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A b s t r a c t  

Wavelength information serves both to organise shapes and to provide the appearance of 
surfaces. These two roles are considered within a model that outlines the role of colour in pic- 
ture naming (Davidoff and de Bleser, 1993). An introduction to the papers in this issue is given 
within the framework of the model• The topics in this issue cover the role of colour in scene 
segmentation, colour constancy and the memory for the colours of objects. © 1997 Elsevier 
Science B.V. 
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The collection of  papers in this issue covers a wide range of  cortical processes as- 
sociated with colour that are proposed in models of  object processing (Davidoff, 
1991; Davidoff and de Bleser, 1993)• Fig. 1 presents a flow chart that highlights 
the role of  colour in the cortical processing of  visual input• For  our purposes, the 
flowchart concerns "higher-level" aspects of  colour and it is our intention to concen- 
trate on the processing stages within Fig. 1. Of  course, we use the term "higher level" 
in a psychological sense• One of  the surprising features of  physiological research into 
colour and form processing in the last few years has been the realisation that regions 
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Fig. 1. A flow chart representing the functional sites for higher level colour processing (adapted from 
Davidoff and de Bleser, 1993). 

of "sensory" cortex, such as V1 and V2, possess neurones which appear to have what 
one might have called "cognitive" abilities. Grosof  et al. (1993), for example, report- 
ed neurones in V1 which respond to "illusory" (sometimes termed "cognitive") con- 
tours. In the colour domain, Yoshioka and colleagues (Yoshioka et al., 1996) have 
shown that neurones in V1 can give responses which, under some conditions, reflect 
the perception of  a human observer rather than simple wavelength content. Higher 
level processing, then, may include early cortical areas. 

At the occipital cortex, streams of input from the lateral geniculate activate neu- 
rones that are differentially sensitive to luminance, motion and, of  course, wave- 
length information. We refer to wavelength information because at this processing 
stage it is preferable not to talk of  colour; colour is a conscious experience that is 
related to wavelength information but is not related in a one-to-one fashion. Fur- 
thermore, for most of  the papers in this issue, colour refers to a surface appearance. 
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Light sources are seen as coloured but for most of our visual experience, colour re- 
fers to a quality of the surface of objects. Following this definition, we can see the 
importance of stressing the processing that derives shape information at what in 
Fig. 1 is called a temporary register. It is a shape that contains the coloured surface. 
Thus, the boundary forming aspects of wavelength information are to be distin- 
guished from the experience of the surface quality that we normally refer to as col- 
our. The proposal given in Davidoff (1991) for the production of shape information 
leans heavily on that of Grossberg and Mingolla (1985). 

The information at the temporary register is derived from spatial and temporal 
variations in wavelength and luminance input. There have been several accounts 
of how these variations in input may be organised to form shape information. In 
one of these accounts, boundaries may be formed in several domains (Cavanagh, 
1987); these are luminance, motion, binocular disparity, texture and "colour". How- 
ever, the colour domain is better referred to as a wavelength domain that by itself 
may form boundaries. Recent work has shown that, after brain damage, the 
conscious experience of colour may be lost but these shape forming properties of 
wavelength can survive. Cowey and his colleagues found that an achromatopsic (cor- 
tically colour blind) patient can distinguish that two colour patches are different. The 
patient could only achieve the discrimination if the two patches abutted; when they 
were moved apart, performance fell to chance (Heywood et al., 1991). 

The present issue of Acta Psychologica starts by presenting some further complex- 
ities about the action of wavelength information in the production of boundary in- 
formation at what we term in Fig. 1 the temporary register. The first paper concerns 
research on neurologically impaired patients. One of these patients has a remarkable 
and particular deficit of being unable to perceive red. In a manner similar to the work 
on blindsight, Ruddock and Waterfield (1978) found that the "red-blind" patient 
was able to use the red colour of which he was unaware to form a stereoscopic image. 
Further, the patient was able to use the red input to promote binocular rivalry be- 
tween the eyes. It is of great pleasure to be able to include the latest information 
on the patient. The paper by Morland and Ruddock investigates the relationship be- 
tween motion and wavelength forming shape domains. Keith Ruddock was tragical- 
ly killed in a traffic accident after submission of the paper for this special issue of 
Acta Psychologica. We are extremely grateful to Tony Morland for correcting the 
proofs. 

The paper by Morland and Ruddock also considers colour constancy. The locus 
of coiour constancy has been disputed (see Davidoff, 1991). Colour processing begins 
at the retina and the organisation of the input is passed on at least to the visual cor- 
tex. The dispute about the locus of colour constancy may be somewhat misguided. It 
is clear that damage to the extrastriate visual cortex can impair colour constancy, 
but the defect resembles an elevation in threshold rather than an abolition of the 
function. It may be more fruitful to consider that several areas contribute to colour 
constancy - the retina, where post-receptoral adaptation can compensate for chro- 
maticity changes (Webster and Mollon, 1995); striate cortex, where neurones can en- 
code information about conjunctions of luminance and wavelength (Yoshioka et al., 
1996) in V4, where cells have been demonstrated to have colour constancy (Zeki, 
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1983) or in inferotemporal cortex where one may find associations between colour 
and object representations. Thus, in considering the following paper by Kulikowski 
and Vaitkevisius, we may have some difficulty eliminating retinal contributions to 
colour processing from our discussion. What we see in Fig. 1 is an embodiment of 
a system which displays great redundancy and one might expect partial colour con- 
stancy to be available at several levels represented. 

The information at the temporary register is in the form of boundaried surfaces. 
The surface colour appearances must, in some part, be derived from the wavelength 
coded cells at the retina and may reflect their functioning (Mullen and Kulikowski, 
1990). These surface appearances could, in a sense, be said to be what we mean by 
colour. However, that definition would extend the word colour to include shades of 
grey and more textural properties such as lustre and speckling. Generally, colour is 
restricted to the phenomenal appearances that are independent of texture. Some, but 
not all languages (Davidoff, 1991) also have difficulty in including black, white and 
shades of grey as colours; indeed, in English, we refer to them as achromatic. The 
appearances of what we normally refer to as colours are grouped into categories 
(e.g., red, yellow) that in Fig. 1 are placed at the internal colour space. The question 
raised by Kulikowski and Vaitkevicius concerns the origin of that categorisation. 

The next two papers add to our knowledge of the use of colour in segmenting the 
visual input at the temporary register. While there is good evidence that colour 
(wavelength) information may separately produce shapes, the two procedures must 
interact. Most scenes contain boundaries that are marked both by wavelength and 
luminance differences. Indeed, the production of wavelength boundaries without lu- 
minance differences is not achieved easily. While in terms of interference in segmen- 
tation, there are symmetric effects of wavelength and luminance input (Callaghan, 
1984), there may also be asymmetric effects. Shapes that contain identical colours re- 
sist segmentation (Beck, 1982). Of course, some aspects of colour and form are in- 
tertwined at early levels of perception (e.g., the wavelength dependency of the 
McCullough effect) but it does not necessarily follow that all later descriptions are 
also tied to colour information. Perhaps a form of Stroop task with learned combi- 
nations of colour and abstract shapes would allow this issue to be resolved. 

The papers by van Lier and Wagemans and that of Puts and de Weert add inter- 
esting complexities to the role of colour in segmentation. Both papers use the classic 
processes of shape organisation laid down by the Gestalt psychologists. Van Lier and 
Wagemans consider whether Gestalt principles for boundary formation affect the 
perceived surface colour. They found that segmentation produced by Gestalt shape 
forming principles does indeed produce an assimilation of the perceived colours of 
the surfaces within the overall shape boundary. The priority of luminance over wave- 
length based shapes is given some further support in the paper of Puts and de Weert. 

Puts and de Weert have investigated the ability to assess the number of segmented 
shapes in a display. When there are only a small number of items, the ability to es- 
timate their number is known as subitisation. Puts and De Weert have shown that, 
only in some circumstances is there a connection between the ability to subitise and 
whether or not the stimuli are coloured. It would appear that coloured surfaces help 
subitisation only when the items in the display do not form a regular shape. Subiti- 
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sation based on Gestalt processing would appear to be immune to colour coding of 
surfaces. 

Information about coloured shapes held at the temporary register makes contact 
with object representations stored in memory; these are termed entry level stored 
structural descriptions in Fig. 1. For the stored object descriptions, it is of some dis- 
pute as to whether these contain colour information (Ostergaard and Davidoff, 1985; 
Price and Humphreys, 1989). The structural descriptions have access to other object 
knowledge. In Fig. l, three types are posited (associated, function and sensory). De- 
pending on one's view about colour information at the structural descriptions, sen- 
sory knowledge might or might not be colour coded. 

The paper by Yendrikhovkij, de Ridder, Fedorovskaya and Blommaert considers 
the route from the temporary register that deals with natural scenes (i.e., the route at 
the left in Fig. 1 going from the temporary register into the types of associated know- 
ledge). Yendrikhovskij et al., ask how we rate the colourfulness of a picture and 
whether the assessment differs for natural scenes compared to "Mondrian" type dis- 
plays whose colourfulness reflects the function of the temporary register alone. Sole- 
ly concerned with the route via the structural descriptions to types of knowledge is 
the paper by Joseph. In line with previous research (Joseph and Proffitt, 1996), she 
finds that prototypical object-colour was automatically activated and affected pro- 
cessing more than the coloured surface held at the temporary register. The paper ar- 
gues that when verification cannot proceed from the information held at the struc- 
tural description, the associated object-colour knowledge is automatically activated. 
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