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Abstract 

Pictures have a double reality - objects in their 

own right and representing quite different ob­

jects in a different space and time. We may call 

these Other Worlds of pictures. 

with moving around the painting, or (most dra­

matic) a trompe l'oeil dome of a cathedral. There 

is an attempt to classify phenomena of illusions. 

The first artists were cave painters; though there 
were far earlier pictures of bird's eyes on but­

terfly wings, produced by natural selection. For 1. 
perception I distinguish 'cues' from 'clues'. This is Introduction 
from innate knowledge, to knowledge learned 

by individual experience. Knowledge is key to 
perception - as perceptions depend on and also 

provide knowledge. 
Trompe l'oeil is the most dramatic use of cues and 

clues; but the more realistic a painting the more 

dramatic are its illusions, especially associated 
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Rather than looking at art history we look 
here at the biological origins of pictures -
with associated phenomena of illusions. It is 
hoped that this may provide a context for 
thinking about the history of art. 

Any picture is remarkable as it has a 
double reality. Like any ordinary object it is 
in our world of Here and Now, and miracu­
lously a picture is also in Another World in a 
different space and time. It is indeed miracu­
lous that we see entirely different objects, 
such as people, in a blob of paint. 
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Fig.1 Bird's eyes 'painted' on butterfly wings by 
natural selection. This is pre-human art, designed 
to attract and warn 

Other Worlds of pictures was the inven­
tion of cave artists of, perhaps, half a million 
years ago. Pictures are as magical to us now 
as they must have been to the first artists. 
Actually these were not quite the first pic­
tures, for pictures have a much earlier bio­
logical origin deep in evolution - bird's eyes 
painted on butterfly wings, by Natural Selec­
tion millions of years ago (Fig. 1). These are 
remarkably realistic, with their eyes pot re­
flections, serving as false though effective 
warnings to birds. As we also see them as 
eyes, these first pictures suggest that bird vi­
sion (and birds are descended from dino­
saurs) is quite similar to ours. 

2. 
Cues and clues 

Vision works from innate cues triggering re­
flexes and inherited behaviour patterns, 
learned by the genetic code, and in 'higher' 
animals and man from sophisticated clues, 
based on individual knowledge learned by 
brains. The ideal example is the inferences of 
the Victorian fictional detective Sherlock 
Holmes from small clues, depending on his 
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wide knowledge including brands of tobacco 
and varieties of human behaviour. Although 
this suggested distinction between cues and 
clues may not be generally accepted, it 
seems useful for thinking about origins of 
perception in evolution and from individual 
experience. 

3. 
Trompe l'oeil 

Pictures present patterns that are accepted 
as familiar cues and clues for recognising ob­
jects and events in the normal world. In art, 
depicted cues and clues are most effectively 
presented in trompe l'oeil paintings. We may 
ask ... 

3.1 Why is trompe l'oeil so effective? 

We have said that everyday perception 
works from innate cues and learned clues 
for recognising objects, with their sizes and 
where they are in surrounding space, for 
interactive behaviour in a largely hostile 
world. Trompe l'oeil presents these same 
cues and clues but pictured as patterns on 
flat surfaces, generally with marked perspec­
tive and painted shadows suggesting depth 
- though in a flat picture this is illusory 
(Fig. 2). It is interesting that photographs 
seem to be less effective than the best 
trompe l'oeil paintings. This is presumably 
because the artist is free to use exaggerated 
though fictional cues and clues, based on ex­
perience of real objects and events. As a pic­
ture is physically very different from the ob­
jects it represents it can evoke bizarre 
illusions, especially with movement. 
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Fig.2 Though a flat pattern, this still life evokes 
three-dimensional objects from painted cues and 
clues normally from the world of objects (Julian 
Merrow-Smith, Still Life with Autumn Fruits, 2010) 

3.2 Moving illusions of trompe l'oeil 

Visual cues and clues derive from interacting 
with objects, and they work well for interac­
tive behaviour with normal objects. But 
strange distortions occur when the viewer 
moves around a trompe l'oeil picture, which, 
though flat, represents objects in three-di­
mensional space. As the observer moves 
around, the picture's flat images do not 
transform at all like retinal images of normal 
objects, including those portrayed in the pic­
ture. This absence, or very different change 
at the eyes with movement, produces re­
markable dynamic distortions that defy de­
scription. 

The bizarre movements and distortions of 
a large trompe l'oeil dome, as one moves 
under it, are truly wonderful. For example, 
the painted ceiling of the church of Sant' Ig­
nazio in Rome or the false dome of the 
cathedral in Arezzo in Tuscany are dramatic 
and tell us a lot about how eyes and brains 
work, and sometimes get things wrong. 

The founder of the modern science of vi­
sion, Hermann von Helmholtz (1821-1894), 
suggested a General Principle for explaining 
many visual phenomena, which comes to 
our aid here. We may state Helmholtz's Prin­
ciple simply as: Perception attributes objects 
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to images. This explains many illusions, as 
being false attributions. Seeing pictures as 
other objects depends on attributing more 
or less familiar objects to patterns of pig­
ments. It is curious that we see a picture 
both as a picture and, at the same time, at­
tribute other (often fictional) objects to it. 
So we see both the picture and what it re­
presents. This is quite different for retinal 
images, as we do not see into our own eyes. 

Helmholtz's Principle applies also to move­
ment. When one moves around a portrait, 
with its eyes staring out at the viewer, its eyes 
seem to follow one's every movement. This is 
because, in normal life, eyes that continue to 
stare at one must be rotating to follow one's 
movements. We attribute this rotation of 
normal eyes to the fixed and flat but appar­
ently three-dimensional eyes of a picture. The 
more realistic the picture, the more powerful 
is this illusory movement of its eyes. 

Returning to the false dome: like the 
painted eyes, a true dome could only keep 
an unchanging image in our eyes as we move 
under it if (impossibly) it rotates to follow 
our movements. So this is what we see, al­
though it is impossible and has zero probab­
ility! But there is more to these illusions of 
movement with large architectural trompe 
l'oeil, such as a false dome, for they undergo 
remarkable static distortions when we have 
moved away from the 'correct' position for 
viewing them. This is because these retinal 
images have not changed as they would for a 
three-dimensional object, such as a truly 
hollow dome. There is a continually up-dated 
expectation of shape changes according to 
the three-dimensional shape the object is 
seen to have - though this is inappropriate 
for a picture, as the picture is truly flat. As 
these pictures are seen in depth though they 
are flat, so there are discrepancies between 
what is expected and what happens at the 
eyes. The difference between the expected 
and the optical changes of the retinal image 
gives these static and dynamic distortions. 
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We attribute a face even to the sketchiest 
portrait, making the task of the artist easier 
than might be thought. Indeed, except for 
trompe l'oeil, the viewer contributes at least 
as much as the artist for seeing a picture. So 
we see 'faces in the fire' and the 'man in the 
moon' even from random patterns. There is 
a continuum in art from inkblots to trompe 
l'oeil, with wonderful revealing phenomena 
along the way (Fig. 3). 

4. 
Classifying illusions 

Vision evolved over millions of years -
though not of course originally for pictures 
- which we see through processes that 
evolved for interacting with dangerous and 
rewarding objects. Vision's perception from 
a distance - and so power to predict - was 
immensely useful for survival. Pictures, 
though not immediately useful, depend on 
these life-death lessons from dangers and 
rewards of normal objects. Pictures are a 
fortunate gift for humans, bought by ances­
tral disasters. 

.. . . 

Fig.3 Seeing scenes and people in ink blots shows 

the creative dynamics of vision. 

www.inkblottestwalipaper.com/INK-BLOTTEST01 
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With the risks of any dangerous specula­
tion, key stages of evolution of vision seem 
to be from: passive Receptions of stimuli, for 
behaviour by reflexes and tropisms from 
cues, to active constructive Perceptions from 
visual clues, from knowledge of objects and 
how they behave. Finally, at least human 
brains developed Conceptions for thinking 
and communicating abstract ideas with sym­
bols. Paintings, in their strange Other Worlds, 
involve all three. 

The linking theme is increasing use of 
knowledge, from receptions to perceptions 
to conceptions. As misapplied knowledge 
can be deeply misleading it is not surprising 
if errors (phenomena of illusions) become 
richer and more interesting through this de­
velopment from control by stimuli to per­
ceptions as guesses - hypotheses of what is 
out there. 

These speculations suggest that it might 
be interesting to classify phenomena of illu­
sions. Here is an attempt, by kinds and cau­
ses, which will take us to pictures (Table 1). 
The idea is that there are very general rules 
for perception (here called 'sideways rules', 
rather like grammar in language) and top­
down knowledge of objects and their char­
acteristics and uses, and finally conceptual 
understanding. As classifying has been so 
important through the history of science, we 
may find it useful here for understanding the 
phenomena of illusions and the wonder of 
pictures. 

Conclusion 

Art works by using 'cues' and 'clues' important 

for survival in a dangerous world, where objects 

are more than patterns in the eyes. Art is not 

only cultural, it has its roots in the biological 
evolution of perception by which brains repre­

sent the world of objects for intelligent predic­

tive behaviour. 
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