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angle. On a given trial, the angle of this line was the same
across all elements of the probe array. The observer’s task
was to judge whether the direction of the MAE observed
in the plaids was clockwise or counterclockwise relative
to this angle. The component gratings making up the
plaids were orientated T45 degrees relative to the global
motion direction and had the same spatial frequency as the
Gabors but an overall contrast of 80%. As with the
Gabors, the phase of each of the component gratings
making up the plaids were randomized on each trial. The
plaids and probe array were presented for 1<s after which
time the screen went blank, except for the fixation point.
This was a cue for observers to make their response with a
keyboard button press.
There was no time limit on observers making their

response, but they typically responded immediately (less
than a second). This triggered a 1-s intertrial interval
before the next adaptation period was presented. Each of
the three subsets was tested in a separate block of trials.
Within each block, we varied the angle of the directional
probe array on each trial using the method of constant
stimuli. There were 5 values and each was presented
15 times in a randomized order. The exact values depending
on the condition and observer were determined on the basis
of pilot experiments. If more than one block was completed
in a row, observers took a 2- to 3-min break between blocks
with the lights on to minimize dark adaptation.

Results

Cumulative Gaussian functions were fitted to observer’s
response data in Matlab using the psignifit software
package (Wichmann & Hill, 2001a, 2001b). From this
function, we determined the point of subjective equality
(PSE) and bootstrapped 95% confidence intervals around
this value. The PSE represents the angle of the directional

probe array that would result in observers responding that
the direction of the MAE in the plaids was clockwise or
counterclockwise, relative to the directional probe, with
equal probability (i.e., the perceived direction of the MAE
in the plaids). In Figure 3, we plot psychometric functions
and PSEs for each of the three test subsets, for each
observer. Within these plots, the functions and PSEs have
been normalized to the direction of MAE that would be
expected from a purely local mechanism. This means that a
normalized aftereffect angle of zero is what one would expect
if the direction of the MAE were purely consistent with the
local motion signals at the test locations during adaptation.
As can be seen, the functions for the three test subsets

are clearly separated along the abscissa. For each
observer, the function for the subset moving in the global
direction is approximately centered on an aftereffect angle
of zero, as would be expected. In contrast, the functions
for T45 degree subsets are shifted away from each other,
in directions consistent with a shift toward the global
motion aftereffect direction. These features are clearly
shown in the average across observers (Figure 6). This
plot shows the mean aftereffect angle for all of our
experimental conditions, including those in Experiment 2,
as detailed below. The results of Experiment 1 are labeled
as “Global.” From this graph, it is clear the MAE
observers obtained in the T45 degree subsets is reliably
shifted by around 4 degrees in the direction of the global
motion of the adapting array.
The modified MAE that we observe in the global arrays

suggests that the visual system is able to use the
computational results of global motion processing to help
infer the direction of the ambiguous local signals of which
the array is composed. However, some alternative hypoth-
eses also present themselves. First, observers might
simply be biased in estimating the direction of motion in
the T45 degree directions such that they underestimate the
magnitude of these angles. This would mean that the

Figure 2. Trial sequence for (left) Experiments 1 and 2 and (right) Experiment 3.
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change the orientation of crowded items so that they
appear more like the crowding context (Greenwood, Bex,
& Dakin, 2010). Contrary to this explanation, the MAE
we found in the uniform arrays was purely consistent with
the local signals present at the test locations during
adaptation. This is evident in both the individual (Figure 4)
and group data (Figure 6). Failure to find a modified local
MAE in the uniform arrays suggests that an independent
mechanism averaging over orientation is unable to
account for our data. However, there was an important
difference between the uniform arrays and the global
motion arrays.
While the uniform arrays had the same distribution of

drift speeds to the global motion arrays, the distribution of
component motions in the global motion direction was not
the same. If the modified MAE we observed in the global
arrays was caused by local interactions between compo-
nent motions in the global motion direction, rather than
the perceptual coherence of the array per se, this could

account for our data. In order to control for this possibility,
we measured the direction of the local MAE in what we
term “component” arrays. These were similar to the
uniform arrays, in that we again set all of the Gabors,
except the subset being tested, so that they faced the
global motion direction. However, we now assigned drift
speeds to these uniformly orientated Gabors such that they
had the same component motion in the global motion
direction as in a standard global motion array.
This was done by assigning drift speeds as a function of

the squared cosine difference between the normal compo-
nent of the Gabor and the global motion direction,
multiplied by the 2D drift velocity (Scarfe & Johnston,
2010):

SC ¼ SGcos
2ð7C j 7GÞ: ð2Þ

Equation 2 follows the same format as Equation 1. SG is
the global motion drift speed and 7G is the global motion

Figure 4. Normalized psychometric functions for the Standard MAE and Uniform array conditions. For each condition, functions are plotted
for each of the three test subsets, with separate graphs for each observer. Squares and horizontal lines show the point of subjective
equality (PSE) with bootstrapped 95% confidence intervals.
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direction, whereas 7C is the orientation of an individual
Gabor element and SC is that element’s drift speed.
Assigning drift speeds in this way allowed us to match
the distribution of local component motions in the global
motion direction to that found in a standard global motion
array. Any effects based on these component motions
would therefore be identical across both types of array.
Contrary to this hypothesis, Figures 5 and 6 show that the
MAE we observe in the component arrays is again purely
consistent with the local motions at the test locations
during adaptation.
As a final control, we constructed arrays in which the

orientation and drift speed statistics were both identical to
the global motion arrays but were again inconsistent with
a 2D global motion solution. We did this by assigning
orientations and drift speeds with different random
selections from the uniform T90 degree distribution
around the global motion direction. As such, we label

these as “disjoint” arrays. To any mechanism responding
independently to orientation or drift speed (Brouwer et al.,
2003; Matthews & Qian, 1999; Saffell & Matthews, 2003),
these arrays would be indistinguishable to the standard
global motion arrays; however, because the orientations
and drift speed were no longer consistent with a single 2D
motion, they again failed to cohere into a single rigidly
moving surface. Figures 5 and 6 show that the MAE we
observe in the disjoint arrays was again purely consistent
with the local motions at the test locations during adaptation.
With Experiment 2, we were therefore able to rule out

two alternative hypotheses for the modified MAE we
observed in Experiment 1. The first was that the modified
MAE was simply due to a response bias. The second was
that mechanisms independently averaging over orientation
or drift speed could account for the modified MAE
(Brouwer et al., 2003; Matthews & Qian, 1999; Saffell
& Matthews, 2003). In Experiment 3, we examined

Figure 5. Normalized psychometric functions for the Component and Disjoint array conditions. For each condition, functions are plotted for
each of the three test subsets, with separate graphs for each observer. Squares and horizontal lines show the point of subjective equality
(PSE) with bootstrapped 95% confidence intervals.
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