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Abstract—Early 20th century artists including Duchamp and Balla tried to portray moving objects
on a static canvas by superimposing objects in successive portrayals of an action. We investigated
whether implied motion in those paintings is associated with activation of motion-sensitive area MT+-.
In Experiment 1, we found that observers rated these kinds of paintings higher in portraying motion
than they did other abstract paintings in which motion is not intended. We also found that observers
who had previously experienced abstract paintings with implied motion tended to give higher motion
ratings to that class of paintings. In Experiment 2, we used functional magnetic resonance imaging
(fMRI) to measure brain activity of observers while viewing abstract paintings receiving the highest
and the lowest motion rating scores in Experiment 1. We found MT+, but not primary visual cortex
(V1), showed greater BOLD responses to abstract paintings with implied motion than to abstract
paintings with little motion impression, but only in observers with prior experience viewing those
kinds of paintings. These results imply that the neural machinery ordinarily engaged during perception
of real visual motion is activated when people view paintings explicitly designed to convey a sense of
visual motion. Experience, however, is necessary to achieve this sense of motion.

Keywords: Abstract painting; implied motion; MT+; fMRI; influence of experience.

INTRODUCTION

In recent years, some neuroscientists and psychologists have expressed the view that
artists are, in effect, ‘neuroscientists’ who have discovered perceptual principles
embodied by neural events in the brain. To quote one advocate of this view,
‘Artistic license taps into the simplified physics used by our brain to recognize
everyday scenes...” (Cavanagh, 2005, p. 301). This focus on the brain is not
meant to deny the importance of socio-cultural and economic influences on artistic
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expression and appreciation. Rather, this view underscores that experiencing
art is fundamentally a perceptual act that emerges from neuronal events. It is
not surprising, therefore, that the growing body of knowledge about the visual
nervous system has invited conjecture about the neurosensory events underlying the
experience of and fascination with visual art (Cavanagh, 2005; Livingstone, 2002).
Artists, most notably painters, have discovered some of the principles of visual
perception and have learned how to exploit them to produce stimulus conditions
(and, hence, brain states) that portray compelling visual qualities such as depth
and transparency. In this paper we concentrate on one quality of vision — motion
perception — that is especially challenging to represent on a flat, two-dimensional
canvas.

Artists who paint, sketch, photograph or make prints face severe limitations when
trying to portray dynamic, three-dimensional objects: the artist must work within
the confines of a static, two-dimensional medium. Centuries ago artists discovered
how to manipulate the geometry of objects and scenes on canvas, allowing them to
create layouts that compellingly portray depth and volume on a flat surface (Hagen,
1986). Indeed, the discovery of the principles of perspective stands as a watershed
in art history. Portraying dynamics, however, continued to be a challenge. The
Cubists of the early 20th century developed the technique of representing different
parts of an object from different view-points, and Zeki (1999) has opined that Cubist
paintings capture an element of dynamics by simulating movement of an observer
around an object. However, one experiences no sense of self-motion when viewing
Cubist paintings; the effect, if conveyed at all, is strictly conceptual. A more
effective means for instilling a sense of motion in paintings was developed by the
20th century artist Marcel Duchamp. Rather than reproducing multiple views of
a stationary object from different vantage points (the Cubist technique), Duchamp
painted static representations of an object, such as a person, moving within the
scene (see Fig. la). His creations resemble multiple, successive, stroboscopic
images superimposed on a single canvas; indeed, some of his paintings are similar
in appearance to the multiple-exposure chronophotographs created by the French
physiologist and physician Etienne-Jules Marey (Fig. 1b). Following Duchamp,
other painters of the same era employed similar strategems for portraying a sense
of dynamics in their works; those contemporaries included Umberto Boccioni and
Giacomo Balla (Cutting, 2002) (see Note 1).

Given our current knowledge of the modularity of the visual brain and, particu-
larly, the existence of cortical areas within the dorsal pathway, it is natural to won-
der whether the multiple stroboscopic images created by artists such as Duchamp
successfully convey a sense of object motion because those images activate motion-
sensitive areas of the brain (Zeki and Lamb, 1994). This hypothesis is not far-
fetched, for we know from the work of Kourtzi and Kanwisher (2000) that area
MT+- is activated in humans viewing photographs with implied motion. It is also
the case that MT+, and not V1, is activated when people view op-art that creates
motion scintillation (Zeki et al., 1993). Also relevant are those fMRI studies show-
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Figure 1. (a) Marcel Duchamp, ‘Nude Descending a Staircase No 2’ (1912) oil on canvas. © 2007
Artists Rights Society (ARS), New York, USA, ADAGP, Paris, France. Succession Marcel Duchamp
(b) Examples of chronophotographs created by Etienne Jules Marey (1830-1904).

ing increased M T+ activity when observers experience the motion after-effect when
viewing a stationary stimulus following adaptation to moving stimulus (Culham et
al., 1999; Tootell et al., 1995). All of these studies clearly show that the brain can
manufacture a sense of motion even when the stimulus itself is completely static.
Intrigued by those findings, we were led to ask a very simple, straightforward ques-
tion: is motion-sensitive area MT+ active while observers are viewing pictures of
paintings by Duchamp and by Balla in which motion is explicitly implied?

To answer this question, we first examined the degree to which observers obtained
a sense of motion when viewing abstract paintings. Observers’ motion ratings of
paintings with implied motion were compared to ratings given to other abstract
paintings that were not intended to portray motion. Based on these rating results,
we selected a small set of paintings with implied motion and a set of ‘static’
abstract paintings. These paintings were used as stimuli in the fMRI experiment in
which MT+ activity was measured in response to those two categories of paintings.
Results from these two experiments are reported here.
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Figure 1. (Continued).

EXPERIMENT 1: MOTION RATING
Methods

We selected 12 abstract paintings with implied motion (Table 1a) and 12 abstract
paintings that were not intended to portray motion (Table 1b). Observers used
a 5-point scale to rate the extent to which those paintings portray motion, with
the scale values ranging from 1 (‘no sense of motion’) to 5 (‘very strong sense
of motion’). Each image was presented for 1 s and observers rated the image
by pressing one of five buttons on a keyboard. Each image was presented three
times, and the rating scores were averaged for each image. All the images were
intermixed within a block and the order of the stimuli was randomized. We were
interested in the role of prior exposure of the observer to those kinds of paintings in
motion evaluation. Thus, we tested two groups of observers, one with and the other
without experience viewing abstract paintings using multiple stroboscopic images.
Eight observers with prior experience were students enrolled in a seminar on ‘art,
brain and mind’ that included lectures on motion depicted in art. In these lectures,
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paintings by Duchamp and Balla were shown and discussed. Six observers who
had neither seen nor heard about the works of Duchamp and Balla constituted the
inexperienced group.

Results

Results from the rating experiment are shown in Fig. 2. Overall, abstract paintings
with implied motion (Fig. 2a) received higher ‘motion’ ratings than did ‘static’ ab-
stract paintings (Fig. 2b), and this was true for both experienced and inexperienced
observers. For experienced observers, the mean score for the ‘motion’ paintings
was 3.90 & 0.09 (one standard error of the mean) whereas the mean score for ‘sta-

Abstract Paintings with Implied Motion
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@)
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Figure 2. Rating results from Experiment 1. (a) Mean rating score for each of the abstract paintings
with implied motion. (b) Mean rating score for each of the ‘static’ abstract paintings. The rightmost
bars of each graph represent total average of all the stimuli in each group. Error bar denotes &+ one
standard error of the mean.
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tic’ paintings was 1.93 £ 0.10. Likewise for inexperienced observers, the mean
score for ‘motion’ abstract paintings was 2.72 + 0.13 whereas the mean score for
‘static’ abstract paintings was 1.62 +0.09. Two-way analysis of variance (ANOVA)
showed a statistically significant main effect of painting types — with or without
implied motion (F(1, 332) = 227.49, p < 0.0001). The main effect of group was
also statistically significant (F(1, 332) = 53.45, p < 0.0001). Most interestingly,
2-way ANOVA showed that the interaction between painting types and group was
statistically significant (£ (1, 332) = 18.25, p < 0.001). Specifically, the motion
ratings for abstract paintings with implied motion were higher among the observers
with prior exposure to this type of art compared to ratings by the observers with-
out prior exposure. In other words, prior knowledge about and exposure to abstract
paintings using multiple stroboscopic images influenced evaluation of motion in
those kinds of paintings; these higher ratings are not attributable to overall higher
motion ratings of all abstract paintings by experienced observers.

EXPERIMENT 2: fMRI OF KINETIC ART PAINTINGS
Methods

Observers. Five individuals (2 male, 3 female) with prior experience of abstract
paintings exploiting multiple stroboscopic images and five individuals (3 male,
2 female) without prior experience participated in this study. All participants
were naive about the purpose of the experiment and none of them participated
in Experiment 1. All participants had normal or corrected-to-normal vision, and
none had any history of neurological disorders. Prior to participation each observer
gave informed, written consent. The protocol was approved by the Vanderbilt
Institutional Review Board.

Stimuli. The two paintings receiving the highest motion ratings in Experiment 1
were used in this experiment. One (M1) was Duchamp’s ‘Nude descending a
staircase No. 2’ (Fig. 1a) and the other (M2) was Balla’s ‘Girl running on a balcony’
(inset in light pink in Fig. 3) (see Note 2). Note that these two paintings received

Figure 3. (See color plate XIII) MT+ fMRI results from Experiment 2. Top panels represent results
averaged across observers familiar with abstract paintings using multiple stroboscopic images and
bottom panels represent results averaged across observers unfamiliar with those kinds of paintings.
For each group, average percent signal increases from the non-event baseline trials within functionally
defined MT+ are shown for each stimulus image (M1-2, S1-2 and C1-2). Trials start at time t = 1
TR. The error bars denote one standard error of the percent signal change measured across all trials for
each stimulus type averaged across all scans and observers of a group. Inset in light pink: grayscale
image used as M2 stimulus. Giacomo Balla, ‘Girl running on a Balcony’ (1912). © 2007 Artists
Rights Society (ARS), New York, USA, SIAE, Rome, Italy. Inset in dark blue: grayscale image used
as S1 stimulus. Paul Klee, ‘Park bei Lu’ (1938). © 2007 Artists Rights Society (ARS), New York,
USA, VG Bild-Kunst, Bonn, Germany.
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high ‘motion’ ratings by observers with prior experience but not by observers
without prior experience (see Fig. 2). Two abstract paintings that received the
lowest average ‘motion’ scores in Experiment 1 were used as control stimuli. One
(S1) was Klee’s ‘Park bei Lu’ (inset in dark blue in Fig. 3) and the other (S2) was
Mondrian’s ‘Composition No. II’ (image No. 6 in Table 1b). Note that these two
paintings were rated low by both experienced and inexperienced observers. Two
chronophotographs (C1 and C2, top and bottom images in Fig. 1b) were also used
to test the magnitude of activation in MT+- in response to static photos with implied
motion (Kourtzi and Kanwisher, 2000). Due to diverse sizes and ratios between
width and heights of the photographs and paintings, it was impossible to match
perfectly the size of all the stimuli. Instead, the longer side of every painting was
scaled to 351 pixels. To eliminate an influence of color on activation levels, all
images were transformed to grayscale for presentation in the scanner. Root mean
square contrast (Crvs) was computed for each stimulus image (Cryms(M1) = 0.54,
Crvs(M2) = 0.68, Crms(S1) = 0.65, CrMms(S2) = 0.72, Crms(C1) = 0.62,
CrMms(C2) = 0.53).

MRI acquisition. For six observers (4 with prior experience and 2 without) who
were tested first, MR imaging was performed on the 3T GE Signa scanner located
within Vanderbilt University Medical School. Functional images were collected
using 15 axial oblique slices selected to cover the occipital, posterior parietal, and
ventral temporal cortex. For the other four observers (1 with prior knowledge and
3 without) imaging was conducted using the 3T Philips Achieva scanner located
within the Vanderbilt University Medical School. Functional images were collected
using 28 axial oblique slices selected to cover the whole brain. Single-shot gradient-
recalled echoplanar imaging was used in both settings (TR = 2000 ms, TE = 30 ms,
slice thickness 5 mm with no gap, in-plane resolution 3.75 x 3.75 mm, flip
angle = 70°). High-resolution T1 anatomical images were collected for each of
the observers (184 slices, 1.0 x 1.0 x 0.9375 mm).

Procedure.  For the six observers tested using the GE scanner, stimulus displays
were viewed on MR-compatible LCD monitors mounted inside goggles (Resonance
Technology, Inc.). For the other four observers tested using the Philips scanner,
stimulus displays were presented in the scanner using a rear projecting system
(Avotec, ©). The projector located behind the scanner projected an image onto a
screen located at the observer’s head; this image was viewed through a periscope
mirror attached to the head coil. In both cases, stimulus displays were driven by
Matlab (Mathworks, Inc.) together with the Psychophysics Toolbox (Brainard,
1997; Pelli, 1997) on a G4 Macintosh computer. Observer responses were acquired
from a hand puck that collected button presses from the right index finger.

Retinotopic mapping. Visual area V1 was identified using conventional rotating
wedge stimuli with counter-phase flickering checkerboard patterns (DeYoe et al.,
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1996; Engel et al., 1996; Sereno et al., 1994). Data from two separate functional
runs (each lasting 4 min 32 s) were averaged for statistical analysis.

MT+ Localizer. Each of two MT+ localizer scans lasted 4 min 16 s, the
initial 8 s (4 volumes) of which were discarded prior to analysis to allow for MR
stabilization. The 4 min 16 s scan was divided into 8 blocks of moving dots
and 8 blocks of static dots. The motion stimulus was an optic flow of 500 dots
moving within a circular aperture and the static stimulus was a snap-shot of the
motion stimulus. The observer was instructed to fixate on the center of the aperture
throughout the scan.

Rapid event-related fMRI. Each 4 s trial began with 1 s presentation of a
stimulus, then a 2 s response period followed by 1 s fixation period. The fixation
cross remained visible throughout the scan, and the observer was instructed to
maintain fixation while attending to the entire stimulus. The observer performed
a 1-back task to maintain attention. (Both groups of observers performed equally
well in this task. Observers with prior experience exhibited 93.2% accuracy
while observers without prior experience exhibited 94.1% accuracy.) Each rapid
event-related run included seven iterations of each of seven trial types (two
‘motion’ abstract paintings (M1-2), two ‘static’ abstract paintings (S1-2), two
chronophotographs (C1-2), and a non-event trial with no stimulus presented), with
the order of trial type counterbalanced within a run (Kourtzi and Kanwisher, 2001).
Observers completed seven event-related runs within a session.

Functional MRI data analysis

Image preprocessing was conducted in Brain Voyager 4.9 and QX v.1.2 (Brain
Innovations, Inc.). All images were detrended to remove any linear drift in time,
multifiltered with a 4 mm FWHM spatial filter, and motion corrected.

Localizer scans. For each observer, bilateral V1 areas were identified using
cross correlation analysis on the averaged retinotopic mapping data. Bilateral MT+
areas were also localized using the subtraction method. The MT+ ROIs were
created from voxels highly correlated (p < 0.00001) with viewing moving versus
static dots in the averaged localizer scans.

Rapid event-related scans. Raw MR signal of each run in the voxels defined
as ROIs was averaged. The time series from each event onset to 16 s thereafter
was extracted from each ROI to compute respective percentage signal changes,
with the no-event time series as baseline (Kourtzi and Kanwisher, 2001), first
within each observer and subsequently averaged across observers. Individual data
collected from two different scanners showed a similar trend of results and they
were combined in the group analysis. One of the four experienced observers who
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was tested using the GE scanner showed unsteady raw signal that failed to show
any time-locked responses. Data from this individual were removed from further
analysis.

Results

In all observers, MT+ and V1 areas were successfully identified. For all but one
of the observers, those ROIs were defined bilaterally; the one exception was an
inexperienced observer in whom MT+ was successfully localized only in the right
hemisphere. With MR time series extracted from those 4 ROIs (left MT+, right
MT+, left V1 and right V1), we computed the time course of percent signal change
from the fixation (i.e. ‘no event’) baseline separately for each of the 6 stimulus
images in each of the 9 observers. The average of MT+ time courses of response
is shown in Fig. 3 for each stimulus across observers of a group. For all observers
— those with and those without prior experience viewing abstract paintings with
implied motion — the chronophotographs (C1-2) produced larger BOLD responses
than did the abstract paintings. This result sets an upper boundary in comparison
between BOLD responses associated with two ‘motion’ abstract paintings (M1-2)
and BOLD responses associated with two ‘static’ abstract paintings (S1-2). Since
those photos depict motion in a more obvious way, the extent to which abstract
paintings portray motion could be estimated by comparing BOLD responses to
paintings with BOLD responses to chronophotographs. Figure 3 shows that for
experienced observers, the two ‘motion’ paintings produced larger BOLD responses
than did the two ‘static’ abstract paintings. In contrast, for inexperienced observers,
BOLD responses to ‘motion’ and ‘static’ paintings were not different.

Since the peak response was observed at a time point corresponding to the third
TR (4-6 s after event onset), we performed a statistical test on data associated
with this time point. We collapsed BOLD responses to two exemplars of each
image type and averaged them to contrast ‘motion’ versus ‘static’ abstract paintings.
1-way ANOVA showed that for both groups of observers, the main effect of
image type is statistically significant (F (2, 1166) = 17.15, p < 0.001 for left
MT+ of experienced observers, F'(2,1166) = 14.72, p < 0.001 for right MT+
of experienced observers, F(2,1155) = 8.22, p = 0.0003 for left MT+ of
inexperienced observers, and F (2, 1437) = 11.64, p < 0.001 for right MT+
of inexperienced observers). Of primary interest to us, Fisher’s LSD test showed
that for experienced observers, peak BOLD signal difference between ‘motion’
and ‘static’ abstract paintings is statistically significant (p = 0.02 for left MT+,
p = 0.002 for right MT+; Table 2) and the same is true of the difference between
‘motion’ art and chronophotograph (p = 0.001 for left MT+, p = 0.018 for right
MT+) and of the difference between ‘static’ art and chronophotograph (p < 0.0001
for left MT+, p < 0.0001 for right MT+). In contrast, for inexperienced observers,
peak BOLD signals for ‘motion’ and ‘static’ abstract paintings are not statistically
different (p = 0.17 for left MT+, p = 0.32 for right MT+-; Table 2), whereas
significant differences were found between ‘motion’ art and chronophotograph
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Table 2.
Mean peak BOLD response difference between ‘motion’ and ‘static’ paintings

ROI Group Hemisphere Mean difference p-value (LSD)
MT+ Observers with experience Left 0.14 0.02*
Right 0.14 0.002*
Observers without experience Left 0.08 0.17
Right —0.04 0.32
V1 Observers with experience Left 0.10 0.29
Right —0.11 0.19
Observers without experience Left —0.01 0.81
Right —-0.07 0.19

* Statistically significant (p < 0.05).

(p = 0.009 for left MT+, p < 0.0001 for right MT+) and between ‘static’ art
and chronophotograph (p < 0.0001 for left MT+, p = 0.0003 for right MT+).
Figure 4 shows the V1 time courses of response for each stimulus averaged
across observers in each of the two groups. For all observers, regardless of
their familiarity with abstract paintings with implied motion, the pattern of results
observed in V1 is markedly different than the results observed in MT+. First,
chronophotographs were not associated with larger BOLD responses than were
abstract paintings. Second, BOLD responses associated with two images of a
same kind are not clustered together. Third, the magnitude of the V1 BOLD
responses is not correlated with the extent to which each image portrays motion as in
MT+ (chronophotographs > ‘motion’ paintings > ‘static’ paintings). Peak BOLD
responses to each image type show non-significant differences across conditions
(F(2,1166) = 0.62, p = 0.54 for left V1 of experienced observers, F'(2, 1166) =
1.19, p = 0.31 forright V1 of experienced observers, F (2, 1443) = 0.16, p = 0.85
for left V1 of inexperienced observers, and F (2, 1443) = 0.89, p = 0.41 for
right V1 of inexperienced observers). In addition, Fisher’s LSD showed that for
observers in both experience groups, peak BOLD signals for ‘motion’ and ‘static’
abstract paintings are not significantly different (p = 0.29 for left V1 of experienced
observers, p = 0.19 for right V1 of experienced observers, p = 0.81 for left V1
of inexperienced observers, and p = 0.19 for right V1 of inexperienced observers;
Table 2), neither difference between 'motion’ art and chronophotograph (p = 0.57
for left V1 of experienced observers, p = 0.18 for right V1 of experienced

Figure 4. (See color plate XIV) V1 fMRI results from Experiment 2. Top panels represent results
averaged across observers familiar with abstract paintings with implied motion and bottom panels
represent results averaged across observers unfamiliar with those kinds of paintings. For each group,
average percent signal increases from the non-event baseline trials within retinotopically defined V1
are shown for each stimulus image. Trials start at time # = 1 TR. The error bars denote one standard
error of the percent signal change measured across all trials for each stimulus type averaged across all
scans and observers of a group.
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observers, p = 0.29 for left V1 of inexperienced observers, and p = 0.60
for right V1 of inexperienced observers) nor difference between ‘static’ art and
chronophotograph (p = 0.81 for left V1 of experienced observers, p = 0.97 for
right V1 of experienced observers, p = 0.75 for left V1 of inexperienced observers,
and p = 0.42 for right V1 of inexperienced observers). Thus in the area V1, all
images, regardless of type, evoked equivalent BOLD responses.

DISCUSSION

Our results reveal BOLD responses within MT+ are larger in response to abstract
paintings that convey a strong sense of motion, compared to abstract paintings
rated weak in implied motion. However, these differences in MT+ activation were
seen only in observers with prior experience viewing these kinds of art. Within
V1, however, ‘motion’ and ‘static’ paintings evoked equivalent responses in both
groups of observers. This pattern of results suggests to us that subtle expression of
motion implicitly embodied in abstract paintings can evoke activity in a human brain
area generally regarded as an essential component in motion perception. Before
exploring implications of that conclusion, however, we need to address several
alternative accounts of our results.

First, one could argue the paintings using multiple stroboscopic images, but not
the other abstract paintings, contained stimulus features that more strongly activated
MTH+, features having nothing to do with motion. It is true that we did not strictly
equate all paintings in terms of spatial frequency content or exact size (although
we did confirm that all paintings had roughly similar RMS contrast). Feature
differences seem unlikely to be the cause of our findings, however, because no
differences among paintings was observed in V1, a visual area every bit as sensitive
to spatial feature differences as MT+-. Moreover, why would low-level feature
differences produce stronger MT+ responses only in one category of observers?

Turning to another alternative explanation, could abstract paintings with implied
motion produce larger BOLD responses in MT+ than do ‘static’ abstract paintings
because ‘motion’ paintings are inherently more interesting and, therefore, more
effectively engage attention? We do know, after all, that activity in MT+ can be
modulated by attention, as evidenced both in single-unit neurophysiology in non-
human primates (Seidemann and Newsome, 1999; Treue and Maunsell, 1996) and
in brain imaging experiments in humans (Beauchamp et al., 1997; O’Craven et al.,
1997). For several reasons, however, we are disinclined to attribute our results to
attention. For one thing, observers were required to perform an attention-demanding
task that required comparing successive paintings. For another, we observed
differential MT+ activation to ‘motion’ paintings only in observers familiar with the
artists’ intentions, not in naive observers. If those paintings attracted more attention
in these experienced observers, it must have been because those painting engendered
a sense of motion in those observers. Finally, we observed no difference in BOLD
signals within V1 evoked by ‘motion’ and by ‘static’ abstract paintings. Yet we
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know that attention does modulate BOLD signals in V1 (Motter, 1993; Watanabe
et al., 1998). Why would attention influence MT+ but not V1, and only in some
observers?

We conclude, therefore, MT+ is activated by abstract art implying motion, but
only in people familiar with this category of paintings. Our results represent a step
beyond those found in previous, related studies of stimulus conditions activating
visual area MT+. Besides its well-established role in processing real motion,
MT+ can also be activated when one experiences apparent motion (Kaneoke et
al., 1997; Mikami, 1991; Muckli et al., 2002; Newsome et al., 1986), illusory
motion (Conway et al., 2005), the motion aftereffect (Culham er al., 1999; He
et al., 1998; Tootell et al., 1995, but also see Huk et al., 2001), and motion
scintillation associated with op-art (Zeki et al., 1993). Taken together, these
previous studies reveal that MT+ activation does accompany perception of illusory
motion. However, the sense of motion associated with viewing paintings by
Duchamp and by Balla can be differentiated from perception of illusory motion.
The paintings require active interpretation and an understanding of a given visual
stimulus, and even then the viewer does not perceive actual movement within the
painting. Rather, the experience is more akin to the sense of motion implied by
motion streaks, or ‘speed lines’, seen in cartoons (Burr, 2000). In the case of illusory
motion, in contrast, a perceptual impression of motion arises from spatio-temporal
aspects of the stimulus itself or from the immediate, past history of viewing actual
motion or intensity modulated, static images (e.g. Francis and Kim, 2001).

Our findings also extend previous studies showing MT+ activation produced
by viewing photos with implied motion (Kourtzi and Kanwisher, 2000; Senior
et al., 2000). Compared to the photos used in those previous studies, however,
the paintings used in our study portray motion in a different fashion. In the
‘motion’ abstract paintings (as well as chronophotographs) used in our study,
motion is depicted by multiple images sampled discretely over time, whereas in
the photographs used by Kourtzi and Kanwisher, motion is portrayed by ‘dynamic
balance’ and/or ‘broken symmetry’ of a mobile object, to use Cutting’s terms
(Cutting, 2002).

Finally, it is natural to wonder whether the determinant of MT+ activation is a
painting’s capacity to evoke the imagination of motion in experienced observers.
This seems entirely plausible, for we know that motion imagery can indeed induce
activation in MT+ (Goebel et al., 1998). It is true that we did not instruct
the observers in Experiment 2 to imagine anything about the paintings; these
observers were told only to compare successive paintings in terms of their identity
and, they were never asked anything about their qualitative impressions of these
paintings until after the brain imaging measurements. Still, these knowledgeable
observers may well have reflexively imagined motion when viewing paintings with
implied motion, with the resulting imagery activating MT+. This quite plausible
interpretation of our results would verify that those paintings and, therefore, the
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artists who created them, were truly successful in stimulating brain mechanisms
that create perception of motion.
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NOTES

1. Superimposing stroboscopic images is not the only way to depict motion
in a static visual representation. Other techniques include forward lean,
photographic blur, and speed lines (Burr, 2000; Cutting, 2002). In this paper,
we confine our study to abstract paintings using stroboscopic images that imply
motion.

2. The other two highly rated ‘motion’ paintings were not tested in this experi-
ment. Image No. 1 in Table 1a was deemed insufficiently abstract in that the
main object (i.e. the dog) was portrayed as a concrete form. Image No. 12 was
not chosen because it was simply a slight variation of image No. 10 that was
used.
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