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Abstract

& A still photograph of an object in motion may convey
dynamic information about the position of the object
immediately before and after the photograph was taken
(implied motion). Medial temporal/medial superior temporal
cortex (MT/MST) is one of the main brain regions engaged in
the perceptual analysis of visual motion. In two experiments
we examined whether MT/MST is also involved in representing

implied motion from static images. We found stronger
functional magnetic resonance imaging (fMRI) activation with-
in MT/MST during viewing of static photographs with implied
motion compared to viewing of photographs without implied
motion. These results suggest that brain regions involved in
the visual analysis of motion are also engaged in processing
implied dynamic information from static images. &

The perception of motion is critical for our ability to
interact with a dynamic environment. Neurophysiolo-
gical studies in monkeys (for example, Britten, News-
ome, Shalden, Celebrini, & Movshon, 1996; Dubner &
Zeki, 1971; Maunsell & Van Essen, 1983; Van Essen,
Maunsell, & Bixby, 1981) and imaging studies in hu-
mans (Dupont, Orban, De Bruyn, Verbruggen, & Mor-
telmans, 1994; Tootell et al., 1995b; Watson et al.,
1993; Zeki et al., 1991) have shown that a network
of brain regions in the primate visual system is devoted
to the important task of analyzing visual motion. One
of the main regions involved in motion processing is
the extrastriate visual area medial temporal/medial
superior temporal cortex (MT/MST). Recent imaging
studies have shown that MT/MST is involved not only
in the analysis of the continuous coherent motion of a
physical stimulus, but also in the processing of appar-
ent motion (Goebel, Khorram-Sefat, Muckli, Hacker, &
Singer, 1998; Kaneoke, Bundou, Koyama, Suzuki, &
Kakigi, 1997), illusory motion (Tootell et al., 1995a;
Zeki, Watson, & Frackowiak, 1993) and imagined mo-
tion (Goebel et al., 1998; O�Craven & Kanwisher,
1997).

Most physiological and imaging studies of MT/MST
have used stimuli such as moving dots and gratings.
These stimuli consist of multiple sequential frames, each
of which contains information about the position of the
stimulus in space at a specific moment in time. However,
in naturally occurring motion an instantaneous frame
from a continuous-motion sequence often contains in-
formation not only about the current position of the
objects in the frame, but also about their motion trajec-
tory. Based on our knowledge of how animate and

inanimate objects move, we can infer the position of
objects in a subsequent moment in time. Consider the
��action photograph�� in Figure 2a: The motion implied
in this photograph allows us to anticipate the future
position of the actor a moment after the photograph
was taken. Psychophysical studies have demonstrated
that observers extract this kind of dynamic information
by extrapolating an object�s future position from the
motion implied in a static photograph. Specifically,
when asked to judge whether two still photographs
are the same or different, subjects often wrongly cate-
gorize them as identical when the second one is a
photograph of the same event depicted in the first
photograph, but taken a moment later in time (Freyd,
1983). These studies suggest that dynamic information
can be extracted from still photographs even when the
task does not require it.

The current studies were designed to test whether
brain areas known to be involved in the analysis of
physical stimulus motion are also engaged in proces-
sing dynamic information from static images with
implied motion. To this end, we used functional
magnetic resonance imaging (fMRI) to localize area
MT/MST in each subject individually, and then mea-
sured activity in this area, while the subjects observed
static photographs of human athletes in action (im-
plied motion images) or of athletes at rest (no implied
motion). In two further conditions in the same scans,
subjects viewed another set of photographs of houses
(an example of a stimulus conveying no dynamic
information) and photographs of people at rest (to
control for the possibility that the athletes at rest
could be associated with information about action
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since athletes were also presented the implied motion
condition). Half the subjects viewed these four differ-
ent kinds of photographs passively. To ensure atten-
tion to stimuli from all conditions, the other half of
the subjects performed a ��1-back�� repetition detection
task on the same sequences. In a second experiment,
we tested the response of area MT/MST to photo-

graphs of animals and nature scenes that either de-
picted implied motion or did not.

RESULTS

The localizer scans (low contrast moving vs. stationary
rings) successfully localized each subject�s MT/MST in

Figure 1. Functional data are overlaid on a high-resolution T1-weighted anatomical image for each slice. Right hemisphere appears on the left.
Significance levels reflect the results of t-tests on the MR signal intensity ( p<.10� 7, equivalent to p<.10� 1 after Bonferroni correction). I. Group
analysis on functional data from 5 subjects (coregistered in Talairach space) showing regions responding significantly to (a) moving vs. stationary
rings and (b) images with implied motion vs. images without implied motion (Experiment 1). The green circles indicate regions activated significantly
for both moving vs. stationary rings and images with implied motion vs. images without implied motion. II. Five slices from one subject showing
activation for viewing of (a) moving vs. stationary rings and (b) images with implied motion vs. images without implied motion (Experiment 1).
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the lateral occipital region (Figure 1) consistent with
prior reports (for example, Tootell et al., 1995b). For
each subject, this region served as the region of interest
(ROI) from which the response was extracted for each
of the experimental conditions for the same subject.
The response for each condition and subject was quan-
tified as the percent signal change (PSC) from the
fixation baseline condition. The average PSC across
subjects for each condition and the time course of
signal intensity averaged across subjects are shown in
Figure 2 for Experiment 1 and Figure 3 for Experiment
2.

For the first experiment, a two-way ANOVA (Stimulus
Type£Task) on the PSC for each condition across sub-
jects with Stimulus Type (implied motion athletes, no
implied motion athletes, people at rest, houses) as the
within-subjects variable and Task (passive, 1-back) as the
between-subjects variable showed a significant main
effect of Stimulus Type (F(3, 18)=20.1, p<.001). There

was no main effect of Task (F(1, 18)<1), and no inter-
action of Stimulus Type and Task (F(3, 18)=1.2, p>.3).
The PSC in MT/MST was significantly greater for images
of athletes with implied motion vs. athletes without
implied motion in both the passive (t(3)=3.5, p<.05)
and the 1-back (t(3)=4.5, p<.05) tasks. The PSC in MT/
MST during viewing of athletes without implied motion
was not significantly different from that for people at
rest (t(7 )=0.6, p>.5).

The similar patterns of activation in MT/MST across
passive viewing and 1-back tasks suggest that the ob-
served activation is not likely to be due to differences in
task difficulty or attentional allocation across conditions.
Indeed, the behavioral data from the 1-back task suggest
that this matching task was at least as difficult for images
without implied motion as for images with implied
motion. Specifically, across three out of the four subjects
(the behavioral data for one subject were lost due to a
computer error), the average percent correct detection

Figure 2. Results of Experiment 1: (a) An example stimulus from each condition. Average percent signal increase (from the fixation baseline) and
standard deviations across subjects for each stimulus type in MT observed for each task (passive viewing, 1-back), as well as the average across tasks.
(b) The time course of the percent change in MR signal intensity (from the fixation baseline) in MT over the period of the scan. Black dot indicates
fixation, IM: images of athletes with implied motion, no-IM: images of athletes without implied motion, R: people at rest, H: houses.
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