
Brain imaging, i.e. an array of different
methodologies which share the feature of providing
some information about the structure or the
function of the brain has both clinical and research
uses. No one sound in her mind could have doubt
about the clinical usefulness of brain imaging. I
doubt that anyone would be happy to have brain
surgery performed on the basis of a careful
neuropsychological evaluation. The situation
changes completely for the research application, in
particular to cognitive function. This is probably
because the latter field caters for a number of
different professions and expertises, some of which
directly concern the brain, while others do not. I
think that there is nothing inherently wrong about
this state of affairs. Cognitive science is a large
field, and there is a place for everybody. I am not
surprised if someone interested in, say, formal
semantics is not impressed by brain imaging data.
On the other hand, I believe that, if someone is
interested in the relationship between the brain and
cognitive function, brain imaging provides a
number of very exciting tools, which have already
provided a considerable amount of interesting
information, and that we may expect in the future
to further contribute to our understanding of the
basic scientific issue of how the brain produces the
mind. Having stated my general position first, I will
try to face the challenge posed by Coltheart (2006,
this issue), i.e. is there any present evidence that
functional neuroimaging data have successfully
been used to distinguish between competing
psychological theories? This is presented as a
relatively more specific claim to usefulness: in
particular, Coltheart (2006, this issue) argues that
this is a separate issue from the contribution of
functional imaging to the “localization of cognitive
functions”. In other words, Coltheart (2006, this
issue) posits that these are independent, non
interactive enterprises, with some people who
develop theories, and other who happily localize
functions (whatever they are) in the brain. This
might have been right twenty years ago, but I really
hope is not valid anymore. Most people I know
working in the area of cognitive neuroscience of
language attempt to develop specific predictions,
based on cognitive models, and test them using

different methodologies, which may include
functional neuroimaging. In other words, who cares
about localization per se? As effectively phrased by
Fodor (1999), “If the mind happens in space at all,
it happens somewhere north of the neck. What
exactly turns on knowing how far north?”.
Localization per se is not interesting, and from this
specific point of view one may agree with Fodor
(1999). But cognitive neuroscientists are not
interested in localization per se: we are interested in
the relationship between brain anatomy, brain
physiology and cognitive function. The brain is not
only an object extended in space, i.e. a strangely
shaped chunk of fat which has a north and a south.
It is an organ made of cells and their connections,
which are wonderfully heterogeneous in terms of
size, shape, the way they communicate, etc. The
“non-cognitive” brand of neuroscience has taught
us, and continues to teach us, much about the
anatomical and functional properties of brain
structures. I hope that everybody would agree that,
for example, it is unlikely that Broca’s area and the
entorhinal cortex are doing the same thing… (or is
it the ‘magic loom’?). Thus, finding activation in
Broca’s area or in the entorhinal cortex probably
means that something different is going on during a
cognitive task. This is physiology, not localization.

At this point, I must admit that much of the work
we are doing is largely unconstrained by well-
grounded physiological predictions. As Lord Brain
(1961) wrote in his timeless paper about the
neurology of language “Confusion springs from a
failure to distinguish between psychological,
physiological and anatomical accounts”. This is the
case, for example, of imaging studies of higher
functions, such as reasoning. I argue that also in this
case, however, neuroimaging can be useful. In the
case of theories which predict a single process, or two
different processes, to be engaged in a specific task,
the simple observation of completely or incompletely
overlapping activity pattern may provide a useful
indication to adjudicate between competing theories.
If x is the “pattern of neuroimaging data”, Theory
A predicts pattern x, and Theory B predicts pattern
x’, x ≠ x’ is a potentially useful result. It must however
be kept in mind that the difference could mean
different things: completely non overlapping
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(spatially), partially overlapping (spatially), spatially
overlapping but temporally separated. Not all the
techniques are equally suited to address these
potential outcomes: for example, the temporal
difference can be addressed with neurophysiological
techniques, rather than with functional magnetic
resonance imaging (fMRI).

NEUROIMAGING OF HIGHER COGNITIVE FUNCTIONS

What I consider as a good example of the latter,
“minimalist” approach is a study we performed
some years ago with Osherson et al. (1998). It is
well-known that deductive versus probabilistic
inferences are distinguished by normative theories:
the issue was whether these two forms of reasoning
engage a similar pattern of brain activity. Using
positron emission tomography (PET), we measured
brain activity in normal subjects during deductive
versus probabilistic reasoning tasks, which used
identical stimuli. The main result was that, in a
direct comparison, probabilistic reasoning increased
regional cerebral blood flow (rCBF) in left
dorsolateral frontal regions, whereas deductive
reasoning enhanced rCBF in associative occipital
and parietal regions, with a right hemispheric
prevalence. These results were supportive of the
theory that reasoning about syllogisms engages
distinct brain mechanisms, depending on the
intention to evaluate them deductively versus
probabilistically. The failure to find differences
would have supported theories which predicate that
the same mechanisms are involved in both forms
of reasoning.

A more recent study is based on a similar
rationale (Canessa et al., 2005). Studies of deductive
reasoning have shown that subjects’ performance is
significantly facilitated when they reason about
contexts and situations with a social content. Using
fMRI, we measured brain activity while subjects
were solving two versions of the Wason Selection
Task, which previous behavioral studies have shown
to elicit a significant content effect. One version
described an arbitrary relation between two actions
while the other described an exchange of goods
between two persons. The direct comparisons
between the two tasks showed that, the social-
exchange task was associated with extensive right
fronto-parietal activations mirroring the left-sided
activations common to both reasoning tasks. Again,
this imaging result supports the notion that specific
mechanisms are engaged by the social content of
the task, independent of logical requirements.

NEUROIMAGING AS A SURROGATE BEHAVIORAL

MARKER

Another useful contribution of neuroimaging to
the evaluation of cognitive theories is as a “surrogate
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behavioral marker”, in experimental situations in
which classic behavioral data, such as reaction times,
fail to show differences in performance. For
example, we wished to assess the effects of age of
acquisition and language exposure on lexical
retrieval in high-proficient, early-acquisition
bilinguals (Perani et al., 2003). fMRI was used to
study Spanish-Catalan bilinguals who acquired
either Spanish or Catalan as a first language in the
first years of life. The subjects had a comparable
level of proficiency in the comprehension of both
languages, as indicated by behavioural results.
Imaging comparisons indicated that less extensive
brain activation was associated with lexical retrieval
in the language acquired earlier in life. The two
groups were also different in language
usage/exposure. This was reflected in a significant
interaction, indicating a more extensive activation in
Catalans during production in Spanish. In another
study (Wartenburger et al., 2003) bilingual subjects
with variable age of acquisition (AOA) and
proficiency level (PL) were studied with functional
magnetic resonance while they were performing
grammatical and semantic. Age of acquisition
affected the cortical representation of grammatical
processes also in the high proficiency groups, who
failed to show significant behavioural differences.

LANGUAGE IN ACTION

Finally, what I consider the highest level of
usefulness: physiologically meaningful activation
differences during a cognitive task. Again, an
example from our own work. The observation-
execution matching system (mirror-neuron system)
described in the monkey by Rizzolatti and Craighero
(2004) is thought to play an important role in the
understanding of actions made by others. In an fMRI
experiment we tested whether a human analogue of
this system is active during the processing of action-
related sentences (Tettamanti et al., 2005).
Participants listened to sentences describing actions
performed with the mouth, the hand, or the leg. The
control condition consisted of abstract sentences of
comparable syntactic structure. The results showed
that listening to action-related sentences activates a
left frontal parietal network that includes the inferior
frontal gyrus (Broca’s area), those sectors of
premotor cortex where the actions described are
motorically coded, as well as the inferior parietal
lobule and the intraparietal sulcus. These findings
indicate that listening to sentences that describe
actions engages visuo-motor circuits that subserve
action execution and observation, defined on the
basis of independent neurophysiological evidence.

CONCLUSIONS

The examples I have chosen all come from the
research I am most familiar with (i.e., from my
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own group), but of course I could have selected
many more to illustrate the multiple levels of
“usefulness” of functionally imaging for cognitive
neuroscience. In any case I wish to thank Max
Coltheart for the opportunity to pause and reflect
on what we are doing. 
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