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ABSTRACT

Epidemiological and laboratory research supports a

relationship between acute alcohol intoxication and

aggression. Recent data suggest that alcohol disrupts

cognitive abilities associated with frontal lobe

function. Moreover, neuropsychological research provides

suggestive evidence that frontal lobe dysfunction may

predispose an individual to increased aggression. The

research recounted in this thesis was conducted to

investigate the role of individual differences of

cognitive abilities associated with the dorsolateral

frontal cortex in aggressive behaviour and to test the

hypothesis that alcohol indirectly potentiates aggression

by impairing these cognitive abilities. The three

experiments included in this thesis demonstrated that:

(1) acute alcohol intoxication interferes with the

ability to integrate previously acquired knowledge in the

formulation of behavioral strategies; (2) individuals

grouped according to performance on two

neuropsychological tests of cognitive abilities

associated with frontal lobe function differ in degree of

aggressive response. ~pecifically, individuals in the

lower versus upper performance quartiles became more

"l.ggressive when provokef.; and (3) individuals in the

upper cognitive performance quartile demonstrate

significantly greater reductions of unprovoked aggression

in response to monetary reward .
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- -RESUME

Les recherches épidémiologiques et de laboratoires
supportent un lien entre l'intoxication aiguë à l'alcool
et l'agression. Des données récentes suggèrent que
l'alcool interfère avec les habilités cognitives
associées avec les fonctions du lobe frontal. De plus,
les recherches neuropsychologiques fournissent des
évidences qui suggèrent que le dysfonctionnement du lobe
frontal peut prédisposer un individu à plus d'agression.
La recherche présentée dans cette thèse fut conduite afin
d'étudier le rôle des différences individuelles au niveau
des habilités .::~gnitives associées au cortex frontal
dorsolatéral dans le comportement agressif et afin de
tester l'hypothèse que l'alcool indirectement
potentialise l'agression en altérant ces habilités
cognitives. Les trois expériences inclues dans cette
thèse démontrent que: (1) l'intoxication aiguë à l'alcool
interfère avec l'habilité d'intégrer des connaissances
antérieurement acquises dans la formulation de stratégies
comportementales; (2) les individus groupés selon la
performance sur deux tests neuropsychologiques des
habilités cognitives associées aux fonctions du lobe
frontal diffèrent en degrés de réponses agressives. Plus
spécifiquement, les individus dans le quartile de
performance plus bas contrairement au plus haut
deviennent plus agressifs lorsque provoqués; et (3) les
individus dans le quartile de performance cognitive
supérieur démontrent de façon significative plus de
réductions d' agression non provoquée en réponse à une
récompense ~onétaire•



•

•

•

NOTE REGARDING MANUSCRIPTS AND AUTHORSHIP

The McGill University Faculty of r,raduate Studies
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In accordance with this requirement, item #3 is cited
below:

"Candidates have the option of including, as part of the
thesis, the text of a paper(s) submitted or to be
submitted for publication, or the clearly-duplicated text
of a published paper (s). These texts must be bound as an
integral part of the thesis.

If this option is chosen, conne~ting texts that provide
logical bridges between the different papers are
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it is more than a mere collection of manuscripts; in
other words, results of a series of papers must be
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The thesis must still conform to aIl other requirements
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must include: A Table of Contents, an abstract in English
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clear and precise judgement to be made of the importance
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of the co-authored papers. Under no circumstances can a

co-author of a~y component of such a thesis serve as an

examiner for that thesis."
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PREFACE AND STATEMENT OF ORIGINALITY

This thesis presents information that is unique in
a variety of ways. For each of the major studies
contained in this dissertation, l will briefly outline my
specifie contributions, and those of the co-authors. For
Study 1 (Lau & Pihl, 1994), l designed the study,
perforroed the data scoring and wrote the final paper,
under the direction of Dr. R.O. Pihl. l analyzed the
data with the assistance of Dr. Jordan Peterson, a post
doctoral fellow at the time. Peter Clancola and Robert
Roth assisted in data collection. For Study 2 (Lau,
Pihl, & Peterson, 1995), l designed the study, analyzed
the data, and wrote the final paper under th~ direction
and guidance of Dr. Pihl and Dr. Peterson. Again Peter
Giancola and Robert Roth assisted in data collection.
For Study 3 (Lau & Pihl, submitted), l designed the
study, analyzed the data, and wrote the final paper,
under Dr. pihl's direction. Jean-Marc Assaad, Aviva
Greenstein, Nathalie Morrissette, and Shanna Ross
assisted in the data collection and scoring. Marc Gross
and David Krinigan provicied assistance with the data
collection system for this study. Two of these studies
have been previously published and one has been submitted
for publication. While l did receive assistance in
co~pleting the research described in this dissertation,
this assistance took the forro of collaboration; the work
described herein can accurately be considered an
original, personal contribution to the literature in this
area •
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INTRODUCTION

Interpersonal violence presents a serious and
growing challenge to North American society. In the
United StatE's, more than a million and a half violent
crimes were reported in 1991 including more than one
million assaults and 20,000 murders (U.S. Bureau of the
Census, 1993). Alarmingly, the number of violent crimes
has increased by 45% from 1982-91 (U.S. Bureau of the
Census, 1993). Furthermore, the toll on p~lic health
and the economy that these crimes exacts is huge.
Homicide is the second leading cause of death for
Americans aged fifteen to thirty four (Hammett, Powell,
O'Carroll, & Clanton, 1992). Moreover, violent crime has
been estimated to cause 34 billion dollars in health
related costs and lost productivity annually for the
period from 1987-1990 (Miller, Cohen & Rossman, 1993).

Despite the magnitude of this problem, this carnage
continues largely unabated. This failure derives in part
from the ineffectiveness of the predominant response to
violence, that is, the commitment of resources to
deterring and incarcerating violent offenders (Reiss &
Roth, 1993). Additional preventive methods are obviously
required. Public health policy is now shifting to one
that stresses the importance of focusing on the social,
behavioral, and environrnental factors that cause violence
(Mercy, Rosenberg, Powell, Broome & Roper, 1993). As
there is a growing body of evidence of an association
between alcohol and violent crime, understanding how
alcohol influences violence, or aggression, has become
particularly gerrnane.

LITERATllRE REVIEW OF .?\LCOHOL AND CRIMINAL BEHAVJ:OOR

The evidence of a statistical association between
alcohol use events and criminal behaviour derives from

1
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three types of studies. These include 1) trend studies .
2) studies of alcoholics in prison populations and 3)
individual coincidence estimates.

Trend Studies
Trend studies, which provide the least determinate

evidence of an alcohol-violent crime association, examine
per capita rates of alcohol consumption and crime
longitudinally within and/or across populations. The
evidence, limited primarily to Scandinavian studies, has
shown a very high correlation between rates of alcohol
consumption and violent crime (Lenke 1975, 1976; Lester,
1992) .

A second type of analysis is based on data provided
from periods where the availability of alcohol is
manipulated by naturally occurring factors such as
strikes by liquor store employees. Comparison studies of
crime rates during periods of changed availabili ty versus
before and after these periods, have demonstrated that
reductions in the availability of alcohol were associated
with clear decreases in violent crime rates (Lenke, 1975;

Takala, 1973). However, the possibility that sorne third
variable was responsible for any covariation in the above
studies could not be ruled out.

Studies of Alcoholism in Prison Populations
There are a variety of studies which reveal that

alcoholics are over-represented among persons convicted
of violent crimes (Pernanen, 1976). The rate of
alcoholism among convicted felons in the U.S. has been
reported to range from 17-48 per cent of cases (Goodwin,
1973; Guze, Tuason, Gatfield, Stewart, & Picken, 1962;

Yarvis, 1972), which is much higher than a rate of 5-10%

in the general population (American Medical Association,
1968) • More recently, however, Collins & Schlenger

2
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(1988) have shown that individuals diagnosed with alcohol
abuse/dependence are not more likely to have committed a
violent offense than those who did not meet the criteria
for these diagnoses.

Individual Coincidence Estimates
The strongest evidence for an association between

alcohol and violent crime, however, derives from
individual coincidence studies of the co-occurrence of
violent crime and alcohol consumption by the perpetrator,
victim. or both.

Numerous epidemiological studies of criminality in
Western society consistently demonstrate that alcohol
intoxication and violence co-occur. Alcohol-intoxicated
individuals are involved in a majority of violent crimes,
including murders, assaults. sexual assaults and cases of
family violence (Collins, 1981; Murdoch, Pihl, & Ross,
1990; Pernanen, 1976; 1981). Murdoch et al. (1990), in
a review of 9,304 criminal cases from 26 studies drawn
from 11 countries, concluded that over 50% of
perpetrators of aIl homicides and assaults were drinking
at the time of, or shortly before, commission of the
crime. Alcohol intoxication has been similarly
associated with events of forcible rape (Coid, 1986;
Ladouceur & Temple, 1985) and spousal violence (Coleman
& Strauss, 1983; Kantnor & Strauss, 1987; Leonard and
Blane, 1992).

Despite these statistics, a specifie relationship
between alcohol and violent crime cannot be accurately
assessed unless the association of alcohol with
nonviolent crime in the same population is known. Of the
few studies of the alcohol-crime relationship that
provide comparison groups, the incidence of alcohol
related violent crime, ranging from 24-85%, contrasts
dramatically with the range reported for alcohol-related

3
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non-violent crimes: 12-35% (Murdoch et al., 1990). Thus,
alcohol appears to be associated with violent crime at a
higher level than with nonviolent crime.

Taken together, the findings of epidemiological
studies comprise an overwhelming body of literature
demonstrating a link between alcohol and violent crime.
However, it is difficult to draw a firm conclusion about
the nature of this association due to complications
associated with these data including 1) methodological
problems, 2) variations in the strength of this
association and 3) the correlational nature of the data.

First. there a number of methodological problems
which could affect the reported strength of the
association (Evans. 1986; Murdoch et al •• 1990). The
majority of these problems derive from the tremendous
reliance on police records. For eXiUlIple. the possibility
that intoxicated individuals are more likely to be
apprehended would result in inflated alcohol-crime
statistics (Greenberg. 1981; Shupe. 1954). On the other
hand. as it is an irregular occurrence for police to
recorè physical measures of alcohol use. Pittman & Randy
(1964) argue this could lead to an underrepresentation of
the involvement of alcohol. In addition. there is an
assumption that information regarding level of
intoxication. contained in police reports. is accurate.
However, this information is often based on the
offenders' self-report which may be exaggerated as an
excuse for his behaviour in order to minimize sentencing
(Pernanen, 1976; Virkkunen, 1974). Furthermore, the
information that does appear in police reports often
lacks detail. Typically, police records contain merely
a statement that the crime perpetrator was intoxicated.
Shupe (1954), in an effort to avoid the problems inherent
in relying on verbal reports by directly assessing
inebriation from urine samples of individuals arrested

4
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for a felony, found that violent offende:s were often
intoxicated weIl above the legal limit. While this
finding lends credibility to studies relying on verbal
reports of intoxication, individual differences in the
time course of blood alcohol levels (BAL) and the fact
that the relation between BAL and behavioral change is
generally unknown (Brain, 1966) further complicate
interpretations of the alcohol-crime relationship.

Second, the reported association between alcohel and
violent crime is not invariant. Not everyone who drinks
b~comes aggressive (Heath, 1983), nor does this
relationship necessarily hold across aIl cultures. While
Horton (1943) reported that intoxication was associated
with aIl types of aggressive behaviour ranging from
verbal insult to homicide in almost every primitive
society, MacAndrew and Edgarton (1969) reported wide
cultural differences in the expression of aggression
during alcohol intoxication. For example, settlement of
disputes by individuals of the Abipone Indians, a warlike
tribe living on the great plains of the Paraguayan Chaco,
accomplished by verbal negotiation when sober, frequently
led to fighting and slaughter when intoxicated (Martin &
Dobrixhoffer, 1822). In contrast, individuals of the
Yuruna Indians, a war-like, head-hunting tribe living in
the Xingu region of South America' s tropical forest, have
been reported to withdraw and behave much as though no
one else exists when they are intoxicated (Nimuendaju,
1948). While anthropological descriptions are not
statistical surveys of the rate of intoxicated violence,
the existence of inter-individual and inter-cultural
variation suggests that any explanations for the alcohol
aggression relationship should not be limited to
biological or pharmacological phenomena alone.

Third, and most importantly, epidemiological studies
are correlational and do not permit one to discriminate

5
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between theories implicating alcohol as a causal factor
or as a covariate of sorne third factor such as the
setting or the personalities of those who drink. For
example, the theoretical implications of the relationship
between alcohol and violent crime will vary depending on
who has been drinking before commission of the crime
(Murdoch et al., 1990). A causal hypothesis is supported
if the offender alone has been drinking; however, if both
the offender and the victim have been drinking, the issue
becomes clouded.

A number of studies of homicide and assault cases
report the presence of alcohol in the blooâ of high
proportions of homicide victims (Abel, 1986; Goodman,
Mercy, Loya, Rosenberg, Smith, Allen, Vargas & Kolts,
1986; Welte & Abel, 1989). For example, of 4,950 Los
Angeles homicides in the period 1970-79, alcohol was
detected in the blood 46% of the 4,092 victims tested
(Goodman et aL, 1986). A similar pattern has been
reported for assault cases (Cherpitel, 1993; Shepherd,
Irish, Scully & Leslie, 1989; Wasikhongo, 1976). The
high percentage of both offender and victim intoxication
implies that the alcohol-crime relationship may be
artifactual describing only when and where the violence
takes place (Murdoch et al., 1990).

Closer examination of these statistics, however,
reveals two interesting facts that implicate a role of
alcohol in the initiation of a violent altercation
(Murdoch et al., 1990). First, it appears that i t is the
precipitator of the incident who is more likely to be
intoxicated. While the incidence of victim or offender
initiated altercations is approximately equal (Mayfield,
1976; Virkkunen, 1974), the victim has consumed alcohol
in 60% of victim-precipitated homicides but in only 47%
of offender-precipitated cases (Wolfgang & Strohm, 1956).

Second, the proportion of victims with detectable

6



•

•

•

blood alcohol varies notably by crime circumstance
(Goodman et al., 1986; Welte & ~~el, 1989). For example,
Goodman et al. (1986) report that 52.5% of homicide
victims killed during a physical fight were intoxicated
versus only 19.8% of crime-related victims. Furthermore,
assault is more frequently precipitated by quarrelling
when alcohol is present (Pittman & Handy, 1964;
Virkkunen, 1974). For example, of the quarrel
precipitated homicides described by Lindqvist (1986),
100% of the offenders were intoxicated at the time.
Thus, it appears that the victim is more likely to be
intoxicated when precipitating the altercation and that
alcohol consumption along with a physical fight or verbal
argument usually precede a violent act.

Although, these data are consistent with hypotheses
that alcohol promotes aggressive behaviour and aversive
interaction, the nature of the evidence prevents the
establishment of a causal relationship. To test for
causality, one must turn to the animal and human
experimental literature.

EXPERIMENTAL RESEARCH ON ANIMALS

Experimental studies of alcohol's effects on animal
aggression have been used extensively in an effort to
shed light on the nature of alcohol-related violence in
humans. This derives in part from the reduced ethical
and methodological problems associated with animal
studies. More importantly, however, as physiological
processes characteristic of aggression may be common to
both humans and other mammals, these processes may be
seen in simpler forros in animals due to the lack of
interference from social or psychological factors
(Lagerspetz, 1981). Thus, animal studies might be
expected to provide a clearer picture of the association
between alcohol and aggression (Berry & Smoothy, 1986) •

7
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A major complicating factor in studying the effect
of alcohol on animal aggression, however, is the striking
heterogeneity of test methods used to measure this
attribute (Brain 1981, 1989; Miczek, Weerts & DeBold.
1993) • In rodents, for example, aggression has been
incited by paJ.rJ.ng pre-isolated males (intermale
aggression); arranging for an unfamiliar intruder to
enter the nest area of a lactating female with her
offspring (maternaI aggression) or providing the subject
with the opportunity to kill prey (predatory
aggression) (Brain, Miras & Berry, 1993). Thus, it is
unlikely that the same motivation is measured across the
various tests. Rather. these divers'~ harm-directed
activities variously tap offensive, defensive or even
predatory motivations (Brain, 1984).

One of the most important shifts in the behavioral
analysis of aggression in animal models over the past
dozen years has been toward ethoexperimental approaches
(Blanchard, Brain, Blanchard, & Parmigiani, 1989; Miczek.
Kruk, & Olivier, 1984). This method creates laboratory
environments which emulate the requirements of the animal
in the wild. More importantly, this method involves
detailed inclusive analyses of behaviour which allows for
the assessment of formaI characteristics of the
initiation, execution and termination of each behavioral
act in space and time. This permits a cogent basis from
which to determine the level at which alcohol may alter
aggressive behaviour: by inhibiting motor activity, by
distorting potentially aggression-provoking or
inhibiting signaIs, by fragmenting behavioral sequences,
by shortening latencies to initiate aggressive acts, by
lengthening aggressive bursts and causing failures to
terminate, or by increasing the rate and intensity of
aggressive acts (Miczek, Weerts, Haney & Tidey, 1994).

Studies of the impact of alcohol on animal

8
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aggression, however, have failed to provide a consistent
picture. Alcohol appears to exert differe~tial effects
in terms of either suppressing or stimulating aggressive
behaviour (e.g. Ervin, Palmour, Young, Guzman-Flores &
Juarez, 1990). Alcohol at high doses generally reduces
fighting and attack behaviour due to its broadly sedative
actions (Brain, 1986; Brain et al., 1993). In addition,
moderate doses of alcohol can also have marked anti
aggression effects that are unassociated with obvious
motor ~ncapacitation (Berry & Smoothy, 1986).

In contrast, low doses of alcohol have been shown to
increase aggressive behaviour but only under some
conditions. Numerous studies in a diverse range of
mammalian species including rodents, dogs, cats and
primates demonstrate that alcohol, at selected low acute
doses, increases aggression (see Berry and Smoothy, 1986
and Miczek et al., 1993, for reviews). In rodents, for
example, this dose is about 0.3 to 1.0 g/kg. However,
within this dose range, the response to alcohol appears
to vary with particular subject characteristics. For
example, moderately aggressive, but not highly aggressive
or nonaggressive, male rats have shown increases in
potentiation of attack toward smaller male intruders at
doses under 0.5 g/kg alcohol (Blanchard, Hori, Blanchard,
& Hall, 1987). Furthermore, alcohol' s effects also
appear to be mediated by behavioral subtypes including
dominant, subordinate and fearful subj ects (Berry &

Smoothy, 1986; Winslow & Miczek, 1988), but not in a
consistent manner. For example, while alcohol appears to
manifest greater increases in aggression for subordinate
Rhesus monkeys (Peretti & Lewis, 1969), large increases
in aggression followi~g acute alcohol doses (0.1, 0.3,
0.6 g/kg) have been reported in dominant, but not
subordinate, socially housed squirrel monkeys (Winslow &
Miczek, 1985).
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While low doses of alcohol can enhance aggression,
many studies fail to report such effects (Berry, 1993).
In fact, under sorne conditions, acute alcohol dos(:s in
rodents and primates suppress aggression (Benton &
Smoothy, 1984; Smoothy & Berry, 1983; Winslow & Miczek,
1985). Moreover, negative findings may be
underrepresented in the literature as they are regarded
as disappointing (Winslow, DeBold, & Miczek, 1987).

Taken together, these results suggest that alcohol' s
effects on animal aggression vary both across and within
dose levels. Heterogeneity in test methods, however,
does not entirely account for the equivocal results of
the animal alcohol aggression literature. For example,
within the same study, isolate aggressive mice showed
increased aggressiveness at 0.3 g/kg but a decrease at
0.8 g/kg whereas isolate timid/defensive mice showed
increases at 0.8 g/kJ and sociable isolates showed no
increase at any dose tested (Krsiak, 1977). This
suggests that the increase in aggression by low alcohol
doses is complex and that sorne additional factor (s) ,
differentially involved in the various tests, mediate the
alcohol aggression relationship.

One such factor may be an alcohol induced reduction
in defensiveness, fear or anxiety. This notion is based
on the patterning of alcohol induced aggression which
suggests that this may be most apparent in tests in which
defensiveness or anxiety act to reduce aggression.
Support for this notion cornes from rat studies which
measure the effect of alcohol on four behaviours measured
in the Anxiety/Defense Test Battery (e.g., Blanchard,
veniegas, Elloran, & Blanchard, 1993). This battery is
a series of brief tests involving cat exposure which
measure, for example, risk assessment behaviours and
inhibition of nondefensive behaviours as well as a
variety of locomotor and grooming activities. Alcohol
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(0.6 and 1.2 g/kg) altered the four behaviours in a
manner consistent with the effects of another anxiolytic,
diazepam. Thus, one possibility is that alcohol
increases the probability of aggression when an animal
encounters provoking stimuli in a situation that also
elicits anxiety or defensiveness. Conversely, alcohol
would not be expected to release aggression when this
aggression is not suppressed by anxiety. Thus, highly
aggressive males would show no alcohol induced
enhancement of attack when faced with opponents that do
not elicit any notable degree of defensiveness.

A second mediating factor may be alcohol's effects
on signalling and perception during social conflict.
Brain et al. (1993) examined the possibility that alcohol
increases the likelihood of aggressive victimization in
mice. Mice, administered ethanol (0.5, 1.0 or 2.0 g/kg)
or 0.9% saline solation, were introduced either to
nonaggressive or aggressive mice. The alcohol-treated
mice elicited increased probability of attack from
aggressive responders, yet elicited increasingly
tentative reactions from non-aggressive responders. The
most likely explanation is that alcohol impaired the
social signals that the injected mice traditionally
employed to reùuce attack. Thus, low doses of alcohol
may increase aggression in palot through its effects on
cognitive-perceptual functioning. _

In sum, despite an early pattern of seemingly
inconsistent findings on alcohol and animal aggression,
more recent analyses have begun to identify various
determinants which mediate alcohol induced aggression.
The impact, however, of this contribution to our current
understanding of the alcohol aggression relationship in
humans has been minimal.
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EXPERIMENTAL RESEARCH ON HUMANS

Experimental studies of human aggression have
yielded somewhat clearer results than the animal
literature. Before beginning to address this subject,
however, the definition and measurement of human
aggression will be discussed as these issues are central
to research in this area. The difficulty in defining
aggression derives from the fact that the term is used to
refer to a large variety of actions. Thus, one is faced
with a serious and controversial issue, namely, how to
define the concept in a meaningful and useful manner.

Aggression Definition
Aggression is a multidimensional concept where

notions such as the intent of the aggressor, the form and
target of the aggression and the motivation of the
recipient to avoid the treatment are central to the
definition. It is therefore not surprising that many
definitions have been proposed (Berkowitz, 1974, 1981;
Buss, 1961; Feshbach, 1970; Zillman, 1979) each of which
would qualify distinctly different acts as aggressive.
In spite of this controversy, sorne agreement among
psychologists along with other social scientists exists
with Baron's (BaT.On & Richardson, 1994) definition of
aggression:

Aggression is any form of behaviour directed toward
the goal of harming or injuring another living
being who is motivated to avoid such treatment
(p.7) •

This definition views aggression, not as an emotion, a
motive, or an attitude, but as a form of behaviour.

Baron & Richardson (1994) highlight important facets
of this definition which underlay sorne of the issues
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involved in the concept of aggression. First, this
definition deals with the issue of intent by limiting the
definition to acts in which the aggressor intends to harm
the victim. While there are difficulties involved in the
determination of the presence or absence of intent, this
criteria is necessary in order to rule out as aggressive
accidental harm, or ~nJury, to others as well as
prosocial behaviour. In addition, if intent was excluded
from the definition, failed attempts to harm or injure
others would not be labelled as aggressive despite the
fact that had the attempt been successful, serious injury
to the victim would have occurred.

Second, specifying that aggression involves harm to
the victim implies that the form of aggression is not
restricted to acts resulting in physical damage. Rather
it expands the range of acts to include those in which
the individual has experienced sorne type of aversive
consequence. Thus, causing others to experience public
embarrassment or depriving them of needed objects would
be considered aggressive.

Third, by restricting aggressive acts to those that
harm living beings, this definition excludes destructive
behaviours directed at inanimate objects unless this act
indirectly harms an individual.

Finally, as the definition is restricted to
behaviours directed at a recipient who is motivated to
avoid such treatment, suicide or masochistic acts would
not be defined as aggression.

Further classification of the endless variety of
specifie aggressive behaviours utilized by human beings
has relied on the intent of the aggressor and the form of
aggression. Early distinctions discriminated between
hostile and instrumental aggression (Buss, 1961 ;
Feshbach, 1970). The former is applied to aggressive
behaviour where the primary or maj or goal is to cause the
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victim to suffer. Instrumental aggression refers to
assault on others primarily as a means of attaining other
noninjurious goals rather than out of a strong desire to
produce suffering. Bandura (1973), however, has argued
that since both forms of aggression are directed toward
the attainment of specifie, albeit different, goals, they
can both be labelled as instrumental.

In response to this criticism, alternative
aggression dichotomies have been proposed (Dodge & Coie,
1987; Zillman. 1979). For example. Dodge & Coie (1987)
have proposed the terms "reactive" and "proactive"
aggression. The former involves retaliation against a
perceived threat whereas the latter is behaviour. such as
coercion. directed toward attaining a specifie positive
outcome. Empirical evidence (Dodge & Coie. 1987)
supports the validity of this distinction. For example.
reactive aggressive elementary school boys are likely to
overinterpret peers' behaviours as being hostile
resulting in an aggressive response. In contrast.
proactive aggressive boys tend not to make the same
interpretive errors of other' s behaviour as reactive
aggressive boys.

Alternatively. Buss (1961) has proposed a framework
based on the form of the aggressive behaviour. This
framework classifies aggressive acts along three
dichotomizeddimensions:physical-verbal.active-passive,
and direct-indirect. Together, these dimensions yield
eight possible categories within which to classify
aggressive behaviours.

Aggression Measures
Given the diversity of aggression definitions, it is

understandable that experimental alcohol-aggression
research has operationalized this concept in a wide
variety of ways. The variety of aggression measures
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utilized can be categorized as consisting basically of
two types. First, there are a variety of measures of
non-aggressive behaviours that are assumed to be related
to aggressive behaviour. These measures have included
methods as diverse as the appreciation of aggressive
humour (Hetherington &wray, 1964), time spent looking at
aggressive pictures (George & Marlatt, 1986; George,
Dermen, & Nochajski, 1989) or the strength and frequency
of power fantasies (McClelland, Davis, Kalin, & Wanner,
1972). As these measures do not conform to the above
described aggression definition they will not be reviewed
here (for review see Baron & Richardson, 1994; Gustafson,
1993; Pihl, 1983). The second group of measures are
comprised of three types of active aggression measures:
verbal-indirect or -direct, and physical-direct.
Verbal Aggression Measures

Verbal aggression is considered to be indirect when
the victim is absent and is typically measured by means
of a questionnaire (for review see Edmunds & Kendrick.
1980). Examples include the Buss-Durkee Hostility
Inventory (Buss & Durkee. 1957). the Buss-Perry
Aggression Questionnaire (Buss & Perry. 1992) and the
Spielberger Anger-Expression Scale (Spielberger. Johnson.
Russell. Crane. Jacobs. & Worden. 1985). The use of
questionnaires has been criticized in part because
correlations of these indirect measures with each other
and with other measures have typically been low (Buss.
1961; Taylor. 1967).

Verbal aggression is considered direct when the
victim is present and is measured by recording a
subj ect 's vocal comments during a social interaction
(Boyatzis. 1974. 1975; Graham. LaRocque. Yetman. Ross &
Guistra. 1980; Murdoch & Pihl. 1988; Murdoch. Pihl. &
Ross. 1988; Takala. Pihkanen & Markkanen. 1957). These
studies measure an actual harm-doing behaviour rather
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than relying on the accuracy of the subject's memory .
In addition, when these studies are done in

naturalist settings, the subjects are not aware they are
in an experiment and presumably respond in a natural
fashion. Thus, these studies offer the important
advantage of providing ecological validity to laboratory
research. However, there are ethical issues raised by
naturalistic experiments. First, the subj ect 's informed
consent is impossible to obtain. Second, there is a
danger of possible harm to participants and/or
accomplices in studies where the accomplice instigates an
altercation (e.g. Murdoch et al., 1988).
Physical Aggression Measures

While verbal aggression measures are a useful tool
in alcohol-aggression research, what is really needed in
a measure is a response that varies in intensity along
quantifiable dimensions (Pihl, 1983). Direct measures of
physical aggression fulfil this requirement. Most
procedures are variations of the Buss (1961) teacher
learner paradigm (e.g., Gustafson, 1985a) or the Taylor
(1967) competitive reaction-time task (e.g., Bond &

Lader, 1986; Zeichner & Pihl, 1979), both of which
provide a believable context for the administration of a
quantifiable noxious stimuli, typically electric shock or
uncomfortable sound blasts, to a fictitious opponent.
More recently, Cherek (1981 ) developed an aggression
paradigm based on a free-operant point subtraction
procedure.
Buss Teacher-Learner Paradigm

Buss (1961) devised the first technique for directly
investigating physical aggression. In the original
paradigm, a subject and a confederate were told that the
study was concerned with the effects of punishment on
learning. The subject, assigned the teacher role, was
instructed to punish the learner via the administration
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of electric shocks of different intensity levels each
time the learner committed an error on a discrimination
task. The general use of this paradigm has been
criticized because of artificiality and the potential
demand of altruism (Baron & Eggleston, 1972; Shuck and
Pisor, 1974). Because the situation was set up as a
learning task and the fictitious partner was unable to
retaliate, the partner could be viewed as helpless and
the task as altruistic.
Taylor Competitive Reaction-Time Task

Taylor (1967) resolved these problems by refining
the Buss paradigm so that both the subject and the
fictitious opponent compete on the same reaction-time
task. At the beginning of each trial. the subject
chooses a level of shock he will administer to the
opponent if he wins the reaction-time trial. At the end
of each trial. the subject is informed of the shock level
selected by the opponent. The loser of the trial then
receives the indicated shock. This procedure yields
three measures of aggression. Shock intensity is the
intensity of shock chosen by the subject to be delivered
to the opponent • The subj ect 's f irst shock choice. which
is made before he has received a shock or information
regarding the intentions of the opponent. is considered
a measure of unprovoked aggression (Hammock & Richardson.
1992). Shock choices during the remaining trials during
which the subject is exposed to provocation is thought to
be a measure of retaliative behaviour (Hammock &
Richardson. 1992). Shock duration is the length of time
the subject delivers a selected shock intensity to the
opponent. Shock intensity and duration have been
interpreted as measures of direct and indirect
aggression. respectively (Rogers. 1983).

The Taylor (1967) task has since become the paradigm
used most frequently to investigate the alcohol-
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aggression relationship in part due to a number of
important advantages. In contrast to the Buss paradigm,
the opponent is not helpless and can retaliate, thus,
providing a more realistic approximation of actual
aggression. In addition, one can manipulate provocation
of the subject and study the effects of more than one
attack on aggressive responding (Bertilson, 1990).

The Taylor task has been shown to be a valid measure
of aggression independent of alcohol research. This
measure differentiates between groups theoretically
expected to differ in aggressive potential including
undercontrolled versus overcontrolled individuals
(Taylor, 1967), psychopathie individuals (Dengerink,
1971), prejudiced persons (Genthner & Taylor, 1973),
prison inmates (Wolfe & Baron, 1971) and subjects low in
approval motivation (Taylor, 1970). In addition, it is
sensitive to environmental factors theoretically expected
to influence aggression (Borden &Taylor, 1973; Hendrick
and Taylor, 1971; Pisano & Taylor, 1971). Lastly, there
is direct support for convergent and discriminant
validity of this task (Bernstein, Richardson, & Hammock,
1987; Giancola & Zeichner, 1994a).

Along with these important advantages, however, come
sorne potential drawbacks. There are concerns related to
the ethical questions of deception and the presumed
delivery of shocks to the opponent along with the fact
that subjects in this paradigm actually receive a series
of uncomfortable electric shocks. Pihl, Zacchia &

Zeichner (1981), however, report data suggesting that
extensive debriefing of subjects following an experiment
is sufficient to deal with these questions. In a follow
up analysis of 78 subjects who had participated in
alcohol experiments using the aggression paradigm, only
14 subjects reported that aspects of the experiment

bothered them. Only 3 subj ects were mildly distressed by
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the deception, 4 by the administration of electric shocks
and the remaining 7 were concerned with either boredom or
the nature of the drinks. These concerns were neither
severe nor long lasting.

In addition to the ethical concerns, there are three
possible confounding influences present with the use of
the Taylor task. First, as the paradigm is presented as
a competitive reaction-time task, the subject' s behaviour
could be interpreted as competitive rather than
aggressive. Examination of this issue in two studies
revealed that neither competitive behaviour nor thinking
about the task in competitive terms was related to shock
setting behaviour (Bernstein et al., 1987; Gaebelin &
Taylor, 1971).

Second, it is unclear as to whether sober and
intoxicated subjects experience the received shocks with
equal levels of discomfort (Gustafson, 1993),
particularly since intoxicated subjects calibrate the
shock scale higher (Gustafson, 1985b; Jeavons & Taylor,
1985). Thus, intoxicated subjects may receive more
intense shocks, both objectively and subjectively, and
that their increased aggression may be a function of
higher provocation rather than a function of alcohol.
However, two studies measuring the subjective experience
of the received shocks (Gustafson, 1985b; Gustafson &
Kallmen, 1988) provided contradictory results. While the
former study indicated that intoxicated subjects
experienced the received shocks with more discornfort, the
latter came to the opposite conclusion. In a third
study, which controlled for differences in the
calibration of the shock scale, alcohol still increased
physical aggression (Gustafson, 1992).

Third, sober and intoxicated subjects of the Taylor
paradigm have received different information regarding
the state of intoxication of the opponent such that it is
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implied that the confederate receives the same alcohol
treatment as the real subject. This confounding factor
has been shown to influence the results for men
(Gustafson, 1986a) but not for women (Gustafson, 1986b).
However, a study controlling for this confound
(Gustafson, 1992) confirmed the consistent ::,::",ults of the
Taylor paradigm.
Cherek Paradigm

Cherek (1981) developeda third, anddifferent, type
of paradigm to study human aggressive behaviour. This
paradigm uses a free-operant point-subtraction procedure
and includes the availability of non-aggressive, as well
as, aggressive response options. The subject and a bogus
partner have the choice to press one but ton to earn money
or a second button to subtract money from their bogus
partner. The subtraction of money from the subject by
the partner is used as a form of provocation. The
aggression measure consists of the withdrawal of money by
the subject from, or the presentation of uncomfortable
sounds to, the opponent. The third non-aggressive
response alternative, namely, that of giving money to the
opponent is also provided to the subject. This option
permits the identification of any general excitatory drug
actions such as nonspecific increases in button-pressing
responses (Cherek, Steinberg & Manno, 1985).

Laboratory Investigations of Alcohol and Aggression
With the exception of a few published negative

studies (Bennett, Buss, & Carpenter, 1969; Gustafson,
1984; Rohsenow & Bacharowski, 1984), many studies have
demonstrated that subjects consuming more than a very
little alcohol are more aggressive than those not given
alcohol (Bond & Lader, 1986; Cherek et al., 1985; Cherek,
Steinberg &Vines, 1984; Gustafson, 1985a; Pihl, Smith &
Farrell, 1984; Richardson, 1981; Shuntich & Taylor,
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1972; Taylor & Gammon, 1975; Taylor, Gammon & Capasso,
1976; Zeichner & Pihl, 1979, 1980). High doses of
alcohol (1.32 ml 100% alcohol/kg body weight) have
typically led to increased aggression in provoked
subjects (e.g. Pihl, 1983; Taylor & Leonard, 1983).
Doses of alcohol as low as 0.23 ml/kg (Cherek et al.,
1985), 0.30 ml/kg (Bond & Lader, 1986) and 0.60 ml/kg
(Gustafson, 1985a), levels well below that usually
defined as intoxicating, have also been shown to enhance
aggression under provocative conditions. Furthermore,
aggression is related to the quantity of alcohol ingested
(Taylor & Chermack, 1993; Taylor & Gammon, 1975; Taylor,
Vardaris, Rawich, Gammon, Cranston, & Lubetkin, 1976).

Moreover, both descriptive summaries and meta
analytic reviews have concluded that alcohol does indeed
cause aggression (Bushrnan & Cooper, 1990; Pihl & Ross,
1987; Taylor & Leonard, 1983). Furthermore, external
validity for these findings are provided in studies of
individuals in party situations (Boyatzis, 1974, 1975)
and in bars (Murdoch & Pihl, 1988).

While these studies suggest that alcohol facilitates
the expression of aggressive behaviour, i t could be
argued that any intoxicant, regardless of its specifie
pharmacological properties, rnight increase aggression.
This view suggests that it is the altered psychological
state that facilitates aggression, and not the particular
substance producing the intoxication.

A nurnber of studies have been conducted to explore
this issue. For exarnple, Taylor, et al. (1976) cornpared
the shock setting behaviour on the Taylor task of
subjects who had ingested high or low doses of alcohol
(1 .5 vs. 0.5 oz per 40 lbs body weight) or delta-9
tetrahydrocannabinol (THe; 0.3 vs 0.1 mg/kg), the primary
psychoactive ingredient in marihuana. Not surprisingly,
subjects in the high-dose alcohol condition set
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1985) and are consistent with the
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Theseaggression.

(Myerscough & Taylor,
literature
(Tinklenberg,
appear to be
state.

While the considerable epidemiological and human
laboratory evidence consistently reports a relationship
between acute alcohol use and increased aggression, any
relationship is necessarily complex (Brain, 1986; Pihl,
Peterson, & Lau, 1993). This is largely due to ample
evidence of a dissociation between alcohol consumption
and aggressive behaviour. For example, roughly half of
aIl violent crimes occur in the absence of alcohol use
(Murdoch et al. 1990), and substantial amounts of alcohol
are consumed in social settings without increases in
aggressive behaviour (MacAndrew & Edgerton, 1969).
Finally, individuals with histories of becoming violent
when intoxicated do not always get aggressive when drunk
(Heath, 1983).

significantly higher shock levels than those in the low
dose condition. In contrast, relative to the low-dose
condition,

•

•

A number of parameters including alcohol-related,
contextual, and individual factors have been identified
which moderate the alcohol aggression relationship in
humans. As an understanding of the impact of these
factors is essential to evaluating explanations of the
alcohol-aggression relationship, these factors are
reviewed below.
Phèrroacological variables

•
Alcohol-related factors, that is dose and type of

alcohol, significantly affect the expression of
aggression. The effect of alcohol dose has been examined
in several studies. Studies that employed a between-
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subjects design typically have demonstrated that
individuals in high dose conditions selected higher shock
levels (e.g. Taylor & Gammon, 1975; Taylor et al., 1976).
For example, Taylor & Gammon (1975) administered .5 oz or
1.5 oz of 100 proof spirits per 40 lbs. of body weight to
male subjects. In comparison to subjects who had not
consumed alcohol, the results indicated that the high
dose of alcohol instigated, whereas the low dose
inhibited, aggressive responding. Thus, aggressive
responding appears to be related to the quantity of
alcohol consumed at doses up to 1.32 ml/kg of 100%
alcohol.

Not all studies, however, have replicated this
effect. For example, Bushman & Cooper (1990) concluded
from an analysis of four studies using within-subjects
manipulations of alcohol dose that the dose effect was
not significant. Two studies, however, (Bennett et al,
1969; Gustafson, 1984) used the Buss paradigm as the
dependent measure, the use of which has been criticized
(Baron & Eggleston, 1972; Shuck & Pisor, 1974).
Moreover, the two other studies (Cherek et al., 1985;
Cherek et al., 1984) may have failed to demonstrate dose
related effects due to a lack of statistical power as
only 15 subjects were assessed. Finally, no study
controlled for the possible confounding influences of
order effects of administration of dose. Thus,
methodological problems associated with these studies may
explain the failure to demonstrate a dose effect of
alcohol on aggressive responding.

Intoxicated aggre'Osion also appears to vary as a
function of the type of beverage. Greater verbal
(Boyatzis, 1974; Takala, Pihkanen, & Markkanen, 1957) and
physical (Gustafson, 1988; Murdoch & Pihl, 1988; Pihl et

al., 1984) aggression is elicited following consumption
of distilled spirits rather than beer. In addition,
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vodka elicits greater aggression than bourbon (Taylor &
Garnmon, 1975; Taylor et al., 1976). Finally. wine has
been reporteà not to increase aggression, although this
may have been due to low BAL's (Gustafson. 1990).

The effect of beverage type has been attributed to
the different expectancies associated with different
types of alcoholic beverages (Lindeman & Lang, 1986; Pihl
et al., 1984) and/or to the congener content of the
beverage (Greenberg, 1970; Katkin, Hayes, Teger, & Prutt,
1970) . Congeners are chemical substances other than
ethanol frequently found in alcoholic beverages. Taylor
& Leonard (1983) have suggested that higher congener
content retards the absorption of ethanol resulting in
lower BAL' s at the time of testing. Thus. distilled
spirits, with the lowest congener content in a standard
drink (Greizerstein, 1981), would be absorbed faster
leading to higher BAL's and increased aggressive
responding •
Situational variables

Alcohol consumption does not invariably elicit
aggression. Two situational variables that have proved
to interact with alcohol in eliciting aggression are
provocation and social pressure. Provocation increases
the likelihood of aggression in general, and specifically
appears to mediate the alcohol-aggression relationship
(Gustafson, 1993; Kelly & Cherek, 1993; Taylor &
Chermack, 1993). Evidence supporting the importance of
provocation in the alcohol-aggression relationship has
been provided by both experimental and naturalistic
evidence.

In the absence of provocation, there is little
experimental evidence that alcohol increases aggression.
Initial studies with the Buss paradigm failed to
demonstrate an effect of alcohol on aggression (Bennett
et al., 1969; Gustafson, 1984). However, this early
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design of the paradigm was faulted in that the subject
was not provoked as the bogus partner could not retaliate
(Baron & Eggleston, 1972; Shuck & Pisor, 1974). Shuntich
and Taylor (1972), using a modified task (Taylor, 1967)
that allowed retaliation by the bogus partner,
demonstrated that intoxicated subjects behaved more
aggressively than those who had consumed a placebo
beverage.

One explanation for the discrepancy between the
results reported by Bennett et al. (1969) and Shuntich &
Taylor (1972) was the greater inherent threat in the
latter paradigm. Taylor et al. (1976) specifically
tested this hypothesis by having male subjects compete in
the Taylor task against either a potentially threatening
opponent or a nonthreatening opponent. Intoxicated
subjects were more aggr~ssive only in the threatening
situation suggesting that alcohol interacts with threat
to increase aggression. Intoxicated subjects have also
been shown to be more responsive to intense provocation
(Taylor, Schmutte, Leonard, &Cranston, 197~) and tend to
exaggerate threat as compared to sober subjects
(Schmutte, Leonard, & Taylor, 1979). These results
generalize to the two other aggression paradigms.
Modification of the Buss paradigm to incorporate
frustration of the subject prior to the task has yielded
results that intoxicated and frustrated subjects were
more aggressive than sober frustrated subjects
(Gustafson, 1985a). Furthermore, Kelly, Cherek,
steinberg, &Robinson (1988), using the Cherek paradigm,
have demonstrated that alcohol facilitates aggressive
responding only under provocative conditions.

Gustafson (1993) has argued, howeve~, that ~lcohol

increases aggressive responding under provocative
conditions only in situations where the subject is

---::::--
restricted to an aggressive response alternative. When
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a variable neutral response alternative is provided along
with an aggressive response option alcohol does not
increase aggressive responding (Gustafson. 1991a,b).
However, there is sorne question as to whether the
subjects in these studies were sufficiently provoked.
Frustration constituted the form of provocation in these
studies, yet, the subjects reported very low frustration
levels and these levels were much lower than the
frustration the subject thought others might experience
in the same situation. This suggests that the subjects
were, in fact, not frustrated. The importance of sorne
form of provocation in the alcohol-aggression
relationship and the repeated demonstration that alcohol
does increase aggression when subjects are provided with
an aggressive and non-aggressive response alternative
(for review Kelly & Cherek, 1993) considerably weakens
Gustafson's argument.

Provocation appears to be an important mediator of
alcohol related violence in the real world as welle For
example, real-life assault is more frequently
precipitated by quarrelling when alcohol is present
(Pittman & Handy, 1964; Virkkunen, 1974).

The corollary that the probability of aggression
increases when both individuals in an interacting dyad
are intoxicated is borne out in real life and in the labo
Violent crimes occur more often in situations where both
the offender and the victim are intoxicated (Murdoch et
al. , 1990). In addition, intoxicated dyads select
significantly higher levels of shock while participating
in the Taylor task, while mixed dyads select intermediate
shock levels (Leonard, 1984).

A second variable identified as a potent instigator
cf alcohol-induced aggression is social pressure. Taylor
&Sears (1988) used social pressure to persuade subjects
to administer a high magnitude shoc~, twice the value of
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the opponent' s unpleasantness threshold. Social pressure
was applied by the presence of two confederate observers
who attempted to convince the subjects to increase their
shock settings. Under this condition, intoxicated
subjects significantly increased their use of the high
magnitude shock as compared to placebo subjects in spite
of the fact that the opponent selected the lowest
intensity shock for aIl trials. Thus, it appears that
the social context as weIl as provocation modify
alcohol's effects on aggressive behaviour.
Individual varigbles

While there has been a great deal of attention
devoted to the influence of pharmacological and
situational factors, little attention has been devoted to
investigating the influence of personality or individual
difference variables on the alcohol-aggression
relationship in an experimental paradigm (Taylor &
Chermack, 1993). However, one of the most consistent
findings of research in this area is the tremendous
amount of intersubject variability (Pihl, 1983). Thus,
one of the most important questions in this area may in
fact be delineating who will respond aggressively when
intoxicated and why.

Individual difference variables that have been
investigated include aggressive predisposition, drinking
experience and sex of the consumer. Studies specifically
examining the role of aggressive disposition in the
alcohol-aggression relationship have consistently
demonstrated that a predisposition or a history of
aggression is a good predictor of intoxicated aggression
(Bailey & Taylor, 1991; Boyatzis, 1975; Lindman.
Jarvinen, & Vidjeskog, 1987; Pihl, Zacchia, & Zeichner,
1982). For example, Bailey and Taylor (1991) compared
the aggressive behaviour of intoxicated and
nonintoxicated subjects with self-reported high, moderate
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and low aggressive dispositions under provocative
conditions. Aggressive disposition and intoxication
interacted such that only the high and moderate
aggressive disposition groups increased their shock
settings as provocation increased when intoxicated. On
the other hand, intoxicated subjects with nonaggressive
dispositions were no more aggressive than nonaggressive
subjects who had consumed a placebo cocktail.

In a meta-analysis of six studies of the effects of
heavy drinking habit on alcohol-mediated aggression,
Bushman & Cooper (1990) concluded that alcohol and
expectancy manipulations have nonsignificant effects on
the aggression displayed by male heavy drinkers.
However, these results may merely reflect that fact that
heavy drinkers were more tolerant of alcohol effects due
to habituation to alcohol's pharmacological properties.
Thus, using a heavier dose in these studies might have
produced different results •

Finally, investigations of gender effects on alcohol
induced aggression have produced equivocal results. Most
of the few studies of female subjects indicate that women
react no differently than do men (Bushman & Cooper, 1990,

Gustafson, 1993). In contrast, Giancola & Zeichner
(1995) have recently reported gender differences in
alcohol related aggression. Men were more aggressive to
men than women whereas women showed equal amounts of
aggression to both genders. Furthermore, while males
were more aggressive overall, there were no gender
differences in the sober and placebo conditions.

Taken together, these findings confirm the fact that
aggression does not inevitably follow alcohol
consumption. Rather alcohol appears to modify the
probability of aggressive responding engendered by
individual variables, such as aggressive disposition, as
weIl as situational factors such as provocation and the
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social context. This is important as these parameters
can account for, at least in part, the dissociation
between alcohol and aggressive behaviour observed in
natural ecology. As a result, it lends validity to an
exploration of possible explanations of the alcohol
aggression relationship.

EXPLANATIONS OF THE ALCOHOL-AGGRESSION RELATIONSHIP
Numerous theories have been generated over the years

in an effort to explain the alcohol-aggression
relationship (for reviews see Graham, 1980; Gustafson,
1993; Pernanen, 1981; Pihl & Ross, 1987). Relevant
theories will be reviewed in terms of the causal role
assigned to alcohol consumption as follows: 1) the
alcohol-aggression relationship is spurious, 2)
aggressive behaviour leads to heavy alcohol use and 3)

alcohol use increases the likelihood of aggressive
behaviour.

Spurious Explanations
The spurious model postulates that both alcohol

consumption and aggression are related because they share
common causes rather than a direct causal link (White,
1990). On the one hand, alcohol use and aggression may

be a part of a constellation of behaviours related to a
central personality characteristic such as power concerns
or disinhibitory psychopathology. McClelland et al.
(1972) have found that alcohol use and aggression are

related to concerns of personal power. An individual
with an elevated interest in personal power is also more
likely to be more aggressive and a heavy drinker.

Drinking will further increase power concerns and

aggressiveness which would lead to increased drinking.

Both alcoholism and antisocial personality disorder
(APD), which includes aggre~sion as one of the Diagnostic
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and Statistical Manual of Mental Disorders-IV (1994)
diagnostic criteria, have been considered to fall under
the general rubric of disinhibitory psychopathology
(Gorenstein & Newman, 1980). Alcohol use disorders are
highly comorbid with antisocial personali ty disorder
(Helzer & Pryzbeck, 1988; Hesselbrock, Meyer, & Keener,
1985; Lewis, Cloninger, & Pais, 1983). Sher & Trull
(1994) conclude from their review of disinhibitory
psychopathology and personality that personality
variables such as impulsivity/disinhibition are important
components of etiological models of these disorders.
Thus, the epidemiological evidence of a correlation
between alcohol and aggression may simply reflect a high
probabilityof alcohol use and aggressive behaviour among
individuals with disinhibitory psychopathology.

On the other hand, the relation between alcohol and
aggression may be due to factors associated with the
drinking situation. One explanation is the belief that
the drinking situation provides an acceptable outlet for
aggression (Boyatzis, 1975; MacAndrew & Edgerton, 1969).
There is evidence that different expectations are brought
to drinking situations (Cavan, 1966; Mass-Observation,
1943). In particular, alcohol consurnption is typically
associated with the expectation of increased aggressive
behaviour (Kreutzer, Schneider, & Myatt, 1984; Rohsenow
& Bacharowski, 1984). However, these results must be
interpreted cautiously as an attitude does not always
lead to a behaviour.

Experimental studies of the role of expectancy
effects in alcohol-related aggression typically rely on
the "balanced-placebo design" (Marlatt & Rohsenow, 1980)
where beverage contents (alcohol or non-alcoholic) are
crossed with the beliefs subjects hold regarding the
contents of those beverages. This design yields four
belief/beverage cornbinations: 1) told alcoholic
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beverage/received alcoholic beverage; 2) told alcoholic
beverage/received non-alcoholic beverage; 3) told non
alcoholic beverage/received alcoholic beverage; and 4)
told non-alcoholic beverage/ received non-alcoholic
beverage. These four conditions allow for the testing of
hypotheses about the extent to which pharmacological or
expectancy factors, or sorne cornbination of the two.
account for the alcohol-aggression relationship.

Results of studies investigating the role of
expectancies in alcohol related aggression are equivocal
(for review see Lang & Sibrel. 1989). On the one hand.
aggression has been shown to be related to the belief one
had consurned alcohol, regardless of the actual beverages
consurned (Lang, Goeckner, Adesso, & Marlatt, 1975). In
this study which used heavy drinkers, alcohol
expectancies, but not alcohol itself, facilitated
aggressive responding. On the other hand, Gustafson
(1985c) has shown that only alcohol and not expectancy
increased aggression in moderate drinkers. A meta
analytic review of seven studies using a balanced-placebo
design to examine the role of expectancy on aggressive
behaviour concluded that expectancies alone do not
increase aggression (Hull & Bond, 1986). More recently,
Bushrnan & Cooper (1990) concluded from their review of
studies using a placebo or balanced-placebo design that
neither the pure pharrnacological or psychological effects
of alcohol increase aggression by thernselves. Rather, i t
is possible that both effects must occur together for
alcohol to cause aggression.

A second set of explanations proposes that
environrnental or situational factors associated with the
drinking context induce aggression. Drinking typically
occurs in bars or at social gatherings. Bennett et al.
(1969) have proposed that as aggression is an
interpersonal act, the presence of many other persons
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might be enough to increase aggression. However, Graham
et al. (1980) found that the mere presence of others in
bars was simply not sufficient to increase aggression.
Alternatively, physical aspects typically associated with
drinking situations may play a role in the incidence of
aggression. High ambient temperature, noise and
unhealthy air have all been demonstrated to increase
aggressive responding (Baron & Richardson, 1994).
However, the specifie demonstration of an alcohol
aggression relationship under controlled laboratory
conditions (Bushman & Cooper, 1990), in parties
(Boyatzis, 1974; 1975) and in bars (Murdoch &Pihl, 1988)
argues for at most a conjunctive role for any of these
external determinants in intoxicated aggression.

Aggressiveness Leads to Heavy Drinking
This model hypothesizes that aggressive behaviour

leads to heavy alcohol use. It is predicated on the
notion that aggressive individuals are more likely to
select situations or peer groups in which heavy drinking
is encouraged (Johnston, O'Malley &Eveland, 1978). Two
elaborations of this idea are that aggressive individuals
may drink heavily to give themselves an excuse to act
aggressively (Boyatzis, 1975) or to self-medicate
(Khantzian, 1985).

While there is one report that acute anger per se
does not contribute to increased drinking (Marlatt,
Kosturn, & Lang, 1975), a few studies have demonstrated
that a history of aggressive behaviour can predict
alcohol related aggression. Data from a recent
prospective, longitudinal study of adolescent males
indicate that early aggressive behaviour predicts
increased alcohol use and alcohol-related aggression, but
that levels of alcohol use do not predict later
aggressive behaviour (White, Brick & Hansell, 1993). In
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addition, Jaffe, Babor, &Fishbein (1988) have shown that
aggression under the influence of alcohol correlated with
the history of early childhood aggression in recently
hospitalized alcoholics.

The above findings do not necessarily refute
experimental studies demonstrating that intoxication
leads to aggressive behaviour. Instead, the strength of
the aggressive response may depend in part on the
subject's baseline level of aggression (Bailey &Taylor,
1991; Boyatzis, 1975, Lindman et al., 1987; Pihl et al.,
1982). For example, a large amount of the variation in
retrospectively reported behavioral distress and
aggression following alcohol consumption can be explained
by a history of childhood aggression (Fishbein, Jaffe,
Snyder, Haertzen, & Hickey, 1993). These authors also
demonstrated that behavioral distress and aggression
becomes more severe with increasing levels of alcohol
consumption in recently hospitalized alcoholics than in
non problem drinkers. Thus, alcohol 's effects on
aggression may interact with an individual' s aggressivity
such that aggressive as compared to nonaggressive
individuals are more likely to drink heavily and more
likely to become aggressive when intoxicated (White et
al., 1993) possibly by triggering preexisting aggressive
mechanisms (Fishbein et al., 1993).

However, there is recent evidence arguing against
this notion (Pihl, Lau & Assaad, 1995). In this study,
subjects, assigned to high/low aggression groups based on
scores derived from a psychiatrie status schedule,
competed in the Taylor aggression paradigm, sober or
intoxicated. While increased aggression was manifest by
the high versus low aggressive group when sober, there
were no differences in aggression between the two groups
when intoxicated. In addition, there were no group
differences in self reported beverage consumption. Thus,
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these results argue against the idea that aggressiveness
causes drinking.

Alcohol Intoxication Increases Aggressive Behaviour
Alcohol has been postulated to cause aggression due

to its direct as well as indirect effects. One
explanation is that alcohol has an anaesthetizing effect
on the brain center that normally inhibits aggressive
responding, thereby releasing aggressive behaviour
(Pernanen, 1976). However, the diversity of brain
mechanisms involved in aggressive behaviour argues
against the idea of a single aggression center in the
brain (Elliot, 1992). Furthermore, this theory by itself
has limited explanatory power as it does not account for
variations in alcohol induced aggression across
individuals (e.g. Boyatzis, 1975), cultures (Heath,

1983), nor drinking settings (Kalin, 1972). Thus, any

theory invoking a direct cause explanation needs to
include other mediating factors to account for these
variations (Graham, 1980).

The indirect cause explanation suggests that alcohol
consumption induces certain physiological, emotional and
cognitive changes, which indirectly increase the

probability of aggression. Research on the impact of
alcohol induced physiological changes on aggression has

sought to demonstrate a link between alcohol-induced
changes in nervous system, or hormonal, function and
increased aggressiveness. However, the available
evidence suggests that the pharmacological consequences
of alcohol for the functions thought to be most relevant
to social behaviour are diffuse, nonspecific, and
variable (even reversible) across the dose-response curve

(Berry & Brain, 1986). While there is little

experimental evidence supporting the idea that alcohol
increases aggression via physiological changes, alcohol
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may increase aggression via emotional changes. Pihl et
al. (1993) have proposed that alcohol may increase
aggression, in part due to its anxiolytic effects which
can be compared to those produced by barbi turates or
benzodiazepines. These effects are thought to be due to
alcohol's pharmacological effects on the
septal/hippocampal system (Gray, 1982, 1987). As the
septal/hippocampal system is thought to be responsible
for the inhibition of ongoing behaviour as a consequence
of exposure to threat or novelty (Gray, 1982, 1987), the
expression of any behaviour normally inhibited by threat,
including aggression, would be facilitated by alcohol.
A number of experimental studies have produced results
consistent with a hypothesis that alcohol potentiates
aggression in threatening situations (Cherek et al.,
1985; Kelly et al., 1988; Leonard, 1984; Shuntich &

Taylor, 1972; Taylor &Gammon, 1975; Taylor et al., 1976;
Zeichner & Pihl, 1979; 1980; Zeichner, Pihl, Niaura, &
Zacchia, 1982).

In addition, there is good evidence addressing the
possibility that alcohol consumption induces cognitive
changes, which indirectly increase the probability of
aggression. This discussion will be organized around
Dodge & Crick' s (1 990) social information processing
model which describes the cognitive processes related to
the expression of aggressive behaviour. This model
comprises five sequential skills: cue encoding, cue
interpretation, response generation, outcome
anticipation/response selection and response enactment
which are initially set in motion by provocation. It is
argued that skilful processing of each step leads to
socially competent behaviour whereas impaired processing
will lead to deviant, possibly aggressive, social
behaviour.

There is evidence from two studies suggesting that
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alcohol consumption may impair cue interpretation such
that this biased interpretation leads to increased
aggressive responding. First, Zeichner & Pihl (1980)
have demonstrated that the aggr~ssive behaviour of only
intoxicated individuals was immune to inhibition of
aggression induced by consideration of the opponent's
intent. Second, there is the finding that intoxicated
subjects, who typically select higher shocks for their
opponents than sober subjects on the Taylor (1967) task,
expect to receive higher shocks from an opponent than
individuals consuming a placebo beverage (Schmutte et
al., 1979). Thus, alcohol may interfere with the process
of making causal attributions such that intoxicated
individuals are more likely than sober individuals to
make attributions of hostility.

Alcohol intoxication may also alter cognitive
processing of cues that normally modify the response to
provocation (Pihl &Ross, 1987; Steele &Southwick, 1985;
Taylor & Leonard, 1983). Alcohol may change an
individual's response to external, less immediately
contingent stimuli by reducing the ability to process and
extract meaning from those stimuli (Steele & Josephs,
1990) • Thus, alcohol intoxication theoretically
restricts cognition so that less immediately contingent
aspects of a situation (such as peripheral cues or
embedded meanings) do not command normal levels of
attention. Alcohol intoxication may therefore increase
the likelihood of an aggressive response in situations
where the salient cue is provocation (which
unconditionally elicits aggression) and where peripheral,
or less contingent cues inhibit such aggression (Steele
& Southwick, 1985). Consistent with this theory is the
finding that alcohol-intoxicated subjects fail to rnodify
their aggression in response to threat (Zeichner & Pihl,
1979). One possible reason is that knowledge concerning
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the consequences of their behaviour no longer served an
inhibitory function (Zeichner, Pihl, Niaura, & Zacchia,
1982). In sum, these findings suggest that alcohol may
also interfere with the evaluation of the consequences of
response.

While the above studies are consistent with the idea
that alcohol' s effects on speciEic cognitive skills leads
to increased aggression, these studies were not designed
to evaluate each skill in the context of the possible
contributions of other skills. It remains possible that
impairment in other skills may explain the above results.
Sayette, Wilson & Elias (1993) have addressed this
possibility by exploring the effects of alcohol on the
first four social information processing skills. The
results showed that alcohol impaired response generation
and outcome anticipation/response selection to increase
aggression even when the situation was encoded and
interpreted in a manner similar to that of sober
subjects.

Although the above studies provide good evidence
that alcohol's impairment of a number of perceptual and
cognitive processes leads to dyscontrol of aggression in
provocative situations, a major question in the alcohol
aggression literature is what neural mechanisms mediate
alcohol's effects on these processes.

Pihl, Peterson & Lau's (1993) biosocial model of the
alcohol-aggression relationship proposes that alcohol
modulates the expression of aggression in part by
interfering with cognitive abilities associated with
frontal lobe function. This notion is based on evidence
that alcohol impairs performance on a variety of
neuropsychological tests measuring selected aspects of
higher order cognitive abilities. Neuropsychological
tests are one of the most sensitive methods for detecting
subtle variations in cognitive performance and allow
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researchers to form hypotheses about the site of a lesion
(Lezak, 1983). Furthermore, neuropsychological
assessment has been extensively used as a research tool
fC',," identifying brain dysfunctions associated with a widè
variety of pathological behaviours including antisocial
behaviour (e.g. Moffitt, 1990), schizophrenia (Goldstein,
1986) and risk for alcoholism (Tarter, Hegedus,
Goldstein. Shelly. & Alterman. 1984).

Acute alcohol intoxication impairs normal
performance on neuropsychological tests that measure
cognitive abilities associated with the frontal cortex.
but does not impair performance on standard intelligence
tests (Peterson. Rothfleisch. Zelazo & Pihl. 1990). This
impairment can be attributed to the pharmacological
effects of alcohol as Peterson et al. (1990). employing
a balanced placebo design. demonstrated minimal effects
of alcohol-intoxication expectancy upon test performance.
One possible explanation is that alcohol intoxication
results in a temporary form of minimal frontal lobe
dysfunction.

Studies specifically designed to test the idea that
alcohol related disruption in frontal lobe functioning
leads to increased aggression are lacking. However.
there is sorne neuropsychological evidence that associates
frontal lobe deficits with poorer regulation of social
behaviour. This work is reviewed below to explore the
possibility that frontal lobe dysfunction can lead to
increased aggressive behaviour.

THE FRONTAL LOBES AND AGGRESSION

Anatomy of the Frontal Cortex
The frontal lobes consist of the bilateral brain

regions anterior to the central sulcus and superior to
the sylvian fissure; this area can be further divided
into medial. dorsolateral. and orbitofrontal cortex
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~hought ta be ~espo~sible fQ~ o~ga~izing intellectual

ar:tivity as a whole \Daï.\asio, 19i9; Lur-ia, i 980). The

cognitive functions attribuced to the frontal lobes

incluàe abstraction, inhibition of unsuccessful,

inappropriate, or impulsive behaviours, with adaptive
shifting to alternative behaviours, mental flcxibility,
sequencing, attention and concentration, and regulation
of emotion and affect (Moffitt, 1990; Raine, 1993). In
particular, the frontal lobes are thought to synthesize
information related to the outside world, the state of
the internal milieu and relevant stimuli in the light of
past experiences relating to reward or punishment in
order to calculate appropriate responses to what is being
perceived (Bear, 1991; Damasio, 1979; Luri~, 1980; Nauta,
1971) .

The frontal cortex is particularly important in the
control of social behaviour from both an evolutionary and
anatomical perspective. The frontal cortex is the most
recently evolved part of the brain in humans (MacLean,
1990). Moreover, phylogenetically, the frontal cortex
develops to a maximum in the human brain where it
comprises nearly one third of the neocortej: (Fuster,
1989) versus 3.5% of the neocortex in cats, 7% in dogs
and 17% in chimpanzees (Raine, 1993).

Ar.atomically, the frontal cortex is the only
cortical area which interconnects with all sensory
regions, including the olfactory area (Stuss, Gow, &

Hetherington, 1992). In addition, it connects to the
limbic system, a group of interconnected subcortical
brain structures consisting of the hippocampus, amygdala,
fornix, septal region, cingulate gyrus, and mammillary
bodies along with connections to the thalamus and
hypothalamus. These connections are particularly
relevant as the limbic system is involved in emotional
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and aggressive behaviour as well as learning and memory .
The proximity of the frontal cortex t~ t~~ brain's motor
regions and its connections to lower brain centres, make
it a "final common pathway" in formulating appropriate
motor responses (Bianchi, 1922; Weiger & Eear. 1988).
Moreover, Dimond (1980) has proposed that the frontal
lobes play a speclalized, critical role in the processing
of complex, socially relevant peripheral eues. Thus, it
is conceivable that impairment in the operation of
frontal lobe functions, regardless of origin, might lead
to impaired regulation of social behaviour-perhaps to
reduced control cf aggression.

Evidence associating frontal lobe deficits with
poorer regulation of human social behaviour comes from
clinical reports of behaviour in patients with frontal
lobe lesions and neuropsychological and neuroimaging
studies of individuals who manifest dev~ant social
behaviour •

Frontal Lobe Lesion studies
Large numbers of clinical case studies of the

behaviour of patients with frontal lobe damage have
demonstrated significant changes in personality and
emotions. One of th-= first and most striking single case
studies linking frontal lobe damage: to personality change
is that of Phineas Gage. Gage, a railway construction
foreman, experienced an accident in which a 3-cm-thick,
109-cm-long iron tamping rod was hurled through his head
by a dynamite explosion, entering at the lower cheek and
exiting from the upper forehead. Miraculously, Gage
survived this injury demonstrating good physical recovery
and many preserved cognitive abilities. However, his
emotional behaviour and personality c~nged te such an
extent that his friends ..·epo=-ted that "Gage was no longer
Gage" (Harlow, 1868). His respect for social con,entions
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disappeared, he had taken leave of his sense of
responsibility and he became irreverent, impulsive,
profane and capricious. Recently, neuroimaging
techniques were used to demonstrate that the lesion
involved areas of the ventromedial region of both frontal
lobes while sparing the dorsolateral (Damasio, Grabowski,
Frank, Galaburda & Damasio, 1994).

Since the 1800's, observed ~ersonality changes in
individuals with frontal lobe damage have included, for
example, decreased concern with social propriety, apathy
and indifference, extroversion, social withdrawal,
disinhibition, impulsivity, decrease in initiative,
automaticity, and outbursts of irritability (Stuss et
al., 1992). These changes are characterized by their
heterogeneity and the incorporation of opposite extremes
in the one syndrome (see Stuss & Benson, 1983, 1986 for
a review and extended references).

This heterogeneity may derive, in part, from the
contrast in behaviour between patients with orbitofrontal
versus dorsolateral frontal lesions (Stuss et al., 1992).
Damage to these two areas of the frontal cortex has been
associated with two distinct types of personality
changes, pseudodepressed versus pseudopsychopathic
(Blumer & Benson, 1975). The first syndrome,
characterized primarily by an absence of spontaneously
generated thought and action, inch'des, for example,
depression, apathy, loss of initiative and indifference.
These changes are related to damage of the dorsolateral
convexity.

In contrast, the pseudopsychopathic syndrome is
associated with damage to the orbitomedial frontal
cortex. This syndrome, described as "acquired
sociopathy" (Miller, 1987) , is characterized by
irritability, facetiousness, hyperkin9sis or promiscuity
and commission of "antisocial" acts (Blumer & Benson,
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1975; Damasio et al., 1994; Eslinger & Damasio; 1985;
Hecaen & Albert, 1978; Meyers, Berman, Scheibel & Hayman.
1992). This pattern of behaviour has led to the
hypothesis that the participation of emotion and i ts
underlying neural machinery in decision making in social
situations depends in part on the ventromedial frontal
region (Damasio et al, 1994; Eslinger & Damasio, 1985).
Furthermore, if such damage occurs early enough in life,
it can result in the development of pervasive
abnormalities of affective and social behaviour (Eslinger
& Damasio, 1985; Priee, Daffner, Stowe, & Mesulam, 1990)
and the inability to accommodate social impulses into the
total personality structure (Ackerly & Benton, 1948).

While the above studies assign frontal regions to
different cognitive domains, this idea is compatible with
the idea that neurons in these regions might be involved
with attention, working memory, and the categorization of
contingent relationships regardless of the domain
(Goldman-Rakic, 1992).

In SUffi, lesion studies of noncriminal populations
suggest a link between frontal lobe damage and reduced
control of social behaviour. However, more direct
evidence for frontal dysfunction in violent behaviour
cornes from neuropsychological studies implicating frontal
dysfunction in antisocial or criminal behaviour.

Neuropsychology of Antisocial Behaviour
Several theorists have postulated a role for frontal

dysfunction in antisocial 01.' criminal behaviour (e. g.
Gorenstein, 1982; Lueger & Gill, 1990; Moffitt, Lynam &
Silva, 1994; Raine, 1993; Yeudall, Fedora &Fromm, 1987).
Typically, these theories attempt to relate prominent
characteristics of deviant social behaviour to individual
differences in brain functioning. Behavioral
similarities include the failure to inhibit inappropriate
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responses, perseveration, low frustration tolerance,
difficulty sustaining attention, poor long term planning,
and deficits in memory organization (Beaumont, 1983;
Stuss & Benson, 1984).

There is a growing body of evidence demonstrating an
association between frontal lobe dysfunction and various
forms of antisocial behaviour for both adolescent and
adult clinical samples.
Delinguency

A sizable literature exists demonstrating that
neuropsychological test scores can discriminate between
antisocial and non-antisocial delinquents (for review see
Moffitt, 1990; Moffitt & Henry, 1991). While these
studies employed a wide variety of neuropsychological
tests and definitions of delinquency status, the findings
consistently cite impairments of executive and verbal
functions (Moffitt & Henry, 1989). However, several
methodological shortcomings associated with this
literature suggested the findings be viewed with caution.
Early studies were troubled by problems with subject
selection, adequacy of controls, collection of
neuropsychological data, data analysis, and failure to
evaluate for spe~ificity of effects (Moffitt, 1990).

More recently, however, longitudinal studies of
unselected birth cohorts, designed to address the
methodological shortcomings of earlier work, have
replicated previously reported results (Moffitt, 1990;
Seguin, Pihl, Harden, Tremblay, & Boulerice, 1995). The
New Zealand study, for example, a prospective,
longitudinal study of an unselected birth cohort of 1,037
children born in 1972 from Dunedin, New Zealand has shown
that deficits in verbal and "executive" (self-control)
functions are associated with delinquency (Moffitt,
1990). More importantly, recent results from this study
have produced the first prospective evidence that poor
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neuropsychological status, associated with early onset of
delinquency, predicted specifically male offending that
began prior to age 13 (Moffitt et al., 1994).
Furthermore, Seguin et al., (1995) provide evidence
consistent with the idea that deficits in executive
functions may underlay specifically aggressive behaviour.
In this study, the results showed that reduced
performance on frontal lobe tests of executive function,
predicted fighting in boys aged 13-14.

Taken together, the results of these studies
establish a link between frontal dysfunction and
delinquent behaviour. Studies of frontal dysfunction in
adult antisocial disorders have focused primarily on
psychopathy as a prototypic form of antisocial behaviour.
Psvehopathy

Psychopathie personalities are described as
impulsive, self-centred and aggressively opportunistic;
when even slightly frustrated they quickly become furious
and vindictive (Miller, 1987). Furthermore, theyare
easily provoked to attack (Millon, 1981). Theorists have
postulated a cortical basis for psychopathy (e.g. Hare &
McPherson, 1984). A number of models have specifically
implicated septal-hippocampal and frontal dysfunction
(e.g. Fowles, 1980; Gorenstein &Newman, 1980; Yeudall et
al., 1987).

A small number of studies have tested psychopaths on
one or more neuropsychological measures (Hart, Forth &
Hare, 1990; Schalling & Rosen, 1968; Smith, Arnett &

Newman, 1992) while sorne studies have specifically
focused on frontal lobe functioning in psychopaths (e.g.
Gorenstein, 1982; Hare, 1984). The results supporting a
neuropsychological basis of psychopathy are equivocal.

Gorenstein (1982), for example, studied adult male
patients receiving treatment for substance abuse and/or
psychiatrie disorders along with normal male college
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students. Patients were identified as psychopathie on
the basis of the Socialization scale of the ealifornia
Personality Inventory and a self-report behavioral
checklist, which is described as being similar to DSM-III
criteria. Psychopathie patients, compared to non
psychopathie patients and normal controls, exhibited the
performance pattern of frontal lesion patients on all
measures of frontal lobe impairment. Psychopaths made
more perseverative errors on the Wisconsin eard Sorting
Test (WeST), more total Necker eube reversals and more
errors on the Sequential Matching Memory Task. Moreover,
psychopaths did not differ from controls on those
measures empirically unrelated to frontal lobe
dysfunction including weST nonperseverative errors and
anagrams. Gorenstein concluded that these differences
were support ive of a frontal lobe dysfunction explanation
of psychopathy.

Further support for this notion cornes from studies
demonstrating performance deficits in psychopaths on the
Porteus Maze (Schalling & Rosen, 1968) and the Necker
eube (Lidberg, Levander, Schalling, & Lidberg, 1978)
tests. In addition, criminal psychopaths have
demonstrated response perseveration, thought to be a
symptom of frontal dysfunction, in a card-playing task
incorporating monetary reward (Newman, Patterson, &
Kosson, 1987).

Many of these studies, however, have been criticized
for a failure to control for potentially confounding
variables such as substance abuse, inadequate diagnosis
of psychopathy and small sample sizes combined with large
test batteries (Hart el al., 1990). Two methodologically
rigorous neuropsychological studies of psychopathy did
not find group differences in neuropsychological function
(Hare, 1984; Hart et al., 1990). Hare (1984), for
example, studying a sample of adult male prisoners,
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utilized the same neuropsychological tests as Gorenstein
(1982), but used the Psychopathy ehecklist (Hare, 1980)

to determine the presence of psychopathy. W~en

confounding variables such as alcohol, drug use,
education, age and 1Q, were controlled for, Hare (1984)

found no significant difference in perseverative errors
on the WeST between psychopaths and the other criminals.
These results are consistent with a number of other
studies which failed to replicate Gorenstein's findings
(Hoffman, Hall, & Bartsch, 1987; Sutker & Allain. 1983).

These latter findings call into question the frontal
lobe hypothesis of psychopathie behaviour. However.
there are a number of important considerations which
might explain these null results. First. controlling for
substance abuse may be problematic. ASP and substance
abuse disorders are often found together. In particular.
sorne researchers posit that a prefrontal type deficit may
underlay both these disinhibitory syndromes (Gorenstein •
1987). Thus. controlling for substance abuse may
eliminate individuals with frontal lobe dysfunction.

Second. failures to observe perseveration errors in
psychopaths may not be entirely unexpected.
Perseverative errors on the WeST have been demonstrated
in patients with lesions to the dorsolateral prefrontal
cortex. However. it has been speculated that the
orbitofrontal region is of potentially greater relevance
to antisocial and violent behaviour (Raine. 1993). Thus.
psychopaths would not demonstrate deficits on the weST as
damage to the orbitofrontal region does not produce
cognitive deficits.

Third. the above studies may have failed to account
for the mediating influence of anxiety. There is
evidence that low. but not high anxious psychopaths
manifest deficits on frontal lobe measures (Smith et al..
1992) •
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Fourth, if frontal lobe dysfunction is the basis of
criminal behaviour, significant differences between
psychopa thic and nonpsychopathic criminal offenders would
not be expected.

Alternatively, frontal lobe dysfunction may be
specifie to violent criminals. Although psychopaths are
more violent than nonpsychopaths, many psychopaths are
non-violent. Thus, studies of psychopaths would comprise
only an indirect test of the frontal dysfunction-violence
hypothesis. A more direct test of this hypothesis
consists of neuropsychological as well as brain imaging
research of violent individuals.
NeurQpsychology of Violence

The idea that brain dysfunction might specifically
lead to violent behaviour was popularized by Mark and
Ervin (1970). Since then a large body of literature on
biology and violence has been accumulated (for review see
Mednick, Pollock, Volavka, & Gabrielli, 1982). However,
only a few studies have examined a relationship
specifically between frontal lobe dysfunction and
violence (Bryant, Scott, Golden, and Tori, 1984;
Heinrichs, 1989; Yeudall, & Fromm-Auch, 1979». For
example, Yeudall, & Fromm-Auch (1979) examined the
relationship between frontal-lobe dysfunction and violent
criminal behaviour by comparing violent criminals to
normal controls using the Halstead-Reitan
Neuropsychological Test Battery (HRTNB). The violent
group demonstrated significantly more anterior
neuropsychological dysfunction than controls. Kandel &
Freed (1989), however, in a recent review of the
literature concluded that the evidence supporting this
type of relationship is weak at best.
Neuroimaoing Studies of Violence

There are four brain imaging studies which have
provided evidence for selective frontal dysfunction in
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violent offenders, child assaulters, or sel< offenders

(Hendricks, Fitzpatrick, Hartmann, Quaife, Stratbucker &
Graber, 1988; Raine, Buchsbaum, Stanley, Lottenberg,

Abel, & Stoddard, 1993; volkow & Tancredi, 1987; Wright,

Nobrega, Langevin & Wortzman, 1990). Raine et al.

(1993), for example, reports on a recent brain imaging

study using Positron Emission Tomography (PET) of 22

murderers in whom questions regarding mental illness or

organic brain injury were raised versus ?2 controls. The

results showed selective frontal dysfunction in the

murderers. In addition, assessment of 4 violent patients

and 4 normal controls using PET demonstrated compromised

function of the frontal cortex in 2 out of 4 violent

psychiatrie patients (Tancredi & Volkow, 1988). Although

these studies support the frontal dysfunction-violence

hyPOthesis, the small sample sizes limit their

contribution to the suggestion of the potential of brain

imaging research for understanding the brain mechanisms

that contribute to violent behaviour.

In conclusion, the current neuropsychological

evidence linking frontal lobe dysfunction to violence, or

increased aggression, is weak. This is due in part to

the fact that neuropsychological tests are limited in the

extent of their specificity. In particular, distinctions

between specifie brain regions have not been accurately

identified by neuropsychological tests. Thus, one

possibility is that violent individuals have deficits in

specifie regions of the frontal lobes whose functions are

not detected by traditional neuropsychological tests

thought to reflect frontal functioning.

There are, however, two neuropsychological tests

designed by researchers at the Montreal Neurological

Institute which have not yet been used to investigate a

link between frontal dysfunction and violence that have

been rnapped to specifie brain regions. These two tests,
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the spatial conditional associative-learning task (CALT;
Petrides, 1985a) and the self-ordered pointing task (SOP;
Petrides & Milner, 1982), appear to assess the functions
of two distinct areas of the dorsolateral frontal cortex.
PET wi th magnetic resonance imaging of the brains of

normal volunteers completing a modified version of the
CALT has demonstrated activation of cytoarchitectonic
area 8 of the dorsolateral frontal cortex, whereas
cytoarchitectonic areas 46 and 9 of the mid-dorsolateral
frontal cortex were activated when volunteers completed
a modified version of the S~P (Petrides, Alivisatos,
Evans, & Meyer, 1993). Individuals with unilateral
frontal lobe damage have been shown to perform poorly on

bath these tasks (Petrides & Milner, 1982; Petrides,
1985a). The impairment on the CALT appears to be due to
difficulties in learning to choose from a set the
appropriate response to a given stimulus (petrides,

1985a) whereas the deficits on the SOP can be attributed
either to poor monitoring of responses or poor

organizational strategies or both (Petrides & Milner,
1982) • Finally, the dorsolateral frontal cortex is

thought to play a role in the higher-order control of
behavioral responses (Petrides, 1985b) and certain
aspects of working memory (Petrides, 1991). If this area
fails, the brain views the world as a series of

disconnected events. As a result, behaviour is
excessively dominated by immediate stimulation rather
than by a balance of external, internal and past

information (Goldman-Rakic, 1992). Thus, deficits in

cognitive abilities associated with this brain area may
be important in the dyscontrol of aggressive behaviour.

Finally, one caveat must be addressed. The above
discussion is not meant to imply that the prefrontal
cortex, or any other brain area for that matter,

functions in isolation to produce aggressive behaviour.
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Our current level of understanding of neuroanatomy is as
yet insufficient to support such conclusive causal
deductions (Moffitt, 1990). It is more likely that
various neural and neurochemical substrates are also
involved in the cognitive functions attributed to the
dorsolateral prefrontal cortex. Furthermore, these
cognitive abilities likely interact with environmental
conditions to produce aggressive behaviour.

In sumo the aim of the following experiments was to
investigate the role of individual differences in
cognitive abilities associated with the dorsolateral
frontal cortex in the alcohol-aggression relationship
behaviour. As reviewed earlier. the results cf previous
investigations of individual difference variables were
equivocal (e.g •• Bailey & Taylor. 1991; Bushman & Cooper,
1990; Giancola & Zeichner, 1995; Pihl et al., 1995). The
failure to demonstrate clear cut effects in these studies
may derive in part from the use of between-subjects
designs. A within-subjects design. however.
incorporating reduced error variance. might provide an
important advantage in the investigation of influences
of individual differences.

STATEMENT OF THE PROBLEM

The aim of the research in this thesis was to
investigate the role of individual differences of
cognitive functions associated with the prefrontal cortex
in alcohol induced aggression. In order to maximize the
results of this investigation. a within-subjects design
was deemed advantageous. However. the Taylor (1967)
competitive reaction time task has not been used
previously in a repeated measures design to study the
alcohol-aggression relationship. Thus. the validity of
using the Taylor aggression paradigm in a repeated
measures design was first assessed in study 1. It was
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expected that (1) all individuals would be more
aggressive as provocation increased and (2) individuals
would become more aggressive when intoxicated than when
sober, irrespect ive of the order in which they completed
the task.

Study 2 investigated whether alcohol increased
aggression via an impairment of frontal lobe function.
Individuals with high or low cognitive performance on the
CALT and S~P participated in the aggression paradigm
intoxicated or sober. It was specifically hypothesized
that (1) all individuals would be more aggressive as
provocation increased, (2) intoxicated individuals would
be more aggressive than sober individuals, (3)
individuals with lower cognitive performance would be
more aggressive than those with higher cognitive
performance, (4) that provocation would interact with
cognitive ability such that individuals with lower
cognitive performance would respond to increased
provocation with greater increases in aggression, and (5)
that intoxicated condition and cognitive ability would
interact, such that alcohol would increase aggression
more for lower cognitive performers.
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ABSTRAcr. Al:ul~ aicOhOI InIO'I('~hon t:.:l' bttn 'ho.... n ta lnc:n:~

ph~"\lCai .;aggro'lon ln the 1~10f1' .u r:'IC.1.\ured b~ l~ T.J.~lor :l~.

~on ;:g.~lsrn ","Ith I~n: ;:rœp' 8cc;w"oC Il .... olJld Oc: ~'i~U'
reou:s ta l.nC the TOI:!,lor j)~t~c:hgm ln .J re;:rc~ed me.»U.~ ~sn 10
cumlnc: lnc1i ...~ 4lffcrcnc:a,.lhe~t -.&uéy romp.ued t!')c perfor·
m:ancc of ~bp:uon tvoocoun~ OCQ.\lon~; "",hcn t.~ ....cre
InlOl.lQted~ ""'hen lhey -.e:c -.obe:'. On:cr of :C'\ting: s.1$ftlficmtly ln·

T HERE IS a large body of experimental evidence that
inloxicaled individuals behave more aggressi\"el)·. both

verbally and ph)·sicall~·. !han do $Ober indi\"iduals (Bush·
man atld Cooper. (990).... number of paradigms have becn
used 10 measure physical aggression. :Mosl procedures are
variations of the Buss (1961) leacher·leamer pa:adigm
le.g.• Gustafson. 1985) atld the Taylor (1967) competitive
reaaion·lime task. le.g.• Zeichner and Pihl. 19791. both of
which pro"ide a believable contexl for the administr:llion of
noxious physic-": slimuli. In the former. a subjecl. assigned
the teaeher role. gives electric shocks 10 punish a leamer. a
confederate. for mak.ing incorrecl responses on a visual dis·
criminatil'n task.. In the laner. the subjecl competes in a
reaction-lime task. and exchaP:;es shocks. or other punishing
stimuli. typically ",;th a fictitious opponenl. The inlensity of
the voluntaril)' adminislered punishmenl a10ng with the du·
ralion constilUle the measures of aggression. A third IYpe of
paradigm uses a free-operanl poinl-subtraetion procedure
where the measure of aggression consists of the withdrawal
of money from the opponenl (Cherek. el al.. 1984). This par.
adigm also inc!udes a nOn:lggressive response alternative.
=ely. thal of giving money 10 the opponenl.

These tasks ha"e been use<! 10 confirm the existence of a
relationship belween alcohol and aggression. However. nol
evetyone who drinks becomes aggressive (Heath. (983).
Thus. one cao nOI conclude thallhe alcohol·aggression rela·
tionship applies 10 ail individuals (Taylor and Leonard.
1983). Specifically. there is a need for syslemalic investiga
tion of the influences of individual differences. While the
moder:lling role of individual differences can be Sludied us·
ing between subjects designs. within subject designs provide

R«ca~: July IS. 19Q~. RcIo'Slon:J~~ 10. 1Q9.:.
·n'll!r>~ w.....~~' the ;\1cdcl Roc:at:h Councilo(~

701

lerx~ WI:''\ druS con.:ltlon (or \he .J~"lon t:'IC:l....Ufe(, .;and p;un
;;h~ld. HQ\Io'C"c:'. ~ ~1~"ls of th-- r.tlio oi paJn 1h.~hOld :0 -.hoc!..
Inlensl~. ,l."'ld 10 loul O1g:~lon. rc'localed the ;trOCcdure to bc l.:..efulln
undc:N3nC1ing: one:aspect of hovo' .1i:ohol m«!ul:atc:s .l~te)~tOn. The:'l:
-.ults wsscst t~ Xlnc J.leohol into:t.lC.ltion inte~f~ .... ith the: ~iht)o 10
In:cSf.lIC p:'I:'o'i~I~' xquircd kl\ClAo'led~ ln the ronnul~ion of :ct\:,,·
toral ~es:les. (J. S:lfd. ~Jcoi:oi 55: 701·i06. 19Q.:.1

the imponam advantage of a reduclion in errar variance. As
a resull this design is more sensitive 10 drug effecls. For ex·
ample. severa! sludies using the Cherek. paradigm in a re·
pe3led measures design have demonstraled increased
.ggression with "ery low alcohol doses (Cherek el al.. 1984.
1985: Kelly el al.• 1988. (989).

The Buss pa:adigm bas also becn used 10 slUdy the effecl
of alcohol on aggression in repe3led measures designs le.g.•
Bennett el al.• 1969: Gustafson. 1984). Sutprisingly. in nei·
ther SlUdy did subjects adminisler a greater inlensity of
shocks when inloxicaled versus when they were sober. How.
ever. neither slUdy ruled OUI possible confounding influences
of order effects of administration of dose. Funhermore. the
general use of this paradigm has been criticized because of
'fÜlicialil)' and the polential demand of altruism in the task
(Baron and Eggleston. 1972: Shuckand Pisor. 1974).

According 10 a review of Ihe lileralure. the T.ylor task
does nOI appear tO have been use<! in a repe3led measures de·
sign 10 slUdy the alcohol·aggression relationship. Yel. il is
the paradigm usee! mosl frequemly in this field and bas the
advantages of being able 10 manipulale provocation of the
subject and slUdy the effects of more !han one attaek on ag·
gressive responding lBertilson. 1990). This measure differ·
enti:ues between groups exp"--ted 10 differ in ag.,oressive
polential lDer.gerink. 1971: Taylor. 1967. 1970).11 is sensi.
tive 10 en';ronmental factors theoretically expected 10 influ
ence aggressi;)n (Borden and Taylw-. 1973: Hendrick. and
Taylor. 1971: Pisano and Taylor. 1971) and. finally. Ihere is
direcl suppon for conv~enl and discriminanl validity oi
this task IBernstein et al.. 1987).

The presenl sludy assessed the possibility of using the
Taylor aggression paradigm in a within·subjects design. In·
dividuals compeled in a two-provocation condition Taylor
paradigm sober and inloxicaled on IWO differenl ocasions.
Il was expected thal li) ail individuals woulgr more ag.
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gres~i\c: as pro\'<x:ation incn:ased and 12) Individuab ""oui':
becomc: more a~~ressive \lo'hc:n into\i~at~d than ",,'hen sobc::,.
irres~cti\"e of Ih~ order:n \lo'hich they comph:ted th~ task.

SUbJCClS ~l"lmpcteJ ln the TJ.~ h:'lr J.~:;~'~Il"."ln ta·,h, !Oh)':,
.:ated anJ -..obe:" \-"ln ~parJte JJ.~". T'" le"l for f".h~lbte ,,'rder
effe~ts. the order thJ.t the subJC\:t:>. ""e~ tC':>oled. elthcr IOlO\I

~ated or :ioobcr. was .:ount:.:rbalanccd. ln the ak"h",l ,,,'mJI,
lion. SUbJl.~lS J~nk l ml pcr kg ·.)f OOJ~' ""e1t:.ht ,,"li \)::-".
akohol l'Sr ln üuce dnnks or:l 1: 7a!.::"hol : ('lrJ.ngc Jutee so
luti"n, ln thl"' s('l~r condition. SUbJc\:b \\ cre admlOlstcreJ
thn:c drink~ ofjuicc ('lf equi'alcnt \olumc:. SUbJCl.':b wen: t"ld
c:\plicitly what the~' ,,"cre dnnking in cach ,ondlIlon and
wcre gi"cn the impression thatthelr opponcm W:l~ under the
same e:\perimental condition.

Drinks wcre consumed o"er 3. :!().minutc pc:riod, An adcil
lion:l! waiting period oi 20 minules followed 10 .110'" the
subj.-ctS in the aIcohol condition lime to reach near-peak
BACs, Following the waiting period. BACs "'ere taken .nd
ear.h subjeet W:lS :lSked to rate h,mself on the "How drunL"
Likert sc:l!e.

Each subjec"s p.in threshold for eleetric shock W:lS then
d~termined. /JI. senes of shocks which inctt:ased ~tCpwl~ in
intcnsity from zero "'cn: deli\'ered, at a const:1nt ratc. Each
subjeet was instrUcted to press a bunon in response 10 any
shock he regarded :IS painful (1) to stop the admini>tralion
of the shock and (21 tO reduce the level of the neXl shock by
one step. Each shock delivered after pressing the bunon WOlS

thorefo..: One step bwer !han the shock Wt induced press
ing the button. When • given subjeet pressed the bunon
cpon three presentations of the same shock intonsity. deliv.
cry of the shocks was stopped. This shock level was detined
:IS the pain threshold.

The aggression taSk was then introduced as • competitive
reaction-time tesl. Each subjeet was instrUCled to seleet •
shock level that he would deliverto his opponent in the event
he won the re3Ction-time trial. The subject would then be in·
fonned of the opponen!"s shock choiee. If a given subjeet
losl. he recei\'ed th.t shock. If he won. he .dministered hlS
pre\'iously chosen shock to his opponenl. The experimenter
then left brietly. toiling each subjeet th.t he was about to ver·
ify the re.diness of the opponcnt. Upon his retum. the ex·
perimenter stated th.t instrUctions were aboct 10 be delivered
10 the opponent.:md that this delivery could be viewed on the
TV monitor. as • review of the instructions. Folluwing the
videotape presentation. three practice lrials were conducted.
These trials wore the same as the 'Clual tnals except tt:at the
experimenter was present to ensure proper performance.
Each subjeet lost two trial; and received t'.o shocks r:mging
irom one to four.

The taSk irself consisted of 26 consecutive trials. The tirst
hall consisted oilow prova.'llon (shock values administered
to the subject rated from 1to ~-frolD a very 10"'" level up tO
h.lf a given subject's tbreshold). The second half consisted
of high provocation (shoc~ values administered to the sub·
ject rated from 5 tO 8-from one-half up to a given sUbject's
full threshold). The outcome of each ......,tion-time trial and
the shock level :l'!ministered tO the s.oject in the case of a
Iv» "'as tandomly assigned by the computer. Ali ~putor.

JOCR:"AL OF STL'DIES 0:" Al.COHOL; :"O\'E~IBER 1"....

Respondents to newspaper advenisements. who met in
clusion criteria. wore scheduled for appoinunents between 1
and 5 ~. They wore asked tO refrain from the consumption
of drugs or aIcohol for al least 24 hours prior tO t<sting and
the consumption of food for at least 4 hours prior to testing.
Upon :lI'rival at the laboratoty. all subjeets signed an in
formed consent form and provided demographic data.

Thirt\'-six nonalcl.:holic male social dnnkers (",,'ho rc
ceived ~ score oi less than 5 on the short iorm oi the ~lichi
g:m Alcoholism Screening Test: Pokomy et al .• 19n1.•ged
18-40. in good physica1and mental hea1th. recruiled through
newsp3per .dvertisements. patticip.ted in this experimenL
lndividuals recei\ing medic::ù tre:llment l.'l3t contr:lindic.ted
alcohol consumption. :md who "'"Ore familiar with psycho
logical experimentation. were exduded from p:micip.tion,

Ag"oression was elicited :md :ISSCSsed ""it!1 the T.ylor
(l96ï) competitive reaction-time taSl<. The subjeefs taSk
bœrd consisted oi eight buttons. numbered consecutivel~'

from one to eighl. whore one was the woak<St shock and eigh,
was the s!rongest shock Wt could be chosen. ,'l.bove e3Ch
button Was a small red light whieh when lit indic:.led the
level of shock choson by the opponenL An ,'l.pple computer
was usee! tO run the aggression taSk and record data. Shocks
were administered via the Mark 1. Behaviour Modifier (Far
rail Instruments). connected to an electrode anached to the
inner iorearm. below the elbow of the nondomiD:lIlt h:md.
Each subject monitored administration of shock to his ficti
tious opponent by viev.ing a OC ammeter provided for Wt
purpose. A Sony tole\ision connected 10 a Quasar VCR was
usee! tO play a prerecordedvideotape to the subjecL This tape
displayed the tictitious opponent receiving instrUctions
reg>rcling performance of tho aggression taSk. This tape
served to reinforce the subject"s belief in the existence oi the
opponenl. :md as a review oi the instrUctions of the taSk for
the subjecL

An Alco-Sensor III (Thomas. Lld.) was used tO <stablish
the blood a1coholconcentration (B..'l.C) ofthe subjeets. ln .d
dition. subjects were asked tO rate theroselves on aï-point
Liken-l)-pe -How drunk- scale. with a score of 1 represent
ing sobriety and ï representing the most intoxicated each
subject had ever been.
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3dmim~(c:red \ho·:ks wc:re of the sante: duration (0.75 sec).
Each subjeet won and lost exaclly half of the trials in both
provocation conditions.

Subjects rc:lUrnc:d. usually the ne:xl day al the same time.
10 eompele ln lhe aggrcssion paradigm a second ume. Fol
lowing the second session. subjects completed a short ques·
tionnaire 10 verify the success of the deception. Subjccts
r:ned their own and their opponent's performance on the ag·
gression task. and described how effective they thought the
taSk wa.~ al me:lSuring their reaction time. Ail subjects wcre
debriefed. Necessity for deccption was fully explained. No
subjcot wasadverscly affectcd by the deccption. according to
self·report. lntoxicatcd subjects were retaincd in the labora·
tory until their BAC dropped below 0.03%. Ail subjects were
paid SS an hour to compensate for lost time.

Two objective mcasures of aggression were record..!: in·
tcnsity of the shock cach subject selectcd for cach trial and
the duratio" of the shock cach subject dclivered to the ficti·
tious opponent.

Results

Manipulalion checks

Subjecl measures. Seventeen individuals completcd the
task while sober for the tirst session and whil. intoxieated for
the second (Order 1). whil. theremaining 17 compete<! in the
reverse older (Order 2). Separate two-tailcd 1 tests did not re·
veal any signiticant differences beIWeen the IWO groups for
mean age. years of education. SES. nor beverages per week
(Table 1).

Deceplion SUCetSs. Of the 36 subJects. IWO were nC'! de·
ceive<! and were excludcd from the analysis.

Alcohol measures. Subjects were tested on the aggression
paradigm sober and intoxicated. ln the hlloxicatcd condition.
separate IWo-tailcd 1 tests revealcd that the mean BAC and
mean -How drunk" ratings for subjects ofOrders 1and 2 did
not differ significantly (Table 1).

Pain Ihreshold measures. As this variable was positively
skewcd. a logarithmic transformation was applicd. The trans
formed vanable wa.< no"""l according tu a test for depanure

from normaJity based on a biweight estimator of scale (Mar.
tinez and Iglewicz. 1981). A 2 x 2 (older. drug) mixed
design ASOVA. with drug as the repeated mtasure. performed
on the transformed variable. rcve~led a significant main ef·
fect of drug (F = 15.02. 1/32 df. P <.001) and a significant
interaction between ordel and drug (F = 5.76. 1132 df.
P <.05>. Simple main crfects analysis of drug for Order 1
showed tnat these subjects exhibited higher mean pain
thresholds when intoxicated tmean (::SDI = 89 =2.0> than
when sober (mean =78 =1.9). but this difference was not
significant. However. subjects of Order 2 exhibilcd signiti·
candy higher mean pain thresholds when intoxicared (mean
= lOI =20) !han when $Ober (mean = 57 =1.8: F =9.96.
1132 df. P <.01).

Physical aggression

Shock inrensi~·. A 2 x 2 x 2 (order. drug. provocation)
mixcd-design ANOV,,- with drug and provocation as repeated
measures. revealcd a signiticant maln effect of provocation
(F = 38.32. 1132 df. p <.00 1). Subjects selectcd higher
mean shock intensities under high (mean =4.5) !han low
(mean =3.2) provocation. Furthermore. thcre was a s;gnifi
cant interaction between order and drug (F = 4.80. 1132 df.
P <.05). Simple main effects ana1ysis of order for the sober
condition showed !hat subjects from Order 2 chose signifi·
cantly higher mean shock levels (mean =4.3 :!: 2.2) !han
those from Ordor 1 (mean =3.4:!: 1.7: F =4.97. 1132 df.
p <.05). Thus. subjects competing sober in the second ses·
sion chose higher mean shock levels !han those competing
sober in the first. For the inlOxicated condition. subjects of
Order 1 had similar mean shock intcnsities (mean = 3.7:!:
1.8) as those of Order 2 (mean = 4.0:!: 2.2): subjects chose
similar shock levels when intoxicated regardless of session
number (Figure 1).

Shock dUraI/on. As this variable was severely positively
ske,,·ed. a logarithmic transformation was applicd. As sorne
ofthe values were close to zero. a constant (1) was first addcd
10 caci! score. This transformation reduccd the skewness so
!hat this variable was normal. A 2 x 2 x 2 (order. drug.
provocation) mixcd-design ANOVA. with drug and provoca·
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Costlb~n.4it ratio

As me:ln pain threshold and shock intensity \'aried ac
cording to an Întcr.lction bctwecn order and drug. a r.ltio of
pain threshold by shock intensity wa.< determmed fot each
subjcctlo assess use of knowledge from Scssion 1in Session
2. This ratio reptesems the amount of pain threshold per
mean unit of sh""k intensity. This ratio was thought tO tCp
resent a costibenefit ratio where thc co.l was the rangc
of shocks received as delined by an individual"s pain thresh
old and the benefit was the mean shock intensity selccted fOt

his opponent.
Pain thushold/shock inunsi~·. As this variaNc was sc

verely skewed. a logarithmic transformation was applied.
This transformation reduced the skewness sa that this vari
able was normal. A 2 X 2 x 2 (order. d",S- provocation)
mixed-design ""ov". with drug as repeated measure<. pet
formed on the transformed variable. revealed a significant
main effect of provocation (F = 37.54. 1132 df. p <.00\)
anddrug(F =10.12. 1132df. p <.01) as weil as a significant
interaction between order and drug (F =8.12. 1132 dl'. P
<.01 ). Subjo;cts demonsuated a small~rcostlbenefit ratio un
der high provocation (mean = 20) than under low provoca
tion (mean =29). Simple main effects analysis of order for
the sober condition showed !hat subjects from Order 2 had a
significantly lowercostlbenefit ratio (mc:an =16:t 2.2) than
those from Order 1(mean =26 = 1.9; F =10.64. 1132 df.p
<.01). Thus. subjects competing sober in the second session
had lower mean ratios !han those eompeting sober in the firs!.
For the intoxicated condition. subjcclS from Order 1had sim
ilar mean ratios (mean =27 = 2.2) as those fIOn; Order 2
(mean =31 = 2.3> (Figure 2).

Toral pain threshold/toral aggressiOll. In this case. the
cost/benefit ratio was determined by dividing the lo:a\ pain
threshold by the toral aggression measure. Total pain thresh·
old was defined as the pain threshold multiplied by the dura·
tion of the .hocks received (0.75 sec). As this variable was
severely skewed. a logarithmic transformation was applied.
This transformation teduced the skewness 50 !hatthis vari
able was normal. A 2 X 2 X 2 (order. drug. provocation)
mixed-design ":,<ov,,. with drug as repe3ted measures. per
formed on the logarithm of this variable. revealed a signili
cant main effect of provocation (F =43.65. 1132 df. p
<.00 1) and a signifieant interaction berween otdet and drug
(F = 10.07. 1132 df. p <.O\). Subjects demonstrated a
smaller cost/benefit ratio under high provocation (mean =
22) than under low (mcan =38) provocation. In addition.
the main effect of drug approached significance (F = 3.63.

56

mean t0(31 aggrc:ssion s~on:s (mean ~ ~.3 :t. ~.o) than th\':'o~

of Order.2 (mcan = 3..2:: .2.1~ F == b.Sb. 1/3.2 df. p <.OSl,
ThUs.. subjects compcting imox.ic.1tcd in the: s~ond SC:"ioSll..ln

sho\\'cd higher mean totaI3g~res~ion scores than thos~ COOl·

peting întoxicated in the tirst.

SESSION2SESSION'
3.0.1.-.......- ....

·Ditference beIWeen group means 1. significant at p < .05.

FtGURE 1. Me:m shoc:k intensity fcr the tint;nd second ~ions

tion as tqleated measures. performed on the aansformed
variable. teVealed a significant main effect of provocation
(F = 14.72. 1132 df. p <.001). Subjects selected longer
mean shock durations under high (mean = 0.82) than under
low (mean = 0.67) provocation. In addition. there was a sig
nificant intetaetion between drug and order (F = 5.54. 1132
df. p <.05). Simple mam effects analysis of otdet' for the
sober condition showed that subjects from Order 1 chose
similar mean shock durations (mean = 0.71 = 1.3) as those
of Order 2 (mean =0.70 = 1.3). For the intoxieated condi
tion. howt:Ver. subjects of Order 1chose longer mean shock
durations(mean = 0.91 = 1.3) thanthoseofOrder 2(mean =
0.66= 1.3;F = 10.31.1132df.p <.01). Thus.subjectscom
peting intoxieated in the second session chose longer mean
shock durations than those competing intoxicated in the firs!.

Shock inzensiry x shock duration. This variable provided
a measure of total aggression. As this variable was severely
positively skewed. a logarithmic aansformatio!l was applied.
This aansformation reduced the skewness 50 tilat this vari
able was normal. A 2 x 2 x 2 (order. drug. provocation)
mixed-<lesign "sov.... with drug and provocation as repeated
measures. performed on the aansfcrmed variable. revealed a
significant main effect of provocation (F =45.25. 1132 df. p
<.001). Subjects were more aggressive under high (mean =
4.3) than under low (mean =3.0) provocation. In addition.
there was a significant interaction between drug and order
(F = 6.08. 1132 df. p <.05). Siml'\e main effects analysis of
order for the sober condition showed that subjects from Or
der 1 showed lower mean total aggression scores (mean =
3.3 :!: 1.9) than those of Order 2 (mean =3.6:!: 2.1). but this
difference was not significanl. For the intoxicated condition.
however. subjects of Order 1 showed s~gnificantly higher
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'"Oiffet.nee betwef!n grcNp me:ans is slgnlficant at p < .01.

Discussion

Flca.:JtE 2. Mean log~'hm or~n Ihreshold/shock inlcnsit)' for the first
and second scssiom.
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sions on pain threshold. shock duration and total aggrc:ssion
were not c:xamincd.

Shock level choice by sober subjects may' possibly be un
dcrstood in terros of pMvocation efft:cts. ln the present
study. ail subjc:cts n:sponded ta an increase in provocation
with a significant increase in nean shock intensity. As the
high provocation condition W"" thc last condition of Day 1
and subjects believed they f.ced the ,-ame opponent on D.y
2. the subjects ma)' h."e main13ined an increased level of
aggression when beginning the t:l~k on the second da)'. Prior
exposure tO provocation may increase aggression by in~

creasing a sober individual's anticipation of becoming. re
cipient of future allacks (Taylor :"l .1.. 1979). lnis m.y
he important as aggressive bchavior is thought tO vary
according tO the degree with which a persan attribules ag
gressive intenl to his viclim (Epstein and T.ylor. 1967:
Greenwell and Dengerink. 1973).

Not only did sober individuals participating in the second
session increase their aggression. they demonstraled lower
pain thresholds. One possibility is that these individuals are
lrying tO minimize the shocks they will receive when com
peting in the paradigm for the second lime. This suggests thal
sober individuals compet,"g for the second time use the
knowledge acquired from theirexperience in the first session
tO form a strategy or plan in anticipation of facing an ag·
gressive opponem. Interestingly. individuals participaling
intoxicaled in the second session hti similar coslibenetit
ratios as thase individuals who participaled intoxicated in
the tirsl session. Il appears that the former individuals did
nol use their previous experience in the paradigm 10 moclify
their beh.vior.

Taken together. these results suggesl that 3CUte alcohol in
toxicalion interferes with one'sabilitylO integrate previously
acquired knowledge in the formulation of behavioral strate
gies. The fronl3I conex pl.ys a vil31 role in the formulation
of verbal and motor strategies (Luria. 1980) and is thoughllo
be important in the .pplicalion of previously established
knowledge in the regulation of beha,ior (Pihl et al.• 1993).
Peterson el al. (1990) have demonstrated that a1cohol is phar
macologically cap.ble of interfering with performance on
various tests of higher order cognilive ability 3SSOCiated with
the fronl3I conex. but does not affect performance on stan
dard IQ tests. Thus. the present results are consistent with the
idea that specific features of higher order cognilive funclion
associated with the fronl3I conex are imponam in the control
of aggression (Pihl et al.. 1993).

Il might be argued thal this study measured degree of ag·
gression under conditions where only an aggressive response
was permined. Howe-Jer. the presence of the lowestlevel of
sbock bunon was clearJy expl:ined and its use was nOl dis
couraged. Furthermore. it is unlikely that a1lowing a nonag·
gressÎ\'e response option would have resulted in subs13mially
different findings. This has been shown to be trUe with the
Cherek paradigm (Cherek et.I.• 1985).
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1132 df. p = .066). Simple main effeets analysis oforder for
the inloxicaled condition showed thal subjeets from Order 2
had significantly gteater mean costlbenetit ratios (me:m =
42=3.3) !han thase from OrcIer 1 <mean = 26 =4.5: F =
5.15. 1132 df.p <.05). Thus. subjeets competing inloxicated
in the fUSl session had greater mean ratios than those com
peting intoxiCll!ed in the second. For the scber condition.
subjeets from Order 1 had signiticanlly higher me:m ratios
(me:m = 32 =3) than those from Order 2 (me:m = 20 =3.3:
F =J.90. 1132 df. p <.05). Therefore. subjects competing
sober in the tirst session had greater mean ratios !han those
competing sober in the second.

The results of this study demonstrate that me:m snock in·
tensity. duration and tot.1 .ggression as weil as me:m pain
threshold varied .ccording tO .n interaction beIWeen order
and drug. Funher analysis of the results revealed inleresting
aspects of the a1cohol·aggression relationship. Specitically.
by c=ting sep:u'3te ralios of p.in threshold with IWO
measures of.ggression. shock intensity and tol31aggression.
il was evidenl thal sober individuals compeling in the sec
ond session exhibited the mosl .dv.n13geous costibenetit
ratios. This is in p.n due to the fact that these subjects
selected the highest mean shock inlensities while reeeiving
the 10we5t shock.< in retum. ln. previous study. sober indi
viduals who competed sober in the Taylor paradigm on re
pe.ted occasions selecled higher me:m shock inlensilies
during the second session (8.16) than the tir.."t session (7.~7)

(T.ylor et al.. 1979). Howe,·er. the effeets of repe31ed ses·

•
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Finally. as a placcbo group was not included in this study.
it may be argued that expectancy (Lang et a\.. \975) con
tributed to the results. although this is difficult tO roconcile
with numerous <':her studies with the Taylor paradigm (Tay
10randChermack. 1993).

ln conclusion. the use of the Taylor aggression para
digm in a repe3ted measures design tO study the akohol
aggression rel.tionship revealed sorne limitations but also
sorne interesting aspects of the alcohol-aggression rela
tionship. Thore were interaetions between order and drug
for sbock intensity. sbock duration. total aggression and pain
thresbolcl. whicb greatly limits the use of this procedure.
However. the results suggest that alcohol intoxication inter
fcres with the ability to utilizc previously acquired knowl
edge in the formulation of behavioral str:ltegies.
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• Provocation, Acute Alcohol Intoxication.
Cognitive Performance. and Aggression

Mark A. Lau and Robert O. Pihl
McGiIl Universily

Jordan B. Peterson
Han"ard L1ni\'ersity

This study in'"CStig:lled the rc13tionships be1..~ pro....oolion. 3CUte 3lcohol into.\ic:uion. im~il'C'd

front:1I-lobc function. and aggrcssi"'c bch:Mor. The: 3uthors r:mkcd t14 men 3ccording 10 thcir pero
formance on 1\\00 ncufaps,"'Chological tcstS3SSOci:ucd with fron13l.lobe funC'tion. Fony-eig.ht men (~4

with scores in the upper~ 1.. \\;th scores in the lowrr performance qu:artilesl p:lnicip:ltt'd in the
full Sludy. }bIfcomplcted 3n aggres.sion t:ISk whilc into:(ic:ned. the remainder whilc sober. Aggn:s·
sion \\4lS dc:6ned as shock intcnsity delivcTcJ to a sh:lm opponcnt. Shock intcnsi~' ~gnif.c:lntly in·
creased as a main ctTect ofprovo:ation. 31c:ohol intoxicuion. :1nd lowcr cogniti\.'e performance. Fur.
thermore. provOCltion intcr:leted signi6c:mtl,.· with test perform3ncc such t~t individuals in the
lower cognitive pcrform:mce qU3rtile rcspondcd to incrc:LScd PfO','OC:ltion Wlth hcightened
~on.

•

•

Violence presenlS a senous and growin& ch31lenge 10 North
Amman society. More than a million and a h31f individu31s
are victimsofviolCDI crime each year(U.s. Bureau oftheCen
sus. 1991): 20.000 are murdered (Prothrow-Stith. (990). Ag
gression anbedefined asany behaviordirected loward the&oal
ofharminganother living being who is motivaled 10 avoid such
treatment (Baron & Richardson. (994). Various anteeedenlS 10
aggressive behavior have been implicated. including social. sil
uational. and individual determinanlS. A major social <!elermi
nant ofasgression is provocation. in the fortO of verbal insult.
physical al\llCk. or other nolÙous stimuli (Hammock & Rich
ardson. 1992).

One of the mOSl importanl situational determinanlS of a&
gression is acute a1cohol intoXication. which is associated with
more than h31f of ail homicides. assaullS. rapes. and cases of
flllDlly viol<nce (Murdoch. PihL & Ross. 1990). Bushman and
COClPel"'s (1990) meta-analytic review ofOlIer 30 controlled Ial>
oratory SlUdies concluded that a1cohol·inlolÙcaled individu31s
are signi!iantly more verbaIIy and physically aggressive. How
ever. every Olle who drinks does nol become aggressive, and the
study of characteristics of predispositions tO aggressive te

sponses becomes particularly relevant.
Many individual deter .nin.\D1S including pmonaIity tr.n1S.

attitudes. petic fàctors. and >eX differences have been impli·
catedinaggressivebeh.IVÎor(Baron&Richardson.1994;Wood.
Wong. & Chachere. 19') 1). The occurrence ofa violenl act in

MarIc A. Lau and Robert Q PihL Oepartmenl ofPsycholOCl< McGiII
1JnM:lsity, Mon=L Qucbec. Canoda: Jordan B. Ptlcrson. Depart.
menl ofl'JyclloloJy. HarvardUn~lY.

MarIc A. Lau is now al Vancou... Hospilal. This research _ sup
pnned by the Medic:al_Counc:il ofCanada. We thank Rhonda
Amsel for her useful commentsn:lat<d 10 the statistica1:ula1ys<5 oflbis
article.
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Robert Q PihL Oepartmentofl's)dtolngy. McGilI UnM:rsiIY. 1205 D<
PtnJieJd A_ue. Mon=L Quebec. Canada H3A 181.

response 10 extemal factors is Ihoughllo rcquire lhe inleraction
ofv.lrious cognitive proc.sses including planning ofbehavi""
and consciousncss of the act and ilS consequences (Tancrcdi '"
Volkow. 198&). As the fronul cortices are Ihought 10 be in.
volved in the highest level ofgoaI-directed activity. includingthe
organization and planning ofbehavior (Damasio. 1979: Luna.
19&0). the presenl study focused on individual diffcrences in
performance on neuropsychological tests of fronul'Iobe
function.

Sorne neuropsyc:hological evidenc= associales fronul·lobe
deficilS with poorer regulation of human social behavior. Indi
vidu31s with fronul·lobe damage often exhibit a "disinhibitiOll
syndrome" characterized pcrally by impulsivity and sociaIIy
inappropriate be".avior (Hecaen & Albert. 197&: MiIICl: 19&7).
Ifdamage occws early enough in life. it an resull in the devel·
opment ofpervasiveabnormalitiesofaffectiveand social behav·
ior (Eslinger & Uamasio. 19116) and the inabitilY 10accom~
dalesocial impulses inlo the10ul persona\itystructure (Ackerly
& Benton. (948).

Furthermore. some resean:h links v.lrious forms ofantisocial
behavior with poor performance on putative frontal-lobe fune
tion measures (Buikhuisen. 19&7; Lueger & Gill. 1990: Mollin,
1990). Howevel: one review concluded \hal despile lhe evidenc:e
supporting a specific relationship betwcen violenl criminal Ile
ha\;or and frontal·lobe dysfunction. a1lernalive explanations
couId nOl be ruled OUt (i<andeI & Freed. (989).

A theoretical explanatiOll for how impaired frontal·lobe
funetion mighllcad to impaired regulation ofsocial behavior is
\hat there is a disturbance of the synthesis of external and in
ternai cues underlying the regulation ofcomplex behavior (Lu·
ria. (980). As a consequence. behavior is govemed more by im
pulse. current focus ofanention. or salient stimulus cues than
by rules or plans (Luria. 1980). A1though this coodition wouId
nol nccessarily lead to inc:reased asgression under normal ciro
cumstane:es. it might in siluations whel'e the salient cue is pfOl/'
ocationandwhel'e peripbera1 or lesscontiDllCDIcues lha! inhibil
aggression. such as fear of violence-n:lated conseqfA!le:es. an:
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J~ed. Thus. an individual with impaired (rontal·lobe rune·
tion would he expected todemonSlrate increascd aggression un·
der provocnivc conditions. Furthcrmore. as the heh:lviorofthis
individu.1 isgavemcd more by the stimuluseue.lovel offrontal·
lote function would intcraet with provocation.

The interaction bctween franu.I-lobe funetion and alcohol in·
toxiealion may be important for the following r""",n. Aleohol
interfcres with seleetcd aspoets ofhigher order eognilion depen·
danlon the intael struClure oflhe prefrontal eonex (Pelersan.
RDthOeiseh. ZeJazo. & Pihl. 1990). Funbefmore••eute aleohol
inloxication interfcres with the .bilily 10 inlcgrale previously
Ialuired knowlcdge in Ihe formulation ofbeh.viora! str::legies
in • provoeati-e siluation (l.:Iu & Pihl, in press). an .bilily
thoughllO be inOueneed in part by the frontal eonex (Pihl. Po
\CSOI1, & l.:Iu, 1993)..Asaleohol inlerfcres ..,dt cognilive .bili
ùes ll5SOciatcd with the frontal lobes and impaired frontal-lobe
funelion is thoughllo load 10 inereascd aggression in provoea·
tille siluatiOns, individuals wilh redueed frontal funelion wuuld
be more wlnerable 10 Ihe aggression.inereaSÎng etreets ofaleo
hoI. This potenùal interaelion may be importanl in undcrstand·
ing individual dilferenees in aleohol-relalcd aggression. /

We designcd the presenl study 10 in..:stigate the m:tin elfeets
and interaeùons betwcen provocalion, aeule aleohol inloxiea·
lion. cogniti-e abilities ll5SOcialcd wilh frontal lobe funelion,
and aggression. W= hypolhesîzcd \hal (a) all individuals would
be more aggressive as provocatibn increascd, (h) inloxiC::l\cd in·
dividuals would be more aggressive \han sober individuals, (c)
individuals with Iower cogniti-e performance wuuld be more
aggrcssive \han those with higher cognili-e performance. (d)
proYOClItion would inleraCl with cognitille ability such Ihal in
dividuals with Iower cognitive performance wuuld respond 10
inereascd provocation with grealer increascs in aggression, and
(e) inloxicatcd eondition and cognitive abililY wuuld interaet.
sueh \hal a1rohol would in=seaggression more forlowereog
nitille performers.

Method

Participants

One: hundRld lIJld founeen voIunteer nonaIcohoIic malesocial drink·
as (a ""'"' of Jess \han S on a sIlon fonn of the Michipn A1cohol
SaœnilllTes<: PlIkomy, Millcl: &: Kaplan, 1972).:q;od 18-40, in aood
physicaIlIJld memaI ......th, were recruiled through _ ad....•
tilemenlS. Those....,;villl media! treatmenl that contraindieated aI
cahoI C<lIlSUIIlplÏon, wI10 had S1IStIincd a sorious injury 10 the head, or
-. familiar with P5)'ChoIosical ..perimentalion were cxcIudcd from
lIOl1ià..tion. Womcn were cxcIudcd due 10 p:ncIerdill"en=nces in phys
icaI_c:ssioo'(Eaa1Y&:Sldfcn.1986).

The romainilll voIun-. were assigncd 10 one ofl_lIfOUPS on the
buis of lheir perfOl'lllllllCC on IWO neuropsyc:holosical tests: IOtaI

number of ttiaIs lIJld illCOlTeCt aucsscs on the spatial eonditional asso
àativNeamilll_ (l'etridc:s, 1995)and the total number ofcmxs on
""ldr-onlercd pointilll t:lSk (Potrides &: MilllCI; (982). z.s:ore uans
bmations were caIcuIatc:d for tIlcsl: thr<e scores. wltich were lIdcIcd
ID cletermine a cumulative: ""'"' for cach penon. ParticiplllllS whose
cu_tille: scon:s fdl in the upper and _ performance quartiles
<UQ lIJld LQ, tesp<C\Ï1dy) orthedistribution were Ide:cted10complete
....entirc JlfO\OCOl.

ISI

Apparatus

Aggn:ssion was c1icited and:&ssesscd with the Taylor (1967) C'.,)mpeti
tiYe re:u:tion·time task. In this study. the task board consistc:d ofeight
bunons., numbcn:d c:onsccutively from OrY.: 10 cighL Red lights SÎIU3led
abovc eac:h button indicned the shock levd choscn by the opponent
wben lit. An Apple Il computer w:lS uscd 10 run the aggn:ssion task and
10 record data. Shocks werc administc::n:d through the M:1rk 1Bch3viour
Modifier (FôuT:lIllnstrumc:nts), c:onncetcd 10 :In clc:etrodc :machcd 10
the inner forc::lrm. below the clbow of the nondominant band. Each
pmon monitorcd administr.nions ofshocks 10 his fictitious opponC'l1t
by viaving a din:c1 cum:nt ammetcr providcd for tbal purposc. A pre
rccordcd videotapc of the opponcnt n:cciving instructions rcg:uding
performance orthe asgression task w:IS pla)oed to cach man on a Son)'
telcvision connceted 1001 QuasarVCR. This tapesenul to reinforce bis
bcIiefin the cxistc:nce of the opponenL The men', blood alcohoIlevd
(IlA.LI wos determincd using an A1co-sensor III (Thomas LId.). The
men wcre aIso askcd to rate themselves on a '·point likert-type "how
drunk- scaJc:. A score of 1 repn:sc:nted a rating of sobriety: 7 repre-.
5en1cd a ra1Îng,of1he most in10lÙca1cd the man h3d e:vc:rbecn.

The spatial condilional assoc:iative-leamina t:lSk and selr-ordercd
painûng laSk were uscd ta scpar:11e p;u1Ïcipants into the two groups. In
the rarmer. each one ofsix randomly pIaccd Iamps wos poircd with one
orsix whi1e cards. None ofthe men wen:: informed ofthe pairings. The
Iamps were randomly lit.. one at a lime whereupon cxh man 'MlS 10
10uch the cards one at a tirnc un1il he 10uched the one that was paired
with the b.mp. Each pcrson'swic. \l,':l$ to leam tbcKassodationssa that
when a given lighl wos presentcd. the comct c:mI would he chosen.
Individualswith unilateral frontal-lobed:llnage h:1YC been shawn 10 per
form poorlyon this 1aSk: the imP3irmcnt on this l3Sk appcars to bc duc
10 difficulties in le:lming10 choose from a set 1he appropNte responsc
10a given stimulus(l'<trides. 1985).'

ln lhe sdr-«dercd pointina13Sk. participanlS were presentcd 12 cep
rcscntltional dr.IWÏngs offamiliarobjeeuarr.mged in a 3 x 4 matrix on
each of12 pages. The samedesiansappearcd on each page: however. the
positions ·é'thc drawinss VoUe dilfcren1 and randomly determincd for
cxh page. Participants were 1ald 10 point 10 a diff'erent design on each
pogewilhoul ehoosilllany given design more \han once. This tesI tIleo
retically 1IlClSUl'CS otg:IIliz:ltional ability and sequencilll of responses
ralher \han the reproduction ofsequences pr<orpnizcd by the ..peri.
monter. Individualswith unilateral rrontal·lohedamagearesignifieandy
impoircd on this task; thedelicilSean be attributed eilher10 pour mon·
ilorilll or responses or pour OtpIliz:ltional stralegies, or bath (Petrides
&: Milner. 1982).'

The Information, Bloek Design. and Voctbulary subtests or the
Wc:chsler Adull Intdligen<e SeaI...Reviscd (WI>JS-R) -.: lIllmini>
tercd 10 provide es\imales offull-scale IQ (Broolcer &: Cyr. 1986) and
oYeraIl cognitive ability.

Procedure

RespondenlS 10 _per advertisements. who met inclusion cri
teria. were asIccd nOl 10 eonsume drugs or aIeohol for lit Ieast 24 hr
prior 10 testina. AU panic:ipanlS signcd an informcd eonsenl fonn lIJld
PfOI/Ïdcddemographiedata indudinaage.yearsofcdueation. subjectiYe

, PbsiIfOQ emission lomograpby with magnetic resonanee imagilllof
the bnlins of normal voIunt.... completina a mocIificd "";on ofthis
t:lSk demoIlSItated activ.uion ofc:ytoarchiteetonic area g ofthe cIono
Iateral frontal cortex (l'<trides. A1ivisatos, E.....&: Me)eI: 1993).

, PbsiIfOQ emission \OlIIOgr.Iphy with magnetic: resonanc:e imagingor
the bnlinsor_voIunt.... completina a modificd "";on ofthis
_ demonstrated oetivation ofc:ytoarchitee:tonic ......46 and 9 orthe
m~teraIITontalcortex(l'<tridesetal.I993). 61
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report of ;l!cOhotic ~-enses consume<! pet' weck.. and S31:try ':00':. The
l:mer w;u dcftnc:d :as :annual pcno~ incame wherc ach point repre
semeeS an Increment of S5.OOO. The p:lnicipants (hen complete<! the
œnCf)' ofneuropsy.::hologiC31 :md intelligence tests.

Men in the liQ or LQ compe1:ed in the T"*'lor aggrcssion t:lSk. usU3I1~'

....ithin 7~Orthe hm testing SC5Sion. H3Ifofthe men in ac:h QU3nile
~r.1ndoml~· :1SSÏgned to the alcohol condition. the rcm3Îndcr to the
sober condition. ln the :l1cohol condition. the men \\et'e3dminlst~1
milliliterper k&ofbody "''cight of9S~c: :lIc:choi USP units ln thrcc: drinks
afa 1:7 3lcohol:oromge juicc solution. In the sobcr conCilian. the men
wcre OIdminlstered three drinks ofjuiœ of equi'lo'3lent ,,·olurne. ln C3Ch
condition. IX'rtic:ip:lnts were laid ~plicitl)'wh.:lt they~ drinking.

Drinks werc consurncd O\U :1 2D-min period. A 2().min \lf.1iting pc.
riod followed 10 allow the men in the alcohol condition rime to rc:3Ch
n=-peak BAls. BALs ""'" Ihen ..ken .nd e:lCh penon r:llc:d himsclf
on lhe -hO'" drunk- Likcn SC1I••

E:u:h =', p3in Iho:shold for eleeuie shoek _ dc!cnninc:d by de
livering.seriescfshoeks from O-2SS unilS (O-S.61 milli3mperes [mA).
whic:h inçreased stepwise by S uni~ ($ unllS • 0.1 t mA) al 3. const3nt
rolte. &ch man w:as 10 press a bunon in response 10 an)' sbock he re-
prded as painful (.) 10 stop the 3dministr:ltion of the shoek 3nd (b) to
rc:duee the Ievel ofthe nal shoek by onestep. Therefore.lhe nalshoek
_ one step lower lh3n the shoek lh31 induec:d pressing lhe bunan.
Pressing the bunon on 3 consecutive presen..ùons of the Slme shoek
intensilY stopped shoek c1d;.ery. Thisshoek inlemilY _definc:d as the
=', pain lhresholcl.

The qgression task. WiIS then introduœd ilS a competitive re3CÛon
li.... lask. Eaeh=_instrllC1c:d 10 selee..shoek 1",..1lh31 he """Id
de11\.'a' to his opponent aftcr winainc a reaction-ùme trial FoIlowing
the re:IClÏon-timelask. the penon would be informed oftheopponenl",
shoek choice. The one who Iost wou1d receive lh31 shoek. Shoek IcYCIs
1-8 inaea>ed linearly from IS~ lO 100% of the penon', &i'CIl pain
lhresholcl. Ifhewon. headministered the previouslyChosen shoek lO ms
opponenL The aperimen.... lhen Icft brieOy. lellill& e:lCh = lh3l he
_ .boUIIO verify the readiD'" of the opponenL On ms retum. the
aperimen....swc:d lh31 instrUClioos wer"C aboullO be detivered 10 the
opponenL and lh3llhiscld;.ery eoukI be viewed on the leIevision mon
ilor.ln f3cL wbalwasaetuallypresenlc:d was.",ueeocdc:d video_or
a ficlilious opponalL Th...praelice tria1s""'" lhen c:onduetecl.

The task ilse1fr:onsistcd of26 consecutive tria1s including • block of
12 tria1s foll......s by • lr.lIlSition trW. a second block of lri31s. and a
final trW. The opponenl"' shoek ehoiees ranaod from 1-4 in the first
bIockand from S-8 in the second bIock oflri31s. Theorderofwinsand
Iosses as weil as the opponUIl', sboek ehoiees wer"C r:lIldomly assisned
by the computer. The opponenl', sbocIcs wer"C:lIl of the saDIe dumiOll.
Ail porlieipanlS receMd three sbocIcs al e:lCh Ie-eI :tItemately winnill&
one uiaI and Iosing """ tria1s versus winning """ tria1s and IosiDlt one
uiaI. AU porlicipanlS Iost the lr.lIlSition uial3nd won the final uiaI. In
bolh cases the opponenl',shock ehoice wasa S.

Following the agression lask. the DlUl complc:led • shen question·
nair"C lO IOCrify the success ofthe cIeceplion. They r:llc:d lheir own and
lheir opponenl", paformaneeon the agressiOD task and described hO'"
cffeelive they lhouIhl the task _:li measurill& their re:IClÏon lime.
Ail the men ""'" debriefc:d 3nd the nec:essilY for deceplion .... fully
apWnecl. :0;0 one_:uMrsely affected by the cleeeption. :>ceordioglO
self·report. The aperilllUl.... r:llc:d e:lCh lIWl', dec:eption on • Likcn·
typCsc:tIe from 1-6.Asean: of1represenlc:da r:lliogoC-nOldec:eivc:d-:
6 represenlc:d a raIin& of ....ta11y dec:eivc:d.- lDlOxicalc:d porlicipanlS
wer"C =inc:d iD the labor:olOry uDlil their BAl.dropped bclowonelhird
of I~. E:u:h penon ....paid SS an hour lOcompens:tte for !ost time.

The objCClM: measuresofagressïon WC"Cthe intensilYofshoek e:lCh
man sdCClUI for each prooocalion Ie-eI (1-8) for tria1s foUowin& a Joss
(recei", of a shoek) and • win (receipt of informalion reprding the
opponenl', choice ofsboek leveI). The first measure rdlec:ts an iodivid·

U31"S response tO ph~SlQI prO\oc;aUlJn. wherc'.;u the second rtlC;asUrt ft.

flec-.s :ln indi\"iduars rcsponsc only to the opponml's mtentions. Tllt
fim shock choiœ ....'35 made beforc the rn'5t re:lC'hon·time Cc:sl buc ~fttr

chree pr:letice m~ls ",,"'uh che l)pp.,)nc:nL.1.OO 50 IC """Ob nOllndudcd ln the
:uu.lysis.

Resulls

Participant .\[easllres

The t\\1) tests \\'et'e completed by 114 men. Fifty-si:\ men '4itb
lQ 30d UQ cumul:lli... lest =scores for lhe colire dislribution
were selCCled for funher p:lnicip:llion in lhe sludy: 48 oflhetn
(~4 UQ 30d ~4 lQ) compleled Ihe colire prolocol. (Two men
from the lQ were nol dec"CÏ''Cd 3nd ...ere e..luded from the
:ln31ysis. 3nd 6 others-~ from the lQ .nd 4 from the UQ
did nol retum 10 compl..e lhe lesting.) M= demogrnphics b\
quanile were :lS follows: for:lge. lQ .'of - 23.6. SD - S.3. UQ
.'of - 24.4. SD - S.I: forye:usofeduC:llion.lQM - 12.7.SD
• 2.2. UQ M - 14.9. SD - 1.8: for s:ù:lry code. lQ .lf - 1.9.
SD - 1.2. UQ .'01 - 2.4. sn - 1.4: for be=:lges pet wcek. lQ
M- 6.6.SD - 7.3. UQM -7.8.SD - 7.1:30d forlQ.lQM
- 97. SD - 7. UQ .'01 - 111. SD - Il. Sep;ualC lWO-1:liIed
1 lCSlS revealed mal quartile groups dilfCP-d in mean ye:us oF
education 3nd IQ.1(4S) - 3.8S. p < .0001. 30d 1(46) - S.24.
p < .0001. respecti...ly.

Neurops)'chological Test Measures

Sep;uale lWO-wled 1 lCSlS revealed significanl dilferences
(ps < .0001) between each quartile', m= scores for the condi·
tionedassociative-leamingtlSk lriaIs(CAT: lQM - 17S.SD
12: UQM- SI.SD- 17;1(46) - -29.1)3nd 1Ol:l1 numberof
conditioned associative-leaming tISk errors (CAE: '.Q .'01 
IS9. SD - 54: UQ .'01 - 20. SD - Il; 1(46) - -12.2). and for
self-ordered pointingerrors(SOPE: lQ M - S.I.SD - 2.4; UQ
.'01- I.S.SD - 1:1(46) - -6.8). CorrelationsbetweenCATand
CAE on the conditionai.....aciati... leaming tISk and $OPE 0Il

the self-ordered pointing tISk were :lS follows: CAT and CAE,
r - .83.p <.0001; CATand SOPE. r- .4S.p <.OOOI;CAEand
SOPE. r- .39.p < .0001: coellicient a - .69.

AlcoholMeasures

Participants wore tested on the aggression paradigm sober
(Ili\l. .'01 - 0%. SD - 0.00) or inloxicated (BAL .'01 - < one
tUlth of 1.... SD - 0.02; -how drunk" scale .'01 - 3.8. SD - 1.1).
Sep;uale lWO-WlaltlCSlS revealed mal the m= BAL for the
intoxicatcd subjec:lS of the lQ (.'01 - one tcoth of 1.... SD 
0.01) and UQ (.'01 - less!han one tcoth of 1.... SD - O.Ol) and
mean ~bow drunk- ratings ofthe lQ lM - 3.8. SD - 1.4) and
UQ (.'01 - 3.8. SD - 0.8) did not dilfer significandy.

Deception Measure

Typically. the men did not question the existenceofthe oppo
nent wben completing the sbon questionnaire 10 V"Crify the suc
cess of the deceplÎon. Ail bUI two were classi6ed :lS being de
ceived. A 2 (quartile) X 2 (druS>:ln31ysis ofvariance (A~OVA)
condUClCd on the 6-poinl dcception scale revealcII4bat the
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PROVOCATION LEVEL

Figu" /. Mean shock inlCll>ily _ aller a Joss. by provocation
Icvd. for cognitive performances in the upper and Iower quartile (UQ
and lQ. respectivcly) groups. Sec lexl fordetails.

Discussion

The results of this Sludy support the previously reviewcd
work \hal has shown \hal provocation heighlens aggression dur·
ing a eompeùtive task and \hal a1cohol intoxication increases
aggression.ln addilion. il is significanl \hal the resultsalsoshow
that individuals groupedaccording10 ~erformanceon IWO ncu·
ropsychological teSIS Of cognitive ~bmties associated with
fronlal·lobe function differ in degree of aggressivc response.
Specitically. individuals in the Iower performance quartile b.
rome evcn more aggressivc when provoked.

The nOI;on \hal reduced fronlal-Iobe IiInctiOll may partiaIIy
disinhibil aggressivc behavior is one explanatiOIl for these re
sullS. Ifdecreased fronlal·lobe function impairs an individual's
abmty 10 use sociaIly relevanl information (Dim,pnd, 1980).
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'Separale oorrehttions oflQ. )aIS ofoducation. and poin Ihr<shoId
on individual mean shock inlCll>ity meaIed thal IQ was SÎIJlificanlly
eorreIatod wilh mean shock inlCll>ily (r - -.32,p< .OS~H_nei
ther )aIS ofeducation nor poin thresbold ""'"'SÎIJli....ndy c:orreIaled
with shock inlCll>ity. In addition. IQ was DOl SÎIJlificanlly c:oneIated
with ......on the_ neuiops)C!lol<lsicol tests. 10COIltrel for the p0s

sible ooofounding eft"ect oflQ. this wriabIe wu indudod asa c:ovariale
in the above ANOVA. However. there ..... a SÎIJlificant inlaaClÎon ..,.
toI«n quartile and IQ. l'li. 40) • 6.18. p < .OS. which vioIaleS the as
somption ofhomogeneily ofslopeson whieb theanalysis ofooY:Iriance
n:sts. Therefore.IQ ..... ineludod asa COIltinuous independenl...-iable
in a fully sawr:ated mndel as a main eft"ect and in inlaaClÎon with the
e:atqoricaI indepeodenl variables. Tbese analyses meaIed thaI the
main eft"ect ofquartile ..... DOl afreeted. F(I. 40) - S.32, p < .OS. Fur·
thennore, the main eft"ect oflQ ..... nOlSÎIJlificanL Comparable analy·
seseonduetod on )alSofeducalion and poin thresboId cIidnOI_·
tially afrect the results.
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Pain Threshold Measures

mc:andcccplion r'lingoflhe LQ(M < 4.I.SD < 1.3).nd UQ
CM • 4.3. SD • 1.0) did nOI diffcr significanlly. nor wcre Ihcre
any signifiant interactions.

Shock Intl!1lSity MeQSures

A 2 (quanilo) X 2 (drug) ANOVA eondueted on pain Ihresh·
oId fe'Il:aled • significanl main effo:ct of quartile. F(I. 44) a

9.oo.p < .01. Individuals in lhe UQ had lowcr pain thresholds
forelo:ctric shock lhan Ihase in lhe LQ. M· 99. SD. 77. and
M· 171. SD • 88. respcctivcly.

A 2(quartile) X 2 (drug) X 2 (response condition: Ioss-win) X
8 (provocation) mixed design ANOVA, with responsc eondition
and provocation as repc:aled measures. eondueted on shock in.
tensity w.IS clone10eomparc the men's responses following wins
and Iosses. This ana1ysis fe'Il:aled • significanl main effect of
n:sponsc condition, F(I. 44) • 26.52, p < .0001. with panici.
pants ehoosing higher mean shock inlensities following • loss
and rcccipl ofa shock (M • 4.1) !han aner winning a lriaJ and
administc:ring a shock (M - 3.S~ ln addition. lhere w.IS a si8'
nificanl inleraction betwcen response eonditiJn and provoca·
tion. F(7. 308)· 3.27.p < .01). Asa resull, thedala for the IWO
response conditions wcre ana1yzed scpar:tlcly.

A 2 (quartile) X 2 (drug) X 8 (provocation) mixed-design
ANOVA. with provocation as Ihe repc:aled measure, eondueted
on shock intensity chosen aner .loss. using Huyn·Feldl eonscr·
vative dcgrccs of frcedom. fe'Il:aled significanl main effects for
quartile (Ms - 3.5 and 4.7 for UQ .nd LQ. respectively: FIl.
44)- 7.29. p < .01); drug (Ms - 3.7 and 4.5 for UQ.nd LQ.
respcclivcIy; FIl. 44) - 4.04. P < .05); and provocalion (F{7.
308) - 21.20. p < .0001). The effo:ct for provocation was de
eomposed inlo a linearand pooled·nonlinear trend. The resalts
indicaleda significanllinearlrend. F(I. J08) - 136.p < .0001.
bul no significanl nonlinear lrend. F(6. J08) • 2.07.

Furthermore, there was a significanl interaction betwcen
provocation and quartile. F(7. J08) - 2.67. p < .05. The in.
teraction betwcen quartile and the linear trend for provocation
wassignificant. l'tl. J08) - 11.6.p < .001. indicating \hal the
sIopes ofthe IWOquartiles differecL Thus. individualsofthe LQ
showed a BJeater inaease in mcan shock intensity as provoca.
tiOll inCRaSed(Figure 1).'Analysisofthepooled nonlinearpor.
lion ofthe interae:tion did nol fe'Il:al any additional differential
pancm of=POnding, 1't6. 308)· 1.25.

A 2 (quartile) X 2 (drug) X 8 (Provocation) mÏlled-design
ANOV"- with provocation as the repc:aled measure, eonduCled
0Il shock inlensity chosen .ner • win. fe'Il:aled a signiticanl
main cffect for provocation. F(7. J08) • 4.73. P < .0001. The
dfect forprovocation wasdecomposed inlo .linearandpooled.
DOIllinear trend. The results showed a signiticanllinear trend.
l'tl. J08) • JO.8. p < .0001. bUI no signiticanl nonlinear trend.
1't6. 308) • 0,40. The main eft'ects for drus (Ms· 3.2 and 4.0
forUQ and LQ. n:spectivcIy).I'tI. 44). 3.29.p· .0764. and
quartile (Ms· 3.1 and 4.0 for UQ and LQ n:spectivcIy). l't1.
44) - 4.03. p ••051. wcre margina1ly signiticanL
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spccifically through defieilS :n the inlcrnalization of inhibitnrv
influences. these individuals should respond more aggressivcly
whcn prcsented with prO'oo'ocation or punishmcnt. This idea is
consistent with obscrv:ltions th:ll monkeys with frontal cortie:lI
ablations arc more labile in social interactions and substantially
more aggrossivc: (Dimond. 1980). Furthcrrr.ore. reduced perfor
mance on wks refiecting abilities associated with frontal-lobe
funetioning bas bcen shown 10 prediet fighting in young boys
(Seguin. Harden. Pihl.& Tremblay. 1993). _

Contl'3ry to expect3.tions. therc w:lS no signifiant interaction
bctween quartile and alcohol intoxication. The laek of an in
teraction may be due to a ccitingeffeet on shock intensity ehoiee
for LQ individuals. Howeve>; lhe mcan shock intensilY of ap
proltÏmately 5chosen by both LQ groups is weil below the max
imum potential intensity of 8. Altcrnati.ely. the absence ofan
interaction may h:M: bcen due te low statistical power.

Thepossibility thal the resullSofthisstudy WCl'Cdue togroup
differences in IQ is unlikely. Control\ing for IQ in the analysis
did nOI suhstanlially affect lhe results. Thus. group differences
in neuropsychologicallest scores predieted aggression bcyond
any prediction provided by IQ. Furthcrmore.IQ and neuropsy
chological test scores wcre nol significantly correlated. A more
likely explanation is !hal some IQ deficil is 10 be exPeeted wilh
a tifelong frontal deficil. Allhough the IWO neuropsychological
tests used in this study are nol thoughllo be partieularly sensi
live 10 variations in IQ (Pttrides. 1985; Pttrides & Miln....
1982). thcse lests wcre validated on individuals who had sus
wned frontal·lobe datnaSl' later in ti.... when IQ is nol neces
sarily affeeted by sueh insull (Black. 1976).

It mighl be argued !hallhisstudy measured degrec: ofaggres
sion in conditions where only an aggressive response was per
milled. HOWCIil:<, the presence oflhe lowest level shock bUllon
wu cleariy explained. and ilS use wu nol discouraged. In addi
tion, there is research using paradigms !hal include a nonag
gressive response option wbere alcohol bas bcen shown 10 SjlC

ci6cally affect qgressive responding (Chcrek. Sleinberg. &
Manno. 1985).

ln conclusion. the presenl study demonstrales !hal determi·
MnlSsuch as provocation. druge!fa:\$, and the preexistent COS·
nitiveabmtiesofan individual increasethe like\ihood ofaggres
sion. More importantll\ preexistingcognitiveabilities and provo
ocation h:M: bcen shown 10 inleraet 10 prediet qgressive
behaviot
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BRIDGE TO STUDY 3

The most significant result of thi3 study is the
demonstration that impaired neuropsychological function
was associated with increased aggression. This result is
important because it is the first demonstration of this
relationship under tightly controlled conditions. These
include the use of an appropriate comparison group, a
clear operational definition of aggression, and
neuropsychological tests shown to be associated with
specifie areas of the frontal cortex. In addition, the
study design allowed investigation of the interaction
between individual and situational factors.

This is meaningful because previous investigations
of this relationship are plagued by a number of
methodological issues which have severely limi ted the
strength of the conclusions that can be drawn (Kandel &

Freed. 1989: Raine. 1993). These studies have been
criticised for a lack of appropriate control groups and
a reliance on official court records. In addition, it is
a rare occurrence that the neuropsychological measures
~sed have been shown to be associated with specifie brain
areas. Finally. these studies tend to ignore. with a few
exceptions (e.g. Moffitt, 1990: Denno. 1989) the
interaction between environmental and biological factors.
Thus. these results provide important convergent validity
to the results of naturalistic surveys of
neuropsychological deficits and aggressive or violent
behaviour (Kandel & Freed. 1989: Raine. 1993: Seguin et
al.. 1995).

A major question in this research area that these
studies have not yet addressed is the causal direction of
this association. Evidenc~ irom prospective studies have
demonstrated that poor neuropsychological status predict
specifically male delinquency that begins before age 13

Ce.g. Moffitt et al .• 1994). However. these results do
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not specifically address the issue of neurops7~hological

dysfunction and aggressive or violent behaviour. Thus.
further investigation as to how impaired
neuropsychological test p~rformance is related to
increased aggression uncter laboratory conditions is
w?rranted.

One theoretical explanation for the increased
aggressive behaviour of individuals with poor
neuropsychological performance is that the cognitive
deficits represented an impairment in the ability to
inhibit inappropriate or impulsive behaviours. This is
predi~ated on the notion that the cognitive functions
assessed by the neuropsychological tests employed in
Study 2 are thought to depend on the intact function of
the frontal lobes (Petrides, 1985a; Petrides et al..
1993; Petrides & Milner. 1982). The frontal lobes, in
turn, are thought to be the neural substrate for a
variety of functions including inhibitory behaviour
(Fuster, 1989; Milner & Petrides, 1984). Thus, Study 3
was performed to investigate the above hypothesis by
manipulating the presence of inhibitory ~ues during the
aggression task for individuals with high versus low
neuropsychological performance. Specifically, this

hypothesis was tested by offering high and low cognitive
performers monetary reward to inhibit their aggression.
It was hypothesized that high versus low cognitive
performers would show greater reductions of aggression in
response to the monetary reward.
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STUDY 3
Cognitive Performance, Inhibition and Aggression
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.h.bstract
Individuals with impaired cognitive abilities

associated with frontal lobe function have recently been
shown to manifest increased aggression. This study
investigated the effect of contingent money to inhibit
aggression in these individuals. 140 males, aged 16-40,
were ranked according to their performance on the spatial

conditional associative-learning task. Forty-eight males
(24 with scores in each of the upper and lower

performance quartiles) participated in the full study.
Ralf of the subjects competed in a Taylor aggression task
where they received greater monetary reward for choosing
lower shocks; the remainder competed without any monetary
contingency. Aggression was defined as shock intensity
delivered to a sham opponent. Shock intensity
significantly increased as a main effect of lower
cognitive performance, absence of monetary reward and

provocation. In addition, provocation interacted
significantly with test performance. Finally,
individuals in the upper cognitive performance quartile
showed significantly greater reductions of unprovoked
aggression in response to monetary reward. The results
are discussed in terms of impairments in the ability to

integrate inhibitory influences in the formulation of
behavioral strategies in aggressive situations .
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Introduction
Interpersonal violence presents a serious challenge

to North American society with more than a million and a
half violent crime victims annually [U.S. Bureau of the
Census, 1993]. In response to the magnitude of this
problem, public policy is now shifting to one that
stresses the importance of focusing on causative factors
underlying violent behaviour [Mercy, Rosenberg, Powell,

Broome & Roper, 1993].
While mechanisms underlying aggression are clearly

mul tifactorial [Baron & Richardson, 1994], cognitive
processes including control, planning of behaviours, and
consciousness of an act and its consequences have been
increasingly implicated in importance [Dodge & Crick,
1990; Huesmann, 1988; Tancredi & Volkow, 1988].
Specifically, neuropsychological studies of adult
criminal and juvenile delinquent populations commonly
find a suggestion of frontal lobe dysfunction [Moffitt,
1990, Moffitt, Lynam & Silva, 1994]. These deficits are
often taken as underlying the antisocial behaviour
[Buikhuisen, 1987; Lueger & Gill, 1990; Moffitt & Henry,
1989] and specifically, in some cases, violent criminal
behaviour [Raine, 1993; Tarter, Hegedus, Winsten, &

Alterman, 1984; Yeudall & Fromm-Auch, 1979; Yeudall,
Fromm-Auch, & Davies, 1982]. However, one review
concluded that a general lack of methodological rigor
must limit conclusions [Kandel & Freed, 1989].

Increased aggression in the laboratory, however, has
recently been associated with impaired performance on two
neuropsychological tests putatively assessing frontal
lobe function [Lau, Pihl & Peterson, 1995]. Although,
increased aggression has been associated with poor
performance on only one of these tests, the spatial
conditional associative learning task [CALT; Petrides,
1985] has been associated with increased laboratory
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aggression in young males [Giancola & Zeichner, 1994] as
well as fighting in young boys [Seguin, Pihl, Harden,
Tremblay & Boulerice, 1995].

A theoretical explanation for how frontal lobe
dysfunction may lead to problematic regulation of
aggression is found in the suggestion of an impairment in
the ability to inhibit inappropriate or impulsive
behaviours. The frontal lobes, considered essential for
context dependant behaviour [Dimond, 1980; Pribram,
1973], are thought to calculate appropriate behavioral
responses, in part, by integrating information about the
state of the external and internal worlds [Fuster, 1989;
Luria, 1980, Nauta, 1971]. Impaired frontal function
might result in a failure to inhibit inappropriate
responses possibly due to a restricted evaluation of
personal and social consequences. As a resul t of an
impairment in this ability, behaviour would be governed
more by salient stimulus cues than by rules or plans
[Luria, 1980]. With respect to aggression, impaired
frontal function might interfere with the ability to
process the contingency cues that normally inhibit
aggressive behaviour. Thus, increased likelihood of
aggression would result in situations where the
probabilityof aggression is ambiguous or the salient cue
is provocation and the salience of contingent cues which
inhibit aggression are lessened.

As reduced performance on the CALT appears to
reflect difficulties in learning to choose from a set the
appropriate response to a given stimulus, one possibility
for why individuals who performed poorly on the CALT were
more aggressive is that they were impaired in their
ability to learn to associate inhibitory cues with
provocative stimuli.

To test this hypothesis, this study used money as a
contingency to inhibit aggressive responding. Contingent
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money has been shown previously to influence aggressive
behaviour on the Taylor [1967] competitive reaction-time
task. Specifically, subjects given money for choosing
more intense shocks became more aggressive [Borden,
Bowen, & Taylor, 1971]. This finding raised the
possibility that aggressive responding can also be
inhibited by providing greater monetary reward for
choosing lower shocks. As individuals demonstrating poor
performance on the CALT are hypothesized to be less able
to utilize inhibitory cues to constrain their aggression,
these individuals would be expected to be less affected
by contingent monetary reward. Thus, this study compared
the effect of contingent monetary reward to inhibit
aggressive responding for two groups of individuals
differing in performance on the spatial conditional
associative-learning task. Half of the subjects in each
group were offered greater amounts of money for choosing
lower shocks while competing with their opponents on the
Taylor task. It was specifically hypothesized that high
versus low cognitive performers would show greater
reductions of their aggression in response to the
monetary reward.

Method
Subjects

One hundred and forty volunteer non-alcoholic male
social drinkers (who received a score of less than 5 on
a short form of the Michigan Alcohol Screening Test
[Pokorny, Miller, & Kaplan, 1972), aged 18-40, in good
physical and mental health (based on self-report),
~ecruited through newspaper advertisements, participated
in this experiment. Individuals who had sustained a
serious head injury (defined as any head injury resulting
in loss consciousness) and who had familiarity with
psychological experimentation were excluded from
participation. Females were excluded from participation
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as men are more aggressive than women, particularly with
respect to physical aggression [Eagly & Steffen, 1986).

Subjects were assigned to one of two groups based on
the total number of trials and incorrect guesses on the
spatial conditional associative-learning task [Petrides,
1985]. Z-score transformations were completed on these
two scores which were added to determine a cumulative z
score for each subject. Subjects whose cumulative z
scores fell in the upper (UQl and lower (LQl performance
quartiles of the distribution were selected to complete
the entire protocol.
Apparatus

Aggression was elicited and assessed with a modified
form of the Taylor (1967] competitive reaction-time task
(Lau et al., 1995]. In this study, the task board
consisted of eight consecutively numbered buttons. In
the monetary reward condition, a cardboard display of
monetary values was placed above the buttons and a
counter was provided for the subject to mor.itor the
amount of money corresponding to his but ton choice, and
upon the complet ion of each trial, the total amount of
money earned up to that trial.

The spatial CALT consisted of six randomly placed
lamps each paired with one of six white cards. The
subject was not informed of the pairings. The lamps were
randomly lit, one at a time whereupon the subject was to
touch the cards one at a time until he touched the one
that was paired with the lamp. The subject' s task was to
learn these associations so that when a given light was
presented, the correct card would be chosen. Individuals
with unilateral frontal lobe damage have been shown to
perform poorly on this task; the impairment on this task
appears to be due to difficulties in learning to choose
from a set the appropriate response to a given stimulus
(Petrides, 1985].'
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The SOP task [Petrides & Milner, 1982] was included
in the test battery to determine whether this task
predicted aggression scores over and above the prediction
provided by the CALT. This test theoretically measures
organizational ability and sequencing of responses rather
than the reproduction of sequences pre-organized by the
experimenter. Individuals with unilateral frontal lobe
damage are significantly impaired on this task; the
deficits can be attributed either to poor monitoring of
responses or poor organizational strategies or both
[Petrides & Milner, 1982].2

The block-tapping task [Corsi, 1972] was
administered to assess cognitive abilities associated
with right temporal lobe function. Individuals with
unilateral right temporal-lobe damage have been shown to
be impaired on this task [Corsi, 1972]. As individuals
with lesions of the right temporal lobe with radical
involvement of the hippocampal region also exhibit
impaired performance on the CALT [Petrides, 1985], this
task was included to rule out the possibility that the
impaired performance on the CALT of individuals of the
lower quartile was due to impaired right temporal lobe
function. Briefly, the subject was required to tap out
on 9 fixed blocks exactly the same pattern tapped out by
the examiner. First, the subject's immediate span, that
is, the longest pattern that the subject can successfully
repeat, was determined. Following this, a series of 24
patterns, one block in excess of the patient's immediate
span in length, were presented. Every third block
sequence was repeated with the intervening sequences
occurring only once. Two scores consisting of the number
of 1) recurring block sequences (7 maximum) and, 2) the
number of non-recurring sequences tapped in the correct
order, were obtained. Finally, the Block Design and
Vocabulary subtests of the WAIS-R were administered to
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pr,.vide estimates of full scale 1Q [Brooker & Cyr. 19861

and overall cog~itive ability.
Procedure

Respondents to newspaper advertisements, who met
inclusion criteria, were asked not to consume drugs or
alcohol for at least 24 hours prior to testing3 • All
subjects signed an informed consent form and provided
demographic data including age, the sutject'::: and his
parents years of education, self report of alcoholic
beverages drank per week. salary code" and neighbourhood
code (defined as an ordinal scale of the type of housing
and the economic status of the people who live in itl.
The subjects then completed the battery of
neuropsychological and intelligence tests. These tests
were administered by undergraduate honours psychology
students under the supervision of a pre-doctoral graduate
student. Subjects of the upper or lower performance
quartiles competed in the Taylor aggression task during
a second session anywhere from 3-45 days ct:! = 9.24 l
following the screening session. First. each subject's
pain threshold for electric shock was determined by
delivering a series of shocks which increased stepwise at
a constant rate [Lau et al •• 1995). The shock intensity
which the subject indicated as painful u~~ three
consecutive presentations was defined as the subject's
pain threshold.

Second. the aggression task was introduced as a
competitive reaction-time task [Lau et al •• 1995).

Briefly. each subject was instructed to select a shock
level that he would deliver to his opponent upon winning
a reaction-time trial. If he lost he received a shock
ostensibly chosen by the opponent. The task itself
consisted of 26 consecutive trials including a block of
12 trials followed by a transition trial. a second block
of trials and a final trial. The opponent' s shock
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choices ranged from 1-4 in the first block and from 5-8
in the second block of trials. The order of wins and
losses as well as the opponent 0 s shock choices were
randomly assigned by the computer. The opponent 's shocks
were all of the same duration.

Half of the subjects in each quartile were randomly
assigned to the control condition, the remainder to the
inhibition condition. The experimenter who ran the
aggression task, a pre-doctoral graduate student, was
blind to the subject's grouping. In the control
condition, there was no monetary reward associated with
the subject's shock choice. In the inhibition condition,
subjects received fort y cents for choosing shock level
one, with the amounts decreasing by five cents for each
level to a value of 5 cents for selecting shock level
eight. Subjects were told that they would receive the
a.'l\ount of money appearing above their shock choice
regardless of whether they won or lost the reaction time
trial. The subject would receive the total amount of
money displayed on the counter at the en~ of the all the
trials.

Following the aggression task, subjects were
interviewed to verify the success of the deception. Each
subject was asked a series of 6 questions designed to
solicit comments concerning the task. These questions
inquired as to the subject's; 1) shock selection
strategy, 2) description of his opponent, 3)
understanding of the experimental procedures, 4) feelings
and reactions, as well as 5) whether the subject found
any aspect of the task odd, confusing or disturbing and
6) if there might have been more to the experiment than
meets the eye. Beth the exper:'menter and the subject
rated the subject's deception on a Likert type scale from
1-5 based on the subject's response to the cattery of
questions. A score of one represented a rating of "not
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deceived". Five represented a rating of "totally
deceived". Following this, each subject was debriefed
and the necessity for deception was fully explained. No
subject was adversely affected by the deception,
according to self-report. All subjects were paid $5.00
an hour to compensate for lost time.

The objective measures of aggression were the
intensityof shock the subject selected: 1) for the first
trial, 2) for each provocation level (1-8) following a
loss (receipt of a shock) and, 3) for each provocation
level (1 -8) following a win (receipt of information
regarding the opponent's choice of shock level). The
first measure reflects unprovoked aggression as it is
selected before the subject receives any information

regarding the opponent' s shock choices. The second
measure reflects an individual' s response to physical
provocation whereas the third measure reflects an
individual's response only to the opponent's intentions •

Results
Subject Mêasures

140 subjects completed the spatial conditional
associative-learning task. 70 subjects with cumulative

test z-scores in either the lower (LQ) or upper (UQ)

performance quartiles for the entire distribution were
selected for further participation in the study. Twelve
subjects (6 from the LQ and 6 from the UQ) were not
deceived and were excluded from the analysis. Ten

additional subjects (5 from each quartile) did not return
for complete testing. Thus, the following analysis is

based on 48 subjects (UQ/LQ, N=24/24).
Mean age, years of education, father 's years of

education, mother's years of education, beverages per
week, salary code, neighbourhood code and IQ are
presented in Table 1. Separate 2 (quartile) x 2
(condition) ANOVAs conducted on all of these variables
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(except for beverages per week) revealed that quartile
groups differed in mean age (E(1,44) = 4.75, ~ < .01),

years of education (E(i,44) = 4.75, ~ < .05) and IQ
(E(1,44) = 10.00, ~ < .01). As the data for beverages
per week was severely skewed, a nonparametric analysis
W.:lS done which revealed no significant group differences.
Neuropsychological Test Measures

Mean scores on the spatial conditional associative
learning task, self ordered poir..ting task and block
tapping task are also preser.ted in Table 1. Separate 2
(quartile) x 2 (condition) ANOVAs revealed that the mean
error scores on the spatial conditional associative
learning task (total number of trials (CALTT) and total
number of errors (CALTE), and the self ordered pointing
task (total number of errors (SOPE») for each quartile
were significantly different (~ < .0001). CALTT and
CALTE scores on the CALT were significantly correlated (l.:

= .89, ~ < .0001). In addition, SOPE scores were
significantly correlated with CALTT (l.: = .48, ~ < .001)

and CALTE (l.: = .40, ~ < .01).

INSERT TABLE 1 ABOUT HERE
Deception Measures

Typically, the subjects did not question the
existence of the opponent during the debriefing
interview. Twelve subjects with a combined experimenter
and self rating of 6 or less were classified as not
deceived. Separate 2 (quartile) x 2 (condition) ANOVAs
conducted on the 5-point deception scale as rated by the
experimenter, and the subject, revealed no significant
main effects nor interactions. Thus, neither mean
deception ratings differed significantly between
quartiles (see Table 1). Furthermore, a correlational
analysis revealed that neither deception rating was
si~-nificantly correlated with mean shock intensity.
Pain Threshold Measures
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A 2 (quartile) x 2 (condition) ANOVA conducted on
pain threshold revealed no significant main effects or
interactions (see Table 1).
Initial Shock Setting

A 2 (quartile) x 2 (condition) ANOVA conducted on
the initial shock choice revealed a significant
interaction between quartile and condition (E(1,44) =
5.34, D. < .05). Simple main effects analysis showed that
for the UQ, individuals in the inhibition condition
selected significantly lower mean initial shock settings
(H = 1.6) than those of the control condition (M = 3.3;
E(1,44) = 7.77, D. < .05). However, for the LQ, mean
initial shock intensities chosen by individuals of the
inhibition (H = 3.3) and control (M = 3.1) conditions
were quite similar (Figure 1).'

INSERT FIGURE 1 ABOUT HERE
Shock Intensity Heasures

A 2 (quartile) x 2 (condition) x 2 (response
condition: loss/win) x S (provocation) mixed design

ANOVA, with response condition and provocation as
repeated measures, conducted on shock intensity was done

to compare the subjects' responses following wins and
losses. This analysis revealed, using Huyn-Feldt
conservative degrees of freedom, a significant main
effect of response condition (E(1,44) = 3.99, D. = .05),
a significant interaction of response condition with
provocation (.E(7,30S) = 3.52, D. < .01) and a significant

interaction between quartile, response condition and
provocation (E(7,30S) = 2.17, D. < .05). Due to the

interactions of response condition with other factors in
the design, the data for the two response conditions were
analyzed separately.

A 2 (quartile) x 2 (condition) x S (provocation)
mixed-design ANOVA, with provocation as the repeated
measure, conducted on shock intensity chosen after a
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105s, using Huyn-Feldt conservativè degreès 01 trèl:~dom,

revealed significant main effects for quartile (E(l,44)

= 6.2S, Q < .05), condition (E(l,44) = 6.03, n < .05) and
provocation (E(7,30Sl = 17.J6, Q < .0001). Furthermore,
there were significant interactions of provocation with
quartile (E(7,30S) = 2.20, Q < .05) and provoc~tion with
condition (E(7,30S) = 2.35, Q < .05).

The interaction between quartile and th", linear
trend for provocation was significant (E(1,30S) = 11.13,

Q < .01) indicating that the slopes of the two quartiles
differed. Individuals of the LQ showed a greater
increase in mean shock intensity as provocation increased
(Figure 2). Analysis of the pooled non-linear portion of
the interaction did not reveal any additional
differential pattern of responding.

INSERT FIGURE 2 ABOUT HERE
The interaction of condition and the linear trend

for provocation was significant (E(1,30S) = 6.33, Q <

.05) indicating that the slopes of the two conditions
differed. Individuals in the control condition showed a
greater increase in mean shock intensity as provocation
increased. Deviations from linearity were non
significant.

Planned comparisons of mean shock intensity of the
control versus the inhibition condition for each quartile
were done to test the hypothesis that individuals of the
UQ would reduce their aggression more than those of the
LQ in the inhibited condition. This analyses
demonstrated that individuals of the UQ selected
significantly lower mean shock intensities in the
inhibited (11 = 2.4) versus control conditions (M. 3.7;

Q < .05). The mean shock intensities selected by
individuals in the LQ did not differ significantly
between the inhibition (11 • 3.7) and control conditions

CM = 4.4) .
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l, 2 (quart.ile) x 2 (condition) x 8 (provocation)
mixed-design ANOVA, with provocation as the repeated
measure, conducted on shock intensity chosen after a win,
revealed significant main effects for quartile (E(1,44)
= 5.01, n < .05), condition (E(1,44) = 4.45, ~ < .05) and
provocation (E(7,308) = 3.85, ~ < .001). Individuals of
the LQ chose significantly higher mean shock intensities
(M = 3.8) than those of the UQ (M = 3.0). Individuals of
the control condition (M = 3.7) chose higher mean shock
intensities than those of the inhibition condition (M =

3.0). Decomposition of the means for each level of
provocation into a linear trend and a pooled non-linear
trend revealed that deviations from linearity were non
significant. Subjects selected greater shocks as
provocation level increased.

Like the analysis of mean shock intensity following
a loss, planned comparisons of mean shock intensity
following a win of the control (Ms = 3.9 and 3.5 for LQ
and UQ, respectively) versus inhibition (Ms = 3.6 and 2.4
for LQ and UQ, respectively) conditions for each quart.ile
revealed that only individuals of the UQ selected
significantly lower mean shock intensities in the
inhibition condition (~< .05).

Discussion
The results of this study support previous work

which shows that individuals who perform poorly on
neuropsychological tests putatively assessing frontal
lobe function are more aggressive under provocative
conditions [Giancola & Zeichner, 1994; Lau et al., 1995].
Furthermore, these findings are consistent with
naturalistic studies of neuropsychological deficits and
aggressive or violent behavior [e.g. Raine, 1993; Tarter
et al., 1984]. This convergence of findings across
complementary methods and measures provides strong
support for neurobehavioral theories implicating higher
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order cognitive abilities, associated \·:ith thè fun~t.i0n

of the prefrontal cortex, in the control of evoked
aggression [e.g. Pihl, Peterson, & Lau, 1993].

More importantly, however, this study demonstrates
that UQ individuals were m0re responsive to the
inhibition manipulation than LQ individuals.
Specifically, the UQ group selected significantly lower
mean initial shock settings than the LQ group in the
inhibition condition.

These findings support the hypûthesis that an
impairment in cognitive abili ties associated with the
frontal lobes is a proximal cause of specifie acts of
aggression. Inhibition of inappropriate or impulsive
behaviours, with adaptive shifting to alternative
behaviours are function3 attributed to the frontal cortex
[Moffitt & Henry, 1989]. If reduced frontal lobe
function partially disinhibits aggressive behaviour
specifically through deficits in the internalization of
inhibitory influences [Dimond, 1980], these individuals
should inhibit their aggressive behaviour less when
presented with contingent monetary reward. This idea is
consistent with observations that frontal-lo~ damaged
patients often demonstrate an inability to rapidly adjust
behaviour in response to external cues, despite the
apparent verbal processing of these eues [Milner &

Petrides, 1984] and that monkeys with frontal resections
sluggishly process reinforcement such as reward or
punishment [Jacobsen & Nissen, 1937].

Dodge & Crick's [1990] cognitive process model of
aggression provides a context within which to integrate
the results of this study. They have proposed a 5 step
sequential process for competent social performance and
argue that deficient processing of provocative cues may
lead to aggressive behaviour. The five steps include 1)
social cue encoding, 2) cue interpretation, 3) response

83



•

•

•

s~arch, 4) response evaluation and 5) response enactment .
The fourth step, response evaluation, involves a choice
by the individual of one of a number of accessed
responses. One of the criteria for choosing a particular
response is consideration of the potential consequences
of the response. Specifically, Dollard and his
colleagues have stated, and Berkowitz [1962] concurs
that: "the strength of inhibition of any act of
aggression varies positiveJy with the amount of
punishment anticipated to be a consequt?r.ce of that act"
[1939, p.33]. Given the results of the present study,
frontal lobe impairment provides a neuropsychological
mechanism to explain the proposed disruptions of Dodge &
Crick's [1990] cognitive process model.

This model also suggests that frontal lobe
dysfunction may increase the probability of aggression by
playing a role in the development and acquisition of
aggressive behaviour. The third step of this model
postulates that when an individual searches memory for à

behavioral response, available responses would be
accessed relatively easily if there are limited responses
available. As the aggressive behaviour of individuals
with frontal lobe dysfunction is difficult to modify,
these individuals might experience and learn fewer
alternative behaviours. As a result, they would have
access to fewer responses and available ones would
probably be aggressive. Thus, an impaired individual in
a provocative situation, with a restricted range of
responses, would be more likely to access an aggressive
response. This is consistent with the finding that
reduced per~~rmance on tasks reflecting abilities
associated with <:xecutive function have been shown to
predict fighting in young boys [Seguin et al., 1995].
Furthermore, prefrontal-type deficits have been
implicated as a predisposing factor common to other
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Moffitt et al., 1994; New"l1lan, 1987]

psychopathy
[Gorenstein, 1987;
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their recidivistic criminal, and specifically violent
behaviours. Thus, impairments in cognitive abilities

associated with frontal lobe function may indirectly
contribute to the maintenance of aggressive behaviour as
weIl as directly increasing the probability of an
aggressive response.

An alternative hypothesis is that the two groups in
this study processed the inhibitory cue similarly and
that the group differences in shock intensities were due
to differential reinforcement value from retaliêiting. LQ
individuals may have gained more reinforcement from the
act of retaliating and found the modest sum of money as
an incentive to inhibit aggression to be insufficient.
This, however, is unlikely as LQ individuals did not
reduce their initial shock settings, considered a measure
of unprovoked aggression [Hammock &Richardson, 1992], in

the monetary reward condition. The initial shock
selection can be assumed to have been made in the absence

of arousal from provocation and thus not part of

retaliation.
The findings of this study cannot be attributed

readily to a global cognitive impairment of individuals
in the low perfor~ance quartile. Although there were

group differences in IQ, controlling for IQ in the
analysis did not substantially affect the results.
Furthermore, there were no group differences in

performance on the block-tapping task which assesses
right hippocampal function strengthening the conclusion
that the cognitive impairment of the LQ individuals is
specifie to the frontal lobes.

It is unlikely that non-neuropsychological factors
were responsible for group differences in aggression .
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Controlling for both age and education through covariance
did not substantially affect the results. As individuals
of the LQ manifest slightly higher mean pain thresholds,
one can not argue that the LQ group was more sensitive to
the shocks and therefore mor~ provoked. The absence of
group differences for salary and neighbourhood codes
argues against an explanation that the group differences
in aggression reduction was due to differences in

financial motivation.
One might argue that the LQ group did not understand

the reward contingency. This is unlikely as they
demonstrated mastery of ail other elements of the task.
Furthermore, the values for the monetary contingency were
clearly visible immediately above the shock level buttons
and a counter prominently displayed the amount of money

corresponding to the subject's shock choice.
In conclusion, the present study demonstrates that

reduced cognitive abilities are associated with a lack of
response to inhibitory eues, in this case a monetary
contingency. These findings support the notion that the
increased aggression of individuals with impaired

cognitive abilities may be due to an inability to

internalize and integrate inhibitory influences.
Further research is required to determine whether these
findings generalize to other inhibitory eues, such as
response cost or contingent unpleasant stimuli.
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Mean Demoarachics--<lJllLT_LJlcores_ bv_ Quartile and Condition

LQ UQ LQ UQ

Control Inhibition Control Inhibition

(n-24) (n-24) (n-12) (n-12) (n-12) (n-12)

M (§Q) M (§Q) M (§Q) M (ml) M(50) M (m2)

DEMOGRAPRIe DATA
-- - - - .- - - - -

Age 27 (7.0)" 23 (3.3)" 26 (7.0) 29 (6.8) 24 (2.8) 22 (3.6)

Years of Education 14 (3.0)" 15 (2.8)" 14 0.6) 13 (2.1) 17 (2.6) 14 (2.4)

Father's years of education 14 (4.1) 14 (4.5) 12 (3.8) 15 (4.0) 14 (5.0) 14 (4.1)

Mother's years of education 12 (3.3) 13 (4.1) 12 (3.7) 13 (3.0) 12 (4.2) 14 (4 • 1 )

Salary Code 2.5 (1.7) 2.2 (1.7) 2.6 (2.1) 2.4 (1 . 2) 2.2 (1.8) 2.2 (1.6)

Beverage per week 3.6 (4.1) 7.3 (9.6) 2.5 (3.2) 4.7 (4.9) 7 (11.5) 7.6 (7.7)

Neighbourhood code 3.3 (1.4) 3.7 (1.1) 3.3 (1.4) 3.2 (1.5) 3.8 (.94) 3.6 (1.3)

TEST SCORES

Conditional Associative learning (CALT)

Total No. of Trials 179 (3)" 52 (14)" 180 (1.4) 179 (4.6) 48 (16) 55 (12)

Total No. of Errors 165 (49)" 23 (10)" 175 (63) 154 (29) 21 (10) 26 (8.9)

Block-tapping task

Correct recurrent sequences 3.0 (2.0) 3.3 (2.1) 2.9 (1.7) 3. 1 (2.3) 4.5 (1.3) 2. 1 (2.21

Correct non-recurrent sequences 3.5 (2.1) 4.8 (3.0) 3.6 (2.7) 3.3 (1,5) 6.0 0.9) 3.7 (1 .2)

Self-ordered pointing (SOP) 4.5 (2.7)" 2.3 (0.8) " 4.3 (~.6) 4.8 (2.9) 2.4 (.67 ) 2.2 ( .83)

IQ 98 (14)" 111 (13) • 100 ( 13) 97 ( 15) 112 (12) 110 (151

DECEPTION RATINGS

Experimenter 4.9 (.26) 4.7 (.58) 4.9 (.26) 4.9 (.27) 4.7 (. 59) 4.8 ( .571

Subject 4.5 (.78) 4.3 (.78) 4.4 ( .91 ) 4.6 (.63) 4.5 ( .64) 4.0 ( • ~7)

PAIN THRESHOLD MEASURES 147 (94) 116 (76) 148 (84) 145 (88) 108 (57) 124 f7 5 j

"\2 < 0.01 ';;7
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Figure 1: Mean initial snack intensity by upper and lower

cognitive per:ormance quartile groups for the control and

monetary reward condition. See results for complete

interpretation.
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Figure 2: Mean shock intenslty chosen after a loss, by

provocation leve!, for the upper and lower cognitive

performance quartile groups. See Results for complete

interpretation.
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Footnotes
'Positron emission tomography with magnetic

resonance imaging of the brains of normal volunteers
completing a modified version of this task demonstrated
activation of cytoarchitectonic area S of the
dorsolateral frontal cortex (Petrides, Alivisatos, Evans
& Meyer, 1993).

2Positron emission tomography with magnetic
resonance imaging of the brains of normal volunteers
completing a modified version of this task demonstrated
activation of cytoarchitectonic areas 46 and 9 of the
mid-dorsolateral frontal cortex (Petrides et al., 1993).

3sreathalysers or urine toxicology were not used in
this study to verify that subjects had not used
alcohol/drugs. However, in a previous study (Lau. Pihl,
& Peterson. 1995) where the same request was made.
testing with breathalysers did not reveal any evidence
that any subject had drank alcohol prior to the
experiment. Thus. it is reasonable to conclude from this
that participants in general comply with the request. In
addition. the experimenter who conducted the aggression
task. a graduate student with prior experience in testing
intoxicated subjects. would most likely have detected any
gross violations of this request.

~he Salary Code variable is a 7 point Likert type
scale measuring annual financial earnings: 1 - $0-$5.000;

2 - $5.001-$10.000; 3 = $10.001-$15.000; 4 = $15.001

$20.000; 5 = $20.001-$25.000; 6 = $25.001 - $30,000; 7 =

$30.001+.

~o control for the possible confounding effect of
IQ. this variable was included separately as a covariate
in the ANOVAs for initial shock setting. mean shock
intensity following a loss and a win. As a covariate. IQ
failed to reach significance in any case and its
inclusion did not substantially affect the results. The
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within-class regression coefficients for lQ were

homogenous in all cases. Comparable analyses conducted

on self-ordered pointing score, years of education, age

and pain threshold also did not affect the results.
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GENERAL DISCUSSION AND CONCLUSION

The initial objective of this work was to explore
the potential role of individual differences of cognitive
abilities associated with the prefrontal cortex in the
alcohol-aggression relationship. The first two studies
were designed to determine: (al the validity of using the
Taylor aggression paradigm in a within-subjects design to
investigate the alcohol-aggression relationship; and (bl
the effects of acute alcohol intoxication on the
aggressive response pattern of individuals differing with
respect to cognitive abilities associated with the
prefrontal cortex.

Study 1 compared the performance of subjects on the
Taylor task under two counterbalanced drug conditions,
intoxicated and sober. The results of this study
demonstrated that mean shock intensity, duration and
total aggression as well as mean pain threshold varied
according to an interaction between order and
intoxication condition. Consequently, ensuing
investigations in this research were restricted to using
the Taylor task in a between-subjects design.

Study 2 considered the level of aggressive behaviour
of two groups differing in cognitive performance (high
vs. low) across two drug conditions (sober vs.
intoxicated) under provocative conditions. Contrary to
expectations, no significant interaction between drug
condition and cognitive performance was found. Hence,
this study's results did not support the hypothesis that
acute alcohol intoxication impairs cognitive abilities of
the prefrontal cortex to increase provoked aggression
(Pihl et al., 1993). Cognitive performance, however,
interacted significantly with provocation. Specifically,
low cognitive performance was associated with greater
aggression as provocation increased. The demonstration
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of this relationship under tightly controlled
experimental conditions was particularly important.
Previous epidemiological and neuroimaging studies had
done little to address the mechanisms underlying the
nature of this relationship in part due to the
methodological limitations i~herent in the study designs
(Kandel & Freed, 1989; Raine, 1993). A laboratory
analogue design, however, with good internal validity
offered the potential advantages of contributing to the
understanding of these mechanisms in a manner that
previous investigations could not.

Study 3 tested the hypothesis that the cognitive
deficit associated with increased aggression represented
an impairment in the ability to inhibit inappropriate or
impulsive behaviours. This study compared the effect of
contingent monetary reward to inhibit aggressive
responding across cognitive performance groups. In this
study, CALT performance alone determined group
assignmeI't. In Study 2, individual differences in
neuropsychological function were determined from the
combined performance on the spatial conditional
associative-learning task (Petrides, 1985a) and the self
ordered pointing task (Petrides & Milner, 1982).
However, a subsequent report demonstrated that increased
aggression was associated with poor performance only on
the former task (Giancola & Zelchner, 1994b)'.

In Study 3, as in Study 2, individuals in the lower
cognitive performance quartile showed greater increases
in aggression as provocation increased. More
importantly, however, individuals of the lower
performance quartile demonstrated significantly smaller
reductions of unprovoked aggression in response to

, Preliminary results of Study 2 were reported by Lau, Pihl,
& Peterson (1992).
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monetary reward .

INTEGRATION OF FINDINGS

In sum, CALT performance proved to be a meaningful
variable in discriminating response to environmental
stimuli in sober young males. Specifically, impaired
CALT performanc~ was associated with heightened
aggression to stimuli that elicited aggression
(provocation) and diminished response to stimuli thought
to inhibit aggression (contingent monetary reward).

One explanation is that the ability to retrieve
appropriate, and inhibit inappropriate responses to
environmental stimuli is important in aggression cO!ltrol.
The CALT was designed to assess the ability to retrieve
appropriate behavioral responses upon presentation of
previously encountered environmen~al stimuli (Petrides,
1985a). As mentioned previously, the CALT is thought to
assess cognitive abilities associated with the intact
function of the posterior dorsolateral prefrontal cortex
(Petrides, 1985a; Petrides et al., 1993). Moreover, the
perfnrmance deficits on the CALT: 1) were not generalized
to a variety of demographic variables (e.g. SES) nor
other cognitive functions (Le. Corsi Block Tapping
task) , and 2) predicted level of aggression beyond any
prediction provided by IQ. Thus, the results of this
research implicate a role for cognitive abilities of the
dorsolateral prefrontal cortex in aggression control.

INTEGRATION WITH PREVIOUS RESEARCH

These findings are consistent with a small but
growing body of evidence from human and animal studies
which have specifically investigated the role of the

dorsolateral prefrontal cortex in the control of
aggression in humans and animaIs •
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Human research
Recent investigations have considered the specifie

relationship bet'Ieen impaired CALT performance and
increased laboratory aggression in young males (Giancola
& Zeichner. 1994b) as well as fighting in young boys
(Seguin et al., 1995). COmbined results suggest that
impaired CALT performance is associated with increased
aggressive behaviour across laboratory and naturalistic
aggressive measures. Similarly. Harden & Pihl (1995)
have reported an association between impaired CALT
performance and disruptive behaviour in young boys.

Furthermore, Grafman. Vance, Weingartner, Salazar,
&Amin (1986) compared war veterans with wounds to either
the dorso-, orbito-, or non-frontal cortex on self-report
and observed measures of mood state. The results
suggested that only dorsofrontal cortical injury led to
disinhibition of mood states reflecting anger and
hostility.

Animal Research
There exist a few, and typically not recent, animal

studies which have also considered the possible role of
the dorsolateral prefrontal cortex in the control of
physical aggression. This is due to a scarcity of
contemporary animal studies investigating this
relationship (Giancola, 1995). The following discussion
is limited to monkey and cat studies. While there are
lesions studies using rats, there appears to be no
homolog for the dorsolateral region in the rat (Preuss,
1995).

Lesion studies have demonstrated increased
aggression following bilateral ablation of the
dorsolateral area of the prefrontal cortex in pigtail
(Kamback &Rogal, 1973), stumptail (Mass & Kling, 1975),
and rhesus macaques (Kling, 1976; Miller, 1976). Studies
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comparing the effects cf dorsolateral and orbital lesions
i~ macaques have demonstrated that dorsolateral lesions
led to increased aggression whereas orbital les ions led
to reduced aggression (Butter, Mishkin, & Mirsky, 1968;
Kamback, 1973). Furthermore, hypothalamically-elicited
attack behaviour in cats has been suppressed via
electrical stimulation of the lateral aspect of the
prefrontal cortex, but not adjacent sites (Siegel,
Edinger, & Dotto, 1975; Siegel, Edinger, & Koo, 1977).
Thus, the dorsolateral region may be a part of a neural
circuit responsible for exerting inhibitory influences on
aggressive impulses arising from various subcortical
structures (Brutus, Shaikh, Siegel, & Siegel, 1984;
Siegel & Edinger, 1983; Watson, Edinger, & Siegel, 1983).

Furthermore, these findings are consistent with a
larger body of research associating neuropsychological
dysfunction of the f::ontal lobes with a predisposition to
violence (e.g. Kandel & Freed, 1989; Raine, 1993) .

IMPLICATIONS FOR THEORETICAL ACCOUNTS OF VIOLENCE

A variety of contrasting theoretical approaches to
understanding violence have been proposed. Baron &

Richardson (1994) have grouped these perspectives into
four categories where aggression is attributed primarily
to 1) instinctive behaviour, 2) an elicited drive 3)
cognitive and emotional processes; or 4) learned social
behaviour. The latter perspective suggests that an
understanding of aggressive behaviour necessitates
attention to these factors including how aggression is
acquired, instigated and maintained. This perspective
acknowledges the contribution of biological factors in
the acquisition of aggressive behaviour. A biological
predisposition to aggression or violence may be expressed
through disruption of the neural mechanisms that
typically moderate and control behaviour. A variety of
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brain deficits may predispose to violence, including left
hemisphere dysfunction, temporal dysfunction or
lateralization abnormalities (Raine, 1993). However, the
findings of this research are consistent with the
hypothesis that frontal lobe dysfunction may primarily
predispose an individual to violent behaviour.

This brain area is thought to be the neural
substrate that subserves a number of executive functions
necessary to produce context-appropriate, goal-oriented
self-directed behaviour (Goldman-Rakic, 1988). These
functions include attention, social/self monitoring,
modification of behaviour as conditions change, selection
and generation of responses, temporal ordering,
associative learning and inhibitory behaviour (Fuster,
1989; Milner & Petrides, 1984; Passingham, 1993).
Perecman (1987) notes that these functions refer to the
regulation of a behaviour or to the integration of a
specifie behaviour into a larger strategy of behaviour
rather than to a specifie behaviour per se.

Impaired frontal function might result in a failure
of any of the above listed abilities. Regardless, the
findings of this research are consistent with the notion
that impaired frontal function might result in a failure
to inhibit inappropriate responses possibly due to a
restricted evaluation of personal and social
consequences.

One neuropsychological explanation for how this
might happen is based on the idea that the prefrontal
cortex plays a pivotal role in working memory (GOldman
Rakic, 1992). In this model, this brain area acts as a
neural comparator to simultaneously evaluate and weigh a
variety of internal and external priorities in order to
develop an appropriate and optimal plan of action. In
this way, an individual is able to behave on the basis of
previous experience rather than simply responding to the
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provoking environmental stimulus .

From a neurophysiological perspective, impaired

prefrontal function could result in an inability te>

inhibit subcortical structures thought to facilitate

aggression (Brutus et al., 1984; Weiger & Bear, 1988).

At a personality level, frontal damage is associated

with impulsivity and disinhibitory psychopathology

(Luria, 1980; Gorenstein & Newman, 1980). The findings

of this research are consistent with the notion of

impaired reflectivity in disinhibition syndromes

(Patterson & Newman, 1993). These authors propose that

disinhibited and nondisinhibited individuals may adopt a

dominant response set when given an opportunity for

reward. Further, the occurrence of unexpected

punishment, omission of reward or delayed gratification

while that set is dominant is seen as leading to an

increase in arousal. This arousal is thought to

facilitate the dominant response set (e.g. aggression) of

disinhibited individuals but arrest the behaviour of

nondisinhibited individuals which allows them time to

reflect on possible alternative behaviours. The

facilitated responding typified by disinhibited

individuals leads to a modulated response bias.

Disinhibited individuals modulate the overt goal-directed

behaviour rather than altering the response set in

accordance with changing environmental events and

contingencies. As such these individuals do not learn

alternative ways to avoid aversive events. Moreover, the

failure to reflect could interfere with the processing of

punishment or nonreward cues which might result in

reduced formation of causal associations between

behaviours and their consequences. In sum, a lack of

retrospective reflection due to facilitation of a

dominant response set, therefore, may contribute to an

enduring impulsive style. As impulsivity plays an

lOS



•

•

•

important role in aggressive behaviour (Farrington,
Loeber, & Van Kammen. i990; Hurt & Naglieri, 1992;
Moffitt & Henry, 1989), an individual's nonreflective
reaction to punishment or non-reward may contribute to an
aggressive style.

In the context of the above discussion, the findings
of this research suggest a possible neuropsychological
basis for a variety of theoretical accounts of aggression
including biosocial (Pihl et al., 1993), cognitive (e.g.
Dodge & Crick, 1990) and social interactionist theories
on aggression (Felson & Tedeschi, 1993).

First, the ability to learn culturally acceptable
responses to provocative situations and to perceive cues
associated with the threat of punishment are thought to
be important components of the General Expectancy Set
(GES; Pihl et al., 1993). The GES, a theoretical
construct, is comprised of all extant expectancies.
Expectancy states, dynamic models of what will happen in
the future as a result of current behaviours (Luria,
1980), appear to arise as an emergent property of
acquired knowledge (Pihl & Peterson, 1992). More
specifically, the GES is thought to perform three
functions which determine the elicitation, construction
and modification of aggression. First, the GES
determines the context within which "objective" stimuli
are subjectively interpreted. Second, the GES represents
the repertoire of culturally determined behaviours
internalized during the course of socialization from
which to draw aggressive responses. Third, the GES
determines whether aggression is subject to the threat of
punishment and therefore inhibited or to the hope of
reward leading to its potentiation. As discussed above
in relation to impulsivity, prefrontal dysfunction might
result in deficits in the ability to acquire culturally
acceptable behavioral response to provocation and an
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impairment in the ability to detect cues for punishment.
Second, the cognitive abilities thought to be

associated with intact prefrontal cortical function are
similar to steps 3 and 4, i. e., response sea rch and
response evaluation, of Dodge & Crick' s (1990) :. step
cognitive process model of aggression. Thus, impair-ed
prefrontal function might result in deficient response
search and evaluation which might lead to an increased
probability of aggressive responding.

Third, social-interactionist theoreticians suggest
for example that aggressive individuals are more likely
to break rules and hence are more likely to elicit
punishment thereby increasing the likelihood of a
provocation-induced aggressive conflict. Moreover, there
is a greater likelihood of aggression by those unable to
use other forms of influence. Impaired frontal function
might be the biological substrate underlying these
individual differences in behaviour.

Alternatively, prefrontal dysfunction may underlie
a more global disorder that is associated with aggressive
behaviour. Prefrontal dysfunction has been associated
with a variety of disorders including hyperactivity (Shue
& Douglas, 1992), antisocial behaviour and primary
alcoholism (Gorenstein & Newman, 1980) as well as with
adolescent and adult non-alcoholic sons of male
alcoholics (Giancola, Peterson, & Pihl, 1993; Peterson,
Finn, & Pihl. 1992).

The above discussion of the possible role of the
prefrontal cortex in the regulation of aggressive
behaviour is of a heuristic nature. The goal of this
research was not to identify a specifie anatomical lesion
site in the brain that causes aggressive behaviour.
Functional neuroanatomy is as yet insufficiently
understood to support conclusive causal deductions
(Moffitt, 1990). For example, the dorsolateral
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prefrontal cortex forms only a part of a hierarchical
network of cortical and subcortical connections. Thus,
it is likely that numerous other structures are also
involved in the cognitive functions attributed to this
brain area. It is possible other brain areas can also
independently perform the same functions. For example,
competing neurobehavioral theories have proposed that
cognitive deficits have been attributed to the projecting
thalamic or reticular activating system processes rather
than frontal-lobe impairment (Mattes, 1980). Thus,
impaired regulation of aggression might be attributed to
disruptions of brain areas distant from the cortical
mantle, or from a disturbance at a biochemical level with
no observable structural change.

Thus, this work was not meant to attribute the
control of aggression to specifie brain areas per se.
Administration of a test battery employing a selection of
tests with demonstrated validity of other anterior and
posterior brain areas would help in this regard. In the
present study, functional assessment of other prefrontal
areas, such as the orbito-medial frontal cortex, was not
performed in part because the appropriate assessment
instruments do not yet exist. Furthermore, a complete
test battery was not performed so as to minimize the time
required for subject participation. Thus. the results of
these studies do not necessarily invalidate theories that
the control of aggressive behaviour involves areas such
as the orbito-medial frontal cortex (Bear, 1991).
Although. Giancola (1995) argues, based on a review of
the human and animal literature investigating the role of
the dorsolateral and orbital prefrontal regions in
aggression control, that while disinhibited, non
aggressive behaviours are typically associated with
orbito-medial lesions, physical aggressior--itself appears

to be a correlate of dorsolateral, rather than orbito-
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medial, damage. Instead. orbito-medial injury might
serve to increase the propensity for aggression in
dorsolateral individuals by disturbing emotional
regulation/modulation.

This discussion does not and would not assume that
severe violence is due to biological factors alone, and
that social processes are irrelevant in explaining
violence. These factors likely interact to explain
violence. For example, a history of an abusive childhood
environment may interact with neuropsychological deficits
to produce a violently reactive individual. Widom (1989)
has shown that males, neglected and abused as children,
manifest an increased likelihood of arrests for
delinquency, adul t criminality, and violent criminal
behaviour. Widom (1989) notes, however, that while
childhood victimization may contribute to the later
development of criminal violence, other factors which
interact with victimization may also be involved. One of
these factors might be individual differences in
neuropsychological function. There is evidence that
intrinsic neuropsychiatrie vulnerabilities, and a history
of a violent abusive environments is a better predictor
of adult violent crime than early violence alone (Lewis,
Lovely, Yeager, Della Femina, 1989). One possibility is
that children with neuropsychiatrie impairments may be
less able resist aggressive models and choose
alternative, more appropriate behaviours.

POSSIBLE CAUSES OF FRONTAL LOBE DYSFONCTION

A major question is what underlies the
neuropsychological performance deficits observed in this
research. Individuals with a history of head injury,
substance abuse and mental or physical illness were
excluded from participation. Thus, it is unlikely that
the impaired performance of participants in these studies
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was due to a gross neuroanatomical deficit.
Poor neuropsychological test performance does not

necessarily indicate a brain lesion (Lueger & Gill,
1990) . Rather, other mechanisms might be invo1ved
including fluctuating neurochemical states, heritab1e
individual variation in brains, disruptions in fetal
brain development, childhood exposure to neurotoxins and
early environmental deprivation (Moffitt, 1990). For
examp1e, the observed neuropsychological deficits might
derive from a "biochemical lesion", for instance, from
dysregulation of the serotonin system. This
neurotransmitter may play an important role in the
reguiation of aggressive behaviour (Pihl & Peterson,
1993). In particular, reduced brain serotonin is
associated with an increased probability of aggressive or
impulsive behaviour (see virkkunen & Linnoila, 1993 for
review). Furthermore, antisocial populations have been
shown to manifest reduced central serotonin levels, with
the lowest levels found in antisocials with a history of
violence, borderline personality disorder and alcohol
abuse (Raine, 1993) • Conversely, experimental
manipulations elevating serotonin levels generally lead
to decreases in aggression (Brizer, 1988).

Reduced serotonin is thought to underlie, along with
low norepinephrine, underactivation of the behavioral
inhibition system (BIS; Gray, 1975; Fowles, 1988).
According to Gray (1975), the BIS is thought to inhibit
behaviour in response to cues of punishment or
frustrative nonreward. Fowles (1988) has argued that
reduced BIS functioning may underlie the disinhibitory,
impulsive behaviours of antisocial individuals. Scerbo
& Raine (1992) propose that reductions in serotonin
levels might contribute to social information-processing
deficits which increase the likelihood of aggression
(Dodge & crick, 1990). Further research, however, is
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required to validate this hypothesis as weIl as whether
brain serotonin deficiencies might be specifically
associated with poor performance on the CALT.

Alternatively, individual variation in
neuropsychological function may be attributable to
heritable variation. For example, inherited decrements
in neuropsychological performance have been reported for
Sons of Male Alcoholics (SOMAs; Peterson & Pihl, 1990).
Specifically, SOMAs are characterised by deficits in
cognitive abilities thought to depend on the intact
functioning of the prefrontal cortex (Gorenstein, 1987;
Pihl, Peterson, & Finn, 1987; Tarter et al., 1984).
Interestingly, pre-adolescent SOMAs have been shown to
perform poorly on the CALT, react impulsively during
objective testing and demonstrate disruptive behaviour by
parent rating when compared to a matched control group
(Harden & Pihl, 1995). Differently, genetic defects in
the metabolism of neurotransmitters such as serotonin or
noradrenaline might affect aggressive behaviour. Until
recently such mutations had not been reported. However,
in a recent study of a large kindred in which many males
were affected by a syndrome of abnormal behaviour
including impulsive aggression, this behaviour was
associated with a selective deficiency of enzymatic
activity of monoamine oxidase A (MAOA) attributed to a
specifie gene mutation (Brunner, Nelen, Breakefield,
Ropers, & van Oost, 1993). According to these authors,
reduced central serotonin levels might result from absent
MAOA activity in these subjects.

Finally, neurotransmitter levels may be adversely
affected by a deviant rearing environment including
parental substance abuse and psychiatrie hospitalizations
or otherwise poor family functioning. A deviant rearing
environment has been associated with enduring serotonin
abnormalities in nonhuman primates (Higley, Suomi, &
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Linnoila, 1990).

IMPLICATIONS FOR THE ALCOHOL-AGGRESSION RELATIONSHIP

The initial focus of this research was to determine
the role of individual differences of cognitive abilities
associated with the frontal lobes in the alcohol
aggression relationship. That alcohol disrupts higher
order cognitive abilities involved in the control of
aggressive behaviour is suggested by the results of Study
1. In Study 2, it was postulated that drug condition
would interact with decreased cognitive performance. such
that alcohol would increase aggression more for lower
cognitive performers. Counter to expectations. the
results did not reveal a significant interaction. Given
the results of study 1. the failure to find an
interaction in Study 2 is likely a function of the study
design. It was not possible. however. to determine the
extent to which ceiling effects and limited statistical
power impacted on these results. It remains possible.
therefore. that alcohol facilitates aggression more for
individuals whose aggression is under inhibitory control.
The results of Study 3 are consistent with the idea that
low cognitive performers were impaired in their ability
to inhibit aggressive behaviour when sober. Thus.
alcohol may selectively impair cognitive abilities for
individuals without pre-existing cognitive deficits.

Alternatively. deficits in frontal function may
interact with alcohol's anxiolytic effects. These
effects are thought to reduce the inhibitory effect of
threat by impairing the threat detection system dependant
on intact hippocampal function (Pihl et al.. 1993). When
the expression of aggression was under the inhibitory
influence of threat. then this expression would be
facilitated by alcohol. Thus. an impairment in the
ability to integrate inhibitory influences combined with
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a reduction in the strength of the inhibitory influence
of threat might result in an even greater probability ot
an aggressive response under provocative conditions.

Finally, it remains possible that individuals who
manifest increased aggressive behaviour tend to consume
more alcohol. The results of this research demonstrate
an association between impaired cognitive function,
increased aggression and disinhibition. Moreover,
alcoholism is also thought to derive from a disinhibitory
syndrome (Gorenstein & Newman, 1980). This hypothesis
might be tested using a repeated measures design with
another paradigm (e.g. Cherek et al., 1985).

LIMITATIONS
Aggressive behaviour was measured in these studies

using the Taylor competitive reaction time task. The
paradigm's success, however. depends on convincing the
participants that they are delivering mild electric
shocks to an opponent. with the wide publicization of
the Milgram experiments (e.g •• Milgram. 1963). there is
the possibility that participants will not be deceived.
As a result. their reactions may be quite different from
those that would occur in natural settings. While the
pre-experimental interview excluded a few subjects who
cited knowledge of Milgram's experiments. a large
majority of subjects who participated in these studies
were very surprised to find out that there was no
opponent. Moreover. no subject guessed the purpose of
the experiment. Thus. it appears that valid results were
obtained using the Taylor paradigme

It has been argued that aggression as measured in
the laboratory is "in facto research on defensive
coercion compelled by norms of reciprocity" (Gottfredson

& Hirschi. 1993. p. 52). Thus. those who manifest
increased "aggression" are in fact unusually sensitive to
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normative expectations. As such, these individuals would

be the least likely to engage in assaultive and violent

acts. A history of aggressive acts was not solicited in

these studies. This information, if collected, might

provide the necessary information to definitively refute

this criticism. Nevertheless, the Taylor task

differentiates between groups theoretically expected to

differ in aggressive potential including psychopathie

individuals (Dengerink, 1971) and prison inmates (Wolfe

& Baron, 1971). Furthermore, there is direct support for

the convergent and discriminant validity of this task

(e.g. Giancola & Zeichner, 1994a). Thus, it is unlikely

that the Taylor task measures defensive coercion. A more

likely explanation is that the above criticisms were

directed at the Buss paradigm.

Additionally, there are three possible threats to

internal validity in these studies: (1) difficulty in

ruling out possible third variables, (2) selection bias,

and (3) experimenter bias. Firstly, perhaps the greatest

threat to the validity of these studies lies in the

possibility that the groups differed with respect to an

unidentified third variable. This threat arises from the

fact that subject assignment to high and low cognitive

performance groups was not random. Thus, an unlimited

number of possible third variables might explain the

results of these studies. The most obvious third

variables (i.e. IQ, non-verbal memory associated with

right hippocampal function, demographics, historyof head

l.nJ ury, psychopathology, etc. ) have been ruled out.

However, a number of potentially important variables were

not specifically investigated. These include, for

example, a history of neglect and abuse (Widom, 1989), or

a deviant rearing environment (Volavka, Martell & Convit,

1992). Further studies would benefit from measurement of

these variables.
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Second, participants in this research were solici ted
with advertisements placed in the Help Wanted section of
a newspaper. As a result, the sample consisted
predominantly of unemployed individuals and students.
Performance quartiles significantly differed with respect
to years of education in Study 2 & 3. Controlling frr
this potential confound did not affect the results. It
remains possible, however, that other factors associated
with student status might have contributed to group
differences in aggression. However, the resul ts of these
studies have been replicated elsewhere using primarily a
student population (Giancola & Zeichner, 1994b). Thus,
it appears that CALT performance predicts aggression over
and above any contribution arising from third factors
associated with being a student.

Third, in Study 2, the experimenter operating the
aggression task was not blind to the subject's grouping
when testing the first half of the subject cohort due to
manpower limitations. An analysis performed on the
results derived from the first and second halves of the
study did not reveal any differences. Furthermore, the
experimenter was blinded to the subject's grouping in
Study 3. The result of a quartile by provocation
interaction was present in both studies. These results
discount the possibility that experimenter bias affected
the results of Study 2.

Finally, it is important to recognize that the
results of this research relate specifically to young
males sampled from the normal population. Thus, the
results cannot be generalized to violent offenders nor
women at this stage.

RECOMMENDATIONS FOR FUTURE RESEARCH

First, and perhaps most importantly, is to replicate
the findings of Study 3 to establish or disconfirm the
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reliability and generalizability of the finding that poor
performance on the CALT is associated with an impairment
in the abili ty to inhibi t aggression in response to
reward. Future research should be designed to correct
the limitations of this study. For example, to increase
reliability, other inhibitory influences such as response
cost or contingent unpleasant stimuli might be used.
Furthermore, it would be useful to determine whether
individuals with inferior CALT performance derive
differential reinforcement from retaliation.

To increase generalizability, use of the CALT should
be expanded to assess other populations such as violent
criminals. This measure may prove useful in the
prediction of who is likely to engage in violent
behaviour. This is important for efforts to prevent or
control such behaviour. Future research might also be
directed at investigating the possible relationship
between antisociality and impaired CALT performance.

These studies emphasized the advantage of
considering the interaction between individual and
situational variables in understanding aggression. Thus,
future investigations should consider the advantages of
studying the interaction between social, situational and
individual determinants of aggression.

Finally, modifications of this analogue design might
be used to further investigate alcohol related
aggression. For exarnple, future research might
selectively focus on the effects of alcohol on the
aggressive behaviour of individuals with intact cognitive
functioning.

CONCLUSION

The results of these studies suggest that higher
order cognitive abilities associated with the prefrontal
cortex are important in the regulation of aggressive

116



•

•

•

behaviour under provocative conditions. Specifically,
these results corroborate the theory that frontal lobe
dysfunction causes increased aggression under provocative
conditions. Furthermore, increased aggression may be due
to an impairment in the ability to integrate inhibitory
influences to aggressive responding. ~0~~over, the
results are consistent with the notion that acute alcohol
intoxication impairs higher order cognitive abilities
involved in the formulation of behavioral strategies
under provocative conditions. However, the results did
not support the hypothesis that acute alcohol

intoxication increases aggressions by temporarily
impairing cognitive abilities previously demonstrated to
be associated with the frontal lobes. Thus, further
research is required to elucidate the neural mechanisms
underlying alcohol induced aggression .
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