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directly upon these separate processes. There have already been a
number of notable attempts to design personality scales that directly measure motivational systems (e.g., Carver & White 1994);
these scales are often relatively successful in predicting positive incentive motivation (e.g., Zinbarg & Mohlman 1998). This strategy
may be more profitable than relying upon arbitrary criteria to
choose between existing (surface) trait descriptions of personality.
In summary, I applaud the conceptual rigour of Depue &
Collins’s model, which has considerable heuristic appeal. To be
sure, many problems remain to be addressed, but this is the normal business of science, to which Depue & Collins have made an
admirable contribution.
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Abstract: Studies of human performance indicate that extraverts show enhanced motivation in relation to reward signals, but not in relation to safety
signals under defensive conditions. When it occurs under defensive conditions, enhanced motivation may be related to neuroticism. While extraverts show some attentional skills consistent with frontal dopaminergic
facilitation, other frontal capacities may be related to conscientiousness.
These findings suggest that dopaminergic influences on response and attentional processes may contribute to additional personality dimensions
such as neuroticism and conscientiousness.

Depue & Collin’s (D&C’s) target article relates psychometrically
defined personality processes to underlying neurophysiological
mechanisms, using recent models of incentive motivation as a mediating link. This strategy is reasonable, but the paper neglects a
level of analysis that provides additional support and suggestions
for extending the model. The discussion would benefit from considering experiments on human extraversion, particularly those
dealing with the proposed motivational and response processes.
In this commentary, we discuss experiments on performance measures of motivational and response processes in humans, and consider possible dopaminergic contributions to other dimensions
beyond extraversion.
A number of studies suggest a relation between extraversion and
positive incentive motivation. For example, Newman and his colleagues have found extraverts to show more passive avoidance errors (Newman et al. 1985) and faster circle tracing (Wallace &
Newman 1990) than introverts in contexts involving potential reward. We have found extraverts to show enhanced response facilitation elicited by a pretarget cue under rewarding conditions (Reed
& Derryberry 1995), as well as enhanced attention to the location
of a potentially rewarding target (Derryberry & Reed 1994a). The
combination of a reward-related attentional bias and response facilitation fits well with the type of model proposed by D&C.
The underlying motivational processes, however, and their relation to extraversion remain unclear. For example, some of the
positive incentive effects are strongest in neurotic extraverts
rather than pure extraverts (e.g., Derryberry & Reed 1994a; Wallace & Newman 1990). This may reflect the influence of a single
causal mechanism that runs diagonally to extraversion and neuroticism (Gray 1987b), or a separate neuroticism-related mechanism that interacts with extraversion (Wallace et al. 1991). A role
for neuroticism is also suggested by the enhanced response facilitation found in more introverted individuals, such as the facilitated startle reactions (Corr et al. 1995) and faster circle tracing
(Wallace et al. 1991) evident in anxious subjects under stressful
conditions. Also relevant in this regard are the connections between the ventral tegmental area and the fear-related circuitry
within the central amygdala and frontal cortex. Such connections

are likely to underlie the stress-related dopaminergic reactivity
discussed in the target article (sect. 4.7). These findings make it
difficult to relate dopamine solely to positive incentive motivation
and extraversion. Instead, they suggest an additional influence on
defensive motivation and traits related to neuroticism.
A possible solution to this problem can be found in D&C’s
model of incentive motivation. Following Gray (1987b), the model
suggests that the facilitative mechanism is activated not only by
signals of reward, but also by safety signals in order to facilitate active avoidance under defensive conditions (sect. 3.2). This makes
good sense in that behavior and attention directed in relation to
sources of safety and relief are crucial to coping with threat. However, it predicts that extraverts will show a motivational pattern of
facilitated approach and active avoidance, and this does not appear to be the case. Questionnaire studies indicate that approach
and active avoidance tendencies are negatively correlated, with
only the former related to extraversion (Wilson et al. 1990). In reaction time studies, extraverts show response facilitation under
appetitive conditions involving reward for fast responses, but not
when fast responses would allow the avoidance of punishment
(Reed & Derryberry 1995). In studies assessing attention to signals of reward and safety, extraverts show an attentional bias favoring rewarding cues, but not safety cues. It is individuals high in
trait anxiety who favor safety signals (Derryberry & Reed, in
preparation). This again suggests that defensive forms of incentive
motivation, perhaps facilitated by dopamine, may be more closely
related to anxiety/neuroticism than extraversion.
Another intriguing issue involves dopaminergic influences upon
frontal executive functions. D&C approach such functions in their
discussion of behavioral flexibility (sect. 6.2), but more specific influences on attention, working memory, and inhibitory control
might also be predicted. Generally consistent with such predictions, Matthews (1997) has found extraverts to show enhanced
verbal working memory and divided attention, skills that are adaptive in high information flow environments. It is important to note
that these frontal capacities involve multiple component skills, and
it seems likely that some of them are independent of extraversion.
For example, one childhood temperament model has identified
general factors related to positive affectivity, negative affectivity,
and effortful control. This last factor, which is assumed to depend
on frontal attentional systems, seems most closely related to adult
factors such as conscientiousness and constraint (Ahadi & Rothbart 1994). Diamond et al. (1997) have cataloged a range of working memory and response inhibition tasks which appear to depend
on frontal dopamine functions. A battery of tasks similar to those
used by Diamond has been found to relate to parents’ reports of
the child’s effortful control (Carlson 1997).
Depue & Collins have provided a most detailed and useful perspective on extraversion. Their approach is particularly valuable in
its capacity to integrate subcortical motivational and cortical representational processes within a developmental framework. They
adopt a reasonable strategy of beginning with a single transmitter
system, while acknowledging that the converging influences from
other transmitter systems may also contribute to extraversion. Given
the comments above, our impression is that a complementary strategy will be useful in considering dopaminergic modulation. Rather
than contributing to a single personality dimension, these modulatory processes may diverge to influence multiple dimensions.
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Abstract: We make two suggestions with regard to Depue & Collins’s
(D&C’s) target article. First, regarding the functioning of MOC13, we pro-
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vide data indicating that, contrary to D&C’s apparent position, this structure is not necessary for instrumental conditioning. Second, we suggest
that D&C’s approach would be advanced by reference to formal computational theory, in particular the work of Grossberg. We suggest that an integration of Grossberg’s and D&C’s models can provide a more complete
account of extraversion.

Depue & Collins’s (D&C’s) target article makes a substantial contribution to relating neurobiology and personality research. They
have provided a detailed and convincing development of the notion that the incentive motivation system underpins individual differences in extraversion. D&C propose that incentive motivation
information is encoded and integrated in a circuit involving Brodmann’s posterior medial orbital prefrontal cortical area 13
(MOC13).
The link between neuroanatomy and extraversion is interesting,
but the putative roles of the specific structures could be challenged.
In particular, we would like to question the role of orbitofrontal cortex (MOC13). D&C claim that “MOC13 forms higher-level conditional representations of sensory events by associating them with
existing or newly-developing response-reinforcement contingencies” (sect. 4.3.4). This implies that MOC13 is implicated in instrumental conditioning. Although the electrophysiological data
provided by Thorpe et al. (1983) indicate that neurons are responsive to information about the reward or punishment associated with
a stimulus, this does not imply that MOC13 is crucial for instrumental conditioning. Indeed, Thorpe et al. state that OFC represents whether particular stimuli continue to be associated with reinforcement, and it allows behaviour to be modified when it is no
longer appropriate. In line with this, OFC lesions in monkeys and
humans do not impair instrumental conditioning; they impair the
ability to modify responses to stimuli that are no longer reinforced
(e.g., Dias et al. 1996; Rolls et al. 1994).
D&C’s detailed description of the neuroanatomy of incentive
motivation is extremely interesting. They provide a valuable account of the circuitry involved in incentive motivation processes,
from the encoding of incentive stimuli to the production of an incentive motivational state that triggers behaviour. However, we
believe that their approach would be advanced by considering formal computational theory, such as the work of Armony et al.
(1995), and in particular, Grossberg (e.g., Grossberg & Levine
1987). One problem with D&C’s focus on the neuroanatomy is

Figure 1 (Fine & Blair). Grossberg’s schematic conditioning circuit: conditioned stimuli (CS) activate sensory representations
(SCSi), which compete amongst themselves for limited short-term
memory activation and storage. The activated SCSi signals elicit
conditionable signals to drive representations and motor command
representations. Mismatches between learned expectations and
drive input representations trigger the orienting subsystem, resetting STM activations of sensory representations. Adapted from
Grossberg & Levine (1987; p. 5019).
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that it fails to account for crucial aspects of incentive motivation;
for example, the dissociation between instrumental learning and
relearning, and the “persistence problem.” In contrast, a computational approach such as Grossberg’s adaptive resonance theory
(ART) of classical and instrumental conditioning can.
D&C’s account appears to predict an association between instrumental learning and relearning. In contrast, Grossberg’s ART
circuit predicts the observed dissociation. In Grossberg’s model
there are interactions between attentional and orienting subsystems (see Fig. 1). Incentive motivational learning is achieved by
interactions between drive and sensory cue representations. Relearning occurs when mismatches between reinforcements and
learned expectations of reinforcements activate the orienting subsystem, which resets the activation levels of the sensory representations. As D&C describe, the role of MOC13 in detecting unexpected reinforcements could suggest that this region is the neural
locus of an orienting subsystem. This integration of Grossberg’s
and D&C’s models makes possible an explanation of the specific
relearning deficit seen in subjects with damage to MOC13.
Second, D&C’s account cannot explain the persistence problem, also known as the “turkey-love fiasco,” namely, how incentive
motivation and appropriate behaviour are maintained during the
parallel processing of several motivationally incompatible conditioned stimuli. To illustrate, “during an otherwise uneventful
turkey dinner with one’s lover, suppose that one alternately looks
at lover and turkey, where lover is associated with sexual responses
. . . and turkey is associated with eating responses. Why do we not
come away from dinner wanting to eat our lover and have sex with
turkeys?” (Grossberg & Levine 1987, pp. 5019 –20). D&C argue
that MOC13 is involved in updating reinforcement priorities but
this is not sufficient to explain how, for example, the turkey-love
fiasco could be resolved. In Grossberg’s model, a sensory cue with
incentive motivational properties can quickly augment attention
to itself via self-generated incentive motivational feedback signals.
In this way, erroneous conditioning from a CS to the wrong CR
when more than one CS is present cannot occur. The sensory
feedback signals occur independent of the orienting subsystem. If
this subsystem is mediated by MOC13, then blocking, unblocking, and latent inhibition, for example, should all occur in MOC13
lesioned animals.
Thus, Grossberg’s model could be usefully integrated with the
anatomical claims made by D&C. Moreover, as detailed by D&C,
the evidence that dopamine acts as a facilitator of incentive motivation is strong. It could be suggested that the nucleus accumbens
shell, ventral pallidum, and ventral tegmental area are implicated
in the incentive motivational learning pathways shown in Figure
1. Indeed, Grossberg (1982) speculates that dopamine is the neurotransmitter that subserves the gated dipoles in these pathways.
As described by D&C, dopamine antagonists would reduce conditioned incentive motivation-governed behaviour but it would
not affect unconditioned consummatory behaviour and information about stimulus-reinforcement associations (represented by
the conditioned reinforcer learning pathway).
Variation in sensitivity to different classes of stimuli across individuals, as suggested by Gray (1973), could be represented as
differing responsiveness of drive representations. For example, an
individual highly responsive to positive social cues might be one
whose drive representations for those cues have a low threshold
for activation. This will manifest itself behaviourally as extraversion. In other words, Gray’s suggestion that individual differences
in extraversion follow from variation in sensitivity to different
classes of stimuli can be fully realised at both the cognitive and
neuroanatomical levels by an integration of Grossberg’s and
D&C’s models. This also raises the question of whether there are
individual differences in sensitivity to more specific classes of
stimuli than just reward and punishment. For example, according
to Blair’s violence inhibition model, psychopaths suffer from a specific insensitivity to distress cues (e.g., Blair 1995); it seems more
than plausible that there could be a continuum of sensitivity to distress cues and other types of stimuli in the normal population.
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Abstract: As well as data indicating relationships (emphasised in the target article) (1) between dopaminergic transmission in the nucleus accumbens and positive incentive motivation, and (2) between dopaminergic
transmission and extraversion, other data (not accounted for by the hypotheses developed in the target article) indicate relationships (3) between
accumbens dopaminergic transmission and cognitive, especially perceptual, processes that are disrupted in schizophrenia, and (4) between
dopaminergic transmission and psychoticism. The tension between relationships 1 ⫹ 2 and 3 ⫹ 4 is discussed and a tentative resolution proposed.

Depue & Collins (D&C) make an important contribution to the
tradition that seeks a neurobiological basis for behavioural differences between individuals within a species, impressive in scope
in knitting together data from different species, disciplines, and
methodologies and in careful attention to detail. It should serve as
a storehouse for detailed empirical investigations in the field of
personality with both human and animal subjects for many years.
Despite its breadth, however, an important aspect of the topic addressed is given scant attention, affecting the interpretation of the
data at several points. At the level of human personality, there are
data which suggest a relationship between the intensity of
dopaminergic transmission and psychoticism, not extraversion as
proposed by D&C. At the neurobiological level, there are matching data suggesting a relationship between dopaminergic transmission in the nucleus accumbens and, not incentive motivation
as emphasised by D&C, but cognitive processes which suffer disruption during acute psychotic breakdown. These two bodies of
data give rise to an alternative hypothesis concerning the relationship between neurobiology and personality.
The “missing” bodies of data are neither obscure nor limited.
Unfortunately, there is a dichotomy in discussions of the role of
dopamine in behaviour between those who (like D&C) concentrate on evidence linking this to reward and (positive) incentive
motivation, and others who concentrate on evidence linking it to
schizophrenic cognitive dysfunction. The two groups of workers
rarely cite the other body of evidence or the alternative interpretation of the functions of dopaminergic transmission. Yet, without
radical revision of at least one of these two competing views, they
cannot both be right. Since it is the “schizophrenia connection”
that is missing from the target article, I shall discuss only that (see
Gray et al., in press, for a model capable in principle of encompassing both bodies of data).
The general hypothesis and supporting data which suggest hyperdopaminergic activity in acute schizophrenia characterised by
positive psychotic symptoms (Crow 1980) are well known (Carlsson 1988; Gray et al. 1991). Here I concentrate only on evidence
indicating a role for enhanced dopaminergic transmission specifically in the nucleus accumbens, and specifically in cognitive dysfunction observed in acute schizophrenia (for a more general discussion, see Gray 1998). This evidence goes to the heart of D&C’s
argument. They claim that the degree of extraversion is a positive
function of behavioural facilitation resulting from positive incentive motivation and that the behavioural facilitation resulting from
positive incentive motivation is a positive function of the intensity
of intra-accumbens dopaminergic transmission. Evidence that
such transmission is related to something else is accordingly in
critical opposition to D&C’s argument. This evidence is abundant
and readily to hand; I therefore refer only to secondary sources.
Two phenomena are of particular interest: prepulse inhibition

(PPI) and latent inhibition (LI). PPI is a reduction in the amplitude
of the startle response to a high-intensity “pulse” stimulus if this is
preceded by a “prepulse” of lower intensity at a prepulse-to-pulse
interval of about 100 msec. LI is a loss of associability if a to-beconditioned stimulus is first presented, prior to conditioning, a
number of times without other consequence. Both PPI and LI are
reduced in schizophrenia (Gray 1998; Swerdlow & Geyer 1998;
Swerdlow et al. 1992; Weiner 1990). PPI appears to serve a sensory
gating function, allowing time for the prepulse to be processed. LI
appears to serve a perceptual selection function, weakening processing of previously uninformative stimuli. Thus, loss of PPI and
LI in schizophrenia is reasonably interpreted as related to the difficulties experienced by psychotic patients in stimulus selection
and focussing of attention (Hemsley 1987). In animals, both PPI
and LI can be disrupted by treatments that increase dopaminergic
transmission specifically in the accumbens (Swerdlow et al. 1992;
Gray 1998; Gray et al. 1997; Swerdlow & Geyer 1998).
Impairment in neither PPI nor LI can plausibly be related to alterations in incentive motivation, contrary to D&C’s arguments.
These effects suggest, rather, that enhanced accumbens dopaminergic transmission alters perceptual processing. A pathway by
which such perceptual effects may be produced is described by
Grace (Lavin & Grace 1994; O’Donnell & Grace 1998): the projection from the accumbens to the ventral pallidum (see Fig. 6 in
the target article), and thence to the nucleus reticularis thalami,
which in turn projects to the entire set of ascending thalamocortical sensory relay pathways. This “perceptual” output from the accumbens complements that shown in D&C’s Figure 6 to motor
systems (via the mediodorsal thalamic nucleus). Thus the dichotomy in views of accumbal function, noted above, is reflected
in two different output pathways from the accumbens, one to motor and one to perceptual systems.
There are other features of these experiments which fit ill with
any equation of accumbens dopamine release with incentive motivation. In line with other evidence that aversive stimuli elicit
such dopamine release (Salamone et al. 1997), experiments applying intracerebral microdialysis to behaving animals during the
LI paradigm have demonstrated this effect after both footshock
and conditioned stimuli previously associated with footshock
(Young et al. 1993). D&C acknowledge the problem posed by such
data (sect. 4.7), proposing that (1) there may be functional and
anatomical heterogeneity in the circuitry involved and/or (2) goaldirected behaviour is necessary to avoid negatively reinforcing
aversive stimuli. Evaluation of solution (1) is difficult without clarification of how dopamine release can differentially affect the proposed heterogeneous circuits. Solution (2) is weakened by further
data from experiments applying microdialysis to the accumbens in
a sensory preconditioning paradigm. In these, we demonstrated
increased accumbens dopamine release after Pavlovian pairing of
two stimuli, a light and a tone, which do not possess biological reinforcer properties, either positive or negative; which did not elicit
dopamine release prior to pairing; and which did not elicit
dopamine release if presented an equivalent number of times but
without a Pavlovian associative link (Young et al. 1998). These results imply that accumbens dopamine release reflects associations
between stimuli (perhaps, more generally, between events of all
kinds) rather than incentive motivation, either positive or negative.
These, then, give rise to a view of accumbens dopaminergic
transmission as related (1) to “stimulus salience” (Young 1993),
and (2) to cognitive processes affected in schizophrenia. This view
suggests that D&C’s proposed neurobiology may underlie, not extraversion, but psychoticism. Consistent with this extrapolation,
both PPI (Kumari et al. 1997; Simons & Giardina 1992) and LI
(Baruch et al. 1988, and many replications) are reduced in normal
individuals scoring high on psychometric measures of psychoticism or schizotypy; and, in neuroimaging studies, degree of
dopamine receptor binding is related to scores on psychoticism
scales (Farde et al. 1997; N. S. Gray et al. 1995). Also, as indicated
by D&C, a polymorphism in the dopamine D4 receptor gene is
related to scores on the trait of Novelty Seeking (Cloninger et al.
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