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The main stages of

analyzing data in a Neurocognitive
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experiment. l
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Colies o iz e model or that would distinguish
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l Devise an experiment to test the hypothesis
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Interpret the data: What new light does it
shed on existing models? How do these
Perform statistical comparison models need to be changed to account
for your findings?

ratio and facilitates detection of common regions of activity across individuals. A
flow diagram summarizes the sequence from initial hypothesis to data interpretation
that typically occurs in a functional imaging experiment. These main stages will be
considered in turn.

Correction for head movement

Perhaps the biggest advantage of the fMRI technique over others is its good spatial reso-
lution. It is able to identify differences in activity over millimeter distances (although
this resolution still entails millions of neurons). However, there is a downside to this;
namely, that small spatial distortions can produce spurious results. One key problem
that has already been noted is that every brain differs spatially in terms of size and
shape. The process of stereotactic normalization attempts to correct for this. A different
problem is that each person’s head might be aligned slightly differently in the scanner
over time. If a person wriggles or moves the head in the scanner, then the position of
any active region will also move around. This could either result in the region being
harder to detect (because the activity is being spread around) or a false-positive result
could be obtained (if a region shifts from being active in one condition to being inactive
in another condition because the participant has moved his or her head between condi-
tions). It is for this reason that the collected data are corrected for head movement (e.g.
Brammer, 2001), which is minimized in the first place by physically restraining the
Voxel head in position, and instructing participants to keep as still as possible.
oxe

A volume-based unit

(cf. pixels, which Stereotactic normalization

are 2D); in imaging

research the brain

is divided into many

thousands of these.

The process of stereotactic normalization involves mapping regions on each indi-
vidual brain onto a standard brain. Each brain is divided up into thousands of
small volumes, called voxels (volume elements). Each voxel can be given three-
dimensional spatial coordinates (X, y, z). This enables every x, y, z coordinate on a
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4 THE IMAGED BRAIN 67

brain to be mapped onto the corresponding X, y, z coordinate on any other brain.

Basically, the template of each brain is squashed or stretched (by applying math-
ematical transformations that entail an optimal solution) to fit into the standard
space. The standard space that is used to report functional imaging data across most
laboratories in the world is provided by the brain atlas of Talairach and Tournoux
(1988). Each point in the brain is assigned a three-dimensional X, y, z coordinate
(commonly referred to as the Talairach coordinates) with the origin lying at a
region called the anterior commisure (small and easily seen in most scans). The
x-coordinate refers to left and right (left is negative and right is positive). The
y-coordinate refers to front and back (front/anterior is positive and back/posterior
is negative) and the z-coordinate refers to top and bottom (top is positive and bot-
tom is negative). This atlas is based on anatomical data from a single post-mortem
brain. However, rather than relying on comparisons to this single brain, many con-
temporary studies use a template based on an average of 305 brains provided by
the Montreal Neurological Institute (Collins, Neelin, Peters, & Evans, 1994). This
averaged template is then put into Talairach coordinates and used in favor of the
single brain originally described in that atlas.

Talairach coordinates
Locations in the brain
defined relative to the
atlas of Talairach and
Tournoux.

Smoothing

After each brain has been transformed into this
standard space, further stages of preprocessing may
take place before a statistical analysis. The process ABCDEFGHI JKLMNOPQRS
of “smoothing” sounds like it could waste important
information but it is, in fact, an important part of
data manipulation. Smoothing spreads some of the
raw activation level of a given voxel to neighbor-
ing voxels. The closer the neighbor is, the more
activation it gets (the mathematically minded might
be interested to know that the function used is a
Gaussian or normal distribution centered on each
voxel). The darker the square, the more active it is.
Consider voxel D4. Prior to smoothing, this voxel
is inactive, but because it has many active neigh-
bors the voxel gets “switched on” by the smoothing
process. In contrast, consider voxel L8. This voxel
is initially active but, because it has inactive neigh-
bors, it gets “switched off” by the smoothing proc-
ess. Smoothing thus enhances the signal-to-noise
ratio. In this instance, one assumes that the signal
(i.e. the thing of interest) corresponds to the larger
cluster of activity and the noise is the isolated voxel.
Neighboring voxels that are active mutually rein-
force each other and the spatial extent (i.e. size) of
the active region is increased. If the brain happened to implement cognition using a  Smoothing spreads the
mosaic of non-adjacent voxels, then smoothing would work against detecting such  activity across voxels —
a system. It is conceivable that there are some specialized neural populations that some voxels (e.g. D4)
are rendered invisible if smoothing is applied. may be enhanced

As well as enhancing the signal-to-noise ratio, smoothing offers an additional ~whereas others (e.g. L8)
advantage for analyzing groups of participants. Smoothing increases the spatial may be reduced.
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68 THE STUDENT’S GUIDE TO COGNITIVE NEUROSCIENCE

extent of active regions. As such, when averaging the activity across individuals
there is a greater chance of finding common regions of activity. Of course, if indi-
vidual differences are the focus of the study, then one may justifiably choose not to
smooth the data at all.

Statistical comparison

After the data have been stereotactically normalized, smoothed and corrected for head
movement, it is possible to perform a statistical analysis. The standard way to do this
is to ask the question: “Is the mean activity at a particular voxel in the experimental
condition greater than in the baseline condition?”” The same types of statistical test as
would be employed in any psychology experiment can be used in functional imaging
(e.g. a t-test to compare means). But there are complications. In most psychology
experiments one would typically have, at most, only a handful of means to compare.
In functional imaging, each brain slice is divided up into tens of thousands of voxels
and each one needs to be considered (Cohen, Noll, & Schneider, 1993). If one uses the
standard psychology significance level of P < 0.05, then there would be thousands of
brain voxels active just by chance. (Recall that the significance level represents the
probability (P) at which one is willing to say that a result is more than just a chance
occurrence. The value of 0.05 represents a 1 in 20 chance level.) How could one pre-
vent lots of brain regions being active by chance? One could have a more conserva-
tive criteria (i.e. a lower significance level) but the danger is that this will not detect
regions that are important (this is termed a type I error). An analogy here would be
trying to count islands by lowering or raising the sea level. If the sea level is too high,
there are no islands to observe. If the sea level is too low, there are islands everywhere.
One could divide the nominal P value (0.05) by the number of tests (i.e. voxels) — a
so-called Bonferroni correction. A difficulty with this is that the activity at each voxel
is not independent: neighboring voxels tend to have similar activity, particularly if
smoothed. This has led to the development of sophisticated mathematical models of
choosing a statistical threshold, based on spatial smoothness (so-called random field
theory). Other researchers generate thousands of random brain images (e.g. by permut-
ing the data) and select a threshold (e.g. P < 0.05) based on random datasets.

When reading papers that have used functional imaging methods, one some-
times observes that they report different significance levels that are “corrected” or
“uncorrected”. Why is this done and is it acceptable? A corrected level implies that
a more conservative criterion has been used to prevent detecting lots of regions just
by chance. However, if the interest is in one particular voxel, then it is possible to use
an uncorrected significance level (e.g. the standard P < 0.05) because in this instance
there are not multiple comparisons over lots of brain regions. Other procedures are
used when investigating effects in a pre-determined region covering several voxels
(a so-called small volume correction).

INTERPRETING DATA FROM
FUNCTIONAL IMAGING

What does it mean to say that a brain region is “active” in a functional imaging exper-
iment? Literally speaking, what this means is that the signal from that region (whether
BOLD from fMRI, or level of radiation from PET) is greater in one condition than
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in other conditions that are being compared (whether
in a categorical design, parametric design or what-
ever). There are several reasons why a region may be
active and not all of them are theoretically interest-
ing. Importantly, it need not imply that the particular
region is essential for the task. Alternative accounts
include: an increase in signal could reflect the strat-
egy that the participants happen to adopt, it could
reflect use of some general mechanism (e.g. increased
attention) that is not specific to the task, or it could
reflect the fact that a region is receiving input but is
not responding to the input (i.e. inhibition). These
competing scenarios can only be ruled out with more
rigorous experimentation. Chance occurrences can be
ruled out by replicating the results and the necessity
of a region for a task can be determined using lesion
methods. This is discussed in more detail below.

Inhibition versus excitation
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KEY TERMS

Inhibition

A reduction/suppression of the activity of a brain
region (or a cognitive process), triggered by activity in
another region/process.

Excitation

An increase of the activity of a brain region (or a
cognitive process), triggered by activity in another
region/process.

Activation
An increase in physiological processing in one
condition relative to some other condition(s).

Deactivation
A decrease in physiological processing in one
condition relative to some other condition(s).

Functional imaging signals are assumed to be correlated with the metabolic activ-
ity of neurons, and synapses in particular (see Jueptner & Weiller, 1995). However,
neurons can be metabolically active by virtue of both inhibitory interactions (when
the presynaptic neuron is active, the postsynaptic neuron is switched off) and

excitatory interactions (when the presynaptic neu-
ron is active, the postsynaptic neuron is switched
on). Most connections are excitatory in nature.
Logothetis, Pauls, Augath, Trinath and Oeltermann
(2001) demonstrated that the BOLD signal used in
fMRI is more sensitive to the neuronal input into a
region rather than the output from the region. Thus,
regions that “listen” to other active regions but don’t
themselves respond to it could appear as areas of
activation.

It is unclear whether functional imaging can dis-
tinguish between these two types of neural function
since both are assumed to be associated with similar
physiological changes.

Activation versus deactivation

Activation and deactivation simply refer to the sign

(positive or negative) of the difference in signal between two conditions. This is not
to be confused with excitation/inhibition that refers to the nature of the mechanism
by which neurons communicate. If you perform the subtraction (Task A) — (Task B),
there could be a set of regions that show a significant positive effect (i.e. “activa-
tion”) because they are used more in Task A than in Task B, and there could also be
a set of regions that show a significant negative effect (i.e. “deactivation”) because
they are more active in Task B than in Task A. Of course, if one had done the subtrac-

Neuron (A-) INACTIVE Neuron (B-)

Equivalent
synaptic activity

Neuron (B+)

I
1
1
1
\,

Neuron (A+)

Excitatory and inhibitory
synaptic connections
both involve metabolic
activity and thus an
inhibited region could be
mistakenly interpreted as
a region of activity.
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tion (Task B) — (Task A), then the same regions would be identified but the positive
and negative signs would merely swap. Thus, the terms activation and deactivation
merely refer to whether or not there is a difference in signal between conditions and
the direction of that difference. The question of why there is a difference is open to
theoretical interpretation. If the baseline task is very different from the experimental
conditions, the activations and deactivations may be very hard to interpret.

Necessity versus sufficiency

In an intriguingly titled paper “If neuroimaging is the answer, what is the ques-
tion?”, Kosslyn (1999) sets out some of the reasons why functional imaging has its
limitations. One particular point that will be picked up on here is the notion that
some of the regions that appear “active” may indeed be used during performance of
the task but yet might not be critical to the task. For example, a region may appear
to be active because of a particular strategy that the participants adopted, even
though other strategies might be available. It could also be the case that the tasks
being compared differ in some other, more general, way. For example, if one task is
harder than the other it could demand more attention, and this demanding of atten-
tion would have its own neural correlate. Although paying more attention could
certainly help with the performing of the task, it may not in and of itself be crucial
for performing the task. As such, it has been claimed that functional imaging gives
us a better idea of which regions may be sufficient for performing a particular task
but not always which regions are crucial and necessary for performing a task.

The value of functional imaging data is likely to be enhanced when it is used
in conjunction with other methods. One early benefit of functional imaging was
mooted to be that it could replace lesion-based neuropsychology. However, this is
unlikely to happen because the logic of inference is different in these two methods,
as illustrated below. In lesion-based neuropsychology, the location of the lesion
is manipulated (or selected for in a patient sample) and the resulting behavior is
observed. In doing this, a causal connection is assumed between the lesion and the
ensuing behavior. In functional imaging the reverse is true. In this instance, the task
given to participants in the scanner is manipulated and changes in brain regions are
observed. Although some of these changes are likely to be critically related to the
performance of the task, other changes may be incidental to it. It is for this reason
that functional imaging is unlikely to supplant the traditional lesion-based approach.
The next section discusses in more detail how divergent results between imaging and
neuropsychology could be reconciled.

Functional brain imaging
and lesion-deficit . N . - .

. . Functional imaging Lesion-deficit analysis
analysis of patients (or
TMS, see Chapter 5) Dependent measure Brain regions Behavior
are logically different (i.e. your data) (/task performance)
types of methodology. It S T e e e e e T e e
is unlikely that one will Independent variable Behavior Brain regions
supplant the other. (i.e. conditions manipulated) (/task performance)
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WHY DO FUNCTIONAL IMAGING
DATA SOMETIMES DISAGREE
WITH LESION DATA?

There are two broad scenarios in which functional imaging data and lesion-deficit
data can disagree. These are listed below, together with possible ways of resolving
the disagreement, as described in the following box.

Disagreement 1: Imaging data imply that a brain
region is used in a given task but lesion data
suggest that this region is not essential to the
task (imaging +, lesion -)

Possible reasons for disagreement:

e The activated region reflects a particular strategy adopted by the
participants that is not essential to performing the task.

e The activated region reflects the recruitment of some general cognitive
resource (e.g. due to increased task difficulty, attention or arousal) that is
not specific to the task.

e The activated region is being inhibited (i.e. switched off) rather than
excited (i.e. switched on).

e The lesion studies have not been powerful enough to detect the
importance of the region (e.g. too few patients, lesion not in correct
location, tasks used with patients not the same as those used in
imaging).

Disagreement 2: Imaging data imply that a brain
region is not used in a given task but lesion data
suggest that this region is critical to the task
(imaging -, lesion +)

Possible reasons for disagreement:

o If the experimental task and baseline task both depend critically on this
region, then a comparison between them might produce an artefactual
null result.

o It might be intrinsically hard to detect activity in this region of the
brain (e.g. it is a very small region, it is in different places in different
individuals or genuine activity produces a small signal change).

e The impaired performance after lesion reflects damage to tracts passing
through the region rather than the synaptic activity in the gray matter of
the region itself.

The above discussion thus highlights the fact that disagreements between results
from functional imaging and results from lesion data could lie with imaging
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results, with the lesion results, or with both. There is no magic solution for
resolving the disagreements except through more rigorous experimentation.
Each method has some relative merit. As such, disagreements should be viewed
as something that is potentially of theoretical interest rather than dismissed as
a failure of one or other method (e.g. Henson, 2005). To provide a feel for how
this might be achieved, the next section considers a concrete example from the
literature.

KEY TERMS

Semantic dementia
A progressive loss
of information from
semantic memory.

Semantic memory
Conceptually-based
knowledge about

fheiwarial ineluding Having your cake and eating it

knowledge of people, A small proportion of unfortunate people in later life start to lose the meanings of
places, the meaning words and objects that they previously understood. This deterioration can spare, at
of objects and words. least in the early stages, memory for events, calculation abilities and syntax, amongst

other things (e.g. Hodges, Patterson, Oxbury, & Funnell, 1992). These patients would
probably be given a diagnosis of semantic dementia, because their functional lesion
is primarily in the semantic memory system that stores the meaning of words and
objects. Where are the anatomical lesions in these patients? Lesion studies based on
voxel-based morphometry (VBM) have shown that the degree of semantic memory
impairment is correlated with the amount of atrophy in the left anterior temporal
lobe (Mummery, Patterson, Price, Ashburner, Frackowiak, & Hodges, 2000). Given
this finding, it would be encouraging if functional imaging studies also activated
this particular region when healthy (non-brain-damaged) people are given semantic
memory tasks. However, this has not always been the case and a number of studies
have reliably shown activation in a different region —
the left inferior frontal gyrus (also referred to as
. the ventrolateral prefrontal cortex). How can these
Left inferior frontal gyrus . . .

implicated by imaging studies divergent results be explained? It will be argued that
of semantic memory a more careful comparison of the tasks used can
account for this divergence and reveals, in turn, more

about how the brain supports semantic memory.
One of the first ever functional imaging studies
of cognition tried to address the question of where
semantic memories are stored. As already discussed,
Petersen et al. (1988) compared PET brain activation
in two tasks: verb generation (e.g. the participant sees
CAKE and says “eat”) and reading aloud (e.g. the
/ participant sees CAKE and says “cake”). The verb-
) generation task is assumed to tap semantic memory

Left anterior temporal lobe . .
implicated in semantic dementia more than the reading task. However, a comparison
of the two tasks shows activity in regions of the left
inferior frontal gyrus but not in the same regions
Studies of brain-damaged that are associated with semantic memory loss. Is the imaging data or the lesion

patients with semantic data to be believed? Could it be the case that the left inferior frontal gyrus is really
memory and imaging involved in semantic memory (a type 1 disagreement)? To test this hypothesis,
studies of semantic instead of taking a group of patients with semantic memory difficulties and asking
memory have not where the lesion is, one would need to take a group of patients with selective lesions
always highlighted the to the left inferior frontal gyrus and give them the same verb-generation task as the
importance of the same healthy people were given when they were scanned. As it turns out, such patients
regions. do have subtle but real difficulties with these tasks. Thompson-Schill, Swick, Farah,

Copyright © 2010 Psychology Press. Not for distribution.



4 THE IMAGED BRAIN 73

D’Esposito, Kan and Knight (1998) asked these patients to generate verbs that had
either a low selection demand (e.g. scissors?), in which most people agree upon a verb
(i.e. cut), and words with a high selection demand (e.g. cat?), which do not suggest
an obvious single answer. The patients are impaired on the latter but not the former.
More extensive imaging data on controls shows that the region is responsive to the
difficulty of semantic memory retrieval (Thompson-Schill, D’Esposito, Aguirre, &
Farah, 1997; Thompson-Schill, D’Esposito, & Kan, 1999). Thus, this disagreement
is perhaps more apparent than real. The reason why patients with damage to the left
inferior frontal gyrus do not show clinical symptoms of semantic memory impair-
ment is because the region is involved in strategic retrieval operations from semantic
memory when no obvious answer comes to mind. By contrast, the temporal regions
may be the store of semantic information and lesions here can produce more devas-
tating impairments of semantic knowledge. So why didn’t these particular imaging
studies activate regions that are putatively the store of semantic knowledge? One
possibility could be the baseline that was used. Petersen et al. (1988) compared verb
generation (their semantic task) with reading (their putatively non-semantic task).
However, if word reading does activate the semantic store, and there is in fact good
evidence that it might (e.g. Ward, Stott, & Parkin, 2000), then the two things would
cancel each other out when subtracted away (a type II disagreement).

In this instance, an initial discrepancy between functional imaging and lesion
data has resulted in a more complete understanding of how semantic memory is
both stored and retrieved. This is a nice example of how the strengths of different
methodologies can be combined in cognitive neuroscience.

IS “BIG BROTHER” ROUND THE CORNER?

This chapter started with the specter of functional imaging being used to reveal one’s
innermost thoughts to the outside world. It therefore seems appropriate to return to
this interesting theme in light of the various points raised so far. It should by now be
clear that the process of analyzing and interpreting data produced by functional imag-
ing is not straightforward. It entails a number of stages, each with its own assump-
tions, rather than a literal reading of the MR signal. Nonetheless, the technology is
still relatively new and the amount of progress that has already been made is substan-
tial. Even at this early stage, there are serious studies exploring how functional imag-
ing could be used as a lie detector and studies that try to predict the content of another
person’s thoughts at some basic level (for a review, see Haynes & Rees, 20006).

COULD FUNCTIONAL IMAGING BE USED
AS A LIE DETECTOR?

Lying appears to be a normal component of human social interaction. It
is likely to be composed of several cognitive components. For example,
it requires an understanding that other people can have states of mind
that are different from one’s own (so-called theory of mind). Lying also
requires an ability to inhibit a truthful response and generate a plausible
alternative response. Given this complexity, there will probably be no
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single “deception module” in the brain dedicated specifically to lying.
Nevertheless, there is every reason to believe that studying the brain
during deception might lead to more reliable indices of lying than the
traditional lie detector (or “polygraph”), given that the brain is the organ
that produces the lie in the first place.

The traditional polygraph monitors a number of bodily responses,
including sweating, respiration and heart rate, which are considerably
downstream from the thought process that creates the lie. As these
measures are associated with increased arousal generally (e.g. anxiety),
they cannot exclusively detect guilt and their usage is highly questionable.
Also, if a liar does not feel guilty there may be no strong arousal
response.

A number of studies have used fMRI to measure the neural correlates
of deception (e.g. Ganis, Kosslyn, Stose, Thompson, & Yurgelun-Todd,
2003; Langleben et al., 2002). When participants are asked to generate
a spontaneous lie to a question (e.g. “Who did you visit during your
vacation?”, “Was that the card you were shown before?”), a number of
regions are activated, including the anterior cingulate cortex. This region
is of particular interest in this context, because
it has been implicated in monitoring conflicts
and errors (Carter, Braver, Barch, Botvinick, Noll,
& Cohen, 1998) and also in generating the kinds
of bodily response that formed the basis of the
traditional polygraph (Critchley et al., 2003).
However, not all types of deception may recruit
this region. Ganis et al. (2003) found that, if
participants memorized a lie in advance of being
interviewed in the scanner, then this region was
not involved, but regions involved in memory
retrieval were involved. Thus, to conclude,
although fMRI might have some use in lie
detection it is unlikely to offer a simple solution
to this complex and important real-world problem
Not all lies are as easy to (Sip, Roepstorff, McGregor, & Frith, 2007).
detect.

It is generally believed that different classes of objects (e.g. faces, places,
words, tools) activate somewhat different regions of the brain. So is it possible
to infer what someone is looking at from brain activity alone? A number of
studies have attempted to guess, in a third-person way, what a person is observ-
ing (Haxby, Gobbini, Furey, Ishai, Schouten, & Pietrini, 2001) or imagining
(O’Craven & Kanwisher, 2000) on a particular trial using only the concomitant
neural activity. To achieve this, each person requires pretesting on a whole range
of objects to determine the average response to that class of objects relative to
some baseline (e.g. all the other objects). Rather than locating the peak area of
activity (as in regular fMRI analysis), one can examine the pattern of activa-
tion over a distributed set of voxels to enable a more fine-grained approach.
For example, Haxby et al. (2001) gave participants pictures from eight different
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types of category, including cats, houses, faces and
shoes. The neural activity from an individual trial
was then correlated back with the average activity
to determine the most probable category that was
being viewed. This procedure could predict, given
pairwise comparisons, what the person was seeing
with 96% accuracy. The same regions of the brain
are used, to some extent, when thinking about
objects even when they are not physically seen.
O’Craven and Kanwisher (2000) obtained compa-
rable results on individual imagery trials.

So, at some basic level, functional imaging can
already accurately guess what type of thing someone
has in mind. But can it also be used to reveal what
we feel about the things that we have in mind? One
study in the literature has explored the “neural basis
of romantic love” (Bartels & Zeki, 2000). This study
showed participants a set of photographs of close
friends. All the faces were matched for sex, age and
length of time that they had been known, but the participant claimed to be deeply in
love with only one of them. They did indeed find that there was a neural signature
of love as distinct from friendship, although this seems to be distributed amongst
several sites in the brain (rather than in a neo-phrenological “love” center).

A rather more controversial study has attempted to use fMRI to detect uncon-
scious racial biases in participants who claimed to have no conscious racial preju-
dices. Phelps et al. (2000) showed white Americans photographs of unfamiliar black
or white faces. They measured activity in a region of the brain thought to be involved
in processing fear and threat (the amygdala) and they also measured the participants’
startle response. Both measures showed a heightened response to these black faces,
but not to faces of black positive role models (e.g. Martin Luther King) given in a
follow-up study. Are these participants really racist without knowing it? Do they
know they are racist but hide their prejudices from the experimenter? Not surpris-
ingly, these strong interpretations soon made it into the popular press. However, a
weaker claim (endorsed by the authors) is also possible. Namely, that the results
reflect implicit social learning based on one’s personal experience (e.g. of growing
up in a white neighborhood) and one’s own group membership, rather than racism
itself (see Eberhardt, 2005, for a review).

Can functional imaging
distinguish between
romantic love and
friendship? © Bettmann/
Corbis.

Evaluation

In summary, brain imaging can be used to infer the fype of stimulus that is being
processed and how the stimulus is evaluated (e.g. whether it evokes fear or love).
However, it is unclear whether fMRI will ever be able to infer the specific content
of thought. To infer, for example, whether someone in a scanner is thinking about
his or her own cat or next-door’s cat would require knowledge of how and where an
individual stimulus is represented in the brain. We have all been exposed to different
cats, houses and so on during the course of our life. Moreover, all our brains dif-
fer in subtle ways. This presents a natural boundary on the imaging enterprise that
technological developments alone are unlikely to resolve.
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Structural imaging reveals the static physical characteristics of the
brain (useful in diagnosing disease), whereas functional imaging reveals
dynamic changes in brain physiology (that might correlate with cognitive
function).

Neural activity consumes oxygen from the blood. This triggers an
increase in blood flow to that region (measured by PET) and a change in
the amount of deoxyhemoglobin in that region (measured by fMRI).

As the brain is always physiologically active, functional imaging needs
to measure relative changes in physiological activity. The most basic
experimental design in functional imaging research is to subtract the
activity in each part of the brain whilst doing one task away from the
activity in each part of the brain whilst doing a slightly different task.
This is called cognitive subtraction.

Other methods, including parametric and factorial designs, can minim-
ize many of the problems associated with cognitive subtraction.

There is no foolproof way of mapping a point on one brain onto the puta-
tively same point on another brain because of individual differences in
structural and functional anatomy. Current imaging methods cope with
this problem by mapping individual data onto a common standard brain
(stereotactic normalization) and by diffusing regions of significance
(smoothing).

A region of “activity” refers to a local increase in metabolism in the
experimental task compared to the baseline but it does not necessarily
mean that the region is essential for performing the task. Lesion stud-
ies might provide evidence concerning the necessity of a region for a
task.

Functional imaging can be used to make crude discriminations about what
someone is thinking and feeling and could potentially outperform trad-
itional lie detectors. However, it is highly unlikely that they will ever be able
to produce detailed accounts of another person’s thoughts or memories.

 What are the physiological processes that underpin PET and fMRI tech-
niques? What determines the temporal and spatial resolution of these
methods?

e What is meant by the method of “cognitive subtraction” in functional
imaging research? What problems does this method face?

¢ Is functional imaging ever likely to completely replace lesion methods for
informing theories of cognition?
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o If a brain region is shown to be “active” in a given task, does it mean
that this region is critical for performing the task? If not, why not?

e Could functional imaging be used in lie detection? Could it be used to
read someone else’s thoughts and feelings?

RECOMMENDED FURTHER READING

e Friston, K. J. (1997). Imaging cognitive anatomy. Trends in Cognitive
Sciences, 1, 21-27. A clear and simple account of different experimental
designs.

e Jezzard, P., Matthews, P. M., & Smith, S. M. (2001). Functional MRI: An
introduction to methods. Oxford: Oxford University Press. An advanced
text that is only recommended to those who have a very good under-
standing of the basics, or those who wish to know more about the math
and physics of fMRI.

e Savoy, R. L. (2001). History and future directions of human brain map-
ping and functional neuroimaging. Acta Psychologica, 107, 9-42. An
excellent summary of the methods. Start here for the basics.
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