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Visual perception of markings

WIlLIAM H. ITTELSON
University ofArizona, Tucson, Arizona

Markings, such as designs, writings, diagrams, and depictions, are expressive and communicative
human artifacts. The conventional assumption that findings from the study of the visual perception
of markings-in particular, of pictures-can be generalized to real-world perception is examined
and found to be false. The processes involved in the visual perception of the world and in the visual
perception of markings differ in significant ways, and generalizations from one to the other must be
undertaken with caution. The visual perception of markings is an identifiable and separate area of
study. Implications for a general theory of the perception of markings are examined, and the per
ception of markings is contrasted with real-world perception.

A large part of contemporary human visual activity is
devoted to the perception ofpatterns on surfaces. As I sit
at my breakfast table, my morning newspaper has print
ing on it; it has a graph telling me how the national bud
get will be spent, a map trying to tell me something about
the weather, a table of baseball statistics, an engineering
drawingwith which I can build a garden chair, photographs
ofdistant places and people, a caricature expressing what
the editor thinks of a political figure, and an artist's ren
dition of what the city will look like 20 years from now.
My plate has a decorative frieze running around its rim.
The tablecloth is decorated with stylized flowers. The
floor has an elaborate tiling pattern. On the wall in front
of me hangs an abstract painting. Next to that, there is a
calendar. Above the calendar is a clock. All this and
more, and I haven't even turned on the TV or the com
puter, which can present it all to me on a single surface
at my command. All of these are examples of markings.
It will be the purpose ofthis paper to argue that (1) mark
ings constitute a separate, identifiable, and unitary class
of visual stimuli, (2) markings are processed differently
from the manner in which other types ofvisual inputs are
processed, and (3) the study of the perception of mark
ings leads to conclusions with important theoretical,
methodological, and applied implications.

WHAT ARE MARKINGS?

Markings are a subset ofall two-dimensional patterns on
the surfaces of three-dimensional objects. They are char
acterized by two properties: (1) markings appear on a sur
face, but they do not refer to the surface-their informa-
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tional content is "decoupled" from its real-world source
and (2) markings do not occur "naturally"-they are inten
tional, expressive, and communicative human artifacts.

Markings Are on the Surface But
Not ofthe Surface

Markings owe their existence to the capacity of the
human visual system to receive a certain class of input
from the external world and decouple the informational
content of the input from its real-world source. This re
markable ability is so much a part of our everyday expe
rience that it easily escapes notice. But consider the gen
erally accepted evolutionary and adaptive role of vision:
to provide the organism with reasonably accurate infor
mation about the ongoing state of relevant aspects of the
immediately present world. That is what visual systems
are good for, and they are immensely good at it. Vast
numbers of organisms, including humans, depend for
their existence on this capacity of their nervous systems.
But the human visual system can also do something dra
matically different. It can categorize some visual infor
mation as having nothing to do with the state of the
immediately present world from which it comes. Decou
pling of the information from its source is the necessary
defining condition for both the production and the per
ception of markings. The study of markings starts with
this fundamental difference between the visual percep
tion of markings and the generally recognized adaptive
function of the visual systems of organisms.

The terminology used here needs to be made explicit.
A marking is a pattern that appears on a surface. The
term marking always entails that (1) there is a surface
and (2) the informational content of the marking does not
refer to the surface. While the surface can exist without
the marking, the marking cannot exist without a surface.
If I spray-paint my name on the side of a building, I am
defacing the surface; if I paint a mustache on the Mona
Lisa, I am defacing the Mona Lisa, not the surface. All
this is in accord with everyday usage. For example, the
weather map in my newspaper is, loosely speaking, about
the weather. The surface of the newspaper has nothing to
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do with the weather but provides information about the
kind ofpaper being used. Put them together and I have a
weather map on the surface ofa newspaper, typically re
ferred to simply as "the weather map." I can transfer the
map to my computer screen, giving me the same mark
ing on a different surface. The information in the mark
ing, weather, is decoupled from the surface, although the
marking always carries a surface along with it.

An apparent contradiction arises here. Surely, I can
tell by looking at the marking if it is on the surface of a
newspaper or a computer screen, or if that surface is
curved or flat, how it is oriented in space, if and how it
is textured, and more. The marking, it would seem, can
and does provide information about the surface on which
it appears. Of course, this is true. Any specific instance
of the weather map can be on a newspaper or on a com
puter screen; it cannot be on both. The marking is not
physically detached from the surface; considered as a
particular pattern on a particular surface, it necessarily
tells us something about the surface. But considered as
an instance ofthe general class ofmarkings, it is not about
the real-world surfaces on which it appears. The informa
tion in the marking is precisely that which is invariant
over changes in the surface on which the marking ap
pears, and the capacity to perceive that information with
out reference to the real-world situation in which it is
found makes the existence of markings possible.

What, then, is the status of markings as part of the
physical world? We commonly refer to markings as be
ing two-dimensional, but there are no two-dimensional
entities in the real world. The environment and all the
objects in it are, in human terms and by human scale,
three-dimensional. Some (leaves, paper) are exceedingly
thin; some are both thin and transparent. But no matter
how thin one slices it, the resulting lamina remains three
dimensional. This three-dimensional world with three
dimensional objects is the world in which the human vi
sual system evolved. The concept oftwo-dimensionality
is a human construct. Nevertheless, two-dimensional pat
terns on surfaces are all around us, and it is to a particular
class of those patterns that this paper is addressed. Ex
tending conclusions about markings to three-dimensional
objects is an interesting and important project, but it will
not be undertaken here. Wherever the term marking is
used, it refers exclusively to two-dimensional patterns.

Markings, ofcourse, are real; they do exist in the world.
They are created and destroyed through physical actions,
and they are presented to our senses by patterns oflight.
But contrast a marking with the physical object on the sur
face of which it appears. That object is certainly part of
the real world. It can be touched, smelled, put up, taken
down, thrown across the room, and acted on as any real
world object. But what can we do with the marking it
self? We can contemplate it, think about it, ask questions
about it, have feelings about it; or we can change it, for
better or worse. But that is all. We cannot walk on it,
climb it, sit on it, fight it, hunt it, play with it, eat it, com
municate with it, have sex with it. One would be tempted
to say that markings are absolutely useless, if the capac-

ity to create and utilize markings did not play so obvi
ously important a part in human life. Markings are psy
chologically important precisely because they provide
information about something other than the real-world
situations in which they are encountered.

Markings Are Human Artifacts
In nature, many patterns are found on the surfaces of

objects, but these are not markings; they are part of the
objects and surfaces themselves and provide information
about those objects and surfaces. The zebra has its
stripes, and the leopard has its spots. The stripes say,
"zebra," and the spots say, "leopard." More generally, na
ture produces a wide variety of fascinating patterns
(Stevens, 1974; Weyl, 1952); they can have great ex
planatory power, telling us much about the structure and
history of the objects and surfaces on which they appear.
Naturally occurring objects and surfaces are often de
fined, identified, and understood by the patterns and
textures of their surfaces. Many ofthose patterns are also
of great beauty and can be perceived, experienced, and
appreciated purely as designs. They are thus converted
into markings by the intentions of the human observer, a
process much debated with reference to "found art" (Lev
inson, 1993). Pictures and diagrams of naturally occur
ring patterns are certainly markings, but they are not to
be confused with the actual patterns themselves.

Are we justified in the claim that producing and per
ceiving markings are limited to humans? Markings come
in a number of varieties, of which only pictures-a
small, though important, subset-have received signifi
cant comparative research. There is general agreement
in the literature that animals do not produce pictures.
Whether animals can perceive markings-and in partic
ular, pictures-produced by humans is less clear (Cabe,
1980). A comprehensive up-to-date review of this work
is needed but is beyond the scope of this paper and the
expertise of the author. But a note of caution can be of
fered. Much ofthe animal picture perception literature is
devoted to showing that animals can learn to discrimi
nate among pictures and can transfer these discrimina
tions to new pictures (Herrnstein & Loveland, 1964; Was
serman, 1993, 1995). But the perception of markings is
defined by the decoupling of the information provided
by the marking from the real-world source of the mark
ing. Discrimination among pictures does not address this
issue. The animal must, at a minimum, show transfer
from pictures of the real world to the real world, transfer
from the real world to pictures, and discrimination be
tween the two. There is little evidence that animals, ex
cept perhaps some primates, have this capacity.

Certainly, the production and, probably, the percep
tion of markings are limited to humans. However, this
general conclusion does not preclude the possibility that
some animals may exhibit some form of picture percep
tion. The study of the capacity of animals to perceive
pictures and markings in general, like the study of tool
use in animals and the study of animal communication,
can be expected to reveal the rudimentary precursors that



argue for evolutionary continuity and, at the same time,
dramatize the qualitative and quantitative differences be
tween human and animal performance. But whether any
animals perceive pictures, as defined above, sponta
neously or can be trained to do so remains in the present
state of our knowledge highly problematic.

In contrast, the capacity to produce and perceive
pictures-and markings in general-seems to be built
into the human nervous system. Children follow a fairly
definite developmental sequence in producing (Fein,
1993;Tversky, 1995) and perceiving (DeLoache & Bums,
1994; Nye, Thomas, & Robinson, 1995) pictures. Infants
recognize objects in pictures and can discriminate pic
ture from object. Understanding the representational
function ofpictures, decoupling the information from its
source, comes later, followed by the recognition that pic
tures are carriers of intentional relations. The exact na
ture of this sequence and the ages at which it becomes
manifest are probably not as yet completely known. But it
is clear that, at some point-probably about 8 or 9 years
the child approximates the adult understanding "that pic
tures are vehicles of representation, mediating commu
nication from one mind (artist) to another (beholder)
about a state of affairs real or imaginable" (Freeman, 1995,
p. 140).

In summary, real-world objects and environments are
universal in space and time: they are always and every
where to be found. One cannot even imagine a world in
which there is no environment or are no objects. Environ
ments and objects, at least in evolutionary time, have al
ways existed. Markings are different. They are not pro
duced qua markings in "nature"; they appear as human
products. It is easy to imagine a world without markings;
indeed, in evolutionary terms, humans and all other or
ganisms evolved injust such a world. The appearance of
markings is coincident with the appearance of modern
man. Humans seem uniquely to possess the capacity to
create and utilize markings.

Markings, however, are strange creatures. Considered
as physical stimuli, they are independent ofthe real-world
situation in which they are encountered and, indeed, even
of the medium through which they are presented. Con
sidered as psychological input, they provide no immedi
ate real-world information. In short, markings differ from
real-world visual stimuli in their status as part of the
world, in what they provide information about, and in
how they are processed psychologically. These issues will
be discussed in the final section ofthis paper, but, first, we
will try to put some order into the many varieties ofmark
ings and then look further into one particular case: pic
ture perception.

VARIETIES OF MARKINGS

Developing a taxonomy of markings presents special
difficulties since it cannot be based on differences in
their physical descriptions. Consider an example sug
gested by Amheim (1971): "A triangle may be a sign of
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danger or a picture of a mountain or a symbol of hierar
chy" (p. 136). We add that it may also be a decorative
motif, a graph ofdata, an element ofa road map, a letter
ofan alphabet, and many others. Note first that the sur
face on which the triangle appears is irrelevant. These
cases cannot be differentiated by their patterns. There is
only one triangle: it fits all cases. I now point to our tri
angle and say, "That is a letter in the Greek alphabet
specifically, a delta." I point to it again and say, "That is
a mountain." These are perfectly acceptable statements,
and either one could be correct. But how did we arrive at
such disparate ends while starting from the same place?
We can account for this only in terms of our ability to
decouple the information "triangle" from the physical
source that gave rise to it (e.g., computer screen). The tri
angle does not provide information about the computer
screen. This decoupling, in turn, makes possible a large
number ofoutcomes, among which are deltas and moun
tains. The same pattern can be perceived differently; dif
ferent patterns can be perceived as the same. Markings
cannot be categorized or differentiated by their patterns
or by their referents. Equally irrelevant are the surfaces
on which markings appear and the methods used to pro
duce a marking on a surface, whether light or shadow,
pen or pencil, engraving or xeroxing. Neither patterns, ref
erents, surfaces, nor mechanics of production suffice to
categorize markings.

The characteristics by which markings might be clas
sified emerge in terms ofthe role they play in the human
perceptual, cognitive, and affective system. If we look
for guidance at the various roles played by the triangle in
the above example, we find that they can be differenti
ated in terms of the intentions behind their production
and use. Referring again to our triangle, four general in
tentional categories emerge as a useful taxonomy: de
signs, writings, diagrams, and depictions. This is not a list
of rigorously defined, mutually exclusive categories but
rather is a first attempt to put some order into an unsys
tematized field and to indicate the extent of the domain
that can properly and profitably be studied under the
general rubric of markings. The approach taken brings
these diverse topics together as aspects ofa common psy
chological process.

Designs are intended primarily to be decorative; their
role is first and foremost affective and aesthetic. Designs
might be considered a superordinate category: all mark
ings, whatever other functions they may serve, can also
be perceived as designs. Nevertheless, there is a distinct
class ofmarkings whose primary role is as designs. They
may be abstract geometric shapes or they may resemble
or evoke known objects or experiences. They may be
used individually or in elaborate combinations that may
be informal or formal. Decorative markings are ubiqui
tous throughout human societies, and their varieties
seem to be limitless. Volumes are available containing
samples collected from throughout the world.

Pattern perception has been extensively studied within
perceptual psychology. Most of this work has to do with
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how we organize groups oflines into identifiable patterns,
how we recognize them, remember them, and so on. Any
arbitrary combination oflines can be a pattern; this is not
so for designs. For treatments ofpatterns as designs, we
find little in the psychological literature but must turn to
art and the design professions. Many writers have at
tempted to determine the defining characteristics, such as
order (Gombrich, 1979) and balance (Arnheim, 1982),
that must be met for a pattern to be an affectively and
aesthetically successful design. This endeavor has cer
tainly not been completed, but it is clear that successful
designs must satisfy some nonarbitrary and probably uni
versal criteria.

Designs often carry specific cognitive and affective
meanings. Some of these may also be the nonarbitrary
consequence ofa universal, or near-universal, form sym
bolism (Liu & Kennedy, 1994). Other meanings can
accrue through idiosyncratic associations (e.g., the wall
paper pattern that evokes one's childhood) or intention
ally (e.g., logos, monograms, signatures, coats-of-arms,
seals, religious and cabalistic markings, etc.). When this
occurs, designs merge into the category of writings.

Writings are intended to stand for particular cognitive
meanings by virtue of formally agreed on or conven
tionally accepted usage. Letters, words, syllables, ideo
graphs, signs, and symbols have meanings by virtue of
an arbitrary social consensus. However, the actual pat
terns used probably are not completely arbitrary and may
well conform to some of the criteria underlying designs.

The extensive literature on the visual perception of
writings covers topics as diverse as letter and word rec
ognition, sentence comprehension and reading in gen
eral, discrimination and recognition ofsigns and symbols,
and aesthetics and design in calligraphy and typography.
These topics all involve the perception of writings as a
category of markings, but rarely is this linkage among
them and with other varieties of markings explicitly rec
ognized.

Diagrams are intended to provide information visually
that is available elsewhere in nonvisual form. They in
clude charts, graphs of mathematical functions or ofdata,
maps, plans, engineering drawings, block diagrams, and
so on. Like writings, diagrams depend on socially agreed
upon intentions, usage, and conventions. Unlike writings,
diagrams present their information by the use of rela
tively nonarbitrary visual forms. The information to be
communicated largely proscribes the form, and the form
in turn carries the information.

Diagrams provide the mechanism whereby abstract
concepts or concrete plans can be "taken out ofour heads"
and placed before us in observable form for further un
derstanding, elaboration, and communication. They are
visual aids to thinking and provide the external supports
for the complex psychological activity that Arnheim
(1971) so aptly labeled visual thinking. The visualization
revolution generated by advances in computer graphics
has greatly increased the quantity and types of informa
tion that can be presented diagrammatically.

The prototypical diagrams are those of geometry.
Lines and circles drawn on a piece of paper are not the
lines and circles ofEuclidean geometry, but they greatly
assist the understanding of the geometry, even though
the geometry itself does not in any sense require them.
Similarly when Descartes drew an abscissa and an ordi
nate and plotted an equation, the plot was not the equa
tion, but the graphing of equations has greatly assisted
the cognitive processes involved in entire branches of
mathematics. Perhaps the most dramatic examples are
the recent advances in the understanding ofchaos and of
fractal geometry made possible by computer-generated
diagrams of seemingly simple equations.

Closely related to diagrams ofmathematical functions
are graphs and other diagrammatic presentations ofdata.
No reader ofthis page needs to be told ofthe importance
of the visual presentation of data to science, technology,
economics, politics, and, indeed, all areas of human en
deavor. The analysis of existing practice and the devel
opment of new standards and procedures is an ongoing
and active enterprise (Tufte, 1983, 1990).

Equally important is the capacity to produce diagrams
ofcomplex physical objects and systems. Indeed, the cu
mulative nature ofmuch of technology and science is de
pendent on our ability to record and transmit informa
tion diagrammatically (Ferguson, 1992). The map is not
the territory, nor is it a depiction of the territory; however,
without it, we cannot find our way through the territory.
The plan is not the building, the engineering drawing is
not the machine, and the block diagram is not the elec
tronic system. But without them, the building, the ma
chine, and the system would neither be conceptualized
nor built. Each of these examples has an extensive liter
ature devoted to the conceptualization, production, inter
pretation, and use of the relevant markings. If Homo
sapiens is also Homo faber, the capacity to create dia
grams is at the heart of what it means to be human.

Depictions are intended to evoke identifiable, real or
imaginary, past, present, or future, possible or impossi
ble, objects, environments, events, or experiences. De
pictions include, but are not limited to, "fine art." Rep
resentational pictures are a subset of the more general
category ofdepictions. For example, in this terminology,
Albers's series "Homage to the Square" and Rothko's
"Chapel" paintings are depictions, since they are in
tended to evoke specific aspects of human experience,
but they are not representational pictures. It is widely,
though often tacitly, assumed that representational pic
tures constitute a special class separated from all other
forms ofmarkings. We will question this assumption and
examine representational pictures in detail in the next
section.

To recapitulate, markings are differentiated by the in
tention behind their creation. Designs are intended to be
decorative. Writings are intended to stand for particular,
socially agreed upon cognitive meanings. Diagrams are
intended to provide visualizations of data available else
where in nonvisual forms. Depictions are intended to evoke



a wide range of identifiable human experiences. These,
in abbreviated form, are the intentions underlying the en
tire range of markings.

The producer of a marking, working within the over
all framework provided by the intention, is at all stages
subject to a variety of constraints. These constraints are
cumulative, and the markings have been listed above in
the order of increasing constraints. Most fundamental of
all are the limitations on what makes a pattern decorative
and aesthetically successful. Noone yet knows how to
specify these criteria, whether the golden mean, symmetry,
order, balance, simplicity, complexity, or a combination
of these and others, but we do know that not any pattern
will do. The constraint exists, and it is probably uni
versal. In writing, socially agreed upon meanings pro
vide additional constraints. Initially, the assignment of
specific meanings to specific designs is probably largely,
though arguably not entirely, arbitrary; however, once
meaning has been assigned, the constraint is compelling.
Diagrams add an extra layer of social conventions, but
the primary further constraints are those provided by the
data. Once the data to be presented and the general na
ture of the diagram have been determined, the data exert
a compelling force. There must be a formal relationship
between the data and the visual presentation. This con
straint carries over into the category of depictions, al
though, in the general case, it is difficult to define. In the
case of representational pictures, however, it is reason
ably clear. There has to be some formal relationship be
tween the visual information provided by the real world
and that provided by the picture. The creator of the pic
ture can select, abstract, synthesize, focus, exaggerate,
and simplify; however, if the picture is to succeed as a
representation, that formal relationship must be main
tained. But this constraint is in principle no different
from all the other constraints that, taken together, guide
the hand of the creator of every marking.

PICTURE PERCEPTION: A SPECIAL CASE?

What Is a Picture?
Authors disagree widely as to what a picture is and how

precisely and explicitly it can be defined. Nevertheless,
definitions cluster into two general groups: those dealing
with stimulus characteristics and those emphasizing the
nature of the response. In practice, most writers tend to
rely on an amalgam of the two.

Stimulus-oriented approaches generally agree that a
picture presents, on a surface, at least some of the same
visual information that would be obtained by viewing an
actual object or scene. Contemporary stimulus-oriented
definitions fall into two general categories: retina/
image definitions and captured-invariants definitions.
Retinal-image definitions can be traced back to Euclid;
however, the first, and certainly the best known, modem
writer to offer an explicit formulation was probably
Leonardo da Vinci (1970 ed.):
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Painting is concerned with all the 10 attributes of sight;
which are: darkness [and] light, solidity and color, form
and position, distance and propinquity, motion and rest.
This little work of mine will ... remind the painter of the
rules and methods by which he should use his art to imi
tate all the works of nature. (p. 19)

If you want to represent an object near to you which is to
have the effect of nature, it is impossible ... unless the
spectator, when he looks at it, has his eye at the very dis
tance and height and direction where the eye or the point
of sight was placed in doing this perspective. (p. 271)

For Leonardo, the visual information from the world
and from a painting ideally are identical, although the
latter is necessarily less complete than the former. The
representational quality of a picture depends on how
closely the pattern of light resulting from viewing the
picture matches that resulting from viewing the actual
scene. Although never universally accepted even by
Western artists, this type of definition was seized upon
by students of perception and has been explicitly em
braced to the present day. For Pirenne (1970, p. 10) a
"representational painting is an object which sends to the
spectator's eyes a complicated light flux resembling to a
certain extent the light flux which would be sent by the
scene it purports to represent." Cutting (1986) agrees:
"Pictures are planar projections of a three-dimensional
environment" (p. 30), which "represent many, but never
all, characteristics presented to a single eye" (p. 33).

Captured-invariants definitions originated with Gib
son (1979): "A picture is a surface so treated that it makes
available an optic array ofarrested structures with under
lying invariants of structure" (p. 272). It is not the pattern
of light but the pattern of invariants that matches, to a
limited extent, the invariants available from the real ob
ject. This approach allows for selection, abstraction, syn
thesis, and even distortion of invariants. For example,
"Caricatures can capture the same information as the ob
ject or event they depict ... without duplicating their ac
companying stimulation (Rosenblum, Saldana, & Ca
rello, 1993, p. 381).

The argument behind stimulus-oriented definitions is
clear. The information in the light from the real world can
be captured on a picture surface. The picture surface in
tum serves as an intermediary, transmitting that infor
mation to the observer. If the information on the surface
is true to the world, the information reaching the observer
will also be true to the world. This seemingly straight
forward argument, however, is incomplete. The picture
surface is itselfa real-world object that inevitably intrudes
its own additional stimulus information.

A picture, no matter how "realistic" or "representa
tional," always presents two broad classes of visual infor
mation: (1) information that would be provided by view
ing the pictured real-world scene (actual or imagined) and
(2) information that is unrelated to the pictured scene but
comes from the real-world surface on which the picture
appears (Gibson, 1979; Kennedy, 1974; Kubovy, 1986;
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Pirenne, 1970; Polanyi, 1970). These two types of infor
mation can be analyzed separately by the psychologist,
and they can be decoupled by the observer, but they are
always encountered together. Stimulus-oriented defini
tions often ignore or downplay the part of the stimulus
that provides information about the surface. This results
in studies that provide detailed stimulus information
about the picture while saying little or nothing about the
surface. Since the surface is as much a part of the stim
ulus as is the marking on it, these studies provide the il
lusion of rigorous science while masking the underlying
implicit assumption that the existence of the surface is
irrelevant.

In addition, stimulus-oriented definitions paradoxi
cally do not provide a workable way of separating pic
tures from nonpictures. A retinal-image definition, if rig
orously applied, limits pictures to precise perspective
renditions. But these constitute only a very small subset
of what is usually considered to be pictures. In contrast,
captured-invariants definitions do seem to encompass all
examples of what are usually considered to be pictures.
They suffer, however, from lack of rigor. There is no ob
jective way to determine if a particular marking does in
fact capture an invariantfound in the real world. Captured
invariants definitions inevitably fall back on response
oriented criteria.

Response-oriented definitions are concerned with what
a picture looks like, rather than whether the stimulus mim
ics real-world information. Hagen (1986, p. 4) offers a
prototypical definition: a representational picture is any
marking in which the real-world content is spontaneously
recognized by the uneducated eye. Although it suffers from
an obvious circularity, this approach accords with our in
tuitions by classifying as pictures many examples that
are excluded by a stimulus-oriented definition (e.g., cu
bist portraits) and excludes some that would be included
(e.g., odd, unrecognizable views of familiar objects).

In short, while some writers are more explicit than
others and some are more consistent than others, at least
among psychologists there is no generally accepted def
inition of a picture. Attempts to provide criteria rigor
ously separating markings into two groups, pictures and
nonpictures, have proved fruitless. Most writers more or
less explicitly invokea stimulus-oriented definition while,
at the same time, implicitly calling on response-defined
criteria. This is far from satisfactory, but, at the moment,
it may be the best we can do.

The Pictorial Assumption
Perception psychologists have universally, though

usually tacitly, assumed that the similarities between the
visual perception ofpictures and the visual perception of
the real world are deep and interesting while the differ
ences are shallow and uninteresting. Contemporary work
in machine vision and in computational models ofvision
has transmuted this assumption into part of the general
background of beliefs that workers in the field accept
without challenge. More specifically, the prevailing ap
proach to the perception of pictures is guided by what I

will call the pictorial assumption: the processes involved
in the visual perception of the real world and the
processes involved in the visual perception of pictures
are identical. This assumption implies that what we learn
by studying the perception ofpictures applies directly to
the perception of the real world and that what we learn
by studying the visual perception of the real world ap
plies directly to the perception ofpictures. Some writers
reject the pictorial assumption as a two-way street and
allow traffic only in one direction or the other. Gibson,
for example, maintains that we cannot learn about real
world perception by studying pictures but we can apply
real-world principles to the perception ofpictures. Figure
ground studies, in contrast, are almost always pictorial
and are generally assumed to apply directly to the real
world. In this section, I will argue that the pictorial as
sumption, two way or one way in either direction, is
demonstrably false.

The pictorial assumption, however,is almost universally
accepted, although rarely explicitly, as by Cutting (1986,
p. 31): "These stimuli are pictures... I plan to make the
oretical statements about the perception ofthe real world
on the basis ofperception ofcomputer-generated moving
images." Cutting is almost alone in explicitly stating the
assumptions underlying his work, although one would
assume that such a statement is a necessary condition for
continuing scientific dialogue. In his use ofpictures, Cut
ting stands in contrast to Gibson who argued against the
use ofpictures as surrogates for the real world while para
doxically claiming that perceiving pictures mimics real
world perception.

More commonly, writers are either unaware of or
choose to ignore their implicit acceptance ofthe pictorial
assumption. Consider, for example, the body of litera
ture using line drawings, photographs, or computer dis
plays as stimuli for experiments, the results ofwhich are
uncritically generalized to the perception of the real
world. A few illustrations from studies ofobject percep
tion and of the perception of the spatial layout of scenes
will suffice.

Object perception and recognition. Pictorial dis
plays are almost universally used to study object percep
tion. In this literature, the pictorial assumption is not so
much implied as it is ignored: the perception of pictures
of objects is the perception of objects. Generalization to
the real world is not questioned or even entertained as a
potential issue. A few examples: (1) Shepard and Metz
ler (1971), in a paper that has since come to be accepted as
a classic contribution, reported experiments in which sub
jects never viewed a three-dimensional object-line draw
ings were used exclusively. (2) Biederman (1987), in a
widely accepted and influential theory of object recog
nition, presents supporting evidence based entirely on
drawings and photographs. (3) The extensive body of
work on face perception consists almost exclusively of
studies of pictures of faces. (4) The journal Perception
devoted two special issues to "Perceptual Organization
and Object Recognition" (Perceptual, 1994) containing
15 papers in which not a single subject was reported ob-



serving an actual object. These examples are offered not
as criticisms of the works cited but as demonstrations of
the widespread acceptance of the pictorial assumption.
There have, of course, been dissenting voices, but the
preponderance of work on object recognition unhesitat
ingly generalizes findings in picture perception to the
perception and recognition of real-world objects.

Perception of spatial layout. The use of pictures to
study visual spatial information is commonplace in the
perception literature. Relative size, perspective, interpo
sition, texture, shape from shading, position in the field,
motion parallax, the perception of motion in general,
stereopsis, and other related topics typically have been
studied using pictorial displays. Indeed, many of these
have traditionally been called "pictorial cues," with the
implication, followed in practice, that they can properly
be studied using pictures. Certainly, the vast array of
studies using pictures, from the early line drawings of the
Gestaltists to the current reliance on the computer screen,
needs no documentation. Historically, this has not always
been the case. Much early work on depth perception used
real-world situations (e.g., Hollway& Boring, 1941);more
recently, neo-Gibsonians for different reasons have re
turned to studying real-world settings. Nevertheless, the
pictorial assumption that findings from pictures can be
generalized to real-world perception is the motivating
force behind most contemporary work.

Is the Pictorial Assumption Valid?
The pictorial assumption is almost universally be

lieved, but that does not make it true. Generalization
from picture perception to real-world perception cannot
be blindly assumed. As with any generalization in psy
chology, the burden ofprooflies with those who support
the generalization: its validity must be demonstrated, ei
ther by an acceptable general theoretical justification or
by a case-by-case empirical validation. Neither of these
alternatives is available. There exists no systematic at
tempt to validate the pictorial assumption theoretically
or to demonstrate its validity empirically. In contrast,
there is a variety ofevidence that throws strong doubt on
the validity of the pictorial assumption. (1) Phenomeno
logically, the two cases are different. (2) Processing of
pictures does not follow the same rules of "inverse op
tics" that are followed when perceiving the real world.
(3) Recognition of pictures ofobjects and scenes differs
in important ways from recognition ofreal-world objects
and scenes. (4) Behaviorally, we do not act toward pic
tures the way we do toward the real world.

Phenomenological differences. It is commonly ac
cepted among writers on picture perception that pictures
present a curious double aspect to the viewer: we see the
surface and the picture as separate. Gibson (1979) is the
most quoted: "The picture is both a scene and a surface,
and the scene is paradoxically behind the surface" (p. 281).
Statements ofthis kind are generally considered to be de
scriptive, but they are more properly prescriptive. Perceiv
ing the surface is a necessary condition for perceiving the
picture as a picture. "[T]he actual pattern on the surface
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ofa representational picture must be perceived ... at the
same time as the objects represented are seen as a scene
in depth" (Pirenne, 1970, pp. 113-114). For Pirenne, "the
representation givenby ordinary pictures is of a sui generis
nature" (p. 166) and depends on the awareness ofthe sur
face, "qua surface," and not on the surface's flatness, tex
ture, slant, or other visual properties. Kubovy (1986,
p. 88) offers a more colorful version: "the Alberti win
dow [i.e., the surface] differs from all others in that it
functions properly only if it is not completely transpar
ent: We must perceive the window in order to see the
world." Kennedy (1974) makes a related claim that stud
ies of figure and ground can properly be understood only
on the assumption that figure-ground displays are inher
ently pictorial. In sum, perceiving a picture is sui generis;
it is not the same as perceiving the world. Observers can
tell whether they are seeing the world or seeing a picture
of the world. Perceiving the picture qua picture depends
on perceiving the surface qua surface.

What if the appearance of the surface is removed?
Pirenne (1970, 1975) first systematically studied this
question. "[W]here every precaution has been taken to
make any awareness of the picture surface impossible, ...
the picture assumes a genuinely three-dimensional ap
pearance, similar to that given by the stereoscope" (Pi
renne, 1970, p. 115). This "paradoxical monocular stere
oscopy," first reported by Claparede (1904, not seen by
the author), has been largely ignored, as noted by Koen
derink, van Doorn, and Kappers (1994) and by Enright
(1991). However, it has been discussed in detail by
Schlosberg (1941) and others, including Ames (1925),
Enright (1991), and Koenderink et al. (1994). But these
authors need to be read with care. They universally attrib
ute the effect to a compromise between the flatness of
the picture surface and the depth cues ofthe picture, with
the relative weightings of the two changing with differ
ent viewing conditions. However, this claim ignores the
fundamental insight of Pirenne: it is not the flatness of
the surface but rather the appearance ofa surface, qua sur
face, that is crucial. Ifwe do not see the surface, the pic
ture is no longer seen as a picture but rather as real world.

There are, then, two perceptual modes: picture and
real world. Schlosberg (1941) stands out among the au
thors cited for recognizing this distinction: "One may see
a picture as either (1) a picture representing depth or
(2) as actual objects deployed in depth" (p. 602). He fur
ther stressed

the "all or none" character of the effect. We do not have a
simple addition and subtraction of factors, with more or
less depth resulting. The perception seems to exist in two
modes. In one, it is still a picture. In the other mode, we
find objects in depth. (Schlosberg, 1941, p. 603)

Schlosberg, thus, anticipated Pirenne's important con
clusion by more than a quarter century.

To pursue this phenomenon further, we turn to art
rather than psychology. Artists, unlike psychologists,
have long been aware that they can "fool the eye" (trompe
l'oeil) into perceiving a picture as real world. This effect
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is not easily accomplished, but given a successful trompe
I'oeil painting, the result is dramatic. Visual inspection
alone, no matter how close and detailed, will not reveal
the secret that it is in fact a painting. Unfortunately, evi
dence for this effect is largely anecdotal. Gibson, among
others, was skeptical.

The tradition of "fooling the eye" is very ancient. The as
sumption that a false perception ofreal surfaces can be in
duced ... is widely believed ... [but] the actual binocular
visual system cannot [be deceived]. A viewer can always
tell whether he is looking at a picture or at a real scene ...
I do not believe the stories. (Gibson, 1979, p. 281)

Presumably, Gibson would not believe the following
story,but it is nonetheless true. On two separate occasions,
I have been so "deceived" by contemporary trompe l'oeil
works that, after careful and exhaustive visual inspec
tion, I was moved to violate the sacred canon ofmuseum
decorum. After assuring myself that no museum atten
dants were in sight, I touched the artwork! Only then was
I able to assure myself that the apparent surfaces were in
fact not real surfaces.

Placing the surface at a sufficiently great distance, as
practiced by a number of Renaissance painters, makes
possible large-scale trompe l'oeil effects. Pozzo's ceiling
in Rome, exhaustively studied by Pirenne (1970), is prob
ably the best known example. Cole (1992) provides the
following description:

The great dome, spanning the central aisle, is actually a
flat, painted canvas, while the soaring architecture above
the nave windows is equally fictitious. From the great dis
tance of the viewer's position on the floor, the surface of
the nave's vaulted ceiling miraculously dissolves into a
breathtaking view of the heavens.... there is only one
perfect viewpoint for each illusion (marked by marble
disks on the floor)-move to one side and both structures
gracefully collapse! (p. 40)

Similar effects can be achieved on a smaller scale by
a combination of meticulous painting and peephole vi
sion. This method was first demonstrated by Brunelle
schi in the 15th century (with a peephole and a mirror)
and was later used in 17th century Dutch "perspective
cabinets" and, more recently, in a novel and original way
by Ames in his "distorted room" (Ittelson, 1952).

In spite ofall the differences between viewing a picture
and viewing the real world, empirical studies directly
comparing the two cases are rare, probably due to failure
to see this as an interesting perceptual problem. If one
accepts the pictorial assumption and believes that iden
tical processes are involved in both cases, the idea that
there might be a potentialproblem simply does not emerge.
Nevertheless, a few investigators have approached this
problem experimentally and will be discussed in the next
section.

In summary, the phenomenology of seeing a picture
as a picture is entirely dependent on seeing the surface.
If we remove the appearance of the surface, the picture
is transformed phenomenologically into real world. This
is not a matter of adding more and more apparent depth

until the effect is achieved. A perceived "picture" is trans
formed into perceived "real world" not by changing in
formation about the picture but rather by eliminating in
formation about the surface. A picture, no matter how
complex and how carefully supplied with spatial infor
mation, is still a picture. A single portrayed object, no
matter how simple and virtually devoid of all spatial in
formation, can nevertheless be perceived as a "real ob
ject out there," provided the appearance of the surface
has been eliminated. There are two distinct, discontinu
ous modes of perceiving, one being "picture" and the
other being "real world."

Picture perception and "inverse optics." Every pho
tograph or precisely rendered perspective painting has a
single optically correct viewpoint. However, we rarely
look at pictures with our eye at precisely that point, as
Leonardo suggested we should. What are the perceptual
consequences of such incorrect viewpoints? Leonardo
was definite: "It is impossible that your perspective
should not look wrong, with every false relation and dis
agreement of proportion that can be imagined." Leo
nardo based this conclusion on what has come to be
called variously the problem of inverse optics, of inverse
perspective, or of inverse projection (Epstein, 1995). A
word ofdefinition: Given a real-world scene and a view
point, linear perspective asks, what is the proper per
spective rendition on a given picture surface? This is a
problem in geometry; it has been worked out in detail
and provides a unique solution. Any change of the view
point entails a corresponding change in the perspective.
The problem of inverse optics asks the opposite ques
tion: Given a viewpoint and a perspective rendition on a
picture surface, what real-world scene is represented? As
a problem in geometry this does not have a unique solu
tion. An unlimited number of external configurations
can give rise to the same perspective rendition. A unique
geometric solution requires some additional constrain
ing assumptions (e.g., rectangularity). However, granted
the appropriate assumptions, a unique geometric solu
tion can be reached, and that solution is sensitive to any
changes in the perspective rendition due to changing view
points.

Perception of the real world seems to follow this pat
tern; it is immensely sensitive to changes in the perspec
tive view. As we move about the world, our visual sys
tem receives constantly changing views that are woven
together into the perception of a continuous and stable
world. If changes in the perspective views are not con
sistent with a stable world, the world will appear to move
and distort, as illustrated by Pozzo's ceiling and as shown,
for example, in some of the "Ames demonstrations" (It
telson, 1952) and the phenomenon of "illusory concom
itant motion" (Peterson, 1986).

Ifwe look at pictures from any point except the opti
cally correct viewpoint, the pictorial assumption coupled
with inverse optics predicts the same effects. Leonardo's
prediction should come to pass, but we all know that
doesn't happen. We walk through museums and thumb
through our photograph albums; everything looks fine



even though our eyes are rarely, if ever, at the optically
correct viewpoint. This apparent refusal of picture per
ception to follow the rules of inverse optics (Pirenne,
1970; Polanyi, 1970) has been labeled the robustness of
perspective (Kubovy, 1986; Nicholls & Kennedy, 1993).
This phenomenon poses a critical problem for the un
derstanding of picture perception. Perceiving the real
world is sensitive to small changes in perspective; per
ceiving pictures is seemingly indifferent to large changes.

Attempts to reconcile this apparent contradiction are
part of the larger study of how accurately we can judge
the spatial layout represented in a picture and how it is
affected by viewing condition (Ellis, Kaiser, & Grun
wald, 1991). The problem from the standpoint of inverse
optics has been stated concisely by Sedgwick (1991):
"What effect does viewing a [precise perspective] pic
ture from the wrong location have on the virtual space
represented by that picture?" (p. 460). The geometrically
predicted distortions are readily calculated (Sedgwick,
1991) and involve distortions of size, shape, distance,
orientation, and other characteristics.

Explanations for the reported failure to perceive these
distortions fall into four categories as summarized by
Rogers (1995): (1) compensation-the visual system com
pensates or corrects for the incorrect viewpoint (Kubovy,
1986); (2) minimal distortion-distortions are so small
that they are unnoticed or irrelevant (Busey, Brady, &
Cutting, 1990; Cutting, 1987); (3) invariant informa
tion-some information in the picture remains invariant
under changes in viewpoint (Sedgwick, 1991); (4) dis
tortions are perceived-some distortions actually are
perceived although they may not be noticed or reported
(Cutting, 1988). To these I would add (5) compromise
conflicts between perceptual information provided by
the picture and by the picture surface are resolved in
some form ofperceptual compromise (Sedgwick, 1991).

Drawing on a comprehensive review of the relevant
experimental literature, Rogers (1995) rejects the com
pensation hypothesis but finds evidence to support the
next three possibilities, each of which serves as a con
straint on the degree of robustness that can be achieved.
Pictures, she points out, are artifacts, and the robustness
that is commonly perceived results from artists and pho
tographers consciously or unconsciously incorporating
these constraints into their pictures. This conclusion is
consistent with that of Nicholls and Kennedy (1993),
who suggest the possibility of a continuum from robust
to fragile as a function of viewing conditions in con
junction with the manner in which the pictorial informa
tion is presented. These conclusions, however, neglect
the fifth possibility above: The spatial information pro
vided by the picture surface may interact with the picto
rial information, requiring some form of compromise
(Koenderink et aI., 1994; Sedgwick, 1991). Cutting and
Vishton (1995) have provided a new approach to how
such compromises might be understood in both pictorial
and real-world perception, and Sedgwick and Nicholls
(1993) conclude that "it may thus be possible to describe
pictorial perception as arising from the same processes
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as those used in ordinary nonpictorial perception"
(p. 109).

These experimental and theoretical issues are subject
to continuing study and cannot be resolved at this point.
Their relevance to the pictorial assumption will be con
sidered in terms of four issues.

1. Robustness ofperspective. Either the presence or
the absence of robustness raises questions. In cases of
robustness, changes in perspective are ignored. In the ab
sence of robustness, readily available visual input from
the surface is ignored. Neither of these cases occur in
real-world perception. How can either the presence or
the absence of robustness be reconciled with the known
facts of real-world perception?

2. Real-world spatial perception versus the virtual
space ofpictures. Judged distances in pictured scenes
closely approximate distances judged while viewing the
actual scenes (Rogers, 1995). But the virtual distances in
a picture are vastly different from the perceived spaces of
the real world. If the same processes are involved in per
ceiving pictures and perceiving the real world, how can
they possibly arrive at such very different end points?

3. Nonperspective pictures. Pictures that present ac
curate perspective information are used for the study of
inverse optics, but they constitute only a small fraction of
the vast array ofrepresentational pictures that have been
produced historically and crossculturally. A wide variety
of other geometric transformations have been used to
produce representational pictures (Hagen, 1986). Even
within the perspectivist tradition, departures from per
fect perspective in whole or in part for stylistic reasons
are common. In other cases, perspective is deliberately
ignored, or a mixture ofdifferent geometries is used, in
cluding the interesting case of parallel perspective,
which assumes an infinite viewing distance. The auto
matic application of inverse optics to all of these exam
ples would lead to chaos. There are too many cases that
present no perceptual problem to the viewer but for
which a rigorous inverse optics solution would yield
grotesque results. Can inverse optics be a general solu
tion to picture perception when, at best, it can apply to
only a small fraction of admittedly representational pic
tures? Ifit is not a general solution, then where is its util
ity as an explanatory principle?

4. Gibsonian invariants.Gibson and his followers have
a view of picture perception that makes the entire ques
tion of inverse optics irrelevant. Regrettably, they have
no procedures for making testable predictions in as prin
cipled and precise a way as that offered by inverse optics.
Nevertheless, can we reasonably ignore that approach to
the perception of representational pictures?

The preceding four questions in turn call into question
the validity of the pictorial assumption, at least as far as
representational pictures are concerned. The most con
servative conclusion is that the pictorial assumption is
open to grave doubt and must be approached with caution.

Object and scene recognition. Starting almost a quar
ter century ago (Ittelson, 1970, 1973; O'Keefe & Nadel,
1978) and with growing evidence from many directions,
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the perception of objects and the perception of environ
ments have been treated as separate domains with dif
ferent, though overlapping, mechanisms and functions.
Today, the literatures on object recognition and on spa
tial perception are largely isolated from each other. Ob
ject perception has become synonymous with object rec
ognition, studied almost exclusively using pictures with
results generalized to the real world. We note parentheti
cally that this description does not apply to the Gibson
ian approach, which has been relatively silent on object
recognition. Gibson (1979), while claiming that we can
apply real-world principles to the perception ofpictures,
was also quite explicit about object perception: "What
we perceive when we look at objects are their affordances"
(p. 134). Since the pictured object affords us nothing, an
obvious contradiction arises. Gibson, ofcourse, was aware
of this problem, although he never fully came to grips
with it. We shall consider this issue later, but, first, we re
turn to the mainstream of object recognition research.

Investigators of object recognition are united on a
methodology using pictures as stimuli, but they are frag
mented as to what they mean by object recognition. The
literature provides many idiosyncratic definitions but has
yet to settle on a generally recognized definition specify
ing a common problem area. In the absence of such a
definition, I will approach the question by discussing four
more or less orthogonal dimensions along which various
approaches differ.

I. Conscious or unconscious? Some investigators de
fine object recognition as the unconscious, implicit ac
cessing of structural descriptions stored in memory;
other investigators believe that conscious, explicit aware
ness is required. It would seem evident that a complete
theory of object recognition would encompass both.

2. Naming alone or more complex cognitive and be
havioral descriptors? Many investigators consider the
ability to name an object to be the necessary and suffi
cient condition for indicating recognition. But, surely,
there is more to recognizing an object than the ability to
name it. My dog recognizes me by any reasonable mean
ing ofthe term, but he has yet to call me by name. Unless
we wish to draw a firm line between human and nonhu
man recognition processes, naming cannot be the sole cri
terion. Adding other behavioral and cognitive indicators
of recognition might introduce complications, but per
haps they are needed to capture the phenomenon.

3. Basic level categories or particular exemplars?
Much of the literature is explicitly concerned with basic
level categories (e.g., that is a dog, a cup, a house). But
a sizable, though different, literature (face recognition,
in particular) studies the identification of specific indi
viduals. This would not seem to be an "either-or" issue.
Perhaps identifying basic level categories is a necessary
part of the process ofobject recognition; but it cannot be
all of it. Certainly, the ability to identify individuals is
biologically and psychologically essential.

4. Small-scale object or large-scale scene? Most
recognition work deals with isolated, small-scale objects.

However, we can also recognize large-scale scenes and all
scales in between, and some investigators are moving in
that direction. Is recognition ofobjects fundamentally dif
ferent from recognition ofscenes? More generally, do rec
ognition processes vary as a function ofscale? A psychol
ogy of recognition might be expected to cover the full
range of scale.

A complete psychology of object recognition would
encompass the entire space identified by these four di
mensions and, undoubtedly, others. Whether the use of
pictures offers a suitable methodology for studying this
entire range of problems is, at least, debatable. If a com
plete psychology ofpicture recognition were to be worked
out, it is by no means obvious that it could be transferred
bodily to real-world recognition. This is, at heart, an em
pirical question that needs to be approached systemati
cally. The use of line drawings and photographs to study
certain aspects of the problem may turn out to be appro
priate; at the moment, we have very little evidence. As
the phenomena under investigation become more com
plex, as we become concerned with phenomenologically
rich and detailed real-world objects and environments,
and as the indicators of recognition become cognitively
and behaviorally more meaningful, the use of pictures
may be expected to become progressively more prob
lematic. Almost a century and a halfago, Oliver Wendell
Holmes (1859) offered an extreme statement of reliance
on pictures as substitutes for real-world objects. Captured
by the euphoria surrounding the newly invented photo
stereogram, he wrote,

Form is henceforth divorced from matter. In fact, matter
as a visible object is of no great use any longer, except as
the mould on which form is shaped. Give us a few nega
tives of a thing worth seeing, taken from different points
of view, and that is all we want of it. Pull it down or burn
it up, if you please. (Holmes, 1859, p. 747; italics in orig
inal)

The years have proven him wrong, and the psychology of
object and scene recognition might do well to consider
that verdict.

Behavioral differences. We do not act toward pic
tures the way we act toward the real world. If I ask you
to fill my cup with coffee, you will not try to pour coffee
into the picture, even though I have already informed
you that it is "my cup." This seemingly trivial and obvi
ous point becomes significant when we recognize that
the behavioral aspects ofpicture perception relate to the
phenomenological. Ifwe treat the picture such that it ap
pears to be real world, we also act toward the picture as
if it were real world. Smith and Smith (1961) provide an
often cited experimental demonstration of this phenom
enon. Two groups ofsubjects looked through a peephole
into a room, one group seeing the actual room and the
other seeing a photograph of the room displayed so that
the surface was not visible. Both groups threw a ball at
targets in the actual room. There was no systematic dif
ference between groups either in the way they threw the



ball or in their impressions that they were actually look
ing into the real room. For a picture to be a picture, the
scene and the surface must both be visible to the viewer.
Remove the appearance of the surface and the picture
ceases to be a picture and becomes the real world,
phenomenologically and behaviorally. Not only will you
say it really is "my cup" but you will actually try to pour
coffee in it.

The inability to act with respect to pictures poses a
problem for theorists who believe that action and per
ception are inextricably linked. Gibson (1979), while
claiming that perceiving pictures follows the same pro
cesses as perceiving the real world, also claimed that
"the full awareness of surfaces includes their layout,
their substances, their events, and their affordances"
(p. 255). But "strictly speaking, all we perceive directly
are surfaces as such. If so, we should not speak of the
perception of a picture but of a nonperceptual kind of
apprehension" (Gibson, 1980, p. xv). Pictures do not pro
vide affordances: this contradiction persistently worried
Gibson and his followers (Stoffregen, 1993), who have for
the most part used real-world settings for perception
action research (Flynn, 1994; Warren, 1984).

The difference in behavior toward pictures and toward
the real world touches on a fundamental issue ofpercep
tual theory. Perception of the world is complexly related
to action in the world. The adaptive value of visual sys
tems depends on their ability to guide effective action in
the world, although the exact nature of the processes in
volved remains obscure. This issue will not soon be set
tled, but we are here concerned with the narrower question
of whether the real-world relationship between percep
tion and action casts doubts on the pictorial assumption.
It can be argued that, although we cannot act directly on
pictures, verbal judgments about actions-or, in limited
cases, some actual actions-made in response to pictures
can be accurate predictors of action in the real world.
Judgments of distances represented in pictures closely
approximate similar judgments in response to the actual
scene (Rogers, 1995). Might not the same be true for judg
ments concerning actions? Even this limited use of pic
tures to study real-world actions, however, is thrown into
question by the work ofGoodale and Milner (1992), who
provide evidence for at least a partial dissociation be
tween neural pathways for conscious visual perception
and for visually guided action. Inferences or other indi
rect measures of action based on pictures therefore be
come highly problematic. There may, ofcourse, be cases
in which such measures can be used effectively, but their
validity cannot be assumed in advance.

The proposition that perception and action are inti
mately related is a basic tenet of all perceptual theories,
and the explication of that relationship poses a continu
ing challenge. Actions guided by real-world visual percep
tion are fundamentally different from actions growing out
of the perception ofpictures and ofmarkings in general.
At least to the extent that the attainment ofcorrect percep
tions is a necessary condition for survival, or for effective
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action, the perception of the real world and the percep
tion of pictures are profoundly different. This topic will
be addressed more fully in the final section of this paper.

The Pictorial Assumption Revisited
The similarities between looking at pictures and look

ing at the real world are so striking that it would seem in
tuitively obvious that the same perceptual processes
must be involved in the two cases. This intuition has been
incorporated into contemporary perceptual research in
the form of the pictorial assumption. We have examined
this assumption and found it lacking in many respects.
First, the definition of a picture, even a representational
picture, is so unclear that it is questionable whether the
term refers to a coherent class. Furthermore, even grant
ing the category of pictures, we have found important
differences between real-world perception and the per
ception of pictures in the areas of phenomenology, pro
cessing in terms of "inverse optics," recognition, and
behavior. A large body ofevidence suggests that the pic
torial assumption in the strong form presented earlier in
this section and as generally accepted in the psychologi
cal literature is false. The most conservative response to
this evidence is the Pictorial Assumption (Corrected):
The processes involved in the visual perception of the
world and in the visual perception of pictures differ in
important ways. Generalizations from one to the other
must be undertaken with caution.

This conclusion has implications for the study ofreal
world perception. It has been argued "that the wide
spread use of two-dimensional stimuli in perceptual ex
periments has led ... to the development of theories that
are oflittle value in accounting for normal everyday per
ceptions" (Wade & Swanston, 1991, p. 197). At the least,
an experimental and theoretical program is needed to de
termine if, and under what conditions, generalizations
between pictures and the real world may be valid. The
findings of this program, taken seriously, could result in
important contributions to, and revisions of, our under
standing of the psychology of perception. Furthermore,
the implications of this conclusion go beyond the psy
chology ofperception. Any general model ofhuman cog
nition must be able to differentiate between the real world
and pictures of that world and to respond appropriately
and differently to each. To my knowledge, no models
computational, neural network, or any other-have ad
dressed this issue.

In summary, the perception of pictures of objects,
places, and events differs in significant ways from the
perception of the objects, places, and events themselves.
Generalizations to and from studies using pictures as
stimuli must be carefully examined. Pictures are only one
of the many categories that fall under the classification
ofmarkings. They do not constitute a separate and special
group standing in isolation outside the general heading.
How studies of the perception of markings and of the
perception of the real world can inform each other re
quires further theoretical and empirical analysis.
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Markings are everywhere. We perceive them effort
lessly and weave those perceptions seamlessly into the
ongoing fabric ofour perceptions ofthe world. Markings
are so obvious that it has seemed unnecessary to subject
them as a general class to critical inquiry. Nevertheless,
it is to that inquiry that we now turn.

PERCEIVING MARKINGS

The study of the perception of markings is an impor
tant field in its own right. What markings are about, how
they are processed, what is a correct perception ofa mark
ing' and how the perception of markings relates to ordi
nary perception will be addressed in this section.

What Perceptions Are About:
Real World and Markings

What real-world perception is about is clear in broad
outline, although different authors express it in different
terms with different theoretical implications. For Gibson
(1979), vision's "function is to help the observer cope with
the environment" (p. 239). For Marr (1982), vision pro
vides information that is "useful" for the organism. These
authors, representing the direct and the computational
approaches to perception, agree, as do most other percep
tion theorists, on the overall function ofvisual perception.

The visual systems of all reasonably complex organ
isms provide useful information about the ongoing states
of relevant aspects of the immediately present world. I
will summarize this long phrase with the term existence:
Real-world perception is about existence. Let us exam
ine the various components that make up this definition.
Useful information about the world helps the individual
cope with and act effectively in the world. That is the
adaptive function of vision: Organisms with visual sys
tems that provide more useful information replace those
with less useful visual systems. Ongoing states of the
world reflect the constant change and flux of the envi
ronment. No individual lives in a static world, and per
ception is not a series of static views. The world provides
multiple sources of constantly changing information,
and perception maintains a running contact with that
flow. But within never-ending change, there are elements
of continuity and stability, and perception uses those el
ements to establish a world of relative stability and con
stancy. Relevant aspects of the world vary from organ
ism to organism, from individual to individual, and, for
the same individual, from time to time. While broadly
attuned to those aspects of the world that are generally
relevant, perception explores, selects, and attends to spe
cific aspects that become important as the individual's
status changes over place and time. It is this immediately
present world that perception is concerned with. Percep
tion does not provide information about yesterday's
world or tomorrow's, nor about far away times and
places; it is about the immediate present. The immediate
present is notoriously hard to define; it is certainly a
"specious present," and its spatial and temporal bound-

aries are flexible, within limits. Real-world perception is
about the here and now. It is a closed process: There is a
"real world out there," and the information available to
perception is defined by that world. Perception is ongoing,
fluid, continuously changing, but, at every moment, it con
verges on the immediately present world.

Inbroad outline, then, ordinary perception is about the
ongoing states of relevant aspects of the immediately
present world (i.e., existence): It is exploratory, using
multiple sources of information to arrive at the percep
tion of a unique and stable world by means of a conver
gent, closed process.

If the perception of the world is about existence, what
is the perception of markings about? Markings do not
occur naturally in the real world; they exist as human ex
pressive and communicative artifacts. The perception of
markings must necessarily be about that expressive and
communicative content. Markings are important because
they directly influence the thoughts, feelings, and images
of the perceiver, or more precisely, the affective, cogni
tive, and imaginal content attributed to a particular human
expressive and communicative artifact, made possible by
the decoupling ofthat content from its real-world source.
I will substitute for this long and cumbersome phrase the
term afJectance, from the dictionary definition of the
verb to affect, "to impress or influence (the mind or feel
ings)." If the perception of the real world is about exis
tence, the ongoing state of the world, the perception of
markings is about affectance, the ongoing state of think
ing, feeling, and imaging about the world.

Affectance is not about the immediately present
world. The informational content of markings is decou
pled from the real-world situation in which they are en
countered. Whether design, writing, diagram, or depic
tion, the marking provides information that affects the
viewer's thoughts, feeling, and images about something
other than the here-and-now source of the marking. And,
unlike the real-world source of ordinary perception, the
marking stands as a single, limited, and completely de
fined source of visual information. There is no opportu
nity for further exploration, although more detailed ex
amination is usually possible, and obtaining information
about the marking from other sources can be an impor
tant part of the process. From that defined beginning,
starting with a single, concrete instance, the perceptual
system generates a range ofalternative possibilities that
are essentially divergent; they radiate out in a variety of
directions from the marking as a starting point. This is an
open-endedprocess with no predetermined end point. In
short, the perception of markings is about the cognitive,
affective, and imaginal content attributed to particular
human artifacts (i.e., affectance): Using a fixed,Jully de
fined, single source of information, it generates a range
of possibilities by means of a divergent, open-ended
process. While real-world perception keeps us in contin
uous, intimate contact with the external realities ofexis
tence in the here and now, the perception of markings
transports us into the inner world of affectances.



The Correctness of Perceptions:
Real World and Markings

An assessment of the correctness ofperception has al
ways been, and should be, a part of the overall study of
perception. Real-world perception provides information
about existence-about the relevant objects, spatial lay
outs, and events in the immediately present external world.
Assessing correctness would seem to be a simple matter
of comparing the perception of existence with the actu
ally existing world. But the perceiving individual cannot
do this. No organism has access to a separate indepen
dent description ofthe world against which to hold up its
perceived description of that world. It simply cannot be
done. An organism can determine ifits perception of the
world is correct only by acting in that world (Ittelson,
1960, pp. 22-23). These considerations led Ames to de
scribe perceptions as "prognostic directives for action"
and Gibson to invent the felicitous concept of "affor
dances." "The affordances of the environment," Gibson
(1979, p. 127) writes, "are what it offers the animal, what
it provides or furnishes, either for good or ill .... Affor
dance ... refers to both the environment and the ani
mal ... [and] implies the complementarity of the animal
and the environment." Gibson (1979, p. 129) further
states, "An affordance is neither an objective property nor
a subjective property [It] cuts across the dichotomy
subjective-objective It is equally a fact of the envi-
ronment and a fact of behavior." In dealing with the cor
rectness ofperception, I will adopt the term affordances,
as Gibson defined it, but without accepting his theoriz
ing about the perceptual processes involved. Further
more, as explicit in Ames and implicit in Gibson, affor
dances are future oriented; they are predictive in nature.
The correctness of perception is not a static property.
Perceived affordances tell us what we can do in the world,
and their correctness depends on how good a guide they
are in carrying out commerce with the environment. The
correctness of perception unfolds in the course of on
going action.

Correctness carries with it the possibility of incor
rectness-of misperception. For many writers misper
ceptions pose a major conceptual problem. They should
not. The visual system is indeed remarkable, but it is not
perfect, nor should we expect it to be. The extraordinary
fact is not that we occasionally misperceive but that we
so rarely do. The accuracy of perceptual information is
perhaps the most consistent and impressive finding of
studies of visual perception. Along with other organ
isms, humans exhibit the capacity to generate faithful
and useful information about the relevant aspects of the
external world and to act effectively on the basis of that
information. This is essentially a tautology: Its truth is
given by the existence of the organisms. Survival de
pends on effective and successful action in the environ
ment. Successful and effective action in tum requires
reasonably accurate information about the environment
and is ultimately the only meaningful criterion for as
sessing the correctness ofperception. Any organism that
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generates consistently incorrect information about rele
vant aspects of its environment simply is not going to
survive. Failure to survive may be due to many causes,
but survival is proofpositive ofthe overall correctness of
the perception of affordances.

The correctness of the perception ofmarkings poses a
radically different problem. There is no objective descrip
tion ofa marking that is analogous to a description of the
real world. The closest we can get to it is a description of
the two-dimensional pattern ofedges, luminance, and so
on. This is a far cry from what we mean by a description
of the world, and it serves as only the starting point for
perceiving that world. But as soon as we go beyond that,
there is no objective description of the marking that ex
ists independent of the fact of being described. In short,
there exists no independent, objective criterion against
which to assess the correctness ofthe perception ofmark
ings. But even if there were such a description, the per
ceiving individual would have no more access to it than
to an independent description of the real world. Nor does
an appeal to the consequences of action help. Markings
do not afford anything in the real world. There is noth
ing one can do with or to a marking except contemplate
it, inquire about it, or change it.

What then do we mean when we speak of the percep
tion of a marking, and is there a sense in which that per
ception can be correct or incorrect? This difficult ques
tion has been addressed by many writers whose influence
can be seen in these pages (Berger, 1977; Danto, 1981;
Gombrich, 1969; Goodman, 1976; Levinson, 1993; Ros
kill & Carrier, 1983). I will approach this question by dis
cussing four issues. (1) "Correctness" implies a compari
son, for which there are two candidates: the original
intent ofthe maker of the marking (Bloom, in press) and
the meaning of the marking as currently embedded in so
cial process. Both are legitimate meanings; which one is
appropriate depends on the context. (2) In the general
case, they lead to different conclusions, and neither pro
vides a unique, principled answer. (3) Nevertheless, we
usually are satisfied that we deal with markings reason
ably correctly and appropriately. This pragmatic approach
to correctness is made possible by constraints stemming
from both the original intent and current usage. (4) The
lack ofa general, principled way to determine if the per
ception ofa marking is "correct," far from being a weak
ness, is a strength. The perception of markings is open
ended, fostering individual differences and the exercise
of creativity. This does not, however, mean that every
marking is an open-ended invitation to fantasy. The con
cept of the correctness of the perception of a marking is
a meaningful one, and the search for that correct per
ception is a legitimate endeavor.

Any marking exists as a consequence ofsomeone 's in
tention to express or communicate some affectance,
some thought, feeling, or image, by creating a specific
type of artifact, a marking. The correct interpretation of
any communication is what the communicator intends to
communicate. To perceive a marking "correctly" is to
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correctly realize that intention. But as a practical guide
to assessing the correctness of the perception of mark
ings, this approach immediately runs into problems.

At least three levels of intent underlie the creation of
any marking: the immediate content, the medium used
to express that content, and the general principle in
tended to be conveyed. While this is true ofall markings,
it is most easily demonstrated in art. The immediate con
tent of, for example, Picasso's "Les Demoiselles d' Avig
non" is 5 women. There is no doubt that Picasso intended
to paint 5 women, and to perceive this painting as a pic
ture of5 women is certainly correct. But it is equally ob
vious that Picasso intended to do more than paint another
picture of 5 women. He chose a particular medium, a
constellation of design, form, color, paint, scale, and so
forth, because he intended to evoke a particular affec
tance, a particular cognitive, affective, and imaginal state
in the viewer. In all markings, the medium is, and always
has been, at least part of the message. But underlying the
choice of both content and medium is the intention to
convey a general principle-in Picasso's case, a new way
of looking at art and at human existence. This complex
interweaving of levels of intent, so clearly illustrated in
art, is characteristic of all markings although frequently
hidden under a patina of accepted customs and usage.
Even a graph in a scientific article is not immune. The im
mediate intent is to present a set of data, but the choice
of how those data are presented-the medium used-is
heavily dependent on what aspects of the data are in
tended to be emphasized, and that in tum grows out of
what general principles and conclusions are intended to
be drawn. The intent underlying any marking is a diffi
cult and elusive quarry.

The creation and the subsequent perception ofa mark
ing involve a definite sequence of events: the creator of
the marking starts with a set of intentions and produces
a marking; the perceiver starts with the marking and tries
to reconstruct the intentions. We need to examine this
path in more detai1. Ifthere were a clear causal sequence,
with intentions fully determining the marking and then
being uniquely derivable from the marking, correct per
ception, in terms ofrecovering the original intent, would
present no problem. There would always be, at least in
principle, a correct solution. But that turns out not to be
the case. Far from being a recognizable causal chain, the
route from intention to marking and from marking back
to intention is strewn with multiple choices and complex
contingencies. This is also true of the creation and design
ofartifacts in general (Petroski, 1993), ofwhich markings
are a special case.

Markings, like all artifacts, start with an intention or
purpose and end with a physical structure or form. If the
process is successful, the form actualizes the intention
so perfectly that it seems inevitable. Nevertheless, it is
the product of a continuous series of choices based on
social practices, individual experiences, and aesthetic
judgments (Willats, 1990). The considerations imping
ing on and constraining future choices are contingent on
earlier choices in a process that is as idiosyncratic and

unique as the individuals involved. Many of the deci
sions along the way are "rational," They are in principle
"computable" on the basis of some hypothetical algo
rithm. But some, perhaps most, are not. They are based
on a feeling on the part ofthe creator ofthe marking that,
of all possible paths, this one is the "right" way to go.
This is most obvious in the case of the creative artist, but
it is equally true for the creators ofall types ofmarkings.
The number of potentially acceptable designs seems to
be as countless as the number ofpossible sentences. Pre
senting quantitative information by diagrams offers an
equally endless array of possibilities. "To envision in
formation ... is to work at the intersection of image,
word, number, art. ... And the standards of quality are
those derived from visual principles that tell us how to
put the right mark in the right place" (Tufte, 1990, p. 9).
These decisions are properly termed aesthetic. "When is
it finished?" is perhaps the most interesting decision of
all and represents the final creative aesthetic judgment.
No marking can be created without a continuing exercise
of aesthetic judgments, although they may on occasion
be so hidden in established practice as to be unrecogniz
able. And the thought, feeling, or image the marking is
intended to communicate or express cannot be separated
from the aesthetics of the marking.

Now another individual is faced with the marking.
What is it? The most obvious solution is to derive from
the physical form the original intent of the maker. The
wonder ofart is that it "evokes a corresponding resonance
in the mind of the maker and the recipient" (Arnheim,
1993, p. 197). But this is rarely achieved. Between the
original intent and the final markings are many possible
"alternative histories," only one of which was followed
and cannot in principle be retrieved from the marking
alone. We can, of course, ask the creator ofthe marking,
if available, what the marking is intended to mean. This
may work in a few simple cases, but, in the general case,
it runs into a curious paradox. This seemingly innocuous
question asks the originator of the marking to produce a
second marking that will elucidate the first. Will this mark
ing be more easily understood than the original? Pre
sumably not, or it would have been created in the first
place. So we enter an endless regress. In most cases, per
haps fortunately, the originator is not accessible; in oth
ers, the original intent may be considered irrelevant, as
with "found" art or religious icons used as decorative
pieces. We can, as an alternative approach, ignore the
original intent and assess the marking entirely within the
nexus ofcontemporary social structure and practice. But
this produces multiple answers, no one of which can be
demonstrated to be uniquely correct. In actually dealing
with markings, we inevitably combine both approaches.
There is, in principle, no way of determining a single,
stable answer to the correct perception of a marking.

Nevertheless, in dealing with markings, Wedo not ex
perience anarchy; instead, we typically perceive a defi
nite meaning that we are confident is correct. We can do
this because the form or structure of the marking does
provide powerful constraints on the meaning. These are



the same constraints that guide the hand of the maker of
the marking, and they have been listed earlier: (1) the in
herent constraints on what makes a design decorative or
aesthetically satisfactory, (2) the socially agreed upon
meanings and usages surrounding writing, (3) the con
ventions regarding the construction of diagrams that are
further constrained by the nonvisual data, and (4) the
need for depictions of all kinds to have some formal re
lationship between the visual information provided by
the world and that provided by the depiction. These con
straints rarely lead us astray. Markings that have the form
of a random array of lines rarely are intended to be de
signs. Markings that have the form Have gone to the
store are rarely intended to mean Am in the kitchen cook
ing dinner. Markings that have the form of a street map
are rarely intended to be abstract portraits or graphs of
data. Markings that have the form of a cat are rarely in
tended to represent dogs. When we couple these con
straints with equally powerful constraints imposed by
current social usage, very little room may be left for
multiple interpretations.

This process works; we generally deal successfully with
the vast numbers ofmarkings we daily encounter. But this
is a pragmatic, not principled, solution to the problem of
the correctness ofthe perception ofmarkings, and it can be
wrong. Suppose, for example, that someone puts a com
plex arrangement of lines and colors on a canvas and de
clares, "That is a nude descending a staircase." You and I
and all our friends look at it and declare, strongly and
unanimously, that, whatever else it may be, it most cer
tainly is not a nude descending a staircase. But it turns out
that we are wrong. Similarly, Have gone to the store may
be intended to be read as I am angry with you and don't
want to be home when you arrive. The perception ofmark
ings is a pragmatic affair enmeshed in a complex of indi
vidual, social, and cultural processes applied to the inter
pretation of forms that always underdetermine meanings.

Individual, social, and cultural meanings are in con
stant flux. So also are the perceptions of markings: wit
ness the "Nude Descending a Staircase." The perception
of markings is subject to both long-term and sudden,
"catastrophic," changes. The perception ofmarkings-or
more generally, the perception of affectances-is diver
gent and open-ended. This is the dilemma, the challenge,
and the opportunity facing us every time we create a
marking. We construct a form, but we can never fully de
termine how that form will be perceived. Each perceiver
can, and indeed must, perceive it idiosyncratically to a
greater or lesser extent.

In summary, the correctness of real-world perception
and the correctness of the perception of markings have
very different meanings. Correct perceptions of the
world provide information that helps us successfully ne
gotiate the immediate world in which we find ourselves.
That is their adaptive function. Correct perceptions of
markings provide affectances-thoughts, feelings, and
images-that help us contemplate (Arnheim, 1993), un
derstand, and create a world other than the one in which
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we immediately find ourselves. That is their adaptive
function.

AtTectances: Markings and Real World
To this point, we have considered the perception ofaf

fectances only with respect to markings. This is an appro
priate starting point; markings reveal affectances stripped
of their real-world trappings, leaving them exposed to
our scrutiny. But the perception ofaffectances is not lim
ited to markings. Markings imperceptibly merge into
bas-reliefs, then to sculpture, and along one path to dance
and drama, while another path leads us generally to arti
facts and on to the entire built environment. The paths con
verge on the full-scale environment, natural and built. As
a concluding note, I suggest that every situation we en
counter has a dual personality: It is the real-world setting
in which we act out our lives, and it also provides the real
world occasions from which we can peel off the affec
tances that mold and direct our inner lives.

The contrasts between the perception of the world and
the perception ofmarkings are presented in the Appendix.

SUMMARY AND CONCLUSIONS

Markings are two-dimensional patterns that do not
convey information about the real-world surfaces on
which they appear; their informational content is decou
pled from its real-world source. Markings are intentional,
expressive, and communicative human artifacts. The role
they play in visual perception is quite different from that
of ordinary, real-world perception. Markings do not tell
us about the world; they directly influence the cognitive,
affective, and imaginal content attributed to the marking.
If ordinary perception is about the existence of the real
world, markings are about the affectances, the thoughts,
feelings, and images of the observer.

The perceptual role played by markings is closely tied
to the ways in which markings are processed by the vi
sual system. Ordinary perception is exploratory, using
multiple sources of information to arrive at the percep
tion of a unique and stable world by means of a conver
gent, closed process. In contrast, the perception ofmark
ings starts with a fixed, fully defined, single source of
information and generates a range of possibilities by
means of a divergent, open-ended process.

Since different functions and processes are involved
in the perception of markings as contrasted to everyday
perception, generalizations of findings from one to the
other must be undertaken with great caution. In particu
lar, the use of markings as surrogates for the real world
in perceptual experiments needs to be examined. It is at
least arguable that theories based on experiments using
markings as stimuli have little to tell us about everyday,
real-world perception. A comprehensive theoretical and
experimental analysis of the possibilities and limitations
of generalizations between real world and markings is
needed before we can safely interpret the large amount
of data already accumulated.
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The perception of markings is an important research
field in its own right. Differences between the percep
tion of markings and real-world perception must be re
flected in any approach to perception that hopes to be
complete, including attempts to model perceptual pro
cesses, whether computationally, by networks, or di
rectly physiologically. Identification of the functions and
processes that are restricted to the perception of mark
ings, those that are limited to real-world perception, and
those that overlap constitutes a major research program.
Finally, I suggest that the extension ofthe concept ofaf
fordances to real-world situations is a profitable direc
tion for future research.
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Category

APPENDIX
Contrasts Between the Visual Perception of the Real World and of Markings

Real World Marking

Perceiver

External source

Visual information

Process

Outcome

Content

Correctness

Action

All organisms with visual systems

Three-dimensional objects, spatial layouts and
events in the world

Varied, open-ended, incompletely defined,
acquired through exploration of multiple sources

Selective, convergent, closed-ended

Unique, fully determined

"Existence"; relevant aspects of the world;
objects, spatial layouts and events of the external
source; "affordances"

Agreement with external, three-dimensional
world; effective action the criterion for and the
test of correctness

Action in the immediately present world

Humans

"Two-dimensional" human expressive, communicative
artifacts

Single, fixed, fully defined, independent of real
world source

Generative, divergent, open-ended

Indeterminate, tentative, on-going

"Affectance"; affective, cognitive, and imaginal
content attributed to the marking

Realization ofthe expressive and communicative
intent of the maker of the marking tempered by
current social usage; no principled test of correctness

Future action with respect to a world not immediately
present; creation of new markings; "contemplation"
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