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lobe lesions, lesions to the brain stem
and basal ganglia, dementia with corti-
cal Lewy bodies and those of the visual
impaired and normal elderly all tend 
to comprise fleeting, complex, natural,
dynamic forms. Indeed, hallucinations
in the visually impaired have been most
closely studied in this regard25. It ap-
pears that the major constraint over ex-
trastriate cortex is the relentless process-
ing demands of sensory input (except in
sleep)26. If this is disrupted, a ‘rogue’
processing system may be unleashed.
The modularity of the system is thus
held in a delicate balance. Upsetting the
balance leads this mini-cognitive system
to become autonomous and produce
‘perception like’ phenomena that can-
not be overridden.

Conclusion
The work by Kourtzi and Kanwisher10

plus Senior et al.9 provides a robust
demonstration that motion-sensitive
cortex is involved in inferring motion.
This should provoke a reappraisal of
the extrastriate cortex in the percep-
tion–cognition continuum. It will un-
doubtedly shed light on both normal
and abnormal perception.
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Implied motion activates extrastriate
motion-processing areas
Response to David and Senior (2000)

Zoe Kourtzi and Nancy Kanwisher

Our fMRI studies1 showed signifi-
cantly stronger activations in extrastri-
ate cortical areas MT/MST for still
images of human actors, animals and
scenes that implied motion than still
images that did not imply motion.
David and Senior [David, A.S. and
Senior, C. (2000) Implicit motion and
the brain. Trends Cognit. Sci. 4,
293–295]2 suggest that our studies of
implied motion suffered from four
‘pitfalls’, which we here rebut.

First, David and Senior charge cryp-
tically that ‘most authorities’ locate
human V5/MT1 in a location ‘rather
more posterior and anterior to the
area shown by Kourtzi and Kanwisher’.

Although it is not clear what the pre-
cise concern is here, we localized MT1

using standard techniques that have
been used in many studies, and found
activations that are consistent with
other published loci (e.g. Refs 3–5) in-
cluding those of Senior et al.6 (compare
their Figure 3C with our Figure 1).

Second, David and Senior express
concern over the ‘lack of precise data
on localization’ in our paper, appar-
ently referring to the fact that we did
not publish Talairach coordinates for
our activations. We have happily sup-
plied these coordinates to all re-
searchers who have asked for them
(see, for example, Ref. 7), but did not

include them in our paper because
they were not relevant to the hypoth-
esis we tested. We tested the specific
hypothesis that activation in MT1 will
be modulated by still images that imply
motion, rather than the more general
question ‘where does the perception
of implied motion occur in the brain?’.
The best way to test our hypothesis
was to identify MT1 using a functional
localizer for each subject (as reported
in our studies); relying instead on
Talairach coordinates would have pro-
vided a very poor basis for identifying
MT1 because of the well-known
anatomical variability across brains.
The apparent precision afforded by
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to speculate on its potential capabili-
ties in the future.

The ‘fMRI Experience II’ was the
first forum to bring together experts in
functional neuroimaging from four
centres of excellence in the UK; the
Institute of Psychiatry (IOP), King’s
College London; the Functional
Imaging Laboratory (FIL) at the
Wellcome Department of Cognitive
Neurology, University College London;
the Centre for Functional Imaging of
the Brain (FMRIB) at the University of
Oxford; and the Brain Imaging Unit at
the University of Cambridge. The meet-
ing evolved from two smaller workshops

held at Oxford and the IOP last year.
The first day consisted of teaching ses-
sions in which experts described basic
principles and state-of-the-art develop-
ments in fMRI. On the second day,
graduate students gave oral presenta-
tions on a diverse range of topics from
innovative neurocognitive studies to
sophisticated advances in signal pro-
cessing and data-analytic techniques.
This was a valuable component of the
meeting as it afforded a rare opportu-
nity for PhD students to make oral
presentations and to obtain helpful
feedback on their research from an audi-
ence of peers and imaging specialists.

Essential ingredients of imaging
The fMRI Experience II , 11–12 May 2000, Weston Education Centre, Kings College Hospital, Denmark Hill, London, UK.

Functional magnetic resonance
imaging (fMRI) is rapidly becoming the
technique of choice for many investi-
gators in the clinical and cognitive neu-
rosciences. The growing demand for
this technology spurred the initiative
to organize a meeting that would
bring together some of the foremost
practitioners of fMRI to share their
knowledge and experience to a wide
audience of students and established
researchers. The timing of this meeting
at the outset of a new millennium was
also an opportune moment to review
the contribution of fMRI to our under-
standing of human brain function and

Talairach coordinates is misleading be-
cause this coordinate system is based
on the necessarily imperfect alignment
of physically different brains, and be-
cause it specifies points in the brain
whereas activations generally cover
large and irregularly shaped regions.

Third, David and Senior comment
that ‘the lack of a statistical test of co-
incident activation between the “pure”
visual motion versus the implied mo-
tion is unfortunate’. If they are refer-
ring to a test of the coincidence of
motion selectivity and implied-motion
selectivity, we accomplished this goal
with our finding of a significantly
higher response to static images with
implied motion than static images with-
out implied motion in areas that
respond significantly to stimulus motion.
If they are instead referring to a direct
statistical comparison of the response
to stimulus motion versus that to static
images with implied motion, it is not
clear what important theoretical
question such a test would answer.

Fourth, David and Senior comment
that ‘the use of such a potent stimulus
to induce activity in MT/MST may have
maximized the chances of observing
overlapping activations’. Maximizing
the chance of detecting what you are
looking for is generally considered
desirable in experimental design pro-
vided you minimize confounds. Our
test of the response to implied motion
did not indiscriminately activate visual
areas and David and Senior raise no
clear objection to it. Moreover, the MT
localizer used in our studies (low con-
trast moving versus stationary rings)
activates MT more selectively than
other, higher-contrast stimuli that
might also activate regions beyond MT
involved in motion processing8.

Thus, we reject all of the putative
pitfalls in our study that David and
Senior raise. However, we are in turn

concerned about several aspects of the
Senior et al. study6.

First, the reliance on a group analy-
sis in the Senior et al. study results in
substantial blurring of the functional
images; this blurring can cause a spuri-
ous overlap in brain activations. We
avoided this problem by using analyses
of regions of interest defined individ-
ually for each subject.

Second, Senior et al. did not attempt
to control for attentional confounds that
might be expected to result from the fact
that the images with implied motion are
more interesting than the stills without
implied motion. Indeed, the activations
observed in the regions posterior to MT1

in the Senior et al. study might be better
explained by such attentional confounds
than in terms of the semantic processing
of implied-motion images postulated by
David and Senior2. Our study minimized
these problems by including a task (rep-
etition detection) that requires attention
to all stimuli.

Third, David and Senior argue that
the 400–600 ms reaction times found in
their behavioral test of implied motion
are ‘rather fast to allow for much cog-
nitive elaboration’, and therefore acti-
vation of MT is more likely to reflect
processes that occur within the visual
system itself (rather than as a result of
feedback from higher areas). However,
research in cognitive psychology has
provided ample evidence of high-level
cognitive processes that are unlikely to
be computed within the visual system
but that can nonetheless be carried out
in less than half a second (e.g. Refs
9,10). So the fast reaction times in the
behavioral implied-motion task do not
speak to the question of whether it is
MT1 itself, or a ‘higher’ area, that ex-
tracts the information about implied
motion. An answer to this question will
require the use of a technique with
higher temporal resolution than fMRI.

It is encouraging that despite the
methodological differences in the two
studies, largely similar results were
obtained. These findings converge 
on the important conclusion that 
high-level perceptual inferences can
substantially influence activity in
extrastriate cortex.
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