
Coltheart’s (2006, this issue) claim is clear and
straightforward: “... No functional neuroimaging
research to date has yielded data that can be used
to distinguish between psychological theories” (p.
2). This claim is accompanied by equally clear
disclaimers. One of them is that the theories to be
taken into consideration must be “... expressed
solely at the psychological level” (p. 323). In
Coltheart’s (2006, this issue) view, that rules out
those studies of functional brain imaging which
aim to localize cognitive functions in specific brain
regions. In his words, “... That is a different
enterprise from seeking to distinguish between
competing psychological theories” (p. 323).

The first observation that comes to mind is that,
by emphasizing that to date no functional
neuroimaging research has been successful in
distinguishing between competing psychological
theories, Coltheart (2006, this issue) has chosen a
rather easy task, as he himself is ready to concede.
It might well be that to date researchers have not
been smart enough to reach that goal, but one
hopes they will get smarter in the future. No doubt,
a much more ambitious task would be to try to
demonstrate that functional neuroimaging research
will never be able to distinguish between
psychological theories (e.g., Henson, 2005).

Here I will argue that, in spite of the fact that
the disclaimers and the time limits have apparently
rendered Coltheart’s (2006, this issue) task much
easier, his claim can be shown to be dubious at
best, likely wrong. To begin with, it is not that
simple to establish whether a theory is expressed
solely at a psychological level. Let us take a theory
that tries to explain why neglect, a deficit by which
patients tend to ignore stimuli that appear on the
side of space opposite to their lesion (e.g.,
Mesulam, 1999), occurs much more frequently,
perhaps only, after damage to the right than to the
left posterior parietal lobe. This theory has been
around for a quarter of a century (e.g., De Renzi,
1982) and says that orienting spatial attention to
the right side of space is governed by two
mechanisms, whereas orienting attention to the left
side of space is governed by one mechanism only.
In this form, the theory is expressed at a purely
psychological level. I believe its nature does not

change much if one adds that the two mechanisms
for orienting attention to the right are located one
in the left hemisphere and the other in the right
hemisphere (likely, in the parietal lobes), whereas
the mechanism for orienting attention to the left is
located in the right hemisphere. The explanation
was that a lesion of the left parietal lobe does not
impair orienting of attention because mechanisms
for orienting attention to the left and the right side
are still present. In contrast, after a lesion of the
right parietal lobe no mechanism for orienting
attention to the left survives. Alternative
explanations were proposed by Bisiach and Vallar
(1988), according to whom the ipsi-contralateral
gradient of space representation is steeper in the
left than in the right hemisphere, and by
Kinsbourne (1987), according to whom the
leftward attentional bias caused by the right
hemisphere is weaker than the rightward attentional
bias caused by the left hemisphere.

The weakness of the theory based on the notion
of one versus two mechanisms resided in the fact
that it was entirely post hoc (De Renzi, 1982). That
is, it lacked empirical support and had been
proposed only so as to accommodate the available
data. Empirical support came from functional
neuroimaging studies (Posner and Raichle, 1994;
also see Corbetta et al., 1998; Nobre et al., 1997).
They showed that in effect spatial orienting to the
right was accompanied by activation of both
parietal lobes, whereas spatial orienting to the left
was accompanied by activation of the right parietal
lobe only. It is hard to figure out how evidence in
support of the theory (and against competing
theories) might have been collected without making
recourse to functional neuroimaging studies. From
that we can reach two conclusions. First, functional
neuroimaging studies were able to provide
evidence in support of a theory expressed in (more
or less) purely psychological terms. Second,
localization of cognitive functions in the brain can
be relevant for discriminating between theories
expressed in (more or less) purely psychological
terms.

This latter point is very important because it
seriously questions one of Coltheart’s (2006, this
issue) disclaimers: Localizing brain functions in the
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brain is NOT a different enterprise from seeking to
distinguish between competing psychological
theories. In what follows I will provide another
example in support of this contention.

It has been known for more than a century that
attention can be oriented in space in two manners
(see, e.g., Umiltà, 2000, for a review). Attention
can be endogenously directed to a location in space
(also, top-down, goal-directed, voluntary orienting)
or can be exogenously captured by a salient
stimulus that occupies a location in space (also,
bottom-up, stimulus-driven, automatic orienting).
The question is whether the mechanisms that
govern spatial orienting are the same but can be
activated endogenously and exogenously, or
whether instead endogenous orienting and
exogenous orienting are governed by different
mechanisms. I believe there can be little doubt that
these two competing theories are expressed in
purely psychological terms. In effect, most of the
attempts to discriminate between them were based
on purely behavioural studies. Endogenous
orienting is initiated in response to cues that must
be cognitively interpreted to obtain information on
the location of the impending stimulus. It can be
interrupted, is sensitive to the subject’s knowledge
of task contingencies (e.g., probabilities of the
stimulus occurring in various locations), and is
affected by cognitive load (e.g., execution of a
concomitant secondary task). In contrast,
exogenous orienting is triggered by peripheral cues
that do not provide information about the location
of the stimulus, cannot be interrupted once
initiated, is not sensitive to task contingencies, and
is not affected by cognitive load. The effects of the
two modes of spatial orienting have different time
courses; in particular, only exogenous orienting
produces biphasic effects: an initial, short-lasting
facilitation (faster responses to stimuli in the cued
location) is followed by inhibition (slower
responses to stimuli in the cued location).

Can functional neuroimaging studies
discriminate between the theory that invokes a
single set of mechanisms for both types of
orienting and the theory that invokes two different
sets of mechanisms, or at least provide stronger
support for one of them? The answer to this
question is affirmative and functional neuroimaging
studies achieve that goal by localizing in the brain
the mechanisms that operate during spatial
orienting. It is now pretty clear that endogenous
spatial orienting depends on a dorsal parietofrontal
(or frontoparietal) network, whereas exogenous
spatial orienting depends on a ventral parietofrontal
(or frontoparietal) network (see, e.g., review in
Corbetta and Shulman, 2002). No doubt the
hypothesis of the existence of two different sets of
mechanisms in charge of the two types of spatial
orienting gets strong support from the finding that
the two types of spatial orienting are accompanied
by activation of separate neural networks.

In conclusion, it seems to me that Coltheart’s
(2006, this issue) crucial disclaimer that studies of
neural localization of cognitive processes are
irrelevant is invalid. First, it is not always easy to
determine if a theory is purely psychological or
not. Second, localization studies can be critical for
supporting a psychological theory.

In my view, there are other, likely much more
serious, problems with interpreting the results of
functional neuroimaging studies. To counter
Coltheart’s (2006, this issue) arguments against the
use of functional neuroimaging data to discriminate
between psychological theories, I have provided
two examples that both concern the orienting of
spatial attention. I doubt, however, that current
functional neuroimaging techniques can tell us the
whole story about spatial orienting. Often it is
difficult to differentiate between endogenous and
exogenous orienting and, because of the mistaken
use of peripheral informative cues to elicit
exogenous spatial orienting, most neuroimaging
studies have in fact investigated endogenous spatial
orienting only or a mixture of the two types of
orienting. The index of true exogenous spatial
orienting would be the presence of inhibition.
Inhibition, however, cannot yet be measured in
functional neuroimaging studies. Another difficulty
originates from the relations between spatial
orienting of attention and saccadic eye movements.
Several studies have shown that the network that
guides endogenous orienting and the network that
guides voluntary saccades largely overlap (see, e.g.,
Corbetta et al., 1998; Corbetta and Shulman, 2002,
for reviews). That is no doubt good for the
premotor theory of attention (e.g., Rizzolatti et al.,
1987) but is bad for the functional neuroimaging
investigation of spatial attention in the absence of
eye movements (i.e., covert spatial orienting as
opposed to overt spatial orienting).
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