunctions found might lead to
aggressive behaviour.

10. Formulate and evaluate at least one application of this study.

11. Consider this study in terms of reductionism and determinism
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Knowing The Study

Stuff That You MUST Know
! What type of design was used?
! What were the IV and DV in this study? 
! Why was it important that the participants were not on

medication for two weeks prior to this study?
! Why were P's with a history of seizure disorder, head trauma

or substance abuse excluded? 
! What characteristics were the control group matched on?
! Identify three potential confounding variables
! What are the two key findings in this study?

Stuff That You SHOULD Know
! Why can this study be viewed as a quasi-experiment?
! Can this study be generalised to other types of violent

offenders? Give reasons for your answer.
! Identify 3 limitations that Raine et al acknowledge with the

procedure of their study.
! What does this study not indicate? Give at least two points.
! Raine et al state that their '...findings cannot speak to the

issue of the cause (genetic or environmental) of the brain
dysfunction, nor do they establish causal direction.' What is
meant by this statement?

! Given your answers to the above two questions, what can
we conclude from this study?

! What application could this study have in the criminal
jusitce system?

Past Examination Questions
! Describe one commonly used brain scanning technique (2

Marks)
! Suggest one reason why results gained from such

physiological scanning techniques should be treated with
caution (2 Marks)

! Identify two of the characteristics that were used to match
the murderers pleading not guilty by reason of insanity, with
the control group. (2 Marks)

! Outline one difference between the brain scans of these two
groups (2 Marks)

! What is the advantage of using PET scans compared to
earlier techniques (2 Marks)

! Outline one of the findings of this study that shows this
advantage (2 Marks)

! Give two of the reasons for insanity that were being
claimed. (2 Marks)

! Suggest how one finding from this study might be used (2
Marks)

! Briefly describe the experimental group and the control
group in the study (2 Marks)

! Why are control groups used in experimental research? (2
Marks)

! Outline one limitation to the conclusion that may be drawn
from the study (2 Marks)

! Outline one control that was used in the study (2 Marks)
! Outline one advantage and one disadvantage of the scanning

technique used (4 Marks)

Review Questions


