
The functionalistic approach has made an
important contribution to the understanding of
cognition. However, for a complete explanation of
human mentation one has to start thinking about
how function is physically realized in the brain.
Our cognitive functions intrinsically depend upon
the structure of the nervous system. Hence, the
investigation of the relationship between structure
and function is vital for a broader understanding of
cognition. The physical features of the system can
be used to guide the development of functionally
oriented architectures and theories on cognition.
Connectionistic models, for instance, are neurally
inspired functional architectures that use the
intrinsic brain feature of Hebbian learning: neurons
that fire together, wire together (Rumelhart et al.,
1986). 

In his target article Coltheart (2006, this issue)
specifically addresses the question of what
neuroimaging has taught us so far about the
anatomical basis of cognition and whether it can
distinguish between competing psychological
theories. The most straightforward, though
disappointing answer to Coltheart’s (2006, this
issue) first question is perhaps that neuroimaging
has verified what neuropsychologists already know
from studying patients with focal brain damage. It
should however be noted, that the lesion approach
in the study of cognitive function cannot be
directly compared to studying cognitive function of
the intact brain, given such issues as plasticity and
compensatory mechanisms.

Uttal (2001) has argued that with the advent of
functional neuroimaging techniques science has
relapsed in a modern version of phrenology.
Despite this pessimistic view on functional brain
mapping, Uttal (2001) by no means claims that
functional neuroimaging cannot teach us anything
about the relationship between the brain and
mentation. He clearly states that functional
neuroimaging and in particular the ongoing
developments in this field will undoubtedly
contribute to our understanding of how the brain
operates (Uttal, 2002). For example, magnetic
resonance spectroscopy might provide crucial
insights concerning the distribution of
neurotransmitters in relation to cognitive behaviour.

Uttal (2002), however, considers the localization of
cognition in the cerebrum using functional
neuroimaging as problematic. Related to the
subject is one of Coltheart’s core issues and deals
with the fact that there are no solid bridging
principles available that allow for a meaningful
comparison between the psychological (i.e.,
cognition) and physiological domain (i.e., brain). In
addition, Coltheart (2006, this issue) correctly
observes that the high face value of functional
neuroimaging often obscures the lack of theory
driven experimentation. Functional neuroimaging
research should be rooted in scientifically relevant
theoretical questions and should not depend on the
wrong assumption that the technique itself will
bring forth the solution. Although modern research
tools might have great potential in the scientific
endeavour towards a broader understanding of
cognition, every method has its limitations and
functional neuroimaging is certainly not an
exception to this rule. Functional neuroimaging is
just another method that is able to unravel unique
though limited features of the human brain. 

The development of ways to decompose the
functional organization of brain-mind processes has
proven to be very beneficial for the cognitive
sciences (Bechtel, 2002; Schutter et al., 2004). In
its most simple form, the decomposition of
cognition can be equated with the localization of
the different brain units involved, known as the
approach of identity theory. From this perspective
functional neuroimaging is a scientifically
legitimate starting point to look for these
correlates. Despite the fact that Coltheart (2006,
this issue) argues that the localization issue is a
different enterprise and most likely incapable of
capturing properties of the cognitive system, he has
nevertheless recently proposed a functional
modular architecture of music processing based on
neurologically patients, which can provide
guidelines for exploring the music faculty using
functional neuroimaging (Peretz and Coltheart,
2003). Here it is thus argued that localizing
cognitive function in specific brain regions can be
an important first step for the ultimate goal of
putting competing psychological theories to the
critical test.
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A serious complication in this interdisciplinary
mapping approach is the fact that psychological
and physiological properties often do not match on
a one to one (isomorphic) basis; the so-called
scaling problem. Coltheart (this issue) is correct in
suggesting that functional neuroimaging cannot
distinguish competing psychological theories
involving, for instance, serial versus parallel
information processing. Serial and parallel
information processing require techniques, such as
electroencephalography, which has a millisecond
time resolution, a property that functional
neuroimaging lacks. One needs to select the proper
technique that can address the research question;
otherwise there is the risk of running into
methodological scaling problems. Avison (2002)
has suggested that rather than discarding functional
neuroimaging, scientists should design appropriate
experiments in which neuroimaging techniques can
be used to distinguish between competing theories.
In other words, constructing proper designs would
among other things to a large extent solve the
methodological scaling problem.

An additional scaling problem is that the
psychological and neurophysiological doctrine can
be incommensurable due to the different
terminology used to describe cognition. This
metaphysical scaling problem can be further
illustrated by the superpositioning analogy from
physics. For example, light can, depending on the
measurement, be studied either as a wave or as a
particle. A phenomenon can, despite having
completely different properties, be described in two
realms with equal validity (Henson, 2005). In the
present context, cognition can be thus studied in
psychological or neurophysiological terms. Neither
of the two approaches can be considered superior,
and as long as the models have predictive value
they can co-exist. But when cognitive scientists
and neuroscientists communicate about the
same phenomena in different languages,
misunderstandings are likely to occur. In addition,
the term cognition nowadays embodies virtually
every aspect of mentality, causing the concept to
comprise everything, which makes it a label
without meaning. 

Coltheart’s functionalistic claim that
neuroimaging cannot distinguish between
competing psychological theories bears no more
ground then the materialistic claim that
psychological theories are not sophisticated enough
to be distinguished by functional neuroimaging.
Both approaches take an extreme position, which
will never help to bridge the exploratory gap.
Psychoneural reductionists adopt an extreme
position and state that when our knowledge of
brain function is complete enough, psychological
entities will become redundant and will be replaced
by neural symbols, a theoretical position known as
eliminative materialism (Churchland, 1986; Bickle,
2003). Functionalists, on the other hand, have

argued that the neurosciences will never crack the
neural code and the psychological approach will
forever remain the most liable way of modelling
cognition (Fodor, 1975). 

Whether or not the cognitive sciences and
neurosciences can peacefully exist in parallel
worlds, it is irrefutable that the nature of cognition
remains neural, which should provide the
foundation for inter-theoretic mapping. According
to McCauley and Bechtel (2001), bridging
principles depend on the level of explanation and
their temporal relation. Synergism can occur when
the unique information of each domain is used to
build unified models of cognition. 

In addition, since functional neuroimaging is
correlational in nature, causal studies are needed to
more firmly establish brain-function relationships
(Panksepp, 2003). Brain manipulation techniques
such as transcranial magnetic stimulation (TMS)
might, for instance, be more suitable to tackle
questions proposed by Coltheart (2006, this issue),
such as testing serial and parallel processing theories.
TMS, in contrast to lesion studies, may be employed
in healthy subjects with a normally functioning brain.
TMS is based on Faraday´s law of electromagnetic
induction and can be utilized to investigate brain
function more directly by applying brief magnetic
pulses to disrupt cortical information processing
(Grafman and Wassermann, 1999). Pascual-Leone
and Walsh (2001) used TMS to demonstrate that fast
backward projections from the motion (V5) to the
visual area (V1) are critical for visual awareness. This
evidence, in causal manner, shows that the visual
system can not be fully understood in terms of a serial
feed-forward architecture. Furthermore, in an
interleaved TMS-positron emission tomography
study Paus et al. (1997) provided direct evidence for
prefronto-parietal connections. After applying
frameless stereotaxy guided TMS over the prefrontal
cortex, these authors found activity in both the
parietal and prefrontal cortex, opening exciting new
avenues for studying cognition in terms of
functionally connected networks rather than in
isolated brain regions.

In conclusion, the localization issue remains an
important feature in distinguishing competing
psychological testing. Furthermore, methodological
and metaphysical scaling problems contribute to
the miscommunication between the cognitive
sciences and neurosciences. Even though we agree
with Coltheart (2006, this issue) that functional
neuroimaging has so far not lived up to its
pretensions, this experimental tool can nevertheless
contribute to our understanding of brain and
cognition. The acknowledgment of its limitations
might be an important first step for maximizing
utility and circumventing methodological as well as
metaphysical scaling problems. 

In our opinion Coltheart (2006, this issue) has
prompted a timely discussion. We should start
looking beyond the impressive face-value
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functional brain images and think about the true
value of this approach in understanding cognition.
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