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Editorial 

Putting illusions in their place 
We see the Natural Sciences describing, explaining, and classifying phenomena. These 
do not follow any clear historical sequence, for each affects and may transform the 
others. So whales become mammals; lightning becomes electricity; the heart becomes 
a pump; the brain becomes (some kind of) a computer, as explanations change 
appearances and force changes of classification. 

Much the same should apply to the Unnatural Science of illustory phenomena, 
which are departures from the world of the Natural Sciences. To put illusions in their 
place we may start with their appearances; but explanations often suggest changes of 
appearance-categories. Illusions that look similar or even identical may turn out to be 
very different. How should we set out to classify explanations of the odd phenomena 
of perception including the even odder phenomena of illusions? The primary diffi
culty is lack of generally agreed explanations, even for some familiar illusions that 
have been studied for over a hundred years. 

We also lack a general definition of 'illusion'. But at least there is almost complete 
agreement that there are illusions, what these are, and that they are interesting and 
important for understanding perception. So let's attempt to put illusions in their place 
with a classification of appearances sensitive to various explanations. Different 
authorities may assign different categories, and illusions may change categories as 
understanding advances; but to be useful the explanation-categories themselves 
should be generally acceptable, and only be changed when this is clearly seen to be 
necessary. 

By going beneath appearances, the explanation-categories will have conceptual 
significance with undertones (or do I mean overtones?) which may not harmonize with 
all theoretical accounts. There is no way of deducing useful categories. They must be 
posited by a daring leap of imagination. Having made such a leap we may all agree it 
is daring, but is it more than imagination? Does it help us to see and relate illusions 
more clearly? Well—let's leap—and see where we land! 

For take-off, we may regard perceptions as descriptions. Though perceptions are 
non-verbal (or pre-verbal) descriptions, we may expect kinds of errors of language to 
suggest categories of perceptual illusions. This assumption is our take-off for putting 
visual illusions in their place. 

The main errors of language it seems to me, and the main kinds of illusions, are: 
Ambiguities, Distortions, Paradoxes, and Fictions. For examples of these in language: 

Ambiguity: "John is looking up." 
Distortion: "John is miles taller than his father." 
Paradox: "John's sister is a dark-haired blonde." 
Fiction: "John's brother is a green man from Mars." 

One might add Confusion, such as: "John's green miles taller father Mars". But this 
is failure to express or to represent, so it applies to sentences rather than to proposi
tions—and correspondingly to sensations rather than to perceptions. I shall leave this 
out, as Confusion is not an error of perception but rather lack of perception. 
Confusion might, however, be included for some purposes. 

Different authorities may wish to place the same phenomena into different explana
tion-categories from those suggested here. It is freedom to disagree that gives this 
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exercise life. I shall put visual illusions into three conceptual classes: Physical, 
Physiological, and Cognitive. 

This does not mean that cognition can occur without the physical basis of physiology, 
for all perception is seen as brain-based. Further, an illusion may occur from several 
causes (cf Halpern 1981) and so may enter more than one explanation-category; but 
there is usually a primary or main cause, though this may be controversial. The most 
controversy almost certainly is found in the Distortion illusions. Illusions may occur 
when normally correctly operating perceptual systems are not appropriate to the 
current situation. This happens especially for pictures representing normal three-
dimensional scenes, with the constraints of their two dimensions. So illusions are not 
necessarily malfunctions, and they can very directly reveal hidden perceptual 
processes. 

Here I give my theoretical preferences without (for limitations of space) justification. 
They may be challenged and changed without necessarily invalidating the suggested 
classification of these fascinating phenomena of perception. 

Kinds and classes of visual illusions 

Kinds of visual 
illusions 

Ambiguities 

Distortions 

Paradoxes 

Fictions 

Classes of visual illusions 

Physical 

mist 
shadows 

(of space) 
stick in water 
(of velocity) 
stroboscope 
(of colour) 
filters 
refraction 
diffraction 
scattering 

mirrors (eg seeing 
oneself in the 
wrong place, 
and duplicated) 

rainbows 
Moire patterns 

Physiological 

size - distance for 
a single stationary eye 

real - apparent motion 

(of space) 
adaptations to length or tilt 

or curvature 
Cafe wall 
(of brightness and colour) 
simultaneous and sequential 

contrast 

when visual channels disagree 
aftereffect of motion: moving 

yet not changing position 
or size 

afterimages 
autokinetic effect 
migraine patterns 

Cognitive 

Necker cube 
Jasrow's duck-rabbit 
Rubin's vases 

Ponzo 
Poggendorff 
Orbison 
Hering 
Miiller-Lyer 
Zollner figures 

Penrose impossible 
objects 

Escher's pictures 

Kanizsa's triangle 
filling-in of the blind 

spot and scotomas 

It might be objected of the Physical illusions that they are not themselves ambiguous, 
or distorted, or paradoxical, or fictional—but this is not the suggestion. These catego
ries all refer to supposed causes, or origins of the illusions. Thus mist or the limitations 
of a single eye originate or produce ambiguity. Mirrors produce visual paradoxes 
though are not themselves paradoxical. Whether illusions are produced depends 
especially on cognitive characteristics and limitations of perception. Thus diving 
birds avoid errors from the bent-stick effect of refraction by water, though we are 
fooled. In principle we might literally see through refractive distortions and mirror 
paradoxes, but these are beyond our perceptual abilities. We can only see through 
them conceptually. 

This is a low-resolution classification. It is not hard to name sub-classes under 
these major categories of Physical, Physiological, and Cognitive. Thus Physical includes 
many kinds of distortion, loss, and additions to patterns of energy (stimuli) accepted 
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as evidence of objects. Surely the most dramatic of these is holograms. Many 
Physical illusions are described by Tolansky (1964) and a very full account is given by 
Mineart (1954) of naturally occurring and especially meteorological phenomena 
giving Physical illusions. I once saw two suns of about equal brightness, in the early 
evening sky, from Kew Gardens in London. This unusual phenomenon of atmos
pheric refraction lasted at least ten minutes. 

Double vision can, of course, have physiological origins, such as loss of convergence 
of the eyes as by-effects of alcohol. Physiological illusions include all manner of 
neural losses and interactions producing degenerated or distorted neural signals, and 
sometimes bizarre fictions including those of drugs. Presumably apparitions of 
schizophrenia are of this category, though some may be due to bugs of cognition. Surely 
the classification here is vitally important for diagnosis and decisions for treatment. 

Cognitive illusions are the most subtle, and the most controversial for they are 
difficult to investigate systematically. How does one show that a perceptual pheno
menon is Cognitive, rather than Physiological? One has to show that it is due to 
(mis)use of assumptions or knowledge, or to rule-following leading perception astray. 
Here we reach tendentious issues of how much of perception is given bottom-up from 
sensory signals and how much top-down from stored knowledge. It may be useful to 
think of operating rules as introduced 'side-ways' (like floppy discs) and producing 
illusions when their rules (or algorithms) are inappropriate for the task in hand. This 
concept of inappropriateness is subtle because it can cause errors though there is no 
malfunctioning of the physiology (or, for computers, no malfunction of the electronics). 
Some (contingent aftereffects) may be calibration errors. 

The fine subdivisions of the categories become highly theory-laden. But perhaps 
attempting to place illusions into categories will help us to ask and answer critical 
questions for understanding the phenomena and forming acceptable terminologies for 
discussion and presenting experimental results—which always need interpreting with 
more-or-less explicit assumptions. 

Phenomena of illusions have been considered for a very long time. They were 
indeed the basis of Plato's rejection of perception as a valid source of knowledge, 
discarding the world of objects in motion we seem to perceive, in favour of timeless 
mathematics. British Empiricism, on the other hand, based all knowledge on percep
tion, and correspondingly played down illusions. The historical watershed is the 
writing of the Arab mathematician, born in Basra, Abu Ali Al-Hasan Ibn Al-Hasan 
Ibn Al-Haytham, better known to us as Alhazan (c. 965-1038). He was the first to 
give an account of atmospheric refraction, and of reflection from curved surfaces. He 
feigned madness to escape from a boast that he could prevent the flooding of the Nile. 
More important, he was the first to write at length of sources of vision illusions. Until 
recently his work has only been available in fragments (Ronchi 1970), but now we 
have the entire text of his Optics translated into English (Sabra 1989). What do we 
find? We find that, writing in our Dark Age of the 11th century, Alhazan describes 
perception as depending upon knowledge and inference—most illusions being false 
inferences. He is a neo-Helmholtzian! For he saw perception as very much depending 
on knowledge and (syllogistic) inference. 

The word 'illusion' is hard to define. Any suggested definition is likely to be too 
specific or too general. But a general definition is not necessary. This is typical of 
very general definitions in the Natural Sciences: thus 'What is Life' need not be 
defined for classifying species; or 'What are Elements', for classifying primary sub
stances. We cannot define illusions for example as 'departures from reality' without 
agreement on the far-too-general question: What is reality? It is fortunate that agree
ment over such very general questions is not needed for classifications to be useful 
for the Natural Sciences, or for the Unnatural Science of illusions. 
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Al Hazan gave eight causes of illusions, some having multiple causes. His explanations 
of illusions and their classification reflect his understandings (and misunderstandings) of 
perception. No doubt the categories of illusions submitted here do the same for our 
thinking, nearly a thousand years later. Islamic works have deliberate errors. I have 
no such excuse for mistakes or confusions in this attempt to put illusions in their place. 

Richard L Gregory 
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