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When colours move 
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MOVING objects are typically distinct from 
their backgrounds in many respects, lumi
nance, colour, texture and depth, for 
example. It would make sense for our 
visual systems to analyse each of these 
attributes to determine if an object has 
moved, but the evidence until now has 
favoured the view that only luminance 
counts and that colour in particular is 
ignored. The paper by Cropper and Der
rington on page 72 of this issue1 overturns 
this widely held belief and shows that 
colour is an independent contributor to 
motion perception. 

It was more difficult than might have 
been expected to come up with convincing 
evidence of this independent role of 
colour, as the colour and luminance path
ways in visual processing are not neatly 
separated but, rather, are richly intercon
nected. Overall, the similarities of motion 
responses to colour and to luminance 
stimuli now look more interesting than 
their differences. They point to the pro
cessing of several independent measure
ments by the brain as a strategy for 
improving the reliability of visual analyses. 

Cropper and Derrington's experiment 
examined the nature of the initial, direc
tionally selective neurons of the visual sys
tem. A vast array of these units, each 
monitoring a small local area, directly sig
nals the local motions in the retinal image 
in the same way that other arrays of units 
decompose local orientation, colour and 
binocular disparity. Do these low-level 
detectors come in different types, 
one type for moving luminance 
borders and another for moving colour 
borders? And if so, why? 

The luminance pathway (nominally 
composed of units which add red-sensitive 
and green-sensitive signals from the cone 
cells in the retina) has always been 
assumed to be the main site of motion
detecting units. However, any departure 
from the simplest linear combination of 
cone signals will create a response to 
colour stimuli in these luminance-based 
units. And, of course, the visual system is 
a happy home to many such departures. 
For example, when presented with an 
alternating pair of colours, units in the 
magnocellular pathway, the putative site 
of the luminance-based motion detectors, 
respond twice, once to each transition, 
and are not silenced at any ratio of rela
tive luminance between the two colours2•3 

This 'cross-over' distortion results in a fre
quency-doubled response to colour grat
ings in these units. Moreover, the 
luminance pathway responds to red-sensi
tive and green-sensitive cone inputs with 
large and variable phase shifts, making 
nominally chromatic stimuli (red- and 
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green-sens1t1ve responses 180° out of 
phase) strong contributors to a luminance 
response. Perhaps because of these fac
tors, physiological studies of individual 
units of the primary visual cortex and the 
midtemporal cortex, the part of the brain 
mainly implicated in higher-order pro
cessing of motion, have revealed respons
es to coloured stimuli4- 6• But none found 
directionally selective units that respond 
to colour and not luminance stimuli. 

What led to the idea that colour did not 
contribute to motion? Early studies of 
motion perception by human observers 
showed that in some situations moving 
coloured stimuli, in particular equilumi
nous random-dot patterns, do not pro
duce impressions of motion7• Simple 
coloured stimuli such as bars or gratings 
do produce impressions of motion but the 
pattern may appear to be significantly 
slowed or even stopped8• Basically, the 
threshold for seeing a colour pattern is 
lower than the threshold for seeing it 
move9- 11 , so it is possible to present a 
drifting colour stimulus that is clearly seen 
but appears to be stationary. The motion 
seen for coloured stimuli was often 
claimed to be a result of a higher-level 
tracking system. This high-level system 
may have evolved separately to provide a 
parallel analysis of motion based on track
ing the position of any visible feature, 
colour included 12• Others thought that the 
motion for coloured stimuli was a result 
of residual responses in the luminance 
pathway. 

However, several recent articles have 
claimed a surprisingly robust response to 
the motion of colour stimuli 10•11 •13• The 
threshold for discriminating the direction 
of motion for slowly moving, low-spatial
frequency gratings was found to be as 
much as four times lower for colour grat
ings than for luminance gratings. The 
notion of residual response in the lumi
nance pathway cannot explain these find
ings, nor those of Hawken et al. 14, where 
effects of stimulus contrast on speed 
judgements were qualitatively different 
for luminance and colour stimuli. But in 
all of these studies the stimuli were pre
sented for at least 250 milliseconds and as 
much as one second duration, time 
enough to locate a coloured feature and 
track it either with attention, or with eye 
movements, thus revealing its motion. In 
studies where such tracking would be dif
ficult, thresholds for the motion of colour 
stimuli were as much ten times higher10• 

At these high contrasts, it is difficult to 
rule out residual responses in the lumi
nance pathway. 

But that is exactly what Cropper and 
Derrington were able to do. First of all, 

their colour stimulus, a sinusoidal grating 
of red and green bars, made only one 
jump of 1/4 of a cycle, a jump size which 
would be an ambiguous 1/2 cycle to the 
frequency-doubled response of lumi
nance-based units. Second, they masked 
their stimulus with a stationary luminance 
grating that strongly affected moving 
luminance tests but had virtually no effect 
on the colour test, thus demonstrating 
the independence of the colour-specific 
motion response from luminance-based 
mechanisms. Finally, an extremely brief, 
17-millisecond presentation guaranteed 
that no feature tracking was possible. 

Why should the brain bother to extract 
motion signals for colour and, especially, 
why should it go to the trouble of doing so 
independently of a similar analysis of 
luminance-defined borders? One reason 
is that many luminance borders in a scene 
arise from shadows and highlights, and 
the play of light and shadow on an object 
can be quite independent of the object's 
motion. Colour borders and their motion 
are more reliable indicators of an object's 
contour and trajectory. A parallel analysis 
of motion for both luminance and colour 
should improve motion extraction in a 
statistical sense as well. Interestingly, this 
advantage could only be exploited if the 
separate analyses are subsequently com
bined in some way. Indeed, the motion of 
chromatic and luminance gratings drifting 
in opposite directions 15 can cancel each 
other, showing that the motion responses 
to luminance and colour are integrated at 
a subsequent site. The key point of Crop
per and Derrington's paper is that it 
shows that, as required for optimal inte
gration, the chromatic input to this 
integrated site is derived independently of 
the luminance input. D 
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