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Foreword

This short E–Book is intended as preliminary reading material for a sum-
mer course in visual perception. It is one of a series of short introductions.

The book was prepared in PDF–LATEX, using the movie15 and hyperref
packages. In order to make use of its structure use the (free!) Adobe Reader.
Make sure that all options are enabled! Video and sound clips will start by
clicking (or double clicking) the image, they are embedded in the file.

Make sure you are online. Clicking the light blue text will get you to Inter-
net sites with additional material (try this page!). Be sure to read some of that,
if good material is available elsewhere I’ll skip it in the text. Most references
occur only once, saving both you and me time. However, it means that you
may have to backtrack at times.

All links were active when I checked last. I will check them again with the
next reprint.

Utrecht, february 12, 2012 — Jan Koenderink
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MULTIPLE WORLDS AND AWARENESS

The “many worlds (or multiverse) interpretation” of quantum me-
chanics has become a standard chapter in modern pop science. It
may have inspired movies as “Lola rennt”. The multiple worlds
paradigm may actually be more useful in the description of aware-
ness and the arts than it is in physics. I develop the notion in some
detail. It has implications for the analysis of “facts” in experimental
phenomenology and cognitive science.

The case of visual awareness

Just open an eye an you immediately become visually aware of the scene
in front of you, including part of yourself. It simply happens to you.
Ernst Mach’s famous figure1 depicts this. You see his study, bookcases, a
window offering a view, his body (apparently reclining on a sofa), his eye-
brow and his moustache.

When you open both of your eyes you obtain a pair of views2 that magically
appear as a single one. Somehow the view looks more “real”. When you move
your head or body you obtain a series of views that increases the vividness
even more.

Something similar occurs in pictorial perception. A single photograph may
yield a more or less vivid image of a scene, but a pair of photographs is better
(say a frontal and profile view of a face like in a criminal record), and a full
photographic coverage is better still (like the police photographer will docu-
ment the scene of a crime). A movie gives you a serial order of pictures and
indeed yields a very vivid impression indeed.

Perhaps, surprisingly, in all these cases you are firmly convinced to see a
physical scene much “as it really is”, only more or less clearly.

1Ernst Mach (original (in German) 1870) The Analysis of Sensations
2Generally different as you may check by blinking (try it!).

That you become aware of a spatial, “volumetric” scene, even from a single
perspective is generally thought to stand in need of an explanation. After
all, at any moment the eye only samples a “flat”3 simultaneous presence of
radiance.

Ernst Mach drew this from the sofa
in his study. Notice that every-
thing is razor shape, near to far, cen-
ter to periphery. Mach must have
made eye moments to get every-
thing in view, as well have used a
bit of “artistic licence”. When you
attempt this yourself you’ll notice
how hard it is. The drawing does not
really capture your immediate visual
awareness of the scene in front of
you, it is more the result of long
scrutiny.

According to the remarkable Bishop Berkeley the observer sees objects not
directly, but only through their marks4. The so called “cues” are arbitrary
signs (according to Berkeley) that one has learned to associate with certain
features of the world. Thus you see anger or shame in a face when the radiant
power spectrum shifts towards the longer wavelengths. In the modern view
it is indeed obvious that cues originate from repeated uncontradicted experi-
ence. “Evolutionary internalized regularities” originate from endless repeti-
tion of chance events. Berkeley hit the nail on the head. Of course we have

3“Flat” in the meaning of “two-dimensional”. In this case the bushel of “visual rays” has
two degrees of freedom.

4Berkeley G, 1975 Philosophical Works, including the Works on Vision (the An Essay
toward a New Theory of Vision dates from 1709) (London: Dent)
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gained an independent understanding of many cues from scientific analysis of
the structure of the physical world (the “ecological optics” of Gibson5), just
think of shape from shading, texture gradient, disparity, perspective, contour,
and so forth. There is little arbitrary here in that sense.

A problem common to all “shape from shading, contour, texture, motion,
. . . ”, in short “Shape–from–X” theories (and thus to all cues) is that they nec-
essarily depend on a—sometimes large—number of prior assumptions. For
instance, typical shape from shading theories6 assume Lambertian surfaces of
constant albedo irradiated with uniform, collimated beams and the absence
of interreflections (or multiple scattering) and vignetting (occultation of the
source by the shaded object itself). The assumptions cannot be checked on
the basis of the available optical structure, they have to be accepted at face
value. They might well be wrong. One thus prefers assumptions that are
“generically true”, that is to say, only fail in cases that one would be prepared
to consider “freaks”. A biological system will survive quite well (on the av-
erage that is, bad luck for the individual) if it only fails in freak cases whose
probability of occurrence is nil. Evolution knows no mercy concerning the
individual.

An even larger problem with the Shape–from–X theories is that they hardly
ever yield a unique solution. They typically yield a—often very broad—
family of equally valid solutions. The solutions are related to each other—
they all derive from the same cues, I will say that they are related via an “am-
biguity transformation”. When you have some particular solution and apply
all ambiguity transformations to it you obtain the complete set of solutions.
Equivalent scenes (by definition!) yield identical photographs and thus are
not different to the observer, at the stimulus level. They differ only to the
photographer who remembers the moment of exposure, not to the viewers of
the picture.

Why should ambiguity pose a problem? Well, suppose I start with a pho-
tograph of a scene. Let’s agree to call it the “actual scene”. From the pho-
tograph I try to reconstruct the scene using all available cues. What I obtain

5Gibson J J, 1950 The Perception of the Visual World (Boston: Houghton Mifflin)
6Horn B K P and Brooks M J Eds., 1989 Shape from Shading (Cambridge, Massachusetts:

The M.I.T. Press)

will be an infinite family of scenes, all related by some ambiguity transforma-
tion. A percept can be regarded as a solution to some shape–from–X problem.
Which scene is the “veridical perception”? You might say: “The actual scene
of course!” But then, the actual scene is by no means singled out among
the solutions. If the actual scene is to be called “veridical”, then you can’t
deny this epithet to the infinitely many other contenders. Since you typically
cannot characterize the ambiguity, you are quite generally in no position to
judge whether the perception of a scene from a photograph (say) is veridical
or not. Suppose the photographer suffered a lethal accident, then there is no-
body around with first hand knowledge of the actual scene. Again, the picture
might not be a photograph at all, but an art work from the photorealist school,
or even a piece of paper covered with darkish fungus growth in a peculiar si-
multaneous order. There need not even have existed an “actual scene” at any
time! The picture is still a valid stimulus. The point is that

“Veridicality” in the naı̈ve sense is really a non–entity.

This poses a serious problem to any psychophysical endeavor in this field. I
don’t understand why so few people seem to worry about it. I do.

“Equivalent scenes” can be very wild indeed! The sky’s the limit. Consider
a photograph on the CRT screen. It is an array of a thousand by a thousand
pixels (say), each pixel being simply a tiny luminous spot (or a triple of these
in the case of color, it makes no difference). Suppose I move the luminous
points out on rays from the eye, adjusting their luminosity according to the
inverse square law of photometry. When I move the dots out into outer space
they become stars. When I adjust their distances randomly I can have it such
that no pair of them is closer than a few light years from each other. Thus
I have created a scene composed out of a dispersed cloud of stars. Yet the
observer cannot notice the difference since the retinal illuminance doesn’t
change. The peculiar stellar constellation is equivalent to the dots on the
CRT screen.

This is not an artificial example either. The stellar constellations are spon-
taneously grouped in visual awareness, as is evident from the fact that (for
instance) the big dipper (Ursa Major) is present in virtually all societies and
cultures (under different names, of course). Yet the stars that make up the
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constellations have no obvious relations and are arbitrarily distributed over
our neighborhood of the galaxy.

Ursa Major constellation from Ura-
nographia by Johannes Hevelius (1690).
The view is mirrored following the tradition
of celestial globes, showing the celestial
sphere in a view from ”outside”

This is similar to Ames’s demonstration of a “chair” made out of discon-
nected parts7. The other Ames demonstrations like the monocular and binoc-
ular rooms show that box–like interiors can be quite differently structured, yet
appear the same. In the binocular Ames rooms straight lines become curved.

Another interesting example is due to Leonardo da Vinci8. He remarks
that a view of a piece of sculpture can be “undone” by painting the statue in
such a way that the shading is exactly “neutralized”. The statue will look like
a uniform paper cut–out, a silhouette. Nature has long since invented such
“counter–shading” as a camouflage device. Amplifying on this, it should be
possible to paint a human body in such a way that an (actual) ventral view
will appear like a dorsal view. A cinch to the modern body–paint artist. Thus
a human in anterior and in posterior view can be equivalent scenes if you only
adjust the albedos suitably.

It is easy enough to carry on and pile one weird equivalent scene upon the
other. I often see striking examples in modern art. I recently saw a photo-
graph of a body–painted nude leaning against a brick wall. The body neatly
merged into the wall due to the body–painted brick work. When a nude can be
mistaken for a brick wall then where’s the limit? As an observer you are free

7Ittelson W H, 1952 The Ames Demonstrations in Perception (Princeton, New Jersey:
Princeton University Press)

8Leonardo da Vinci (died 1519), 1989 (first published 1651) In: Leonardo on painting
Ed. Martin Kemp (New Haven: Yale University Press)

to adjust the geometry, material properties, camera position and type, light
sources, and so forth. There appear to be very few limits indeed on what is
possible. The visual observer is indeed quite free to do all that, because it
need only be done in the mind. What you do (your assumptions) is part of
your perception of a scene. It is “the beholder’s share” of the percept9.

Veruschka (the countess Vera von
Lehndorff) pioneered body painting
so as to assimilate into the optical
environment. Here it becomes hard
to see that she is standing in front of
a scene.
She merges with the sky and the

wall, breaking her body into two
parts (notice how head and shoul-
ders look more “remote” than the
thorax).

Thus pictures, but also glances of real scenes, allow multiple visual world
interpretations. The same is true for multiple views and serially ordered
views, although the ambiguity groups will tend to shrink as the available cues
become richer. We all know that few Hollywood directors will go to the trou-
ble of building real castles or moving the set to the moon. The ambiguities
don’t go away in the movies. Nor do they in real life.

You may well wonder what perceptions are like?

QUESTION: Is a perception like a bundle of possible visual
worlds (then the observer apparently abstains from a final —

9Gombridge E H, 1959 Art and Illusion Part III The Beholder’s Share (London: Phaidon
Press)
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precognitive— decision) or is it like a single visual world (the ob-
server really “sticks the neck out”)?

I propose to call the first possibility the “many visual worlds” hypothesis,
whereas the second possibility is simply common consensus (“folk psychol-
ogy for academics”), although it is hardly ever explicitly mentioned. I will
assume that the issue is empirically decidable. If you don’t grant me that,
then you have to accept that both the multiple visual worlds and the conven-
tional concepts are equally fictitious. Few colleagues I meet seem prepared to
accept the latter consequence.

I think that in a great many cases perceptions are more of the many visual
worlds variety than like the single guess. You don’t notice this in the labo-
ratory because most psychophysical methods force a unique response. They
simulate the decisions–in–action of daily life. That you don’t notice the es-
sential ambiguity of perception in real life is most likely due to the fact that
you don’t need to take decisions on issues on which no actions will be taken
anyway. That the many visual worlds option is indeed likely is suggested by
the fact that a change of psychophysical method or task often leads to dis-
tinctly different results. This is not to say that observers actually entertain
many visual worlds interpretations explicitly, but merely that they don’t nec-
essarily resolve ambiguities when this is not specifically required for some
action or decision.

Suppose you drive to some destination and have been told to “stay on the
main road”. Locals are wont to come up with advice like that. Inevitably there
will be a time when you arrive at a fork, or Y–junction, whose two branches
are optically identical except for a reflection about your coasting direction.
Do they look the same to you? Obviously not, for one branch must look like
the main road, the other like a side road. That’s what you’re looking for, so
that’s what you see. You waver. When one branch appears like the main
road right now, the other may look more like it the next moment. When a
branch appears like the main road it looks as if it makes a less sharp turn and
is broader, whereas the other branch makes a decidedly sharper turn and is
clearly narrower. As you drive on you find yourself taking one of the two
branches (the only other option is to drive into a tree say), thus resolving the
quandary through a “decision–in–action”.

A driver arrives at a Y–junction, determined to “follow the main road”. Both
branches are optically identical, but which one is “right”? You know after
having taken the turn. (Of course, this does not mean that you’re certain to
arrive at the intended destination!)

Before you took the turn there existed two possible worlds, the action let
them collapse into one. When you look at a Necker cube you face a similar
binary choice, except that no decision–in–action will ever take care of the col-
lapse. Each decision perversely returns you to the same initial condition. You
face yet another binary choice. The Necker cube presents you with an infinite
tree of Y–branches, like Borges’s “Garden of forking paths”10: “. . . each time
a man is confronted with several alternatives, he chooses one . . . ; [in the Gar-
den of Forking Paths] he chooses—simultaneously—all of them. He creates,
in this way diverse futures, . . . which themselves . . . proliferate and fork . . . ”.
As a result you generate a potentially endless, erratic series of percepts.

10Borges J L, 1970a The Garden of Forking Paths In: Labyrinths (Harmondsworth, Mid-
dlesex, England: Penguin Books)
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?!
…

etc.

The Necker cube figure allows infinitely many interpretations, though only a
few (mainly two) appear at all reasonable. Percepts toggle randomly between
the two main contenders.

This is not like real life. In living your life (driving to work, engaging in a
sword fight, . . . ) you continually make decisions–in–action that are final (no
looking back!) and collapse the multiple visual worlds for better or worse.
Us survivors seem to do pretty well on the whole. It is like you traversed
an endless tree of Y–branches, like one of Werner Reichardt’s11 unfortunate
bugs, but unlike the Necker cube case you are never trapped in vicious loops.

11Reichardt W, 1961 Autocorrelation, a principle for the evaluation of sensory information
by the central nervous system In: Sensory Communication Ed. Rosenblith W A (Cambridge,
Massachusetts: The M.I.T. Press)

Facing the consequences of decisions–in–action have made us (phylogeneti-
cally as well as ontogenetically) into what we are. In Schrödinger’s12 view
consciousness itself is nothing but this facing the consequences of decisions–
in–action.

One of Reichardt’s unfortunate bugs
(clearly a fake specimen in this
sketch, Reichardt ran Chlorofanus)
trapped in an infinite maze of
Y–junctions. When you look at
a Necker cube you’re in a simi-
lar conundrum—until you voluntar-
ily jump out of the vicious loop.

Notice that it is entirely possible to have different perceptions in face of
the same optical structure (stimulus). This is due to the fact that perceptions
invariably contain a considerable “beholder’s share”. The beholder’s share
derives from the observer’s visual expertise and prior knowledge. This is a fa-
miliar enough phenomenon that perception holds in common with e.g., read-
ing literature. Thus it makes a lot of difference whether you read Cervantes’s
work or Pierre Menard’s incomparable fragments of the Quichote. Though
Cervantes’s text and Menard’s are literally identical, the second is almost in-
finitely richer13. Indeed, the differences between the two texts are striking in

12Schrödinger E, 1964 My View of the World Transl. Hastings C (Cambridge: Cambridge
University Press)

13Borges J L, 1970b Pierre Menard, Author of the Quichote
In: Labyrinths(Harmondsworth, Middlesex, England: Penguin Books)
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all respects:

The contrast in style is also vivid. The archaic style of
Menard—quite foreign, after all—suffers from a certain affectation.
Not so that of his forerunner, who handles with ease the current
spanish of his time.

Indeed, examples in many fields abound. Think of the drone of the distant
cropduster in the scene of Cary Grant trying to hitch a ride on a dusty road in
the mid west in Alfred Hitchcock’s “North by Nortwest”. When you’ve seen
the movie once the sound will never be the same when you watch a rerun.
Nelson Goodman’s14 example of Rembrandt’s Lucretia and its perfect copy
(are they aesthetically different?) is another interesting instance15.

The crop dusting scene from Alfred
Hitchcock’s “North by northwest”. No-
tice the first line of the dialogue: “ that’s
funny — he’s dusting crops where there
ain’t no crops”. Once you’ve seen the
scene once, it’ll never be the same.
Somehow the potentials of the scene in
your immediate awareness are narrower.
At first exposure the plane is mere “mid-
west couleur locale”, at the second ex-
posure it signals impending doom.(Video
clip.).

A case that is complementary to that of the Necker cube is that of
Leonardo’s wall. Quoth Leonardo (ibid p.222),

14Goodman N, 1976 Languages of Art (Indianapolis, Indiana: Hackett) 99.
15Goodman’s answer is yes. According to him: “A philosopher of art caught without an

answer to this question is at least as badly off as a curator of paintings caught taking a
Van Meegeren for a Vermeer”.

. . . look at any walls soiled with a variety of stains, . . . , you will
therein be able to see a resemblance to various landscapes graced
with mountains, rivers, rocks, trees, plains, great valleys and hills
in many combinations. Or again, you will be able to see various
battles and figures darting about, strange–looking faces and cos-
tumes, and an endless number of things which you can distill into
finely–rendered forms. . . .

In the Necker cube case you have clearcut optical structure offering a bi-
nary choice, in the case of Leonardo’s wall the optical structure is not so eas-
ily summarized and the possible interpretations are boundless. At any time
you’re faced with a junction of infinite branches, much worse than Borges’s
enchanted garden. As you watch the wall you perceive floating shreds of half-
baked perceptions that do not clearly alternate like in the Necker cube case
but are often intermingled and may even seem simultaneously (somewhat)
present. You generate an errant trek through an infinite maze. Whereas in real
life (negotiate the traffic on the way to work, and so forth) your decisions–
in–action may have dire consequences, in the Leonardo wall like the Necker
cube case you’re fortunately only freewheeling.

Before I made the decision–in–action at the Y–junction my percept was
undefined (multiple visual worlds), after my decision it became history, part
of my mental make up. The multiple worlds collapsed into a single one at the
moment of the decision–in–action. The percept became operationally defined.
In real life the decisions–in–action occur at moments that are forced upon me
by the world, there is typically no looking back. It is the flow of time. Quoth
Saint Augustine16,

All the while the man’s attentive mind, which is present, is rele-
gating the future to the past . . .

Decisions–in–action happen to you. The multiple visual worlds continually
collapse. No doubt this is the reason why your percepts tend to be well defined
most of the time.

16Augustine of Hippo (A.D. 354–430), 1961 Confessions Transl. Pine–Coffin R S (Har-
mondsworth, Middlesex, England: Penguin Books)
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You may well ask how it can be that you never experience the really freak
interpretations though you know them to fit the optical facts quite well. One
answer is that the freak solutions are indeed freaky in the sense of being very
unlikely. If you see a ping–pong ball illuminated in a certain way and are
(later) shown that you actually looked at a kind of broomstick seen end–on
you feel cheated. Indeed, you have a right to feel cheated because this only
works if both the viewing direction and the angle of the illumination are con-
fined to very narrow angular regions. Thus the view was very unlikely (on
the assumption that all possible viewing directions and illuminations are a
priori equally likely), generically the thing will look like a broomstick shape.
Likewise, in the human figure seen from the front that appears to you as a
human figure seen from behind you again may feel cheated when the hoax is
revealed. The body–paint has to be applied expertly and the viewing and illu-
mination directions have to be dead–on in order for the illusion to work. It is a
highly non–generic situation. Similar considerations apply to the Ames chair
or the stellar constellation. Thus the set of solutions is somewhat graded by
greater or lesser likelihood. Yet you may rest assured that the set of acceptable
solutions (by any biologically reasonable standard) is still quite appreciable.

To delineate the ambiguity for given cues is an immense task for theoreti-
cal ecological optics. It is indeed very far from being completed. Solutions
exist for many geometrical cues and some special cases of shading17, but for
preciously little else. It is a priori to be expected that the ambiguities will
turn out to be different for the different cues. The ambiguity in visual per-
ception will then be the common core of ambiguities for all relevant cues.
It will be decades before useful progress has been made in this area. Fortu-
nately it is possible to venture educated guesses at the outcome. For instance,
the sculptor Adolf Hildebrand18 (a professional in all matters visual) noticed
that bas–relief can hardly be distinguished from sculpture in the round when

17Belhumeur P N, Kriegman D J and Yuille A L,1999 “The bas–relief ambiguity” Inter-
national Journal of Computer Vision 35 33–44; Yuille A L, Snow D, Epstein R and Bel-
humeur P N, 1999 “Determining generative models of objects under varying illumination:
Shape and albedo from multiple images using SVD and integrability” International Journal
of Computer Vision 35 203–222.

18Hildebrand A, 1945 (original 1893) The Problem of Form in Painting and Sculpture
Transl. Meyer M and Ogden R M (New York: G E Stechert & Co)

seen from some distance. He derived a theory of vision in which the group of
depth scaling ambiguities plays a central role. He was indeed one of the firsts
to take the multiple visual worlds hypothesis seriously and use it to formulate
a theory of perception.

From a methodological perspective the multiple visual worlds problem
opens a can of worms. Consider some examples:
◦ Suppose you do some experiment with a number of observers and they

all do something different. You will probably not even dream of publish-
ing such a result. It is evidently rubbish! Yet it may well be the case that
all observers yield equivalent results modulo an ambiguity transforma-
tion. If that could be shown to be the case then they would have identical
responses in so far as these responses were causally related to the stimuli.

◦ Even worse, suppose the observers clearly divide into two groups. Then
you might contemplate publishing the result, yet it need not at all be the
case that the observers differed in the sense you expected. They may
well have exploited the available cues to exactly the same extent and in
the same manner.

◦ Likewise, if the responses of a single observer are shown to depend on
the nature of the psychophysical task then the conclusion needn’t be that
one task yielded “more veridical” results than the other.

◦ Instead of comparing responses among each other you might be tempted
to compare responses to the actual scene. Although this is indeed the
common practice, it makes remarkably little sense because the actual
scene is in no way special.

When you think this over it appears that the literature must be full of mistaken
reports and inadequately analyzed results.

That these ideas are indeed very relevant is clear from the fact that cases of
prima facie very different but on closer analysis equivalent (under a certain
ambiguity transform) responses are not at all rare.

Infinite interpretations (the usual case) can’t be visited exhaustively as in
the case of the Necker cube. Yet you (as an observer) may not even be aware
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of ambiguity! The real thing is the picture before your eyes and you have
certain 3D feelings with it.

That you entertain multiple possibilities can be shown operationally when
you let the picture develop over time in a movie-like fashion. There will be
different degrees of surprise for various developments. Movie directors are
well aware of this suspense. You will buy many different movie shreds as
“natural”, thus revealing the indefiniteness of the initial percept. The problem
occurs in real life. It is not just fancy theory or mere philosophizing.

“MANY WORLDS” IN THE ARTS

There are numerous examples of the “use” of many worlds in the
visual arts. I discuss only a few mutually distinct types. The reader
is urged to study works by art historians like Erwin Panofsky, and—
especially—to look at art (really look I mean) and discuss ideas with
artist friends. They tend to have a keen interest in the topic.

Allegory and so forth

In the dictionary allegory is defined as “the representation of abstract ideas
or principles by characters, figures, or events in narrative, dramatic, or pic-
torial form”, or “a poem, play, picture, etc., in which the apparent meaning
of the characters and events is used to symbolize a deeper moral or spiritual
meaning”.

The picture on the next page shows a rather typical “vanitas” still life (the
French “nature morte” sound more apt) by Peter Claesz. The skull makes
the topic rather obvious. But notice that everything in the painting has to be
“read” in this spirit. For instance, the light has just gone out (there is still a
whiff of smoke), like your life will be “snuffed out”, the watch ticks away the
remaining time of your life, the glass has fallen into a position in which it is
not functional . . . Such examples abound in western art.

Vanitas still life by Peter Claesz (1596–1661).

The painting by Grant Wood called
“American Gothic” caused quite a
stir when exhibited in 1930. It
has become an icon like the Rais-
ing of the Flag at Iwo Jima. When
you read various interpretations of
the painting you start to get an
appreciation for its existence in
“many worlds”.

It is hard to find instances of paintings of pre-nineteenth century Europe
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in which allegory does not play a role. If you are at all serious in viewing
western art you need to know about the attributes of the Christian Saints, the
adventures of the Olympic Gods, and much, much more. That is to say, such
paintings have typically various layers of meaning.

This has changed somewhat in modern times. It is still true, for instance,
that in order to fully appreciate a painting like “American Gothic” by Grant
Wood (painted 1930) you need a lot of knowledge about certain aspects of
American culture. Otherwise it would be hard to understand the stir caused
by the painting at the time. There are many possible interpretations of the
painting as a whole, its elements, and its composition. You will most likely
appreciate the painting at a variety of levels, not only in reflective thought, but
also purely visually.

Advertisement for the “Wonderbra”.

The Wonderbra has led to numerous highly ingenious and visually “catch-
ing” advertisements. The one shown here is particularly interesting. Who
would think it obvious that you need some familiarity with ladies underwear

in order to be able to “read” a picture of a pair of oranges? Yet most people I
asked tell me they read the advertisement immediately, as a matter of course.
Apparently this occurs in precognitive visual awareness! A dependence upon
cultural background seems evident (people I asked were Northern, continental
Europeans with long “roots”).

May this still be called “allegory”? That is evidently stretching the mean-
ing. However, such a case were the “symbolism” is created along with the
awareness is particularly interesting.

Square water melons. Hoaxes
like that (or is it?) regularly ap-
pear on the Internet. Many peo-
ple fall for them.

On the site where I found the “square water melon” I read: “The new form
was invented several years ago by farmers in Zentsuji, Japan, who decided to
grow square watermelons that fit exactly into Japanese refrigerators. In this
age of carbon-footprint sensitivity and conserving gas, it’s actually a terrific
idea – square melons take up less room to transport than round ones”. It is
certainly a catchy image. Here we have stretched the meaning of “allegory”
perhaps too far though. But the point is that you don’t just have a water melon
in your awareness, there is something else too.

“Squares” and “melons” are not usually associated. What’s in your aware-
ness when you view the image?
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Pareidolia

The word “pareidolia” alludes to the awareness of significance when view-
ing a vague or random stimulus (either image or sound). Very common are
reports of images of animals or faces in clouds. The man in the moon or the
Moon rabbit, and hearing hidden messages in the random chiming of bells are
also well known.

A photograph of eucalyptus bark. Most
people also see a face. This is nothing
special. People see faces anywhere, in
natural scenes (trees, clouds, rocks, . . . ),
as well as urban scenes (fire hydrants,
houses, . . . ). There is a website that spe-
cializes in such “spottings”, much rec-
ommended!

The drawing by Heinrich Kley is so explicit that you need reflective thought
to “see” that he pokes fun of the cliché of “mother earth”.

The pastel drawing/painting by Edgar Degas is close to pareidolia. Some
people find it hard to “see” the reclining nude in Degas’ landscape, even after
having it pointed out to them. Yet some people see mother earth even in
actual landscapes, it is a matter of opening one’s spiritual eye. The work is no
doubt intended to evoke a dual world awareness, one of a cliff-landscape, the
other of a reclining female nude. There is also the allegorical “mother earth”
meaning in the background.

Heinrich Kley evidently pokes fun of the conventional allegory of “mother
earth”.

Edgar Degas is perhaps more serious in the depiction of “mother earth”.
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The combination of landscapes (dunes are preferred) and nudes (female nude
preferred) in artistic photography. In the darkroom days one used to “sand-
wich” two different negatives during enlargement, contemporary photogra-
phers have taken to Photoshop.

Suspension of judgment

Cases of “suspended judgment” in visual awareness are not rare. An ex-
ample would be a painting of a (not to large) group of people. After duly
admiring the painting a friend may ask you: “how many persons are there in
the painting?” In many cases you will be forced to give it another look, per-
haps to your embarrassment. There is no reason for embarrassment though.
Any painted “texture” (numerous instances) falls in the same category. Fre-
quently the painter would be insulted if you started to count features, that’s
not why he or she painted the work in the first place.

How many pintos are there in Bev
Dolittle’s painting? I obtain differ-
ent answers in a class of university
students, apparently it is ambiguous.
But did you feel any ambiguity be-
fore being asked for the number? If
not, was there a specific number in
your awareness?

The Pintos by Bev Dolittle is a good example. Here it is actually difficult to
count. Yet the horses are clearly painted! What’s in your awareness when you
view the painting without counting? What happens when you start to count?

This painting by Joseph Mallord
William Turner (Interior at Petworth
c. 1837; Oil on canvas, 91×122 cm;
Tate Gallery, London). Although
the general spatial setting is pretty
clear, experts differ on the nature of
various “objects” in the scene. What
is the nature of your visual awere-
ness? A single visual world?

The painting by Turner (1775–1851) is notorious for its ambiguity. You
will certainly be unable to name many of the painted “objects”. Yet they
certainly look like “objects” of some kind in a well developed space. Here
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the suspended judgment will never be lifted, and if you keep viewing the
painting various different “interpretations” may occur in visual awareness.
Are several “interpretations” present in a single momentary awareness? Or is
each momentary awareness crystal clear? You may want to spend some time
on this image.

“Suspended judgment” is quite typical of daily vision, although nobody
seems to notice. This is from John Ruskin:

Go to the top of Highgate Hill on a clear summer morning at five o’clock,
and look at Westminster Abbey. You will receive an impression of a build-
ing enriched with multitudinous vertical lines. Try to distinguish one of
these lines all the way down from the next to it: You cannot. Try to count
them: You cannot. Try to make out the beginning or end of any of them:
You cannot. Look at it generally, and it is all symmetry and arrangement.
Look at it in its parts, and it is all inextricable confusion.

Compare this with Friedrich Nietzsche, who wrote

In the countryside I’m always amazed by the marvellous clarity of every-
thing, the forest like this and the mountain like that, and that there is not a
trace of unclarity or hesitation in these experiences.

This Nietzschean euphoria is a common enough delusion.

Ambiguity

Ambiguity is fairly trivial. The most common examples involve dichoto-
mous cases. These are very similar to the Necker cube example. There is
no way (for the microgenetic process) to arrive at a conclusion. Thus the
two possible “interpretations” (nothing cognitive implied!) tend to alternate.
Some prior experience tends to be important. When initially confronted with
such an image, microgenesis may be satisfied with one possible answer. Once
you have seen both intended interpretations, you will find it hard to stick to
one without regularly (and obviously involuntary) switch to the other one.

This is a generic ex-
ample of dichotomous
ambiguity. Most people
see two squirels right
away, and need some
time to first “see” the
face. Once seen both
“interpretations are
equally compelling.
People differ in whether
they can “see” both
simultaneously. I’d say
no.

This is a more
difficult example.
Is it cognitive? The
ambiguity arises
(in my experience)
in immediate vi-
sual awareness.
You can’t name
this object. It is
both pear-like and
light bulb-like. You
know it doesn’t
exist, yet it does.
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In real life such cases frequently occur
in cases of occlusion in non-generic con-
figurations. Although non-generic con-
figurations occur with low probability,
artists are (perhaps perversely) tuned to
them and know that they certainly occur.

Equivalence

The image at top right is supposed to be funny. It is certainly ambiguous in
that most viewers see a table on a carpet, and at the same time a dog assuming
a familiar attitude. Dogs would lift a hind leg and perhaps use the leg of the
table to help mark their territory, or perhaps relieve them, but here “the table
raises its hind leg”. Once you start to think about it, this is a complicated
image. Yet the reaction of most people I tried was immediate. No reflective
thought needed. It is unlikely that they had extensive experience with this
“table behavior” though. Yet an artificial intelligence algorithm would be
unlikely to come up with a reasonably full interpretation.

This is rather crude (not to say in
bad taste), though it is perhaps sur-
prising that most viewers sponta-
neously laugh. Did they “reason it
out”? Given the short response time
(as noticed informally) it seems un-
likely. What is the awareness like?
It is not like “taking a rope for a
snake”. The picture is only “funny”
if you experience multiple worlds.

The notion of “equivalence” was developed by Alfred Stieglitz in the late
nineteentwenties. It became a kind of cult in American photography of the
late twentieth century, with important photographers such as Minor White,
who developed the concept.

Minor White’s “Windowsill Day-
dreaming” is rather more interest-
ing (and in better taste) because it
leaves more room to your micro-
genetic processes. Minor White
took Alfred Stiegliz’s ideas and pho-
tographs from around 1930 very se-
riously. It is up to you what you see,
and perhaps up to you to phantasize
what Minor White saw—except for
a window sill, that is.
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The photographer who intentionally goes for equivalence will tell you that
you shouldn’t ask “what is it”, but “what else is it?” Equivalence is all about
many worlds in visual awareness. Not so much ambiguity as “deeper mean-
ing” is the goal. The equivalence is necessarily personal, much like the pro-
jections discovered through the Rorschach inkblot test (see later).

A simple rectangle has infinite
potentialities. Are you aware
of these before the embellish-
ments? In this case you don’t
have a case of “equivalence”,
but really a case of “openended-
ness”.

To be aware of “equivalences” is
also of vital importance to design-
ers and visual artists. This is from a
book on “how to draw”.

Amodal completion

It is a well known fact in the visual arts that one should never paint what
the viewer will add. It is not possible to outdo the microgenesis of human
observers. Moreover, most viewers derive a definite sense of pleasure from
such cases.

It is not uncommon to hear people say that such and so a painter is partic-
ularly good at depicting such and so objects. On closer study one often finds
that the painter was actually very good in leaving the task to the viewer.

That is why most painters are afraid to work too long on a work. At some
point more detailing goes at the cost of destroying the charm, or even strength,
of the work.

It is also one reason why unfinished works, quick sketches, and so forth are
often highly valued by art lovers. (Another reason is that one sees the artist
“at work”.)

Such expressive lines are often used
in figure drawing. These are quick
“gestures”. If the gesture doesn’t
work it makes little sense to attempt
to “finish” the drawing: everything
is “already there”. Yet, where is it?
Are there multiple ways to finish the
drawing?
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Frank Miller works in the inverse direction,
deleting from a picture what he can, working
for an interesting (which also means “dif-
ficult”, even “ambiguous”) pattern of black
and white spaces and blotches. In the best
of his works you may experience a sequence
of stages of awareness unfolding as you look
at them for the first time.

“Gesture drawing” is a well known technique for starting (especially) dy-
namic figures. When the model moves all the time, as in sketching a perform-
ing dancer, there is no time for “finish”. The main aim is to capture the crux
of the pose and the movement. If the gesture is not right it makes no sense to
finish the drawing later. If it is right, it is almost a pity to do so. The gestural
lines are “amodally completed” anyway. One should certainly be able to spot
the gestural lines in the finished image. This is another many worlds example,
at least for the cognoscenti. Naive viewers will just “feel” the resulting force
of the gestural lines, but will not “see” them because they get stuck on the
figure.

In drawings like those by Frank Miller the sequence is the reverse. “Com-
plete” drawings are simplified until a sometimes very ambiguous pattern of
white and black spaces and blotches remains. It is a method that is commonly
use in design. Here one often has a tension between the black-and-white pat-
tern and the topical matter, another many worlds example through amodal
completion, albeit of a very different kind.

Many Worlds in cinema

In cinema, many worlds scenarios are rather common. For instance, a scene
will be repeated, revealing a novel aspect, or as seen from the perspective of
another character.

Some movies almost completely focus on the many worlds topic. Famous
examples are Rashōmon, a 1950 Japanese drama film directed by Akira Kuro-
sawa, working in close collaboration with cinematographer Kazuo Miyagawa;
Memento, a 2000 American psychological thriller and neo-noir film writ-
ten and directed by Christopher Nolan, adapted from his younger brother
Jonathan’s short story, Memento Mori; and Lola rennt, a 1998 German crime
thriller film written and directed by Tom Tykwer. I actually used scenes from
Lola Rennt when teaching quantum mechanics before my retirement.

A scene from Memento. Leonard Shelby (played by Guy Pearce) suffers of
anterograde amnesia. (Video clip.)

More subtle uses of many worlds in visual awareness concern the emotional
coloring of scenes. A single scene may lead to completely different awareness
depending on the priming of the viewer. For example, consider a simple shot
of somebody walking towards a door, apparently with the intention to open
it. Your awareness of the scene will depend hugely on the priming. Without
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priming the scene would hardly be noticeable. If you would know or suspect
a dead body hidden in the closet the scene would look very different though.
The follow up (after opening the door) may change the scene again in retro-
spect. For instance, the “neutral” scene may well gain sudden significance.
In this way you can “color” a pleasant spring-time meadow with impending
doom.

Completely different ways to transport the viewer into “multiple worlds”
were pioneered by the DaDa and surrealist movements. Think of Luis Buñuel
and Salvador Dalı́’s Un Chien Andalou of 1929, or Walt Disney and Dalı́’s
Destino, started 1945 and completed 2003. A modern example is “Lucy in the
Sky with Diamonds19”, from the Beatles’ movie Yellow Submarine.

Lucy in the Sky with Diamonds is a song written primarily by John Lennon
and credited to Lennon–McCartney, for The Beatles’ 1967 album Sgt. Pep-
per’s Lonely Hearts Club Band, the biggest selling album of the 1960s.
(Video clip.)

19Notice that the capitals spell LSD and possibly stand for lysergic acid diethylamide.

IMPLICATIONS FOR THE UNDERSTANDING OF
AWARENESS

I briefly discuss the importance of the “many worlds” notion to the
study of visual awareness.

The familiar “many worlds”, or “multiverse” notions from pop-science de-
rive from interpretations of quantum mechanics introduced by Hugh Everett
in 1957, popularized in the 1960s and 1970s by Bryce Seligman DeWitt, who
also came up with the name. It is a way to avoid the observation-triggered
wave function collapse of the Copenhagen interpretation. The universe is
made up of a superposition of non-denumerably many, disjunct parallel uni-
verses. These universes cannot mutually communicate. You witness only one
sample, because “you” happen to be part of that universe. There is no way to
experience parallel universes.

A “quantum cartoon” illustrating
multiverses in pop-science.

Such an idea cannot immediately be carried over into the domain of the
microgenesis of visual awareness, because—although we hardly can be held
to possess any theory of microgenesis—such a theory would be unlikely to be
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linear. Thus the concept of superposition can hardly be made to make sense.
Likely processes that dominate microgenesis are specification, diversification,
and pruning. How nonlinear can you get?

Of course the “many worlds” paradigm, interpreted in a perhaps light-
hearted, superficial manner, can hardly fail to remind you of Leibniz’s mon-
adology (“monads have no windows”), or—especially—Jakob von Uexküll’s
notion of parallel Umwelts, each a windowless monad. So an attempt to con-
struct a somewhat reasonable story motivated by the many worlds notion is
perhaps not without interest.

What is of major interest is the connection between the many and the one.
From an inner perspective this involves the numerous potential awarenesses
maintained in microgenesis, and the single momentary awareness that eventu-
ally arises. From an outside perspective this involves the numerous Umwelts,
each sentient being having its own, and the single “Nature” that appears itself
closely knit and very much a single entity. Jakob von Uexküll was highly
interested in this striking harmony of nature, which in Leibniz monadology is
a harmony imposed by God. In this short chapter I will only discuss the inner
perspective.

Phenomenologically, one experiences something much like the “collapse
of the wave function”, whenever one makes a decision in action. Awareness
is generically just as “potential” as it is “actual”. That is to say, of course you
have an actual momentary awareness. But it is also the case that a momentary
awareness is rarely fully developed in that it might have an answer to any
question you need to answer in order to act now. It is only developed to the
point where you are deluded to take certain mental threads for objects in the
scene in front of you. (Many scientists actually take these illusory objects as
the “cause” of the mental structures, thus getting themselves stuck in a logical
knot.)

In many cases this is no problem. The awareness may be “good enough”,
and that may be all you need for the intended action. Or you may have the
opportunity and time to “solve” an uncertainty, perhaps by making another
fixation. It may take you only half a second or so. In other cases you may
go cognitive, decide in reflective thought and only act (voluntarily) after that.
Fast actions are rarely of that type. Like the awareness, they tend to enter

cognition (if they do) after the fact20.

The ninth blot of the Rorschach
inkblot test (1921). In the nineteen-
sixties, the Rorschach test was the
most widely used projective test.

Successful actions go unnoticed, but unsuccessful actions are informative
in the sense that they reveal a failure to predict future events. This is an in-
stance of Schrödinger’s notion on micro-enlightments. The intention in action
was a question you put to nature, and you received an answer. In this sense
the “perception-action-cycle” is just an extension of microgenesis. So called
“enactive theories of consciousness” fit in here.

After the fact (that is after the act), it is evident that a choice was made,
for good or for bad. The action made the awareness “collapse” from largely
potential to fully actual as it were.

In laboratory experiments such a collapse is almost invariably forced. Then
the potential content of awareness can only be revealed in successive trials of
similar tasks. However, in many cases it is essentially impossible to repeat
a trial, since the trial necessarily changed the observer. It may (and often is
not) possible to prepare the observer in the same initial state. This is much
to be deplored, because the potential nature of visual awareness is of great
conceptual interest.

20This actually applies to much of “premeditated” actions. You consider them in reflective
thought for a while, perhaps arrive at a rational decision. But then, at the decisive moment,
you take the final action on your guts. You notice yourself to “just do it”. You know you’ll
have to face the consequences. Actions can not be undone once executed.
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This cloud “equivalent” by Alfred
Stieglitz (set H, print 1, 1923) is
similar to a Rorschach blot. That is
certainly how Minor White thought
about them. (Gelatin silver print;
4 5/8 × 3 5/8 in.; San Francisco
Museum of Modern Art, Alfred
Stieglitz Collection, gift of Georgia
O’Keeffe.)

This is where experiments by workers in the visual arts are extremely valu-
able. In psychology one has to work with devices like free-association, or the
Rorschach test. These are reminiscent of Stieglitz theory of “equivalents”.

In my view the study of the visual arts is perhaps most rewarding. It is of
considerable interest to attempt to probe the “many worlds” nature of visual
awareness in the laboratory though.

OTHER EBOOKS FROM THE CLOOTCRANS PRESS:

1. Awareness (2012)
2. MultipleWorlds (2012)
3. ChronoGeometry (2012)
4. Graph Spaces (2012)
5. Pictorial Shape (2012)
6. Shadows of Shape (2012)
(Available for download here.)

ABOUT THE CLOOTCRANS PRESS

The Clootcrans Press is a selfpublishing initiative of Jan Koenderink. No-
tice that the publisher takes no responsibility for the contents, except that he
gave it an honest try—as he always does. Since the books are free you should
have no reason to complain.

THE “CLOOTCRANS” appears on the front page of Simon Stevin’s
(Brugge, 1548–1620, Den Haag) De Beghinselen der Weeghconst, published
1586 at Christoffel Plantijn’s Press at Leyden in one volume with De Weegh-
daet, De Beghinselen des Waterwichts, and a Anhang. In 1605 there appeared
a suplement Byvough der Weeghconst in the Wisconstige Gedachtenissen. The
text reads “Wonder en is gheen wonder”. The figure gives an intuitive “eye
measure” proof of the parallelogram of forces. The key argument is

de cloten sullen uyt haer selven een eeuwich roersel maken, t’welck
valsch is.

Simon Stevin was a Dutch genius, not only a mathematician, but also an
engineer with remarkable horse sense. I consider his “clootcrans bewijs” one
of the jewels of sixteenth century science. It is “natural philosophy” at its
best.
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