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                 PART I 

 The Environment to 
be Perceived    



     In this book,  envir on ment  will refer to the surround ings of those organ isms that 
perceive and behave, that is to say, animals. The envir on ment of plants, organ-
isms that lack sense organs and muscles, is not relev ant in the study of percep tion 
and beha vior. We shall treat the veget a tion of the world as animals do, as if it 
were lumped together with the inor ganic miner als of the world, with the phys-
ical, chem ical, and geolo gical envir on ment. Plants in general are not animate; 
they do not move about, they do not behave, they lack a nervous system, and 
they do not have sensa tions. In these respects they are like the objects of physics, 
chem istry, and geology. 

 The world can be described at differ ent levels, and one can choose which 
level to begin with. Biology begins with the divi sion between the nonliv ing 
and the living. But psycho logy begins with the divi sion between the inan im ate 
and the animate, and this is where we choose to begin. The animals them selves 
can be divided in differ ent ways. Zoology clas si fi es them by hered ity and 
anatomy, by phylum, class, order, genus, and species, but psycho logy can clas-
sify them by their way of life, as pred at ory or preyed upon, terrestrial or aquatic, 
crawl ing or walking, fl ying or nonfl y ing, and arboreal or ground- living. We 
are more inter ested in ways of life than in hered ity. 

 The envir on ment consists of the  surround ings  of animals. Let us observe that 
in one sense the surround ings of a single animal are the same as the surround-
ings of all animals but that in another sense the surround ings of a single animal 
are differ ent from those of any other animal. These two senses of the term can 
be trouble some and may cause confu sion. The appar ent contra dic tion can be 
resolved, but let us defer the problem until later. (The solu tion lies in the fact 
that animals are mobile.) For the present it is enough to note that the surround-
ings of  any  animal include other animals as well as the plants and the nonliv ing 
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things. The former are just as much parts of its envir on ment as the inan im ate 
parts. For any animal needs to distin guish not only the substances and objects 
of its mater ial envir on ment but also the other animals and the differ ences 
between them. It cannot afford to confuse prey with pred ator, own- species 
with another species, or male with female.  

  The Mutuality of Animal and Environment 

 The fact is worth remem ber ing because it is often neglected that the words 
 animal  and  envir on ment  make an insep ar able pair. Each term implies the other. No 
animal could exist without an envir on ment surround ing it. Equally, although 
not so obvious, an envir on ment implies an animal (or at least an organ ism) to be 
surroun ded. This means that the surface of the earth, millions of years ago before 
life developed on it, was not an envir on ment, prop erly speak ing. The earth was 
a phys ical reality, a part of the universe, and the subject matter of geology. It was 
a poten tial envir on ment, prerequis ite to the evol u tion of life on this planet. We 
might agree to call it a world, but it was not an envir on ment. 

 The mutu al ity of animal and envir on ment is not implied by physics and the 
phys ical sciences. The basic concepts of space, time, matter, and energy do not 
lead natur ally to the organ ism- envir on ment concept or to the concept of a 
species and its habitat. Instead, they seem to lead to the idea of an animal as an 
extremely complex object of the phys ical world. The animal is thought of as a 
highly organ ized  part  of the phys ical world but still a part and still an object. 
This way of think ing neglects the fact that the animal- object is surroun ded in 
a special way, that an envir on ment is ambient for a living object in a differ ent 
way from the way that a set of objects is ambient for a phys ical object. The term 
 phys ical envir on ment  is, there fore, apt to get us mixed up, and it will usually be 
avoided in this book. 

 Every animal is, in some degree at least, a perceiver and a behaver. It is 
sentient and animate, to use old- fash ioned terms. It is a perceiver  of  the envir-
on ment and a behaver  in  the envir on ment. But this is not to say that it perceives 
the world of physics and behaves in the space and time of physics.  

  The Difference Between the Animal Environment and the 
Physical World 

 The world of physics encom passes everything from atoms through terrestrial 
objects to galax ies. These things exist at differ ent levels of size that go to almost 
unima gin able extremes. The phys ical world of atoms and their ulti mate parti-
cles is meas ured at the level of millionths of a milli meter and less. The astro-
nom ical world of stars and galax ies is meas ured at the level of light- years and 
more. Neither of these extremes is an envir on ment. The size- level at which the 
envir on ment exists is the inter me di ate one that is meas ured in milli meters and 
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meters. The ordin ary famil iar things of the earth are of this size—actu ally a 
narrow band of sizes relat ive to the far extremes. The sizes of animals, simil arly, 
are limited to the inter me di ate terrestrial scale. The size of the smal lest animal 
is an appre ciable frac tion of a milli meter, and that of the largest is only a few 
meters. 

 The masses of animals, like wise, are meas ured within the range of milli-
grams to kilo grams, not at the extremes of the scale, and for good physiolo gical 
reasons. A cell must have a minimum of substances in order to permit biochem-
ical reac tions; living animals cannot exceed a maximum mass of cells if they are 
all to be nour ished and if they are to be mobile. In short, the sizes and masses 
of things in the envir on ment are compar able with those of the animals. 

  Units of the Environment 

 Physical reality has struc ture at all levels of metric size from atoms to galax ies. 
Within the inter me di ate band of terrestrial sizes, the envir on ment of animals 
and men is itself struc tured at various levels of size. At the level of kilo met ers, 
the earth is shaped by moun tains and hills. At the level of meters, it is formed 
by boulders and cliffs and canyons, and also by trees. It is still more fi nely struc-
tured at the level of milli meters by pebbles and crys tals and particles of soil, and 
also by leaves and grass blades and plant cells. All these things are struc tural 
units of the terrestrial envir on ment, what we loosely call the forms or shapes of 
our famil iar world. 

 Now, with respect to these units, an essen tial point of theory must be 
emphas ized. The smaller units are embed ded in the larger units by what I will 
call  nesting.  For example, canyons are nested within moun tains; trees are nested 
within canyons; leaves are nested within trees; and cells are nested within 
leaves. There are forms within forms both up and down the scale of size. Units 
are nested within larger units. Things are compon ents of other things. They 
would consti tute a hier archy except that this hier archy is not categor ical but 
full of trans itions and over laps. Hence, for the terrestrial envir on ment, there is 
no special proper unit in terms of which it can be analyzed once and for all. 
There are no atomic units of the world considered as an envir on ment. Instead, 
there are subor din ate and super or din ate units. The unit you choose for 
describ ing the envir on ment depends on the level of the envir on ment you 
choose to describe. 

 The size- levels of the world emphas ized by modern physics, the atomic and 
the cosmic, are inap pro pri ate for the psycho lo gist. We are concerned here with 
things at the ecolo gical level, with the habitat of animals and men, because we 
all behave with respect to things we can look at and feel, or smell and taste, and 
events we can listen to. The sense organs of animals, the percep tual systems 
(Gibson, 1966 b ), are not capable of detect ing atoms or galax ies. Within their 
limits, however, these percep tual systems are still capable of detect ing a certain 
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range of things and events. One can see a moun tain if it is far enough away and 
a grain of sand if it is close enough. That fact is suffi  ciently wonder ful in itself 
to deserve study, and it is one of the facts that this book will try to explain. 

 The explan a tion of how we human observ ers, at least some of us, can 
 visu al ize  an atom or a galaxy even if we cannot  see  one will not be attemp ted at 
this stage of the inquiry. It is not so much a problem of percep tion as it is of 
think ing, and there will be more about this later. We must fi rst consider how 
we can perceive the envir on ment—how we appre hend the same things that our 
human ancest ors did before they learned about atoms and galax ies. We are 
concerned with direct percep tion, not so much with the indir ect percep tion got 
by using micro scopes and tele scopes or by photo graphs and pictures, and still 
less with the kind of appre hen sion got by speech and writing. These higher- 
order modes of appre hen sion will only be considered in Part IV of this book, at 
the end.  

  Units of the Ground Surface 

 The literal  basis  of the terrestrial envir on ment is the ground, the under ly ing 
surface of support that tends to be on the average fl at—that is to say, a plane—and 
also level, or perpen dic u lar to gravity. And the ground itself is struc tured at 
various levels of metric size, these units being nested within one another. The 
fact to be noted now, since it is import ant for the theory of perspect ive in Part II, 
is that these units tend to be repeated over the whole surface of the earth. Grains 
of sand tend to be of the same size every where, and so do pebbles and rocks. 
Blades of grass are all more or less similar to one another, and so are clumps of 
grass and bushes. These natural units are not, of course, perfectly uniform like 
the man- made tiles of a pave ment. Nevertheless, even if their repe ti tion is not 
metric ally regular, it is stochastic ally regular, that is to say, regular in a prob ab il-
istic way. In short, the compon ent units of the ground do not get smaller as one 
goes north, for instance. They tend to be evenly spaced; and if they are scattered, 
they tend to be evenly scattered.   

  The Time Scale of the Environment: Events 

 Another differ ence between the envir on ment to be described and the world of 
physics is in the temporal scale of the process and events we choose to consider. 
The dura tion of processes at the level of the universe may be meas ured in 
millions of years, and the dura tion of processes at the level of the atom may be 
meas ured in millionths of a second. But the dura tion of processes in the envir-
on ment is meas ured only in years and seconds. The various life spans of the 
animals them selves fall within this range. The changes that are perceived, those 
on which acts of beha vior depend, are neither extremely slow nor extremely 
rapid. Human observ ers cannot perceive the erosion of a moun tain, but they 
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can detect the fall of a rock. They can notice the displace ment of a chair in a 
room but not the shift of an elec tron in an atom. 

 The same thing holds for frequen cies as for dura tions. The very slow cycles 
of the world are imper cept ible, and so are the very rapid cycles. But at the 
level of a mech an ical clock, each motion of the pendu lum can be seen and each 
click of the escape ment can be heard. The rate of change, the trans ition, is 
within the limits of percept ib il ity. 

 In this book, emphasis will be placed on events, cycles, and changes at the 
terrestrial level of the phys ical world. The changes we shall study are those that 
occur in the envir on ment. I shall talk about changes, events, and sequences of 

  FIGURE 1.1     The struc ture of the terrestrial earth as seen from above.    

  In this aerial photo graph only the large- scale features of the terrain are shown. 
(Photo by Grant Heilman)  



8 The Ecological Approach to Visual Perception

events but not about time as such. The fl ow of abstract empty time, however useful 
this concept may be to the phys i cist, has no reality for an animal. We perceive not 
time but processes, changes, sequences, or so I shall assume. The human aware ness 
of clock- time, social ized time, is another matter. 

 Just as phys ical reality has struc ture at all levels of metric size, so it has struc-
ture at all levels of metric dura tion. Terrestrial processes occur at the inter me-
di ate level of dura tion. They are the natural units of sequen tial struc ture. And 
once more it is import ant to realize that smaller units are nested within larger 
units. There are events within events, as there are forms within forms, up to the 
yearly shift of the path of the sun across the sky and down to the break ing of a 
twig. And hence there are no element ary units of temporal struc ture. You can 
describe the events of the envir on ment at various levels. 

 The acts of animals them selves, like the events of the envir on ment they 
perceive, can be described at various levels, as subor din ate and super or din ate 
acts. And the dura tion of animal acts is compar able to the dura tion of envir on-
mental events. There are no element ary atomic responses. 

 The natural units of the terrestrial envir on ment and the natural units of 
terrestrial events should not be confused with the  metrical  units of space and 
time. The latter are arbit rary and conven tional. The former are unitary in one 
sense of the term, and the latter are unitary in a quite differ ent sense. A single 
whole is not the same as a stand ard of meas ure ment.  

  Permanence and Change of the Layout 

 Space and time will not often be referred to in this book, but a great deal will 
be said about perman ence and change. Consider the shape of the terrestrial 
envir on ment, or what may be called its  layout.  It will be assumed that the layout 
of the envir on ment is both perman ent in some respects and chan ging in some 
other respects. A living room, for example, is relat ively perman ent with respect 
to the layout of fl oor, walls, and ceiling, but every now and then the arrange-
ment of the furniture in the room is changed. The shape of a growing child is 
relat ively perman ent for some features and chan ging for others. An observer 
can recog nize the same room on differ ent occa sions while perceiv ing the 
change of arrange ment, or the same child at differ ent ages while noti cing her 
growth. The perman ence under lies the change. 

 Permanence is relat ive, of course; that is, it depends on whether you mean 
persist ence over a day, a year, or a millen nium. Almost nothing is forever perman ent; 
nothing is either immut able or mutable. So it is better to speak of  persist ence  under 
change. The “perman ent objects” of the world, which are of so much concern to 
psycho lo gists and philo soph ers, are actu ally only objects that persist for a very long 
time. 

 The abstract notion of invari ance and vari ance in math em at ics is related 
to what is meant by persist ence and change in the envir on ment. There are 
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vari ants and invari ants in any trans form a tion, constants and vari ables. Some 
prop er ties are conserved and others not conserved. The same words are not 
used by all writers (for example, Piaget, 1969), but there is a common core of 
meaning in all such pairs of terms. The point to be noted is that for persist ence 
and change, for invari ant and variant, each term of the pair is recip rocal to the 
other. 

  Persistence in the Environment 

 The persist ence of the geomet rical layout of the envir on ment depends in part 
on the kind of substance compos ing it and its rigid ity or resist ance to deform a-
tion. A solid substance is not readily changed in shape. A semisolid substance is 
more easily changed in shape. A liquid substance takes on whatever may be the 
shape of its solid container. The upper surface of a liquid substance tends to the 
ideal shape of a plane perpen dic u lar to gravity, but this is easily disturbed, as 
when waves form. When we speak of the perman ent layout of the envir on-
ment, there fore, we refer mainly to the solid substances. The liquids of the 
world, the streams and oceans, are shaped by the solids, and as for the gaseous 
matter of the world, the air, it is not shaped at all. I will argue that the air is 
actu ally a  medium  for terrestrial animals. 

 When a solid substance with a constant shape melts, as a block of ice melts, 
we say that the object has ceased to exist. This way of speak ing is ecolo gical, not 
phys ical, for there is phys ical conser va tion of matter and mass despite the change 
from solid to liquid. The same would be true if a shaped object disin teg rated, 
chan ging from solid to gran u lar. The object does not persist, but the matter 
does. Ecology calls this a  nonper sist ence , a destruc tion of the object, whereas 
physics calls it a mere  change of state.  Both asser tions are correct, but the former 
is more relev ant to the beha vior of animals and chil dren. Physics has some times 
been taken to imply that when a liquid mass has evap or ated and the substance 
has been wholly dispersed in the air, or when an object has been consumed by 
fi re,  nothing  has really gone out of exist ence. But this is an error. Even if terres-
trial matter cannot be anni hil ated, a resist ant light- refl ect ing surface can, and 
this is what counts for percep tion. 

 Going out of exist ence, cessa tion or destruc tion, is a kind of envir on mental 
event and one that is extremely import ant to perceive. When some thing is 
burned up, or dissolved, or shattered, it  disap pears.  But it disap pears in special 
ways that have recently been invest ig ated at Cornell (Gibson, 1968 a ). It does 
not disap pear in the way that a thing does when it becomes hidden or goes 
around a corner. Instead, the form of the object may be optic ally dispersed or 
dissip ated, in the manner of smoke. The visual basis of this kind of percep tion 
will be further considered in Part II on ecolo gical optics. 

 The envir on ment normally mani fests some things that persist and some that 
do not, some features that are invari ant and some that are variant. A wholly 
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invari ant envir on ment, unchan ging in all parts and motion less, would be 
completely rigid and obvi ously would no longer be an envir on ment. In fact, 
there would be neither animals nor plants. At the other extreme, an envir on-
ment that was chan ging in all parts and was wholly variant, consist ing only of 
swirl ing clouds of matter, would also not be an envir on ment. In both extreme 
cases there would be space, time, matter, and energy, but there would be no 
habitat. 

 The fact of an envir on ment that is mainly rigid but partly nonri gid, 
mainly motion less but partly movable, a world that is both change less in many 
respects and change able in others but is neither dead at one extreme nor chaotic 
at the other, is of great import ance for our inquiry. This fact will become 
evident later when we talk about the geometry of the envir on ment and its 
trans form a tions. 

   ON PERSISTENCE AND CHANGE  

 Our failure to under stand the concur rence of persist ence and change at the 
ecolo gical level is prob ably connec ted with an old idea—the  atomic theory of 
persist ence and change,  which asserts that what persists in the world are 
atoms and what changes in the world are the posi tions of atoms, or their 
arrange ment. This is still an infl u en tial assump tion in modern physics and 
chem istry, although it goes back to Democritus and the Greek thinkers who 
followed him. There will be more about the atom istic assump tion in 
Chapter 6 on events and how they are perceived.   

  Motion in the Environment 

 The motions of things in the envir on ment are of a differ ent order from the 
motions of bodies in space. The funda mental laws of motion hold for celes tial 
mech an ics, but events on earth do not have the elegant simpli city of the motions 
of planets. Events on earth begin and end abruptly instead of being continu ous. 
Pure velo city and accel er a tion, either linear or angular, are rarely observ able 
except in machines. And there are very few ideal elastic bodies except for 
billiard balls. The terrestrial world is mostly made of surfaces, not of bodies in 
space. And these surfaces often fl ow or undergo stretch ing, squeez ing, bending, 
and break ing in ways of enorm ous mech an ical complex ity. 

 So differ ent, in fact, are envir on mental motions from those studied by Isaac 
Newton that it is best to think of them as changes of struc ture rather than 
changes of posi tion of element ary bodies, changes of form rather than of point 
loca tions, or changes in the layout rather than motions in the usual meaning of 
the term.   
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  Summary 

 The envir on ment of animals and men is what they perceive. The envir on ment 
is not the same as the phys ical world, if one means by that the world described 
by physics. 

 The observer and his envir on ment are comple ment ary. So are the set of 
observ ers and their common envir on ment. 

 The compon ents and events of the envir on ment fall into natural units. 
These units are nested. They should not be confused with the metric units of 
space and time. 

 The envir on ment persists in some respects and changes in other respects. 
The most radical change is going out of exist ence or coming into exist ence.      



    4 
 THE RELATIONSHIP BETWEEN 
STIMULATION AND STIMULUS 
INFORMATION   

     Having described the envir on ment, I shall now describe the inform a tion avail-
able to observ ers for perceiv ing the envir on ment. Only then will we be 
prepared to consider how they perceive, what the activ ity of percep tion consists 
of, and how they can control beha vior in the envir on ment. 

 For visual percep tion, the inform a tion is obvi ously in light. But the term 
 light  means differ ent things in differ ent sciences, and we shall have to sort out 
the differ ent mean ings to avoid confu sion. Most of us are confused, includ ing 
the scient ists them selves. The science of light is called  optics.  But the science of 
vision is also called optics, and the text books are not at all clear about the differ-
ence. Let us try to distin guish light as phys ical energy, light as a stim u lus for 
vision, and light as inform a tion for percep tion. 

 What I call  ecolo gical optics  is concerned with the avail able inform a tion for 
percep tion and differs from phys ical optics, from geomet rical optics, and also 
from physiolo gical optics. Ecological optics cuts across the bound ar ies of these 
exist ing discip lines, borrow ing from all but going beyond them. 

 Ecological optics rests on several distinc tions that are not basic in phys ical 
optics: the distinc tion between lumin ous bodies and nonlu min ous bodies; the 
differ ence between light as radi ation and light as illu min a tion; and the differ-
ence between radiant light, propagat ing outward from a source, and ambient 
light, coming to a point in a medium where an eye might be stationed. Since 
these differ ences are funda mental, they should be stated at the begin ning. Why 
they are so import ant will become clear.  
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  The Distinction Between Luminous and Illuminated Bodies 

 Some mater ial bodies emit light, and others do not. Light comes from sources 
such as the sun in the sky and from other sources close at hand such as fi res or 
lamps on the earth. They “give” light, as we say, whereas ordin ary objects do 
not. Nonluminous objects only refl ect some part of the light that falls on them 
from a source. And yet we can see the nonlu min ous bodies along with the 
lumin ous ones. In fact, most of the things that need to be seen are nonlu min ous; 
they are only seen “by the light of” the source. The ques tion is,  how  are they 
seen? For they do not  stim u late  the eye with light in the same way that lumin ous 
bodies do. The inter me di ate case of lumin es cent bodies is excep tional. 

 A terrestrial surface that gives light is usually, although not always, distin-
guish able from one that does not; it is visibly lumin ous, as distinct from being 
visibly illu min ated. In phys ical optics, the case of refl ec ted light is reduced to 
the re- emis sion of light by the atoms of the refl ect ing surface. But in ecolo gical 
optics, the differ ence between a lumin ous and an illu min ated surface is crucial. 
Where a refl ect ing surface in phys ical optics is treated as if it were a dense set of 
tiny lumin ous bodies, in ecolo gical optics a refl ect ing surface is treated as if it 
were a true surface having a texture. There will be more of this later.  

  The Distinction Between Radiation and Illumination 

 Radiant energy as studied in physics is propag ated through empty space at 
enorm ous velo city. Such energy can be treated either as particles or as waves 
(and this is a great puzzle, even to phys i cists), but it travels in straight lines, or 
rays. The paths of photons are straight lines, and the perpen dic u lars to the wave 
fronts are straight lines. Moreover, light comes from atoms and returns to 
atoms. They give off and take in energy in quantal units. Matter and energy 
inter act. There are elegant laws of this radi ation, both at the size- level of atoms 
and on the grand scale of the universe. But at the ecolo gical level of substances, 
surfaces, and the medium, we need be concerned only with some of these laws, 
chiefl y scat ter ing, refl ec tion, and absorp tion. 

   WHY ECOLOGICAL OPTICS?  

 The term  ecolo gical optics  fi rst appeared in print in an article with that title 
in  Vision Research  (Gibson, 1961). It seemed to me that the study of light, 
over the centur ies, had not produced a coher ent discip line. The science 
of radiant energy in physics, the science of optical instru ments, and the 
science of the eye were quite differ ent. The text books and journ als of 
optics gave the impres sion of mono lithic author ity, but there were deep 
contra dic tions between the assump tions of the various branches of optics. 
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When I discovered that even an occa sional phys i cist recog nized these 
cracks in the found a tions of the optical estab lish ment (Ronchi, 1957), 
I ventured to suggest that optics at the level appro pri ate for percep tion 
should have a new name.  

 In daylight, part of the radiant light of the sun reaches the earth in paral lel rays, 
but another part is scattered by being trans mit ted through an atmo sphere that 
is never perfectly trans par ent. This light is even more thor oughly scattered 
when it strikes the textured ground, by what can be called  scatter refl ec tion.  (This 
is not to be confused with  mirror refl ec tion,  which is governed by the simple law 
of equal angles of the incid ent ray and the refl ec ted ray. Mirror refl ec tion 
seldom happens, for there are no mirrors on the ground, and even water 
surfaces, which could act as mirrors, are usually rippled.) The scatter- refl ec ted 
light is in turn refl ec ted back from the sky. Each new refl ec tion further disperses 

   FIGURE 4.1     The steady state of rever ber at ing light in an illu min ated medium under 
the sky.    

 Although at any point in the air the illu min a tion comes from all direc tions, the 
 prevail ing  illu min a tion is from the left in this diagram because the direct radi ation 
from the sun comes from the left.  
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the incid ent rays. The light thus fi nds its way into shel ters that are not open to 
the sun, or even to the sky. In semi en closed spaces the light contin ues to bounce 
back and forth at 186,000 miles per second. It fi nds its way through chinks and 
crevices and into caverns, until the energy is fi nally absorbed. This light can 
hardly be thought of as radi ation now; it is illu min a tion. 

 Illumination is a fact of higher order than radi ation. In phys ical optics, 
exper i menters try to avoid what they call stray light in the dark room. But in 
ecolo gical optics, this light that has gone astray is just what interests us. The 
opti cist works with rays of light, rays that diverge in all direc tions from their 
source and never converge to a point unless they are focused by a lens. But an 
organ ism has to work with light that converges from all direc tions and, more-
over, has differ ent intens it ies in differ ent direc tions. 

 Many- times refl ec ted light in a medium has a number of consequences that, 
although import ant for vision, have not been recog nized by students of optics. 
Chief among them is the fact of ambient light, that is, light that surrounds a 
point, any point, in the space where an observer could be stationed.  

  The Distinction Between Radiant Light and Ambient Light 

 Radiation becomes illu min a tion by  rever ber at ing  between the earth and the sky 
and between surfaces that face one another. But that term, refer ring as it does 
to sound, does not do justice to the unima gin able quick ness of the fl ux or to the 
uncount able multi pli city of the refl ec tions back and forth or to their unlim ited 
scat ter ing. If the illu min a tion is conceived as a mani fold of rays, one can 
imagine every point on every surface of any envir on ment as radi at ing rays 
outward from that point, as phys i cists do. Every such radi at ing pencil is 
completely “dense.” One could think of the rays as completely fi lling the air 
and think of each point in the air as a point of inter sec tion of rays coming from 

   FIGURE 4.2     Radiant light from a point source and ambient light to a point in the 
medium.    

 A creature with eyes is shown at the point in the air, but it need not be occu pied.  
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all direc tions. It would follow that light is ambient at every point. Light would 
come to every point; it would surround every point; it would be environ ing at 
every point. This is one way of conceiv ing ambient light. 

 Such an omni direc tional fl ux of light could not exist in empty space but 
only in an envir on ment of refl ect ing surfaces. In any ordin ary terrestrial space, 
the illu min a tion reaches an equi lib rium, that is, it achieves what is called a 
 steady state.  The input of energy from the sun is just balanced by the absorp tion 
of energy at the surfaces. With any change in the source, a new steady state is 
imme di ately reached, as when the sun goes down or is hidden by a cloud. No 
matter how abrupt the rise or fall of intens ity of the light coming from a lamp, 
the rise or fall of illu min a tion in the room is just as abrupt. The system is said 
to be open rather than closed inas much as addi tion of energy to the airspace and 
subtrac tion of energy from it are going on all the time, but the  struc ture  of the 
rever ber a tion remains the same and does not change. What could this struc ture 
be? It is possible to conceive a nested set of solid angles at each point in the 
medium, as distin guished from a dense set of inter sect ing lines. The set of solid 
angles would be the same whatever the intens ity of illu min a tion might be 
(there will be more about this later). They are angles of inter cept, based on the 
envir on ment. The fl ow of energy is relev ant to the stim u la tion of a retina, but 
the set of solid angles considered as projec tions is more relev ant to stim u lus 
inform a tion. 

 Consider the differ ences between radiant light and ambient light that have 
so far been stated or implied. Radiant light causes illu min a tion; ambient light 
is the result of illu min a tion. Radiant light diverges from an energy source; 
ambient light converges to a point of obser va tion. Radiant light must consist of 
an infi n itely dense set of rays; ambient light can be thought of as a set of solid 
angles having a common apex. Radiant light from a point source is not differ ent 
in differ ent direc tions; ambient light at a point is differ ent in differ ent direc-
tions. Radiant light has no struc ture; ambient light has struc ture. Radiant light 
is propag ated; ambient light is not, it is simply there. Radiant light comes from 
atoms and returns to atoms; ambient light depends upon an envir on ment of 
surfaces. Radiant light is energy; ambient light can be inform a tion.  

  The Structuring of Ambient Light 

 Only insofar as ambient light has  struc ture  does it specify the envir on ment. I 
mean by this that the light at the point of obser va tion has to be differ ent in 
differ ent direc tions (or there have to be  differ ences  in differ ent direc tions) in order 
for it to contain any inform a tion. The differ ences are prin cip ally differ ences of 
intens ity. The term that will be used to describe ambient light with struc ture is 
an  ambient optic array.  This implies an arrange ment of some sort, that is, a pattern, 
a texture, or a confi g ur a tion. The array has to have parts. The ambient light 
cannot be homo gen eous or blank. (See the illus tra tions in Chapter 5.) 
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 What would be the limit ing case of ambient light  without  struc ture? It would 
arise if the air were fi lled with such a dense fog that the light could not rever-
ber ate between surfaces but only between the droplets or particles in the 
medium. The air would then be trans lu cent but not trans par ent. Multiple 
refl ec tion would occur only between closely packed micros ur faces, yield ing a 
sort of microil lu min a tion of things too small to see. At any point of obser va tion 
there would be radi ation, but without differ ences in differ ent direc tions, 
without trans itions or grad a tions of intens ity, there would be no struc ture and 
no array. Similarly, homo gen eous ambient light would occur inside a trans lu-
cent shell of some strongly diffus ing substance that was illu min ated from 
outside. The shell would trans mit light but not struc ture. 

 In the case of unstruc tured ambient light, an envir on ment is not specifi ed 
and no inform a tion  about  an envir on ment is avail able. Since the light is undif-
fer en ti ated, it cannot be discrim in ated, and there is no inform a tion in  any  
meaning of that term. The ambient light in this respect is no differ ent from 
ambient dark ness. An envir on ment could exist behind the fog or the dark ness, 
or nothing could exist; either altern at ive is possible. In the case of ambient light 
that is unstruc tured in one part and struc tured in an adja cent part, such as the 
blue sky above the horizon and the textured region below it, the former speci-
fi es a void and the latter a surface. Similarly, the homo gen eous area between 
clouds specifi es empti ness, and the hetero gen eous areas specify clouds. 

 The struc tur ing of ambient light by surfaces, espe cially by their pigment a tion 
and their layout, will be described in the next chapter. Chiefl y, it is the opaque 
surfaces of the world that refl ect light, but we must also consider the lumin ous 
surfaces that emit light and the semitrans par ent surfaces that trans mit light. As 
far as the evid ence goes, we will describe how the light specifi es these surfaces, 
their compos i tion, texture, color, and layout, their gross prop er ties, not their 
atomic prop er ties. And this specify ing of them is useful inform a tion about them.  

  Stimulation and Stimulus Information 

 In order to stim u late a photore ceptor, that is, to excite it and make it “fi re,” 
light energy must be absorbed by it, and this energy must exceed a certain char-
ac ter istic amount known as the  threshold  of the receptor. Energy must be  trans-
duced , as the physiolo gist likes to put it, from one form to another. The rule is 
supposed to hold for each of a whole bank of photore cept ors, such as is found 
in the retina. Hence, if an eye were to be stationed at some point where there 
is ambient light, part of the light would enter the pupil, be absorbed, and act as 
stim u la tion. If  no  eye or any other body that absorbs light is stationed at that 
point, the fl ying photons in the air (or the wave fronts) would simply pass 
through the point without inter fer ing with one another. Only  poten tial  stim u-
la tion exists at such a point.  Actual  stim u la tion depends on the pres ence of 
photore cept ors. 
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 Consider an observer with an eye at a point in a fog- fi lled medium. The 
recept ors in the retina would be stim u lated, and there would consequently 
be impulses in the fi bers of the optic nerve. But the light enter ing the pupil 
of the eye would not be differ ent in differ ent direc tions; it would be unfocus-
able, and no image could be formed on the retina. There could be no retinal 
image because the light on the retina would be just as homo gen eous as the 
ambient light outside the eye. The possessor of the eye could not  fi x  it on 
anything, and the eye would drift aimlessly. He could not look from one 
item to another, for no items would be present. If he turned the eye, the 
exper i ence would be just what it was before. If he moved the eye forward 
in space, nothing in the fi eld of view would change. Nothing he could 
do would make any differ ence in what he could exper i ence, with this single 
excep tion: if he closed the eye, an exper i ence that he might call bright ness 
would give way to one he might call dark ness. He could distin guish between 
stim u la tion of his photore cept ors and nonstim u la tion of them. But as far as 
perceiv ing goes, his eye would be just as blind when light entered it as it would 
be when light did not. 

 This hypo thet ical case demon strates the differ ence between the retina and 
the eye, that is, the differ ence between recept ors and a percep tual organ. 
Receptors are  stim u lated,  whereas an organ is  activ ated.  There can be stim u la tion 
of a retina by light without any activ a tion of the eye by stim u lus inform a tion. 
Actually, the eye is part of a dual organ, one of a pair of mobile eyes, and 
they are set in a head that can turn, attached to a body that can move from place 
to place. These organs make a hier archy and consti tute what I have called a 
 percep tual system  (Gibson, 1966 b , Ch. 3). Such a system is never simply stim u-
lated but instead can go into activ ity in the pres ence of stim u lus inform a tion. 
The char ac ter istic activ it ies of the visual system will be described in Chapter 12 
of this book. 

 The distinc tion between stim u la tion for recept ors and stim u lus inform a tion 
for the visual system is crucial for what is to follow. Receptors are passive, 
element ary, anatom ical compon ents of an eye that, in turn, is only an organ of 
the complete system (Gibson, 1966 b , Ch. 2). The tradi tional concep tion of a 
sense is almost wholly aban doned in this new approach. Stimulation by light 
and corres pond ing sensa tions of bright ness are tradi tion ally supposed to be the 
 basis  of visual percep tion. The inputs of the nerves are supposed to be the data 
on which the percep tual processes in the brain operate. But I make a quite 
differ ent assump tion, because the evid ence suggests that stimuli as such contain 
no inform a tion, that bright ness sensa tions are not elements of percep tion, and 
that inputs of the retina are not sensory elements on which the brain oper ates. 

 Visual percep tion can fail not only for lack of stim u la tion but also for lack of 
stim u lus inform a tion. In homo gen eous ambient dark ness, vision fails for lack of 
stim u la tion. In homo gen eous ambient light, vision fails for lack of inform a tion, 
even with adequate stim u la tion and corres pond ing sensa tions.  
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  Do we Ever See Light as Such? 

 The differ ence between stim u la tion and stim u lus inform a tion can be shown in 
another way, by consid er ing two contra dict ory asser tions: (1) nothing can be 
seen, prop erly speak ing, but light; and (2) light, prop erly speak ing, can never 
be seen. At least one of these asser tions must be wrong. 

 Classical optics, compar ing the eye to a camera, has taught that nothing can 
possibly get into the eye but light in the form of rays or wave fronts. The only 
altern at ive to this doctrine seemed to be the naive theory that little copies of 
objects got into the eye. If all that can ever reach the retina is light in this form, 
then it would follow that all we can ever  see  is this light. Sensations of light are 
the funda mental basis of visual percep tion, the data, or what is  given.  This line 
of reas on ing has seemed unas sail able up to the present. It leads to what I have 
called the sensa tion- based theor ies of percep tion (Gibson, 1966 b ). We cannot 
see surfaces or objects or the envir on ment directly; we only see them indir ectly. 
All we ever see directly is what stim u lates the eye, light. The verb  to see,  prop-
erly used, means  to have one or more sensa tions of light.  

 What about the oppos ite asser tion that we  never  see light? It may at fi rst 
sound unreas on able, or perhaps false, but let us examine the state ment care fully. 
Of all the possible things that can be seen, is light one of them? 

 A single point of light in an other wise dark fi eld is not “light”; it specifi es 
either a very distant source of light or a very small source, a lumin ous object. A 
single instant or “fl ash” of such a point specifi es a brief event at the source, that 
is, the  on  and the  off.  A fi re with coals or fl ames, a lamp with a wick or fi la ment, 
a sun or a moon—all these are quite specifi c objects and are so specifi ed; no one 
sees merely light. What about a lumin ous  fi eld,  such as the sky? To me it seems 
that I see the sky, not the lumin os ity as such. What about a  beam  of light in the 
air? But this is not seeing light, because the beam is only visible if there are illu-
min ated particles in the medium. The same is true of the shafts of sunlight seen 
in clouds under certain condi tions. 

 One can perceive a rainbow, to be sure, a spec trum, but even so that is not 
the seeing of light. Halos, high lights on water, and scin til la tions of various 
kinds are all mani fest a tions of light, not light as such. The only way we see 
illu min a tion, I believe, is by way of that which is illu min ated, the surface on 
which the beam falls, the cloud, or the particles that are lighted. We do not see 
the light that is  in  the air, or that  fi lls  the air. If all this is correct, it becomes 
quite reas on able to assert that all we ever see is the envir on ment or facts about 
the envir on ment, never photons or waves or radiant energy. 

 What about the sensa tion of being dazzled by looking at the sun, or the 
sensa tion of glare that one gets from looking at glossy surfaces that refl ect an 
intense source? Are these not sensa tions of light as such, and do we not then see 
pure phys ical energy? Even in this case, I would argue that the answer is no; we 
are perceiv ing a state of the eye akin to pain, arising from excess ive stim u la tion. 
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We perceive a fact about the body as distin guished from a fact about the world, 
the fact of over stim u la tion but not the light that caused it. And the exper i en-
cing of facts about the body is not the basis of exper i en cing facts about the 
world. 

 If light in the exact sense of the term is never seen as such, it follows that 
seeing the envir on ment cannot be  based on  seeing light as such. The stim u la tion 
of the recept ors in the retina cannot be seen, para dox ical as this may sound. 
The supposed sensa tions result ing from this stim u la tion are not the data for 
percep tion. Stimulation may be a neces sary condi tion for seeing, but it is not 
suffi  cient. There has to be stim u lus inform a tion avail able to the percep tual 
system, not just stim u la tion of the recept ors. 

 In ordin ary speech we say that vision depends on light, and we do not need 
to know physics to be able to say it with confi d ence. All of us, includ ing every 
child, know what it is like to be “in the dark.” We cannot see anything, not 
even our own bodies. Approaching dangers and colli sions ahead cannot be 
fore seen, and this is, with some reason, alarm ing. But what we mean when we 
say that vision depends on light is that it depends on illu min a tion and on sources 
of illu min a tion. We do not neces sar ily mean that we have to see light or have 
sensa tions of light in order to see anything else. 

 Just as the stim u la tion of the recept ors in the retina cannot be seen, so the 
mech an ical stim u la tion of the recept ors in the skin cannot be felt, and the stim-
u la tion of the hair cells in the inner ear cannot be heard. So also the chem ical 
stim u la tion of the recept ors in the tongue cannot be tasted, and the stim u la tion 
of the recept ors in the nasal membrane cannot be smelled. We do not perceive 
stimuli.  

  The Concept of the Stimulus as an Application of Energy 

 The expli cit assump tion that only the recept ors of observ ers are stim u lated and 
that their sense organs are not stim u lated but activ ated is in disagree ment with 
what most psycho lo gists take for granted. They blithely use the verb  stim u late  
and the noun  stim u lus  in various ways not consist ent with one another. It is 
conveni ent and easy to do so, but if the words are slip pery and if we allow 
ourselves to slide from one meaning to another unawares, we are confused 
without knowing it. I once examined the writ ings of modern psycho logy and 
found eight separ ate ways in which the use of the term  stim u lus  was equi vocal 
(Gibson, 1960a). 

 The concept of the stim u lus comes from physiology, where it fi rst meant 
whatever applic a tion of energy fi res a nerve cell or touches off a receptor or 
excites a refl ex response. It was taken over by psycho logy, because it seemed 
that a stim u lus explained not only the arousal of a sensa tion but the arousal of a 
response, includ ing responses much more elab or ate than refl exes. If all beha vior 
consisted of responses to stimuli, it looked as if a truly scientifi c psycho logy 
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could be founded. This was the stim u lus- response formula. It was indeed 
prom ising. Both stimuli and responses could be meas ured. But a great variety 
of envir on mental facts had to be called stimuli because a variety of things can 
be respon ded to. If anything in the world can be called a stim u lus, the concept 
has got out of hand and its original meaning has been lost. I suggest that we go 
back to its meaning in physiology. In this book I shall use the term strictly. For 
I now wish to make the clearest possible contrast between stim u lus energy and 
stim u lus inform a tion. 

 Note that a stim u lus, strictly speak ing in the physiolo gist’s sense, is  anything  
that touches off a receptor or causes a response; it is the  effect ive  stim u lus, and 
whatever applic a tion of energy touches off the receptor is effect ive. The 
photore cept ors in the eye are usually triggered by light but not neces sar ily; they 
are also triggered by mech an ical or elec trical energy. The mechanor e cept ors of 
the skin and the chemore cept ors of the mouth and nose are more or less special-
ized for mech an ical and chem ical energy respect ively but not completely so; 
they are just espe cially “sens it ive” to those kinds of energy. A stim u lus in this 
strict meaning carries no inform a tion about its source in the world; that is, it 
does not specify its source. Only stim u la tion that comes in a struc tured array 
and that changes over time specifi es its external source. 

 Note also that a stim u lus, strictly speak ing, is tempor ary. There is nothing 
lasting about it, as there is about a persist ing object of the envir on ment. A stim-
u lus must begin and end. If it persists, the response of the receptor tapers off and 
ceases; the term for this is  sensory adapt a tion.  Hence, a perman ent object cannot 
possibly be specifi ed by a stim u lus. The stim u lus inform a tion for an object 
would have to reside in some thing persist ing during an other wise chan ging 
fl ow of stim u la tion. And note above all that an object cannot  be  a stim u lus, 
although current think ing care lessly takes for granted that it is one. 

 An applic a tion of stim u lus energy exceed ing the threshold can be said to 
 cause  a response of the sensory mech an ism, and the response is an  effect.  But the 
pres ence of stim u lus inform a tion cannot be said to cause percep tion. Perception 
is not a response to a stim u lus but an act of inform a tion pickup. Perception may 
or may not occur in the pres ence of inform a tion. Perceptual aware ness, unlike 
sensory aware ness, does not have any discov er able stim u lus threshold. It depends 
on the age of the perceiver, how well he has learned to perceive, and how 
strongly he is motiv ated to perceive. If percep tions are based on sensa tions and 
sensa tions have thresholds, then percep tions should have thresholds. But they 
do not, and the reason for this, I believe, is that percep tions are not based on 
sensa tions. There are magnitudes for applied stimuli above which sensa tions 
occur and below which they do not. But there is no magnitude of inform a tion 
above which perceiv ing occurs and below which it does not. 

 When stim u lus energy is trans formed into nervous impulses, they are said to 
be  trans mit ted  to the brain. But stim u lus inform a tion is not anything that could 
possibly be sent up a nerve bundle and delivered to the brain, inas much as it has 
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to be isol ated and extrac ted from the ambient energy. Information as here 
conceived is not trans mit ted or conveyed, does not consist of signals or messages, 
and does not entail a sender and a receiver. This will be elab or ated later. 

 When a small packet of stim u lus energy is absorbed by a receptor, what is 
lost to the envir on ment is gained by the living cells. The amount of energy may 
be as low as a few quanta, but never the less energy is conserved. In contrast to 
this fact, stim u lus inform a tion is not lost from the envir on ment when it is 
gained by the observer. There is no such thing as conser va tion of inform a tion. 
It is not limited in amount. The avail able inform a tion in ambient light, vibra-
tion, contact, and chem ical action is inex haust ible. 

 A stim u lus, then, carries some of the meaning that the word had in Latin, a 
goad stuck into the skin of an ox. It is a brief and discrete applic a tion of energy 
to a sens it ive surface. As such, it specifi es little beyond itself; it contains no 
inform a tion. But a fl owing array of stim u la tion is a differ ent matter entirely.  

  Ambient Energy as Available Stimulation 

 The envir on ment of an observer was said to consist of substances, the medium, 
and surfaces. Gravity, heat, light, sound, and volat ile substances fi ll the medium. 
Chemical and mech an ical contacts and vibra tions impinge on the observer’s 
body. The observer is immersed as it were in a sea of phys ical energy. It is a 
fl owing sea, for it changes and under goes cycles of change, espe cially of temper-
at ure and illu min a tion. The observer, being an organ ism, exchanges energy 
with the envir on ment by respir a tion, food consump tion, and beha vior. A very 
small frac tion of this ambient sea of energy consti tutes stim u la tion and provides 
inform a tion. The frac tion is small, for only the ambient odor enter ing the nose 
is effect ive for smelling, only the train of air vibra tions impinging on the 
eardrums is effect ive for hearing, and only the ambient light at the entrance 
pupil of an eye is effect ive for vision. But this tiny portion of the sea of energy 
is crucial for survival, because it contains inform a tion for things at a distance. 

 It should be obvious by now that this minute infl ow of stim u lus energy does 
not consist of discrete inputs—that stim u la tion does not consist of stimuli. The 
fl ow is continu ous. There are, of course, epis odes in the fl ow, but these are 
nested within one another and cannot be cut up into element ary units. 
Stimulation is not moment ary. 

 Radiant energy of all wavelengths falls on an indi vidual, that is, impinges 
on the skin. The infrared radi ation will give warmth, and the ultra vi olet 
will cause sunburn, but the narrow band of radi ation in between, light, is the 
only kind that will excite the photore cept ors in the eye after enter ing the pupil. 
An eye, or at least a verteb rate chambered eye as distin guished from the faceted 
eye of an insect, usually takes in some thing less than a hemi sphere of the 
ambient light, accord ing to G. L. Walls (1942). A pair of eyes like those of a 
rabbit, point ing in oppos ite direc tions, takes in nearly the whole of the ambient 
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light at the same time. Ambient light is struc tured, as we have seen. And the 
purpose of a dual ocular system is to register this struc ture or, more exactly, the 
invari ants of its chan ging struc ture. Ambient light is usually very rich in what 
we call pattern and change. The retinal images register both. And a retinal 
image involves stim u la tion of its recept ive surface but not, as often supposed, a 
set or a sequence of stimuli.  

  The Orthodox Theory of the Retinal Image 

 The gener ally accep ted theory of the eye does not acknow ledge that it registers 
the invari ant struc ture of ambient light but asserts that it forms  an image of an 
object  on the back of the eye. The object, of course, is in the outer world, and 
the back of the eye is a photore cept ive surface attached to a nerve bundle. What 
is the differ ence between these theor ies? 

 The theory of image form a tion in a dark chamber like the eye goes back 
more than 350 years to Johannes Kepler. The germ of the theory as stated by 
him was that everything visible radi ates, more partic u larly that every point on 
a body can emit rays in all direc tions. An opaque refl ect ing surface, to be sure, 
receives radi ation from a source and then re- emits it, but in effect it becomes a 
collec tion of radi at ing point sources. If an eye is present, a small cone of diver-
ging rays enters the pupil from each point source and is caused by the lens to 
converge to another point on the retina. The diver ging and conver ging rays 
make what is called a  focused pencil  of rays. The dense set of focus points on the 
retina consti tutes the retinal image. There is a one- to-one project ive corres-
pond ence between radi at ing points and focus points. 

 A focused pencil of rays consists of two parts, the diver ging cone of radiant 
light and the conver ging cone of rays refrac ted by the lens, one cone with its 
vertex on the object and the other with its vertex in the image. This pencil is 
then repeated for every point on the object. Thus, there is a limit less set of rays 
in each pencil and a limit less set of pencils for each object. The history of optics 
suggests that Kepler was mainly respons ible for this extraordin ary intel lec tual 
inven tion. It involved diffi  cult ideas, but it was and still is the unchal lenged 
found a tion of the theory of image form a tion. The notion of an object composed 
of points has proved over the centur ies to be sympath etic to phys i cists, because 
most of them assume that an object really consists of its atoms. And later, in the 
nine teenth century, the notion of a retinal image consist ing of sharp points of 
focused light did not seem strange to physiolo gists because they were famil iar 
with punctate stimuli, for example, on the skin. 

 This theory of point- to-point corres pond ence between an object and its 
image lends itself to math em at ical analysis. It can be abstrac ted to the concepts 
of project ive geometry and can be applied with great success to the design of 
cameras and project ors, that is, to the making of pictures with light, photo-
graphy. The theory permits lenses to be made with smaller “aber ra tions,” that 
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is, with fi ner points in the point- to-point corres pond ence. It works beau ti fully, 
in short, for the images that fall on screens or surfaces and that are inten ded to 
be looked at. But this success makes it tempt ing to believe that the image on the 
retina falls on a kind of screen and is itself some thing inten ded to be looked at, 
that is, a picture. It leads to one of the most seduct ive falla cies in the history of 
psycho logy—that the retinal image is some thing to be seen. I call this the “little 
man in the brain” theory of the retinal image (Gibson, 1966 b , p. 226), which 
conceives the eye as a camera at the end of a nerve cable that trans mits the 
image to the brain. Then there has to be a little man, a homun cu lus, seated in 
the brain who looks at this physiolo gical image. The little man would have to 
have an eye to see it with, of course, a  little  eye with a  little  retinal image 
connec ted to a  little  brain, and so we have explained nothing by this theory. We 
are in fact worse off than before, since we are confron ted with the paradox of 
an infi n ite series of little men, each within the other and each looking at the 
brain of the next bigger man. 

 If the retinal image is not trans mit ted to the brain as a whole, the only 
altern at ive has seemed to be that it is trans mit ted to the brain element by element, 
that is, by signals in the fi bers of the optic nerve. There would then be an 
element- to-element corres pond ence between image and brain analog ous to the 

   FIGURE 4.3     A focused pencil of rays connect ing a radi at ing point on a surface with 
a focus point in the retinal image.    

 The rays in the pencil are supposed to be infi n itely dense. Note that only the rays 
that enter the pupil are effect ive for vision. (From  The Perception of the Visual World  
by James Jerome Gibson and used with the agree ment of the reprint publisher, 
Greenwood Press, Inc.)  
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point- to-point corres pond ence between object and image. This seems to avoid 
the fallacy of the little man in the brain who looks at an image, but it entails all 
the diffi  culties of what I have called the sensa tion- based theor ies of percep tion. 
The corres pond ence between the spots of light on the retina and the spots of 
sensa tion in the brain can only be a corres pond ence of intens ity to bright ness and 
of wavelength to color. If so, the brain is faced with the tremend ous task of 
construct ing a phenom enal envir on ment out of spots differ ing in bright ness and 
color. If these are what is seen directly, what is given for percep tion, if these are 
the data of sense, then the fact of percep tion is almost mira cu lous. 

   JAMES MILL ON VISUAL SENSATION, 1829  

 “When I lift my eyes from the paper on which I am writing, I see from my 
window trees and meadows, and horses and oxen, and distant hills. I see 
each of its proper size, of its proper form, and at its proper distance; and 
these partic u lars appear as  imme di ate  inform a tions of the eye as the colors 
which I see by means of it. Yet philo sophy has ascer tained that we derive 
nothing from the eye whatever but sensa tions of color . . . . How then, is it 
that we receive accur ate inform a tion by the eye of size and shape and 
distance? By asso ci ation merely” (Mill,  Analysis of the Phenomena of the 
Human Mind,  1829). 

 How is it indeed! Mill answered,  by asso ci ation.  But others answered,  by 
innate ideas of space  or  by rational infer ence from the sensa tions  or  by inter pret-
a tion of the data.  Still others have said,  by spon tan eous organ iz a tion of sensory 
inputs to the brain.  The current fash ion able answer is,  by computer like activ it ies 
of the brain on neural signals.  We have empir i cism, nativ ism, ration al ism, 
Gestalt theory, and now inform a tion- processing theory. Their adher ents 
would go on debat ing forever if we did not make a fresh start.  Has  philo-
sophy ascer tained that “we derive nothing from the eye whatever but sensa-
tions of color”?  No.  “Sensations of color” meant  dabs  or  spots  of color, as if 
in a paint ing. Perception does not begin that way.  

 Even the more soph ist ic ated theory that the retinal image is trans mit ted as 
signals in the fi bers of the optic nerve has the lurking implic a tion of a little man 
in the brain. For these signals must be in code and there fore have to be decoded; 
signals are messages, and messages have to be inter preted. In both theor ies the 
eye sends, the nerve trans mits, and a mind or spirit receives. Both theor ies carry 
the implic a tion of a mind that is separ ate from a body. 

 It is not neces sary to assume that  anything whatever  is trans mit ted along the 
optic nerve in the activ ity of percep tion. We need not believe that  either  an 
inver ted picture or a set of messages is delivered to the brain. We can think of 
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vision as a percep tual system, the brain being simply part of the system. The eye 
is also part of the system, since retinal inputs lead to ocular adjust ments and 
then to altered retinal inputs, and so on. The process is circu lar, not a one- way 
trans mis sion. The eye- head-brain- body system registers the invari ants in the 
struc ture of ambient light. The eye is not a camera that forms and deliv ers an 
image, nor is the retina simply a keyboard that can be struck by fi ngers of light.  

  A Demonstration that the Retinal Image is not Necessary for Vision 

 We are apt to forget that an eye is not neces sar ily a dark chamber, on the back 
surface of which an inver ted image is formed by a lens in the manner described 
by Kepler. Although the eyes of verteb rates and mollusks are of this sort, the 
eyes of arth ro pods are not. They have what is called a  compound eye,  with no 
chamber, no lens, and no sensory surface but with a closely packed set of 
recept ive tubes called  omma tidia.  Each tube points in a differ ent direc tion from 
every other tube, and presum ably the organ can thus register differ ences of 
intens ity in differ ent direc tions. It is there fore part of a system that registers the 
struc ture of ambient light. 

 In a chapter on the evol u tion ary devel op ment of visual systems (Gibson, 
1966 b , Ch. 9), I described the chambered eye and the compound eye as two 
differ ent ways of accept ing an array of light coming from an envir on ment 
(pp. 163 ff.). The camera eye has a concave mosaic of photore cept ors, a retina. 
The compound eye has a convex packet of photore cept ive light tubes. The 
former accepts an infi n ite number of pencils of light, each focused to a point 
and combin ing to make a continu ous image. The latter accepts a fi nite number 
of samples of ambient light, without focus ing them and without forming an 
optical image. But if several thou sand tubes are packed together, as in the eye 
of a dragon fl y, visual percep tion is quite good. There is nothing behind a 
dragon fl y’s eye that could possibly be seen by you, no image on a surface, no 
picture. But never the less the dragon fl y sees its envir on ment. 

 Zoologists who study insect vision are so respect ful of optics as taught in 
physics text books that they are constrained to think of a sort of  upright  image as 
being formed in the insect eye. But this notion is both vague and self- contra-
dict ory. There is no screen on which an image could be formed. The concept 
of an ambient optic array, even if not recog nized in optics, is a better found a-
tion for the under stand ing of vision in general than the concept of the retinal 
image. The regis ter ing of differ ences of intens ity in differ ent direc tions is 
 neces sary  for visual percep tion; the form a tion of a retinal image is not.  

  The Concept of Optical Information 

 The concept of inform a tion with which we are most famil iar is derived from 
our exper i ences of commu nic at ing with other people and being commu nic ated 
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with, not from our exper i ence of perceiv ing the envir on ment directly. We tend 
to think of inform a tion primar ily as being sent and received, and we assume 
that some inter me di ate kind of trans mis sion has to occur, a “medium” of 
commu nic a tion or a “channel” along which the inform a tion is said to fl ow. 
Information in this sense consists of messages, signs, and signals. In early times 
messages, which could be oral, written, or pictorial, had to be sent by runner or 
by horse man. Then the sema phore system was inven ted, and then the elec trical 
tele graph, wire less tele graphy, the tele phone, tele vi sion, and so on at an accel er-
ated rate of devel op ment. 

   THE FALLACY OF THE IMAGE IN THE EYE  

 Ever since someone peeled off the back of the excised eye of a slaughtered 
ox and, holding it up in front of a scene, observed a tiny, colored, inver ted 
image of the scene on the trans par ent retina, we have been tempted to draw 
a false conclu sion. We think of the image as  some thing to be seen,  a picture 
on a screen. You can see it if you take out the ox’s eye, so why shouldn’t the 
ox see it? The fallacy ought to be evident. 

 The ques tion of how we can see the world as upright when the retinal 
image is inver ted arises because of this false conclu sion. All the exper i ments 
on this famous ques tion have come to nothing. The reginal image is not 
anything that can be seen. The famous exper i ment of G. M. Stratton (1897) 
on rein vert ing the retinal image gave unin tel li gible results because it was 
miscon ceived.  

 We also commu nic ate with others by making a picture on a surface (clay 
tablet, papyrus, paper, wall, canvas, or screen) and by making a sculp ture, a 
model, or a solid image. In the history of image- making, the chief tech no lo-
gical revolu tion was brought about by the inven tion of photo graphy, that is, of 
a photo sensit ive surface that could be placed at the back of a darkened chamber 
with a lens in front. This kind of commu nic a tion, which we call graphic or 
plastic, does not consist of signs or signals and is not so obvi ously a message 
from one person to another. It is not so obvi ously trans mit ted or conveyed. 
Pictures and sculp tures are apt to be displayed, and thus they  contain  inform a-
tion and make it avail able for anyone who looks. They never the less are, like the 
spoken and written words of language,  man- made.  They provide inform a tion 
that, like the inform a tion conveyed by words, is medi ated by the percep tion of 
the fi rst observer. They do not permit fi rsthand exper i ence—only exper i ence 
at second hand. 

 The ambient stim u lus inform a tion avail able in the sea of energy around us is 
quite differ ent. The inform a tion for percep tion is not trans mit ted, does not 
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consist of signals, and does not entail a sender and a receiver. The envir on ment 
does not commu nic ate with the observ ers who inhabit it. Why should the world 
speak to us? The concept of stimuli as signals to be inter preted implies some 
such nonsense as a world- soul trying to get through to us. The world is  specifi ed  
in the struc ture of the light that reaches us, but it is entirely up to us to perceive 
it. The secrets of nature are not to be under stood by the break ing of its code. 

  Optical inform a tion,  the inform a tion that can be extrac ted from a fl owing 
optic array, is a concept with which we are not at all famil iar. Being intel lec tu-
ally lazy, we try to under stand percep tion in the same way we under stand 
commu nic a tion, in terms of the famil iar. There is a vast liter at ure nowadays of 
spec u la tion about the media of commu nic a tion. Much of it is undis cip lined and 
vague. The concept of inform a tion most of us have comes from that liter at ure. 
But this is not the concept that will be adopted in this book. For we cannot 
explain percep tion in terms of commu nic a tion; it is quite the other way 
around. We cannot convey inform a tion about the world to others unless we 
have perceived the world. And the avail able inform a tion for our percep tion is 
radic ally differ ent from the inform a tion we convey.  

  Summary 

 Ecological optics is concerned with many- times-refl ected light in the medium, 
that is,  illu min a tion.  Physical optics is concerned with elec tro mag netic energy, 
that is,  radi ation.  

 Ambient light coming to a point in the air is profoundly differ ent from 
radiant light leaving a point source. The ambient light has struc ture, whereas 
the radiant light does not. Hence, ambient light makes avail able inform a tion 
about refl ect ing surfaces, whereas radiant light can at most trans mit inform a-
tion about the atoms from which it comes. 

 If the ambient light were unstruc tured or undif fer en ti ated, it would provide 
no inform a tion about an envir on ment, although it would stim u late the photore-
cept ors of an eye. Thus, there is a clear distinc tion between stim u lus inform a-
tion and stim u la tion. We do not have sensa tions of light triggered by stimuli 
under normal condi tions. The doctrine of discrete stimuli does not apply to 
ordin ary vision. 

 The ortho dox theory of the form a tion of an image on a screen, based on the 
corres pond ence between radi at ing points and focus points, is rejec ted as the 
basis for an explan a tion of ecolo gical vision. This theory applies to the design 
of optical instru ments and cameras, but it is a seduct ive fallacy to conceive the 
ocular system in this way. One of the worst results of the fallacy is the infer ence 
that the retinal image is trans mit ted to the brain. 

 The inform a tion that can be extrac ted from ambient light is not the kind of 
inform a tion that is trans mit ted over a channel. There is no sender outside the 
head and no receiver inside the head.        



                 5 
 THE AMBIENT OPTIC ARRAY   

     The central concept of ecolo gical optics is the ambient optic array at a point of 
obser va tion. To be an  array  means to have an arrange ment, and to be  ambient at 
a point  means to surround a posi tion in the envir on ment that could be occu pied 
by an observer. The posi tion may or may not be occu pied; for the present, let 
us treat it as if it were not. 

 What is implied more specifi c ally by an  arrange ment?  So far I have sugges ted 
only that it has  struc ture,  which is not very expli cit. The  absence of struc ture  is 
easier to describe. This would be a homo gen eous fi eld with no differ ences of 
intens ity in differ ent parts. An array cannot be homo gen eous; it must be hetero-
gen eous. That is, it cannot be undif fer en ti ated, it must be differ en ti ated; it 
cannot be empty, it must be fi lled; it cannot be form less, it must be formed. 
These contrast ing terms are still unsat is fact ory, however. It is diffi  cult to defi ne 
the notion of struc ture. In the effort to clarify it, a radical proposal will be made 
having to do with  invari ant  struc ture. 

 What is implied by  ambient at a point?  The answer to this ques tion is not so 
diffi  cult. To be ambient, an array must surround the point completely. It must 
be environ ing. The fi eld must be closed, in the geomet rical sense of that term, 
the sense in which the surface of a sphere returns upon itself. More precisely, 
the fi eld is unboun ded. Note that the fi eld provided by a picture on a plane 
surface does not satisfy this criterion. No picture can be ambient, and even a 
picture said to be panor amic is never a completely closed sphere. Note also that 
the tempor ary fi eld of view of an observer does not satisfy the criterion, for it 
also has bound ar ies. This fact is obvi ously of the greatest import ance, and we 
shall return to it in Chapter 7 and again in Chapter 12. 

 Finally, what is implied by the term  point  in the phrase  point of obser va tion?  
Instead of a geomet rical point in abstract space, I mean a posi tion in ecolo gical 
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space, in a medium instead of in a void. It is a place where an observer  might  
be and from which an act of obser va tion  could  be made. Whereas abstract 
space consists of points, ecolo gical space consists of places—loca tions or 
posi tions. 

 A sharp distinc tion will be made between the ambient array at an unoc cu-
pied point of obser va tion and the array at a point that is occu pied by an observer, 
human or other. When the posi tion becomes occu pied, some thing very inter-
est ing happens to the ambient array: it contains inform a tion about the body of 
the observer. This modi fi c a tion of the array will be given due consid er a tion 
later. 

 The point of obser va tion in ecolo gical optics might seem to be the equi-
val ent of the station point in perspect ive geometry, the kind of perspect ive 
used in the making of a repres ent at ive paint ing. The station point is the point 
of projec tion for the picture plane on which the scene is projec ted. But the 
terms are not at all equi val ent and should not be confused, as we shall see. A 
station point has to be station ary. It cannot move relat ive to the world, and it 
must not move relat ive to the picture plane. But a point of obser va tion is never 
station ary, except as a limit ing case. Observers move about in the envir on ment, 
and obser va tion is typic ally made from a moving posi tion.  

  How is Ambient Light Structured? Preliminary Considerations 

 If we reject the assump tion that the envir on ment consists of atoms in space and 
that, hence, the light coming to a point in space consists of rays from these 
atoms, what do we accept? It is tempt ing to assume that the envir on ment 
consists of  objects  in space and that, hence, the ambient array consists of  closed- 
contour forms  in an other wise empty fi eld, or “fi gures on a ground.” For each 
object in space, there would corres pond a form in the optic array. But this 
assump tion is not close to being good enough and must also be rejec ted. A form 
in the array could not corres pond to each object in space, because some objects 
are hidden behind others. And in any case, to put it radic ally, the envir on ment 
does not consist of objects. The envir on ment consists of the earth and the sky 
with objects  on  the earth and  in  the sky, of moun tains and clouds, fi res and 
sunsets, pebbles and stars. Not all of these are segreg ated objects, and some of 
them are nested within one another, and some move, and some are animate. 
But the envir on ment is all these various things—places, surfaces, layouts, 
motions, events, animals, people, and arti facts that struc ture the light at points 
of obser va tion. The array at a point does not consist of forms in a fi eld. The 
fi gure- ground phenomenon does not apply to the world in general. The notion 
of a closed contour, an outline, comes from the art of drawing an object, and 
the phenomenon comes from the exper i ment of present ing an observer with a 
drawing to fi nd out what she perceives. But this is not the only way, or even the 
best way, to invest ig ate percep tion. 
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 We obtain a better notion of the struc ture of ambient light when we think 
of it as divided and subdivided into compon ent parts. For the terrestrial envir-
on ment, the sky- earth contrast divides the unboun ded spher ical fi eld into two 
hemi spheres, the upper being brighter than the lower. Then both are further 
subdivided, the lower much more elab or ately than the upper and in quite a 
differ ent way. The compon ents of the earth, as I sugges ted in Chapter 1, are 
nested at differ ent levels of size—for example, moun tains, canyons, trees, 
leaves, and cells. The compon ents of the  array  from the earth also fall into a 
hier archy of subor din ate levels of size, but the compon ents of the array are quite 
differ ent, of course, from the compon ents of the earth. The compon ents of the 
array are the  visual angles  from the moun tains, canyons, trees, and leaves (actu-
ally, what are called  solid angles  in geometry), and they are conven tion ally meas-
ured in degrees, minutes, and seconds instead of kilo met ers, meters, and 
milli meters. They are  inter cept angles,  as we shall see. All these optical compon-
ents of the array, whatever their size, become vanish ingly small at the margin 
between earth and sky, the horizon; moreover, they change in size whenever 
the point of obser va tion moves. The substan tial compon ents of the earth, on 
the other hand, do not change in size. 

 There are several advant ages in conceiv ing the optic array in this way, as a 
nested hier archy of solid angles all having a common apex instead of as a set of 
rays inter sect ing at a point. Every solid angle, no matter how small, has form in 
the sense that its cross- section has a form, and a solid angle is quite unlike a ray 
in this respect. Each solid angle is unique, whereas a ray is not unique and can 
only be iden ti fi ed arbit rar ily, by a pair of coordin ates. Solid angles can fi ll up a 
sphere in the way that sectors fi ll up a circle, but it must be remembered that 
there are angles within angles, so that their sum does not  add  up to a sphere. 
The surface of the sphere whose center is the common apex of all the solid 
angles can be thought of as a kind of trans par ent fi lm or shell, but it should not 
be thought of as a picture. 

 The struc ture of an optic array, so conceived, is without gaps. It does not 
consist of points or spots that are discrete. It is completely fi lled. Every 
compon ent is found to consist of smaller compon ents. Within the bound ar ies 
of any form, however small, there are always other forms. This means that the 
array is more like a hier archy than like a matrix and that it should not 
be analyzed into a set of spots of light, each with a locus and each with a 
determ in ate intens ity and frequency. In an ambient hier arch ical struc ture, 
loci are not defi ned by pairs of coordin ates, for the rela tion of loca tion is not 
given by degrees of azimuth and elev a tion (for example) but by the rela tion of 
inclu sion. 

 The differ ence between the rela tion of  metric loca tion  and the rela tion of 
 inclu sion  can be illus trated by the follow ing fact. The stars in the sky can be 
located conveni ently by degrees to the right of north and degrees up from 
the horizon. But each star can also be located by its inclu sion in one of the 
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constel la tions and by the super or din ate pattern of the whole sky. Similarly, the 
optical struc tures that corres pond to the leaves and trees and hills of the earth 
are each included in the next larger struc ture. The texture of the earth, of 
course, is dense compared to the constel la tions of discrete stars and thus even 
less depend ent than they are on a coordin ate system. If this is so, the percep tion 
of the direc tion of some partic u lar item on the earth, its direc tion- from-here, 
is not a problem in its own right. The perceiv ing of the envir on ment does 
not consist of percep tions of the differ ing direc tions of the items of the 
envir on ment.  

  The Laws of Natural Perspective: The Intercept Angle 

 The notion of a visual angle with its apex at the eye and its base at an object in 
the world is very old. It goes back to Euclid who postu lated what he called a 
“visual cone” for each object in space. The term is not exact, for the object need 
not be circu lar and the fi gure does not have to be a cone. Ptolemy spoke of the 
“visual pyramid,” which implied that the object was rect an gu lar. Actually, we 
should refer to the  face  of an object, which can have any shape whatever, and to 
a corres pond ing  solid angle,  having an envel ope. A cross- section of this envel ope 
is what we call the  outline of the object.  We can now note that the solid angle 
shrinks as the distance of the object from the apex increases, and it is later ally 
squeezed as the face of the object is slanted or turned. These are the two main 
laws of perspect ive for objects. Euclid and Ptolemy and their successors for 

   FIGURE 5.2     The ambient optic array from a room with a window.    

 This drawing shows a cluttered envir on ment where some surfaces are projec ted at 
the point of obser va tion and the remainder are not, that is, where some are unhid den 
and the others are hidden. The hidden surfaces are indic ated by dotted lines. Only 
the faces of the layout of surfaces are shown, not the facets of their surfaces, that is, 
their textures.  
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many centur ies never doubted that objects were seen by means of these solid 
angles, whether conical, pyram idal, or other wise. They were the basis of 
ancient optics. Nothing was then known of inver ted retinal images, and the 
compar ison of the eye with a camera would not be made for a thou sand years. 
The ancients did not under stand the eye, they were puzzled by light, they had 
no concep tion of the modem doctrine that nothing gets into the eye but light, 
but they were clear about visual angles. 

 The concep tion of the ambient optic array as a set of solid angles corres-
pond ing to objects is thus a continu ation of ancient and medi eval optics. 
Instead of only freest and ing objects present to an eye, however, I postu late 
an envir on ment of illu min ated surfaces. And instead of a group of solid 
angles, I postu late a nested complex of them. The large solid angles in the 
array come from the  faces  of this layout, from the facades of detached objects, 
and from the inter spaces or holes that we call back ground or sky (which Euclid 
and Ptolemy seem never to have thought of ). The small solid angles in the 
array come from what might be called the  facets  of the layout as distin guished 
from the faces, the textures of the surfaces as distin guished from their forms. 
As already has been emphas ized, however, the distinc tion between these 
size- levels is arbit rary. 

 Natural perspect ive, as I conceive it, is the study of an ambient array of solid 
angles that corres pond to certain distinct geomet rical parts of a terrestrial 
envir on ment, those that are separ ated by edges and corners. There are elegant 
trigo no met ric rela tions between the angles and the envir on mental parts. There 
are gradi ents of size and density of the angles along meridi ans of the lower half 
of the array, the earth, with sizes vanish ing and density becom ing infi n ite at the 
horizon. These rela tions contain a great amount of inform a tion about the parts 
of the earth. No one who under stood them would think of ques tion ing their 
valid ity. It is a perfectly clear and straight for ward discip line, although neglected 
and undeveloped. But the envir on ment does not  wholly  consist of sharply differ-
en ti ated geomet rical parts or forms. Natural perspect ive does not apply to 
shadows with penum bras and patches of light. It does not apply to sunlit surfaces 
with varying degrees of illu min a tion. It geomet rizes the envir on ment and thus 
over sim pli fi es it. The most serious limit a tion, however, is that natural 
perspect ive omits motion from consid er a tion. The ambient optic array is treated 
as if its struc ture were frozen in time and as if the point of obser va tion were 
motion less. 

 Although I have called this discip line  natural perspect ive,  the ancients called 
it  perspectiva,  the Latin word for what we now call  optics.  In modem times, 
the term  perspect ive  has come to mean a tech nique—the tech nique of picture- 
making. A picture is a surface, whether it be painted by hand or processed 
by photo graphy, and perspect ive is the art of “repres ent ing” the geomet rical 
rela tion ships of natural objects on that surface. When the Renaissance 
paint ers discovered the proced ures for perspect ive repres ent a tion, they very 
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   FIGURE 5.3     The same ambient array with the point of obser va tion occu pied by a 
person.    

 When an observer is present at a point of obser va tion, the visual system begins to 
func tion.  

prop erly called the method  arti fi  cial perspect ive.  They under stood that this had 
to be distin guished from the natural perspect ive that governed the ordin ary 
percep tion of the envir on ment. Since that time we have become so picture- 
minded, so domin ated by pictorial think ing, that we have ceased to make 
the distinc tion. But to confuse pictorial perspect ive with natural perspect ive 
is to miscon ceive the problem of visual percep tion at the outset. The so-
 called cues for depth in a picture are not at all the same as the inform a tion 
for surface layout in a frozen ambient array, although pictorial think ing 
about percep tion tempts us to assume that they are the same. Pictures are arti-
fi  cial displays of inform a tion frozen in time, and this fact will be evident when 
the special kind of visual percep tion that is medi ated by such displays is treated 
in detail in Part IV. 

 Natural perspect ive, as well as arti fi  cial perspect ive, is restric ted in scope, 
being concerned only with a frozen optical struc ture. This restric tion will be 
removed in what follows.  
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  Optical Structure with a Moving Point of Observation 

 A point of obser va tion at rest is only the limit ing case of a point of obser va tion 
in motion, the null case. Observation implies move ment, that is, loco motion 
with refer ence to the rigid envir on ment, because all observ ers are animals and 
all animals are mobile. Plants do not observe but animals do, and plants do not 
move about but animals do. Hence, the struc ture of an optic array at a station ary 
point of obser va tion is only a special case of the struc ture of an optic array at a 
moving point of obser va tion. The point of obser va tion normally proceeds 
along a path of loco motion, and the “forms” of the array change as loco motion 
proceeds. More partic u larly, every solid angle included within the array, large 
or small, is enlarged or reduced or compressed or, in some cases, wiped out. It 
is wiped out, of course, when its surface goes out of sight. 

 The optic array  changes,  of course, as the point of obser va tion moves. But it 
also does  not  change, not completely. Some features of the array do not persist 

   FIGURE 5.4     The change of the optic array brought about by a loco motor move ment 
of the observer.    

 The thin solid lines indic ate the ambient optic array for the seated observer, and the 
thin dashed lines the altered optic array after stand ing up and moving forward. The 
differ ence between the two arrays is specifi c to the differ ence between the points 
of obser va tion, that is, to the path of loco motion. Note that the whole ambient 
array is changed, includ ing the portion behind the head. And note that what was 
previ ously hidden becomes unhid den.  



66 The Ecological Approach to Visual Perception

and some do. The changes come from the loco motion, and the nonchanges 
come from the rigid layout of the envir on mental surfaces. Hence, the nonchanges 
specify the layout and count as inform a tion about it; the changes specify loco-
motion and count as another kind of inform a tion, about the loco motion itself. 
We have to distin guish between two kinds of struc ture in a normal ambient 
array, and I shall call them the  perspect ive struc ture  and the  invari ant struc ture.  

  Perspective Structure and Invariant Structure 

 The term  struc ture  is vague, as we have seen. Let us suppose that a kind of essen-
tial struc ture under lies the super fi  cial struc ture of an array when the point of 
obser va tion moves. This essen tial struc ture consists of what is invari ant despite 
the change. What is invari ant does not emerge unequi voc ally except with a 
fl ux. The essen tials become evident in the context of chan ging nones sen tials. 

 Consider the paradox in the follow ing piece of folk wisdom: “The more it 
changes, the more it is the same thing.” Wherein is it true and wherein false? If 
 change  means  to become differ ent but not to be conver ted into some thing else,  the asser tion 
is true, and the saying emphas izes the fact that whatever is invari ant is more 
evident with change than it would be without change. If  change  means  to become 
differ ent by being conver ted into some thing else,  the asser tion is self- contra dict ory, and 
the paradox arises. But this is not what the word ordin ar ily means. And assuredly 
it is not what change in the ambient array means. One arrange ment does not 
become a wholly differ ent arrange ment by a displace ment of view point. There is 
no jump from one to another, only a vari ation of struc ture that serves to reveal 
the nonvari ation of struc ture. The pattern of the array does not ordin ar ily scin til-
late; the forms of the array do not go from trian gu lar to quad rangu lar, for example. 

 There are many invari ants of struc ture, and some of them persist for long paths 
of loco motion while some persist only for short paths. But what I am calling the 
 perspect ive struc ture  changes with every displace ment of the point of obser va tion—
the shorter the displace ment the smaller the change, and the longer the displace-
ment the greater the change. Assuming that the envir on ment is never redu plic ated 
from place to place, the arres ted perspect ive is unique at each station ary point of 
obser va tion, that is, for each point of obser va tion there is one and only one 
arres ted perspect ive. On the other hand, invari ants of struc ture are common to all 
points of obser va tion—some for all points in the whole terrestrial envir on ment, 
some only for points within the bound ar ies of certain locales, and some only for 
points of obser va tion within (say) a single room. But to repeat, the invari ant 
struc ture separ ates off best when the frozen perspect ive struc ture begins to fl ow. 

 Consider, for example, the age- old ques tion of how a rect an gu lar surface 
like a tabletop can be given to sight when presum ably all that an eye can see is 
a large number of forms that are trapezoids and only one form that is rect an-
gu lar, that one being seen only when the eye is posi tioned on a line perpen dic-
u lar to the center of the surface. The ques tion has never been answered, but it 
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can be refor mu lated to ask, What are the invari ants under ly ing the trans-
form ing perspect ives in the array from the tabletop? What specifi es the shape 
of this rigid surface as projec ted to a moving point of obser va tion? Although 
the chan ging angles and propor tions of the set of trapezoidal projec tions are a 
fact, the unchan ging rela tions among the four angles and the invari ant propor-
tions over the set are another fact, equally import ant, and they uniquely specify 
the rect an gu lar surface. There will be exper i mental evid ence about optical 
trans form a tions as inform a tion in Chapter 9. 

 We tend to think of each member of the set of trapezoidal projec tions from 
a rect an gu lar object as being a form in space. A change is then a trans ition from 
one form to another, a trans form a tion. But this habit of thought is mislead ing. 
Optical change is not a trans ition from one form to another but a revers ible 
process. The super fi  cial form becomes differ ent, but the under ly ing form 
remains the same. The struc ture changes in some respects and does not change 
in others. More exactly, it is variant in some respects and invari ant in others. 

 The geomet rical habit of separ at ing space from time and imagin ing sets 
of frozen forms in space is very strong. One can think of each point of obser va-
tion in the medium as station ary and distinct. To each such point there 
would corres pond a unique optic array. The set of all points is the space of the 
medium, and the corres pond ing set of all optic arrays is the whole of the avail-
able inform a tion about layout. The set of all line segments in the space specifi es 
all the possible displace ments of points of obser va tion in the medium, and the 
corres pond ing set of trans form a tion famil ies gives the inform a tion that specifi es 
all the possible paths. This is an elegant and abstract way of think ing, modeled 
on project ive geometry. But it does not allow for the complex it ies of optical 
change and does not do justice to the fact that the optic array  fl ows in time  instead 
of going from one struc ture to another. What we need for the formu la tion of 
ecolo gical optics are not the tradi tional notions of space and time but the 
concepts of vari ance and invari ance considered as recip rocal to one another. 
The notion of a  set  of station ary points of obser va tion in the medium is appro-
pri ate for the problem of a whole crowd of observ ers stand ing in differ ent posi-
tions, each of them perceiv ing the envir on ment from his own point of view. But 
even so, the fact that all observ ers can perceive the same envir on ment depends 
on the fact that each point of view can move to any other point of view. 

   REDUPLICATION  

 It is easy to make copies or duplic ates of a picture but the world is never 
exactly the same in one place as it is in another. Nor is one organ ism ever 
exactly the same as another. One cubic yard of empty abstract space is 
exactly the same as another, but that is a differ ent matter.   
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  The Signifi cance of Changing Perspective in the Ambient Array 

 When the moving point of obser va tion is under stood as the general case, the 
station ary point of obser va tion is more intel li gible. It no longer is conceived as 
a single geomet rical point in space but as a pause in loco motion, as a tempor-
ar ily fi xed posi tion relat ive to the envir on ment. Accordingly, an arres ted 
perspect ive struc ture in the ambient array specifi es to an observer such a fi xed 
posi tion, that is, rest; and a fl owing perspect ive struc ture specifi es an unfi xed 
posi tion, that is, loco motion. The optical inform a tion for distin guish ing loco-
motion from nonlo co motion is avail able, and this is extremely valu able for all 
observ ers, human or animal. In physics the motion of an observer in space is 
“relat ive,” inas much, as what we call motion with refer ence to one chosen 
frame of refer ence may be nonmo tion with refer ence to another frame of refer-
ence. In ecology this does not hold, and the loco motion of an observer in the 
envir on ment is abso lute. The envir on ment is simply that with respect to which 
either loco motion or a state of rest occurs, and the problem of relativ ity does 
not arise. 

 Locomotion and rest go with fl owing and frozen perspect ive struc ture in the 
ambient array; they are what the fl ow and the nonfl ow  mean.  They contain 
inform a tion about the poten tial observer, not inform a tion about the envir on-
ment, as the invari ants do. But note that inform a tion about a world that surrounds 
a point of obser va tion implies inform a tion about the point of obser va tion that is 
surroun ded by a world. Each kind of inform a tion implies the other. Later, in 
discuss ing the occu pied point of obser va tion, I shall call the former  extero spe cifi c 
inform a tion  and the latter  proprio spe cifi c inform a tion.  

 Not only does fl owing perspect ive struc ture specify loco motion, but the 
partic u lar instance of fl ow specifi es the partic u lar path of loco motion. That is, 
the differ ence of perspect ive between the begin ning and the end of the optical 
change is specifi c to the differ ence of posi tion between the begin ning and the 
end of the loco motor displace ment. But more than that, the  course  of the optical 
fl ow is specifi c to the  route  the path of loco motion takes through the envir on-
ment. Between one place and another there are many differ ent routes. The two 
places are specifi ed by their differ ent arres ted perspect ives, but the differ ent 
routes between them are in corres pond ence with differ ent optical sequences 
between the two perspect ives. There will be more of this later. It is enough 
now to point out that the visual control of loco motion by an observer, purpos ive 
loco motion such as homing, migrat ing, fi nding one’s way, getting from place 
to place, and being oriented, depends on just the kind of sequen tial optical 
inform a tion described. 

 It is import ant to realize that the fl owing perspect ive struc ture and the 
under ly ing invari ant struc ture are concur rent. They exist at the same time. 
Although they specify differ ent things, loco motion through a rigid world in 
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the fi rst instance and the layout of that rigid world in the second instance, they 
are like the two sides of a coin, for each implies the other. This hypo thesis, that 
optical change can seem ingly specify two things at the same time, sounds very 
strange, as if one cause were having two effects or as if one stim u lus were 
arous ing two sensa tions. But there is nothing illo gical about the idea of concur-
rent specifi c a tion of two recip rocal things. Such an idea is much needed in 
psycho logy.   

  The Change between Hidden and Unhidden Surfaces: 
Covering Edges 

 We are now prepared to face a fact that has seemed deeply puzz ling, a fact 
that poses the greatest diffi  culty for all theor ies of visual percep tion based on 
sensa tions. The layout of the envir on ment includes unpro jec ted (hidden) 
surfaces at a point of obser va tion as well as projec ted surfaces, but observ ers 
perceive the layout, not just the projec ted surfaces. Things are seen  in the 
round  and one thing is seen  in front  of another. How can this be? Information 
must be avail able for the whole layout, not just for its facades, for the covered 
surfaces as well as the cover ing surfaces. What is this inform a tion? Presumably 
it becomes evident over time, with changes of the array. I will argue that 
the inform a tion is impli cit in the  edges that separ ate  the surfaces or, rather, in 
the optical specifi c a tion of these edges. I am suggest ing that if cover ing 
edges are specifi ed, both the covered and the cover ing surfaces are also 
specifi ed. 

 To suggest that an observer can see surfaces that are unseen is, of course, a 
paradox. I do not mean that. I am not saying that one can see the unseen, and 
I am suspi cious of vision ar ies who claim that they can. A vast amount of mysti-
fi c a tion in the history of human thought has arisen from this paradox. The 
sugges tion is that one can perceive surfaces that are tempor ar ily  out of sight,  and 
what it is to be out of sight will be care fully defi ned. The import ant fact is that 
they come into sight and go out of sight as the observer moves, fi rst in one 
direc tion and then in the oppos ite direc tion. If loco motion is revers ible, as it is, 
whatever goes out of sight as the observer travels comes into sight as the observer 
returns and conversely. The gener al ity of this prin ciple has never been real ized; 
it applies to the shortest loco motions, in centi meters, as well as to the longest, 
in kilo met ers. But it has not been elab or ated. I will call it the  prin ciple of revers ible 
occlu sion.  The theory of the cues for depth percep tion includes one cue called 
“move ment paral lax” and another called “super pos i tion,” both related to the 
above prin ciple, but these terms are vague and do not even begin to explain 
what needs to be explained. What we see is not depth as such but  one thing 
behind another.  The new prin ciple can be made expli cit. I will attempt to do so, 
at some length. 
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  Projected and Unprojected Surfaces 

 There are many common sense words that refer to the fact of covered and 
uncovered things. Objects and surfaces are said to be hidden or unhid den, 
screened or unscreened, concealed or revealed, undis closed or disclosed. We 
might borrow a tech nical word in astro nomy,  occulta tion,  but it means primar ily 
the shut ting off of the light from a celes tial source, as in an eclipse. We need a 
word for the cutting off of a visual solid angle, not of light rays. I have chosen 
the word  occlu sion  for it. An occluded surface is one that is out of sight or hidden 
from view. An occlud ing edge is the edge of an occlud ing surface. The term 
was fi rst intro duced in a paper by J. J. Gibson, G. A. Kaplan, H. N. Reynolds, 
and K. Wheeler (1969) on the various ways in which a thing can pass between 
the state of being visible and the state of being invis ible. The exper i ment will 
be described in Chapter 11. 

 Occlusion arises because of two facts about the envir on ment, both described 
in Chapter 2. First, surfaces are gener ally opaque; and second, the basic envir on-
ment, the earth, is gener ally cluttered. As to the fi rst, if surfaces were as trans-

   FIGURE 5.5     Objects seen in the round and behind other objects.    

 Do you perceive covered surfaces as well as cover ing surfaces in this photo graph? 
(Photo by Jim Scherer.)  
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par ent as air, they would not refl ect light at all and there would be no use for 
vision. Most substances are nontrans mit ting (they refl ect and absorb instead), and 
there fore light is refl ec ted back from the surface. A few substances are partially 
trans mit ting or “trans lu cent,” and hence a sheet of such a substance will trans mit 
part of the radiant light but will not trans mit the struc ture of the ambient array; 
it will let through photons but not visual solid angles. There can be an obstruct ing 
of the  view  without obstruct ing of the  light,  although an obstruct ing of the light 
will of course also obstruct the view. If we add the fact that surfaces are also 
gener ally textured, the facts of opaque surfaces as contras ted with the surfaces of 
semitrans par ent and trans lu cent substances become intel li gible. 

 The second fact is that the envir on ment is gener ally cluttered. What I called 
an open envir on ment is seldom or never real ized, although it is the only case in 
which all surfaces are projec ted and none are unpro jec ted. An open envir on-
ment has what we call an unob struc ted view. But the fl at and level earth 
reced ing unbroken to a pure linear horizon in a great circle, with a cloud less 
sky, would be a desol ate envir on ment indeed. Perhaps it would not be quite as 
life less as geomet rical space, but almost. The  furniture  of the earth, like the 
furnish ings of a room, is what makes it livable. The earth as such affords only 
stand ing and walking; the furniture of the earth affords all the rest of beha vior. 
The main items of the clutter (follow ing the termin o logy adopted in Chapter 3) 
are  objects,  both attached and detached,  enclos ures, convex it ies  such as hills,  concav-
it ies  such as holes, and  aper tures  such as windows. These features of surface 
layout give rise to occlud ing surfaces or, more exactly, to the  separ a tion  of 
occlud ing and occluded surfaces. 

 A surface is  projec ted  at a point of obser va tion if it has a visual solid angle in the 
ambient optic array; it is  unpro jec ted  if it does not. A projec ted surface may become 
unpro tec ted in at least three ways—if its solid angle is dimin ished to a point, if the 
solid angle is compressed to a line, or if the solid angle is wiped out. In the fi rst case 
we say that the surface is too far away, in the second that it is turned so as not to 
face the point of obser va tion, in the third that the view is obstruc ted. The second 
case, that of facing toward or away, is instruct ive. A wall or a sheet of paper has two 
“faces” but only one can  face  a fi xed point. The rela tion between the occlud ing and 
occluded surfaces is given by the rela tion of each to the point; the rela tion is not 
merely geomet rical but also optical. The rela tion is desig nated when we distin-
guish between the  near  side and the  far  side of an object. (It is not, however, well 
expressed by the terms  front  and  back,  since they are ambigu ous. They can refer to 
such surfaces as the front and the back of a house or the front and the back of a 
head. Terms can be borrowed from ordin ary language only with discre tion!)  

  Going Out of and Coming Into Sight 

 A point of obser va tion is to be thought of as moving through the medium to 
and fro, back and forth, often along old paths but some times along new ones. 
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Displacements of this posi tion are revers ible and are reversed as its occu pier 
comes and goes, even as she slightly shifts her posture. Any face or facet, any 
surface of the layout, that is progress ively hidden during a displace ment is 
progress ively unhid den during its reversal. Going out of sight is the inverse of 
coming into sight. Hence, occlud ing and occluded surfaces inter change. The 
occlud ing ones  change into  the occluded ones and vice versa, not by chan ging 
from one entity to another but by a special trans ition. 

 The terms  disap pear ance  and its oppos ite,  appear ance,  should not be used for this 
trans ition. They have slip pery mean ings, like  visible  and  invis ible.  For a surface 
may disap pear by going out of exist ence as well as by going out of sight, and the 
two cases are profoundly differ ent. A surface that disap pears because it is no 
longer projec ted to  any  point of obser va tion, because it has evap or ated, for 
example, should not be confused with a surface that disap pears because it is no 
longer projec ted to a fi xed point of obser va tion. The latter can be seen from 
another posi tion; the former cannot be seen from any posi tion. Failure to distin-
guish these mean ings of  disap pear  is common; it encour ages care less obser va tion 
and vague beliefs in ghosts, or in the reality of the “unseen.” To  disap pear  can also 
refer to a surface that contin ues to exist but is no longer projec ted to any point of 
obser va tion because of dark ness. Or we might speak of some thing disap pear ing 
“in the distance,” refer ring to a surface barely projec ted to a point of obser va tion 
because its visual solid angle has dimin ished to a limit. These modes of so- called 
disap pear ance are quite radic ally differ ent. The differ ences between (1) a surface 
that ceases to exist, (2) a surface that is no longer illu min ated, (3) a surface that 
lies on the horizon, and (4) a surface that is occluded are described in a paper by 
Gibson, Kaplan, Reynolds, and Wheeler (1969) and are illus trated in a motion 
picture fi lm (Gibson, 1968 a ). An exper i mental study of the percep tion of occlu-
sion using motion picture displays has been repor ted by Kaplan (1969).  

  The Loci of Occlusion: Occluding Edges 

 We must now distin guish an edge that is simply the junc tion of two surfaces 
from an edge that causes one surface to hide another, an  occlud ing edge.  In the 
proposed termin o logy of layout in Chapter 3, I defi ned an  edge  as the apex of a 
convex dihed ral (as distin guished from a  corner,  which is the apex of a concave 
dihed ral). But an occlud ing edge is a dihed ral where only one of the surfaces is 
projec ted to the point of obser va tion—an  apical  occlud ing edge. I also defi ned a 
 curved convex ity  (as distin guished from a  curved concav ity ), and another kind of 
occlud ing edge is the  brow  of this convex ity, that is, the line of tangency of the 
envel ope of the visual solid angle—a  curved  occlud ing edge. The apical occlud ing 
edge is “sharp,” and the curved occlud ing edge is “rounded.” The two are illus-
trated in Figure 5.6. The latter slides along the surface as the point of obser va-
tion moves, but the former does not. Note that an occlud ing edge always 
requires a convex ity of some sort, a protru sion of the substance into the medium. 



The Ambient Optic Array 73

 These two kinds of occlud ing edges are found in the ells of corridors, the 
brinks of cliffs, the brows of hills, and the near sides of holes in the ground. 
One face or facet or part of the layout hides another to which it may be 
connec ted and which it may adjoin. This is differ ent from what I called a 
detached object, by which I mean the movable or moving object having a topo-
lo gic ally closed surface with substance inside and medium outside. The 
detached object produces a visual solid angle in the optic array, as noted by 
Euclid and Ptolemy, and yields a closed- contour fi gure in the visual fi eld, as 
described by Edgar Rubin and celeb rated by the gestalt psycho lo gists under the 
name of the “fi gure- ground phenomenon.” Occluding edges are a special case, 
because not only does the near side of the object hide the far side but the object 
covers a sector of the surface behind it, the ground, for example. The occlud ing 
edges may be apical, as when the object is a poly hed ron, or the locus of the 
tangent of the envel ope of the solid angle to the surface, as when the object is 
curved. These are illus trated in Figure 5.7, where both the hiding of the far side 
and the cover ing of the back ground are shown. The object is itself rounded or 

   FIGURE 5.6     The sharp occlud ing edge and the rounded occlud ing edge at a fi xed 
point of obser va tion.    

 The hidden portions of the surface layout are indic ated by dotted lines.  

   FIGURE 5.7     Both the far side of an object and the back ground of the object are 
hidden by its occlud ing edges.    

 Two detached objects are shown, one with sharp occlud ing edges and the other 
with rounded occlud ing edges.  
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solid, and it is super posed on the ground, which is also continu ous behind the 
object. These two kinds of occlu sion may be treated separ ately.  

  Self- occlu sion and Superposition 

 An object, in the present termin o logy, is both volu min ous and super posed. It 
exists in volume and it may lie in front of another surface, or another object. In 
short, an object always occludes itself and gener ally also occludes some thing 
else. The effect of a moving point of obser va tion is differ ent in the two cases. 

 Projected and unpro jec ted surfaces inter change as the point of obser va tion 
moves, but the inter change between parts of the object is not like that between 
parts of the back ground. There is an inter change between  oppos ite faces  of the 
object but an inter change of  adja cent areas  of the surface behind the object. For 
the object, the near side turns into the far side and vice versa, whereas for the 
back ground an uncovered area becomes covered and vice versa. The change of 
optical struc ture in the former case is by way of perspect ive trans form a tion, 
whereas the disturb ance of optical struc ture in the latter case is more radical, a 
“kinetic disrup tion” being involved. 

 In Figure 5.7, as the point of obser va tion moves each face of the facade of the 
poly hed ron under goes trans form a tion, for example, from trapezoid to square to 
trapezoid. Ultimately, when the face is maxim ally fore shortened, it is what we 
call “edge on,” that is, it becomes an occlud ing edge. The near face turns into 
a far face by way of the edge. While this is happen ing at one edge, the other 
edge is reveal ing a previ ously hidden face. A far face turns into a near face. The 
two occlud ing edges in the diagram are perfectly recip rocal; while one is 
convert ing near into far, the other is convert ing far into near. The width of the 
poly hed ron goes into depth, and the depth comes back into width. Width and 
depth are thus inter change able. 

 Similarly, one could describe the trans form a tion of each facet of the textured 
surface of the curved object. If the object is a sphere, the circu lar occlud ing 
edge (the  outline,  in pictorial termin o logy) does not trans form, but the optical 
struc ture within it does. At one edge the texture is progress ively turning from 
projec ted into unpro jec ted, from near into far, while at the other edge the 
texture is progress ively turning from unpro jec ted into projec ted, from far into 
near. The trans ition occurs at the limit of the slant trans form a tion, the ulti mate 
of perspect ive fore short en ing, but actu ally the optical texture reaches and goes 
beyond this purpor ted limit. It has to go beyond it because it comes from 
beyond that limit at the other occlud ing edge.  

  Superposition 

 Now consider the separ ated back ground behind the objects in Figure 5.7, the 
fact of super pos i tion as distin guished from the fact of solid ity. As the point of 
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obser va tion moves, the envel ope of the visual solid angle sweeps across the 
surface. The leading edge progress ively covers the texture of the surface, while 
the trail ing edge progress ively uncov ers it. I have sugges ted meta phor ic ally that 
the texture is “wiped out” and “unwiped” at the lateral borders of the fi gure 
(Gibson, 1966 b , pp. 199 ff.). This was inspired by the meta phors used by A. 
Michotte in describ ing exper i ments on what he called the “tunnel effect” 
(Michotte, Thinès, and Crabbé, 1964). A some what more exact descrip tion of 
this optical change will be given below. But note that if the texture that is 
progress ively covered has the same struc ture as the texture that is progress ively 
uncovered the unity of the surface is well specifi ed. 

 The meta phor of “wiping” is inexact. A better descrip tion of the optical 
trans ition was given by Gibson, Kaplan, Reynolds, and Wheeler (1969), and it 
was also described by Kaplan (1969) as a “kinetic disrup tion.” There is a 
disturb ance of the struc ture of the array that is not a trans form a tion, not even 
a trans form a tion that passes through its vanish ing limit, but a break ing of its 
adja cent order. More exactly, there is either a progress ive decre ment ing of 
compon ents of struc ture, called  dele tion,  or its oppos ite, a progress ive incre-
ment ing of compon ents of struc ture, called  accre tion.  An edge that is cover ing 
the back ground deletes from the array; an edge that is uncov er ing the back-
ground accretes to it. There is no such disrup tion for the surface that is cover ing 
or uncov er ing, only for the surface that is being covered or uncovered. And 
nondis rup tion, I suggest, is a kind of invari ance.  

  The Information to Specify the Continuation of Surfaces 

 A surface always “bends under” an occlud ing edge, and another surface gener ally 
“extends behind” it. These surfaces are connec ted or continu ous. Is there inform-
a tion in a chan ging optic array to specify the connnec ted ness or continu ity? 

 Here is a tent at ive hypo thesis for the continu ous object surface:

  Whenever a perspect ive trans form a tion of form or texture in the optic 
array goes to its limit and when a series of forms or textures are progress-
ively fore shortened to this limit, a continu ation of the surface of an object 
is specifi ed at an occlud ing edge. This is the formula for going out of 
sight; the formula is reversed for coming into sight.   

 Here is a tent at ive hypo thesis for the continu ous back ground surface:

  Whenever there occurs a regular disturb ance of the persist ence of forms 
and textures in the optic array such that they are progress ively deleted at 
a contour, the continu ation of the surface of a ground is specifi ed at an 
occlud ing edge. This is for going out of sight; substi tut ing accre tion for 
dele tion gives the formula for coming into sight.   
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 These two hypo theses make no asser tions about percep tion, only about the 
inform a tion that is normally avail able for percep tion. They do not refer to  space,  
or to the  third dimen sion,  or to  depth,  or to  distance.  Nothing is said about forms 
or patterns in two dimen sions. But they suggest a radic ally new basis for 
explain ing the percep tion of solid super posed objects, a new theory based not 
on cues or clues or signs but on the direct pickup of solid ity and super pos i tion. 
An object is in fact volu min ous; a back ground is in fact continu ous. A picture 
or an image of an object is irrel ev ant to the ques tion of how it is perceived. 

 The assump tion for centur ies has been that the sensory basis for the percep-
tion of an object is the outline form of its image on the retina. Object percep-
tion can only be based on form percep tion. First the silhou ette is detec ted and 
then the depth is added, presum ably because of past exper i ences with the cues 
for depth. But the fact is that the progress ive fore short en ing of the face of an 
object is perceived as the turning of the object, which is precisely what the 
trans form a tion specifi es, and is never perceived as a change of form, which 
ought to be seen if the tradi tional assump tion is correct—that the silhou ette is 
detec ted and then the depth is added. 

 The two hypo theses stated above depend on a chan ging optic aray, and so far 
the only cause of such change that has been considered is the moving point of 
obser va tion. The reader will have noted that a moving  object  will also bring 
about the same kinds of disturb ance in the struc ture of the array that have been 
described above. A moving object in the world is an event, however, not a form 
of loco motion, and the inform a tion for the percep tion of events will be treated 
in Chapter 6.  

  The Case of Very Distant Surfaces 

 It is inter est ing to compare the occlud ing edges of objects and other convex it ies 
on the surface of the earth with the  horizon  of the earth, the great circle divid ing 
the ambient array into two hemi spheres. It is the limit of perspect ive mini fi c a-
tion for terrestrial surfaces, just as the edge- on line is the limit of perspect ive 
compres sion (fore short en ing) for a terrestrial surface. Objects such as rail road 
trains on the Great Plains and ships on the ocean are said to vanish in the distance 
as they move away from a fi xed point of obser va tion. The line of the horizon in 
the tech no logy of pictorial perspect ive is said to be the locus of vanish ing points 
for the size of earth- forms and for the conver gence of paral lel edges on the earth. 
The rail road train “vanishes” at the same optical point where the rail road tracks 
“meet” in the distance. The horizon is there fore analog ous to an occlud ing edge 
 in  being one of the loci at which things go out of and come into sight. But going 
out of sight in the distance is very differ ent from going out of sight at a sharp or 
a rounded edge nearby. The horizon of the earth, there fore, is not an occlud ing 
edge for any terrestrial object or earth- form. It does not in fact  look  like an 
occlud ing edge. It could only be visu al ized as an occlud ing edge for the lands 
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   FIGURE 5.8     Cartoon. (Drawing by S. Harris; © 1975 The New Yorker Magazine, 
Inc.)     

and seas beyond the horizon if the seem ingly fl at earth were conceived as curved 
and if the envir on ment were thought of as a globe too vast to see. 

 It has long been a puzzle to human observ ers, however, that the horizon is in 
fact visibly an occlud ing edge for  celes tial  objects such as the sun and the moon. 
Such objects undergo progress ive dele tion at a contour, as at sunset, and undergo 
progress ive accre tion at the same contour, as at moon rise. This is in accord ance 
with the second hypo thesis above. The object is obvi ously beyond the horizon, 
more distant than the visible limit of earthly distance, and yet there is some 
inform a tion for its being a solid surface. This confl ict ing inform a tion explains, 
I think, the appar ently enorm ous size of the sun and the moon at the horizon. 
It also explains many of the ideas of pre-Copernican astro nomy about heav enly 
bodies. We should realize that the terrestrial envir on ment was the only envir-
on ment that people could be  sure  of before Copernicus—the only envir on ment 
that could be perceived directly. Terrestrial objects and surfaces had afford ances 
for beha vior, but celes tial objects did not. More will be said about the percep-
tion of objects on earth as distin guished from objects in the sky in Part III.  

  Summary: The Optics of Occlusion 

 1. In the ideal case of a terrestrial earth without clutter, all parts of the 
surface are projec ted to all points of obser va tion. But such an open envir on-
ment would hardly afford life. 

 2. In the case of an earth with furniture, with a layout of opaque surfaces 
on a substratum, some parts of the layout are projec ted to any given fi xed point 
of obser va tion and the remain ing parts are unpro jec ted to that point. 
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 3. The optic ally uncovered surface of an object is always  separ ated  from the 
optic ally covered surface at the occlud ing edge. At the same time, it is always 
 connec ted  with the optic ally covered surface at the occlud ing edge. 

 4. The continu ation of the far side with the near side is specifi ed by the 
 revers ib il ity  of occlu sion. 

 5. Any surface of the layout that is hidden at a given fi xed point of obser-
va tion will be unhid den at some other fi xed point. 

 6. Hidden and unhid den surfaces  inter change.  Whatever is revealed by a 
given move ment is concealed by the reverse of that move ment. This prin ciple 
of revers ible occlu sion holds true for both move ments of the point of obser va-
tion and motions of detached objects. 

 7. We can now observe that the  separ a tion  between hidden and unhid den 
surfaces at occlud ing edges is best specifi ed by the  perspect ive  struc ture of an array, 
whereas the  connec tion  between hidden and unhid den surfaces at edges is specifi ed 
by the under ly ing  invari ant  struc ture. Hence, prob ably, a pause in loco motion 
calls atten tion to the differ ence between the hidden and the unhid den, whereas 
loco motion makes evident the continu ous ness between the hidden and the 
unhid den. 

 The seeming paradox of the perceiv ing or appre hend ing of hidden surfaces 
will be treated further in Chapter 11.   

  How is Ambient Light Structured? A Theory 

 Let us return to the ques tion of how ambient light is given its invari ant struc-
ture, the ques tion asked at the begin ning of this chapter but not answered 
except in a prelim in ary way. Ambient light can only be struc tured by some-
thing that surrounds the point of obser va tion, that is, by an envir on ment. It is 
not struc tured by an empty medium of air or by a fog- fi lled medium. There 
have to be surfaces—both those that emit light and those that refl ect light. 
Only because ambient light is struc tured by the substan tial envir on ment can it 
contain inform a tion about it. 

 So far it has been emphas ized that ambient light is made to consti tute an 
array by a single feature of these surfaces, their layout. But just  how  does the 
layout struc ture the light? The answer is not simple. It involves the puzz ling 
complex it ies of light and shade. Moreover, the layout of surfaces is not the only 
cause of the struc tur ing of light; the  conglom er a tion  of surfaces makes a contri bu-
tion, that is, the fact that the envir on ment is multi colored. The differ ent 
surfaces of the layout are made of differ ent substances with differ ent refl ect-
ances. Both lighted or shaded surfaces and black or white surfaces make their 
separ ate contri bu tions to the invari ant struc ture of ambient light. And how 
light- or-shade can be perceived separ ately from black- or-white has long been a 
puzz ling problem for any theory of visual sense percep tion. 
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 I tried to formu late a theory of the struc tur ing of ambient light in my last 
book (Gibson, 1966 b ), assert ing that three causes existed, the layout of surfaces, 
the pigment a tion of surfaces, and the shad ow ing of surfaces (pp. 208–216). But 
the third of these causes is not cognate with the other two, and the inter ac tion 
between them was not clearly explained. The theory was static. Here, I shall 
formu late a theory of the sources of  invari ant  optical struc ture in rela tion to the 
sources of  vari ation  in optical struc ture. What is clear to me now that was not 
clear before is that struc ture as such, frozen struc ture, is a myth, or at least a 
limit ing case. Invariants of struc ture do not exist except in rela tion to vari ants. 

  The Sources of Invariant Optical Structure 

 The main invari ants of the terrestrial envir on ment, its persist ing features, are the 
layout of its surfaces and the refl ect ances of these surfaces. The layout tends to 
persist because most of the substances are suffi  ciently solid that their surfaces are 
rigid and resist deform a tion. The refl ect ances tend to persist because most of the 
substances are chem ic ally inert at their inter faces with the air, and their surfaces 
keep the same compos i tion, that is, the same colors, both achromatic and chro-
matic. Actually, at the level of micro lay out (texture) and micro com pos i tion 
(conglom er a tion), layout and refl ect ances merge. Or, to put it differ ently, the 
layout texture and the pigment texture become insep ar able. 

 Note once more that an emphasis on the geometry of surfaces is abstract and 
over sim pli fi ed. The faces of the world are  not  made of some amorph ous, color-
less, ghostly substance, as geometry would lead us to believe, but are made of 
mud or sand, wood or metal, fur or feath ers, skin or fabric. The faces of the 
world are color ful as well as geomet rical. And what they afford depends on 
their substance as well as their shape.  

  The Sources of Variant Optical Structure 

 There are two regular and recur rent sources of chan ging struc ture in the 
ambient light (apart from local events, which will be considered in the next 
chapter). First, there are the changes caused by a moving point of obser va tion, 
and second, there are the changes caused by a moving source of illu min a tion, 
usually the sun. Many pages have been devoted to the former, and we must 
now consider the latter. The motion of the sun across the sky from sunrise 
to sunset has been for count less millions of years a basic regu lar ity of nature. 
It is a fact of ecolo gical optics and a condi tion of the evol u tion of eyes in terres-
trial animals. But its import ance for the theory of vision has not been fully 
recog nized. 

 The puzz ling complex it ies of light and shade cannot be under stood without 
taking into account the fact of a  moving  source of illu min a tion. For whenever 
the source of light moves, the direc tion of the light falling on the surfaces of the 
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world is altered and the shadows them selves move. The layout and color a tion of 
surfaces persist, but the lighted ness and shaded ness of these surfaces do not. It is 
not just that the optic array is differ ent at noon with high illu min a tion from 
what it is at twilight with low illu min a tion; it is that the optic array has a 
differ ent struc ture in the after noon than it has in the morning.   

  Variants and Invariants with a Moving Source of Illumination 

 Just how does pure layout struc ture the ambient light? It is easy to under stand 
how a mosaic of black and white substances would struc ture the ambient light 
but not how a pure layout would do so. For in this case the struc tur ing would 
have to be achieved wholly by differ en tial illu min a tion, by light and shade. 
There are two prin ciples of light and shade under natural condi tions that seem 
to be clear: the direc tion of the prevail ing illu min a tion and the progress ive 
weak en ing of illu min a tion with multiple refl ec tion. 

 The illu min a tion on a surface comes from the sun, the sky, and other surfaces 
that face the surface in ques tion. A surface that faces the sun is illu min ated 
“directly,” a surface that faces away from the sun but still faces the sky is illu-
min ated less directly, and a surface within a semi en clos ure that faces only other 
surfaces is illu min ated still less directly. The more the light has rever ber ated, 
the more of it is absorbed and the dimmer it becomes. Hence it is that surfaces 
far from the mouth of a cave are more weakly illu min ated than those near the 
mouth. But within any airspace, any concav ity of the terrain or any semi en-
clos ure, there is a direc tion of the  prevail ing  illu min a tion, that is, a direc tion 
from which more light comes than from any other. 

 The illu min a tion of any face of the layout relat ive to adja cent faces depends 
on its inclin a tion to the prevail ing illu min a tion. Crudely speak ing, the surface 
that “faces the light” gets more than its neigh bor. More exactly, a surface 
perpen dic u lar to the prevail ing illu min a tion gets the most, a surface inclined 
to it gets less, a surface paral lel to it gets still less, and a surface inclined  away  
from it gets the least. The pairs of terms  lighted  and  shad owed  or  in light  and  in 
shadow  should not be taken as dicho tom ies, for there are all grad a tions of relat ive 
light and shade. These two prin ciples of the direc tion and the amount of illu-
min a tion are an attempt to distill a certain ecolo gical simpli city from the 
enorm ous complex it ies of analyt ical phys ical optics and the muddled prac tice 
of illu min a tion engin eer ing. 

 A wrinkled surface of the same substance evid ently struc tures the ambient 
light by virtue of two facts: there is always a prevail ing direc tion of illu min a-
tion, and consequently the slopes facing in this direc tion throw back more 
energy than the slopes not facing in this direc tion. A  fl at  surface of  differ ent  
substances struc tures the ambient light by virtue of the simple fact that the 
parts of high refl ect ance throw back more energy than the parts of low 
refl ect ance. 
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 Figure 5.9 shows an array from a wrinkled layout of terrestrial surfaces, 
actu ally an aerial photo graph of barren hills and valleys. The bare earth of 
this desert has every where the same refl ect ance. The top of the photo graph 
is to the north of the terrain. The picture was taken in the morning, and 
the sun is in the east. Some of the slopes face east, and some face west; the 
former are lighted and the latter shaded. It can be observed that various inclin-
a tions of these surfaces to the direc tion of the prevail ing illu min a tion determ ine 
various relat ive intens it ies in the array; the more a surface departs from the 
perpen dic u lar to this direc tion, the darker is the corres pond ing patch in the 
optic array. 

 Now consider what happens as the sun moves across the sky. All those 
surfaces that were lighted in the morning will be shaded in the after noon, and 
all those that were shaded in the morning will be lighted in the after noon. 
There is a continual, if slow, process of change from lighted to shaded on 
certain slopes of the layout and the reverse change on certain other slopes. 
These slopes are related by orient a tion. Two faces of any convex ity are related 
in this way, as are two faces of any concav ity. A ridge can be said to consist of 
two oppos ite slopes, and so can a valley. The reci pro city of light and shade on 
such surfaces might be described by saying that the light ness and the shaded ness 
 exchange places.  The under ly ing surfaces do not inter change of course, and their 
colors, if any, do not inter change. They are persist ent, but the illu min a tion is 
vari able in this special recip rocal way. 

 In the optic array, presum ably, there is an under ly ing invari ant struc ture to 
specify the edges and corners of the layout and the colors of the surfaces, and at 
the same time there is a chan ging struc ture to specify the tempor ary direc tion 
of the prevail ing illu min a tion. Some compon ents of the array never exchange 
places—that is, they are never permuted—whereas other compon ents of the 
array do. The former specify a solid surface; the latter specify insub stan tial 
shadows only. The surface and its color are described as opaque; the shadow is 
described as trans par ent. 

 The decreas ing of illu min a tion on one slope and the increas ing of illu min-
a tion on an adja cent slope as the sun moves are analog ous to the fore short en ing 
of one slope along with the inverse fore short en ing of an adja cent slope as 
the point of obser va tion moves. I suggest that the true relat ive colors of the 
adja cent surfaces emerge as the light ing changes, just as the true relat ive shapes 
of the adja cent surfaces emerge as the perspect ive changes. The perspect ives of 
the convex it ies and concav it ies of Figure 5.9 are variant with loco motion; the 
shadows of these convex it ies and concav it ies are variant with time of day; 
the constant prop er ties of these surfaces under lie the chan ging perspect ives and 
the chan ging shadows and are specifi ed by invari ants in the optic array. 

 It is true that the travel of the sun across the sky is very slow and that the 
correl ated inter change of the light and the shade on surfaces is a very gradual 
fl uc tu ation. Neither is as obvious as the motion perspect ive caused by loco-
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motion. But the fact is that shift ing shadows and a moving sun are regu lar it ies 
of ecolo gical optics whether or not they are ever noticed by any animal. They 
have set the condi tions for the percep tion of the terrain by terrestrial animals 
since life emerged from the sea. They make certain optical inform a tion avail-
able. And, although shift ing shadows and a moving sun are too slow to be 
noticed in daylight, a moving source of illu min a tion and the result ant shadows 
become more obvious at night. One has only to carry a light from place to place 
in a cluttered envir on ment in order to notice the radical shifts in the pattern of 
the optic array caused by visibly moving shadows. And yet, of course, the layout 

   FIGURE 5.9     Hills and valleys on the surface of the barren earth.    

 The hills in this aerial photo graph, the convex it ies or protuber ances, can be 
compared to the “humps” shown in Figure 5.1  
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of surfaces and their relat ive color a tion is visible under neath the moving 
shadows. 

 How the differ en tial colors of surfaces are specifi ed in the optic array 
separ ately from the differ en tial illu min a tion of surfaces is, of course, a great 
puzzle. The differ ence between black and white is never confused with 
the differ ence between lighted and shad owed, at least not in a natural envir on-
ment as distin guished from a controlled labor at ory display. There are many 
theor ies of this so- called constancy of colors in percep tion, but none of them 
is convin cing. A new approach to the problem is sugges ted by the above 
consid er a tions. 

 From an ecolo gical point of view, the color of a surface is relat ive to the 
colors of adja cent surfaces; it is not an abso lute color. Its refl ect ance ratio is 
specifi ed only in rela tion to other refl ect ance ratios of the layout. For the natural 
envir on ment is an  aggreg ate  of substances. Even a surface is some times a  conglom-
er ate  of substances. This means that a range of black, gray, and white surfaces 
and a range of chro mat ic ally colored surfaces will be projec ted as solid angles 
in a normal optic array. The colors are not seen separ ately, as stimuli, but 
together, as an arrange ment. And this range of colors provides an invari ant 
struc ture that under lies  both  the chan ging shadow struc ture with a moving sun 
and the chan ging perspect ive struc ture with a moving observer. The edges and 
corners, the convex it ies and concav it ies, are thus specifi ed as multi colored 
surfaces, not as mere slopes; as speckled or grained or piebald or whatever, not 
as ghostly gray shapes. 

 The exper i mental discov er ies of E. H. Land (1959) concern ing color percep-
tion with what he calls a “complete image” as distin guished from color percep-
tion with controlled patches of radi ation in a labor at ory are to be under stood in 
the above way, I believe.  

  Ripples and Waves on Water: A Special Case 

 It is inter est ing and reveal ing to compare the optical inform a tion for a solid 
wrinkled surface as shown in Figure 5.9 and the inform a tion for a liquid wavy 
surface, which the reader will have to visu al ize. Both consist of convex it ies and 
concav it ies, but they are motion less on the solid surface and moving on the 
liquid surface. In both cases the convex it ies are lighted on one slope and shad-
owed on the other. In both cases the surface is all of the same color or refl ect-
ance. The differ ence between the two arrays is to be found chiefl y in the two 
 forms of fl uc tu ation  of light and shade. In the terrestrial array, light and shade 
exchange places slowly in one direc tion; they do not oscil late. In the aquatic 
array, light and shade inter change rapidly in both direc tions; they oscil late. In 
fact, when the sun is out and the ripples act as mirrors, the refl ec tion of the sun 
can be said to fl icker or fl ash on and off. This specifi c form of fl uc tu ation is 
char ac ter istic of a water surface.  
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  Summary 

 When ambient light at a point of obser va tion is struc tured it is an ambient optic 
array. The point of obser va tion may be station ary or moving, relat ive to the 
persist ing envir on ment. The point of obser va tion may be unoc cu pied or occu-
pied by an observer. 

 The struc ture of an ambient array can be described in terms of visual solid 
angles with a common apex at the point of obser va tion. They are angles of 
inter cept, that is, they are determ ined by the persist ing envir on ment. And they 
are nested, like the compon ents of the envir on ment itself. 

 The concept of the visual solid angle comes from natural perspect ive, which 
is the same as ancient optics. No two such visual angles are identical. The solid 
angles of an array change as the point of obser va tion moves, that is, the 
perspect ive struc ture changes. Underlying the perspect ive struc ture, however, 
is an invari ant struc ture that does  not  change. Similarly, the solid angles of an 
array change as the sun in the sky moves, that is, the shadow struc ture changes. 
But there are also invari ants that under lie the chan ging shadows. 

 The moving observer and the moving sun are condi tions under which 
terrestrial vision has evolved for millions of years. But the invari ant prin ciple of 
revers ible occlu sion holds for the moving observer, and a similar prin ciple of 
revers ible illu min a tion holds for the moving sun. Whatever goes out of sight 
will come into sight, and whatever is lighted will be shaded.              



                 8 
 THE THEORY OF AFFORDANCES   

     I have described the envir on ment as the surfaces that separ ate substances from 
the medium in which the animals live. But I have also described what the 
envir on ment  affords  animals, mention ing the terrain, shel ters, water, fi re, 
objects, tools, other animals, and human displays. How do we go from surfaces 
to afford ances? And if there is inform a tion in light for the percep tion of surfaces, 
is there inform a tion for the percep tion of what they afford? Perhaps the compos-
i tion and layout of surfaces  consti tute  what they afford. If so, to perceive them is 
to perceive what they afford. This is a radical hypo thesis, for it implies that the 
“values” and “mean ings” of things in the envir on ment can be directly perceived. 
Moreover,  it  would explain the sense in which values and mean ings are external 
to the perceiver. 

 The  afford ances  of the envir on ment are what it  offers  the animal, what it 
 provides  or  furnishes,  either for good or ill. The verb  to afford  is found in the 
diction ary, but the noun  afford ance  is not. I have made it up. I mean by it some-
thing that refers to both the envir on ment and the animal in a way that no 
exist ing term does. It implies the comple ment ar ity of the animal and the envir-
on ment. The ante cedents of the term and the history of the concept will be 
treated later; for the present, let us consider examples of an afford ance. 

 If a terrestrial surface is nearly hori zontal (instead of slanted), nearly fl at 
(instead of convex or concave), and suffi  ciently exten ded (relat ive to the size of 
the animal) and if its substance is rigid (relat ive to the weight of the animal), 
then the surface  affords support.  It is a surface of support, and we call it a 
substratum, ground, or fl oor. It is stand- on-able, permit ting an upright posture 
for quad ru peds and bipeds. It is there fore walk- on-able and run- over-able. It is 
not sink- into-able like a surface of water or a swamp, that is, not for heavy 
terrestrial animals. Support for water bugs is differ ent. 
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 Note that the four prop er ties listed—hori zontal, fl at, exten ded, and rigid—
would be  phys ical  prop er ties of a surface if they were meas ured with the scales 
and stand ard units used in physics. As an afford ance of support for a species of 
animal, however, they have to be meas ured  relat ive to the animal.  They are 
unique for that animal. They are not just abstract phys ical prop er ties. They 
have unity relat ive to the posture and beha vior of the animal being considered. 
So an afford ance cannot be meas ured as we measure in physics. 

 Terrestrial surfaces, of course, are also climb- on-able or fall- off-able or get- 
underneath-able or bump- into-able relat ive to the animal. Different layouts 
afford differ ent beha vi ors for differ ent animals, and differ ent mech an ical 
encoun ters. The human species in some cultures has the habit of sitting as 
distin guished from kneel ing or squat ting. If a surface of support with the four 
prop er ties is also knee- high above the ground, it affords sitting on. We call it a 
 seat  in general, or a stool, bench, chair, and so on, in partic u lar. It may be 
natural like a ledge or arti fi  cial like a couch. It may have various shapes, as long 
as its func tional layout is that of a seat. The color and texture of the surface are 
irrel ev ant. Knee- high for a child is not the same as knee- high for an adult, so 
the afford ance is relat ive to the size of the indi vidual. But if a surface is hori-
zontal, fl at, exten ded, rigid, and knee- high relat ive to a perceiver, it can in fact 
be sat upon. If it can be discrim in ated as having just these prop er ties, it should 
 look  sit- on-able. If it does, the afford ance is perceived visu ally. If the surface 
prop er ties are seen relat ive to the body surfaces, the self, they consti tute a seat 
and have meaning. 

 There could be other examples. The differ ent substances of the envir on ment 
have differ ent afford ances for nutri tion and for manu fac ture. The differ ent 
objects of the envir on ment have differ ent afford ances for manip u la tion. The 
other animals afford, above all, a rich and complex set of inter ac tions, sexual, 
pred at ory, nurtur ing, fi ght ing, playing, cooper at ing, and commu nic at ing. 
What other persons afford, comprises the whole realm of social signi fi c ance for 
human beings. We pay the closest atten tion to the optical and acous tic inform-
a tion that specifi es what the other person is, invites, threatens, and does.  

  The Niches of the Environment 

 Ecologists have the concept of a  niche.  A species of animal is said to utilize or 
occupy a certain niche in the envir on ment. This is not quite the same as the 
 habitat  of the species; a niche refers more to  how  an animal lives than to  where  it 
lives. I suggest that a niche is a set of afford ances. 

 The natural envir on ment offers many ways of life, and differ ent animals 
have differ ent ways of life. The niche implies a kind of animal, and the animal 
implies a kind of niche. Note the comple ment ar ity of the two. But note also 
that the envir on ment as a whole with its unlim ited possib il it ies existed prior to 
animals. The phys ical, chem ical, meteor o lo gical, and geolo gical condi tions of 
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the surface of the earth and the pre- exist ence of plant life are what make animal 
life possible. They had to be invari ant for animals to evolve. 

 There are all kinds of nutri ents in the world and all sorts of ways of getting 
food; all sorts of shel ters or hiding places, such as holes, crevices, and caves; all 
sorts of mater i als for  making  shel ters, nests, mounds, huts; all kinds of loco-
motion that the envir on ment makes possible, such as swim ming, crawl ing, 
walking, climb ing, fl ying. These offer ings have been taken advant age of; the 
niches have been occu pied. But, for all we know, there may be many offer ings 
of the envir on ment that have  not  been taken advant age of, that is, niches not yet 
occu pied. 

 In archi tec ture a niche is a place that is suit able for a piece of statu ary, a place 
into which the object fi ts. In ecology a niche is a setting of envir on mental 
features that are suit able for an animal, into which it fi ts meta phor ic ally. 

 An import ant fact about the afford ances of the envir on ment is that they are 
in a sense object ive, real, and phys ical, unlike values and mean ings, which are 
often supposed to be subject ive, phenom enal, and mental. But, actu ally, an 
afford ance is neither an object ive prop erty nor a subject ive prop erty; or it is 
both if you like. An afford ance cuts across the dicho tomy of subject ive- object ive 
and helps us to under stand its inad equacy. It is equally a fact of the envir on ment 
and a fact of beha vior. It is both phys ical and psych ical, yet neither. An 
afford ance points both ways, to the envir on ment and to the observer. 

 The niche for a certain species should not be confused with what some 
animal psycho lo gists have called the  phenom enal envir on ment  of the species. This 
can be taken erro neously to be the “private world” in which the species is 
supposed to live, the “subject ive world,” or the world of “conscious ness.” The 
beha vior of observ ers depends on their percep tion of the envir on ment, surely 
enough, but this does not mean that their beha vior depends on a so- called 
private or subject ive or conscious envir on ment. The organ ism depends on its 
envir on ment for its life, but the envir on ment does not depend on the organ ism 
for its exist ence.  

  Man’s Alteration of the Natural Environment 

 In the last few thou sand years, as every body now real izes, the very face of the 
earth has been modi fi ed by man. The layout of surfaces has been changed, by 
cutting, clear ing, level ing, paving, and build ing. Natural deserts and moun-
tains, swamps and rivers, forests and plains still exist, but they are being 
encroached upon and reshaped by man- made layouts. Moreover, the  substances  
of the envir on ment have been partly conver ted from the natural mater i als of 
the earth into various kinds of arti fi  cial mater i als such as bronze, iron, concrete, 
and bread. Even the  medium  of the envir on ment—the air for us and the water 
for fi sh—is becom ing slowly altered despite the restor at ive cycles that yielded a 
steady state for millions of years prior to man. 
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 Why has man changed the shapes and substances of his envir on ment? To 
change what it affords him. He has made more avail able what bene fi ts him and 
less press ing what injures him. In making life easier for himself, of course, he 
has made life harder for most of the other animals. Over the millen nia, he has 
made it easier for himself to get food, easier to keep warm, easier to see at night, 
easier to get about, and easier to train his offspring. 

 This is not a  new  envir on ment—an arti fi  cial envir on ment distinct from the 
natural envir on ment—but the same old envir on ment modi fi ed by man. It 
is a mistake to separ ate the natural from the arti fi  cial as if there were two 
envir on ments; arti facts have to be manu fac tured from natural substances. 
It is also a mistake to separ ate the cultural envir on ment from the natural 
envir on ment, as if there were a world of mental products distinct from the 
world of mater ial products. There is only one world, however diverse, and all 
animals live in it, although we human animals have altered it to suit ourselves. 
We have done so waste fully, thought lessly, and, if we do not mend our ways, 
fatally. 

 The funda ment als of the envir on ment—the substances, the medium, and 
the surfaces—are the same for all animals. No matter how power ful men 
become they are not going to alter the fact of earth, air, and water—the litho-
sphere, the atmo sphere, and the hydro sphere, together with the inter faces that 
separ ate them. For terrestrial animals like us, the earth and the sky are a basic 
struc ture on which all lesser struc tures depend. We cannot change it. We all fi t 
into the substruc tures of the envir on ment in our various ways, for we were all, 
in fact, formed by them. We were created by the world we live in.  

  Some Affordances of the Terrestrial Environment 

 Let us consider the afford ances of the medium, of substances, of surfaces and 
their layout, of objects, of animals and persons, and fi nally a case of special 
interest for ecolo gical optics, the afford ing of conceal meant by the occlud ing 
edges of the envir on ment (Chapter 5). 

  The Medium 

 Air affords breath ing, more exactly, respir a tion. It also affords unim peded loco-
motion relat ive to the ground, which affords support. When illu min ated and 
fog- free, it affords visual percep tion. It also affords the percep tion of vibrat ory 
events by means of sound fi elds and the percep tion of volat ile sources by means 
of odor fi elds. The airspaces between obstacles and objects are the paths and the 
places where beha vior occurs. 

 The optical inform a tion to specify air when it is clear and trans par ent is not 
obvious. The problem came up in Chapter 4, and the exper i mental evid ence 
about the seeing of “nothing” will be described in the next chapter.  
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  The Substances 

 Water is more substan tial than air and always has a surface with air. It does not 
afford respir a tion for us. It affords drink ing. Being fl uid, it affords pouring from 
a container. Being a solvent, it affords washing and bathing. Its surface does not 
afford support for large animals with dense tissues. The optical inform a tion for 
water is well specifi ed by the char ac ter ist ics of its surface, espe cially the unique 
fl uc tu ations caused by rippling (Chapter 5). 

 Solid substances, more substan tial than water, have char ac ter istic surfaces 
(Chapter 2). Depending on the animal species, some afford nutri tion and some 
do not. A few are toxic. Fruits and berries, for example, have more food value 
when they are ripe, and this is specifi ed by the color of the surface. But the food 
values of substances are often misper ceived. 

 Solids also afford various kinds of manu fac ture, depend ing on the kind of 
solid state. Some, such as fl int, can be chipped; others, such as clay, can be 
molded; still others recover their original shape after deform a tion; and some 
resist deform a tion strongly. Note that manu fac ture, as the term implies, was 
origin ally a form of manual beha vior like manip u la tion. Things were fabric-
ated  by hand.  To identify the substance in such cases is to perceive what can be 
done with it, what it is good for, its utility; and the hands are involved.  

  The Surfaces and their Layouts 

 I have already said that a hori zontal, fl at, exten ded, rigid surface affords support. 
It permits equi lib rium and the main tain ing of a posture with respect to gravity, 
this being a force perpen dic u lar to the surface. The animal does not fall or 
slide as it would on a steep hill side. Equilibrium and posture are prerequis ite 
to other beha vi ors, such as loco motion and manip u la tion. There will be more 
about this in Chapter 12, and more evid ence about the percep tion of the 
ground in Chapter 9. The ground is quite liter ally the  basis  of the beha vior 
of land animals. And it is also the basis of their visual percep tion, their so-
 called space percep tion. Geometry began with the study of the earth as 
abstrac ted by Euclid, not with the study of the axes of empty space as abstrac ted 
by Descartes. The afford ing of support and the geometry of a hori zontal plane 
are there fore not in differ ent realms of discourse; they are not as separ ate as 
we have supposed. 

 The fl at earth, of course, lies  beneath  the attached and detached objects on it. 
The earth has “furniture,” or as I have said, it is cluttered. The solid, level, fl at 
surface extends behind the clutter and, in fact, extends all the way out to the 
horizon. This is not, of course, the earth of Copernicus; it is the earth at the 
scale of the human animal, and on that scale it is fl at, not round. Wherever 
one goes, the earth is separ ated from the sky by a horizon that, although it may 
be hidden by the clutter, is always there. There will be evid ence to show that 
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the horizon can always be seen, in the sense that it can be visu al ized, and that 
it can always be felt, in the sense that any surface one touches is exper i enced in 
rela tion to the hori zontal plane. 

 Of course, a hori zontal, fl at, exten ded surface that is  nonri gid,  a stream or 
lake, does not afford support for stand ing, or for walking and running. There is 
no footing, as we say. It may afford fl oat ing or swim ming, but you have to be 
equipped for that, by nature or by learn ing. 

 A  vertical,  fl at, exten ded, and rigid surface such as a wall or a cliff face is a 
barrier to pedes trian loco motion. Slopes between vertical and hori zontal afford 
walking, if easy, but only climb ing, if steep, and in the latter case the surface 
cannot be fl at; there must be “holds” for the hands and feet. Similarly, a slope 
down ward affords falling if steep; the brink of a cliff is a falling- off place. It is 
danger ous and looks danger ous. The afford ance of a certain layout is perceived 
if the layout is perceived. 

 Civilized people have altered the steep slopes of their habitat by build ing 
stair ways so as to afford ascent and descent. What we call the steps afford 
step ping, up or down, relat ive to the size of the person’s legs. We are still 
capable of getting around in an arboreal layout of surfaces, tree branches, and 
we have ladders that afford this kind of loco motion, but most of us leave that 
to our chil dren. 

 A cliff face, a wall, a chasm, and a stream are barri ers; they do not afford 
pedes trian loco motion unless there is a door, a gate, or a bridge. A tree or a 
rock is an obstacle. Ordinarily, there are paths between obstacles, and these 
open ings are visible. The progress of loco motion is guided by the percep tion 
of barri ers and obstacles, that is, by the act of steer ing into the open ings and 
away from the surfaces that afford injury. I have tried to describe the optical 
inform a tion for the control of loco motion (Gibson, 1958), and it will be further 
elab or ated in Chapter 13. The  immin ence  of colli sion with a surface during loco-
motion is specifi ed in a partic u larly simple way, by an explos ive rate of magni-
fi c a tion of the optical texture. This has been called  looming  (e.g., Schiff, 1965). 
It should not be confused, however, with the magni fi c a tion of an opening 
between obstacles, the opening up of a  vista  such as occurs in the approach to a 
doorway.  

  The Objects 

 The afford ances of what we loosely call  objects  are extremely various. It will be 
recalled that my use of the terms is restric ted and that I distin guish between 
 attached  objects and  detached  objects. We are not dealing with Newtonian objects 
in space, all of which are detached, but with the furniture of the earth, some 
items of which are attached to it and cannot be moved without break age. 

 Detached objects must be compar able in size to the animal under consid er-
a tion if they are to afford beha vior. But those that are compar able afford an 
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aston ish ing variety of beha vi ors, espe cially to animals with hands. Objects 
can be manu fac tured and manip u lated. Some are port able in that they afford 
lifting and carry ing, while others are not. Some are grasp able and other not. 
To be grasp able, an object must have oppos ite surfaces separ ated by a distance 
less than the span of the hand. A fi ve- inch cube can be grasped, but a ten- inch 
cube cannot (Gibson, 1966 b , p. 119). A large object needs a “handle” to afford 
grasp ing. Note that the size of an object that consti tutes a grasp able size is 
specifi ed in the optic array. If this is true, it is  not  true that a tactual sensa tion 
of size has to become asso ci ated with the visual sensa tion of size in order for the 
afford ance to be perceived. 

 Sheets, sticks, fi bers, contain ers, cloth ing, and tools are detached objects that 
afford manip u la tion (Chapter 3). Additional examples are given below. 

 1. An elong ated object of moder ate size and weight affords wield ing. If 
used to hit or strike, it is a  club  or  hammer.  If used by a chim pan zee behind bars 
to pull in a banana beyond its reach, it is a sort  of rake.  In either case, it is an 
exten sion of the arm. A rigid staff also affords lever age and in that use is a  lever.  
A pointed elong ated object affords pier cing—if large it is is a  spear,  if small a 
 needle  or  awl.  

 2. A rigid object with a sharp dihed ral angle, an edge, affords cutting and 
scrap ing; it is a  knife.  It may be designed for both strik ing and cutting, and then 
it is an  axe.  

 3. A grasp able rigid object of moder ate size and weight affords throw ing. 
It may be  a missile  or only an object for play, a  ball.  The launch ing of missiles by 
supple ment ary tools other than the hands alone—the sling, the bow, the cata-
pult, the gun, and so on—is one of the beha vi ors that makes the human animal 
a nasty, danger ous species. 

 4. An elong ated elastic object, such as a  fi ber, thread, thong,  or  rope,  affords 
knot ting, binding, lashing, knit ting, and weaving. These are kinds of beha vior 
where manip u la tion leads to manu fac ture. 

 5. A hand- held tool of enorm ous import ance is one that, when applied to 
a surface, leaves traces and thus affords  trace- making.  The tool may be a  stylus, 
brush, crayon, pen,  or  pencil,  but if it marks the surface it can be used to depict 
and to write, to repres ent scenes and to specify words. 

 We have thou sands of names for such objects, and we clas sify them in many 
ways: pliers and wrenches are tools; pots and pans are utensils; swords and pistols 
are weapons. They can all be said to have prop er ties or qual it ies: color, texture, 
compos i tion, size, shape and features of shape, mass, elasti city, rigid ity, and 
mobil ity. Orthodox psycho logy asserts that  we perceive these objects insofar as we 
discrim in ate their prop er ties or qual it ies.  Psychologists carry out elegant exper i ments 
in the labor at ory to fi nd out how and how well these qual it ies are discrim in-
ated. The psycho lo gists assume that objects are  composed  of their qual it ies. But 
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I now suggest that what we perceive when we look at objects are their afford-
ances, not their qual it ies. We can discrim in ate the dimen sions of differ ence if 
required to do so in an exper i ment, but what the object affords us is what we 
normally pay atten tion to. The special combin a tion of qual it ies into which an 
object can be analyzed is ordin ar ily not noticed. 

 If this is true for the adult, what about the young child? There is much evid-
ence to show that the infant does not begin by fi rst discrim in at ing the qual it ies 
of objects and then learn ing the combin a tions of qual it ies that specify them. 
Phenomenal objects are  not  built up of qual it ies; it is the other way around. The 
afford ance of an object is what the infant begins by noti cing. The meaning is 
observed before the substance and surface, the color and form, are seen as such. 
An afford ance is an invari ant combin a tion of vari ables, and one might guess 
that it is easier to perceive such an invari ant unit than it is to perceive all the 
vari ables separ ately. It is never neces sary to distin guish  all  the features of an 
object and, in fact, it would be impossible to do so. Perception is econom ical. 
“Those features of a thing are noticed which distin guish it from other things 
that it is not—but not  all  the features that distin guish it from  everything  that it is 
not” (Gibson, 1966 b , p. 286). 

   TO PERCEIVE AN AFFORDANCE IS NOT TO CLASSIFY 
AN OBJECT  

 The fact that a stone is a missile does not imply that it cannot be other things 
as well. It can be a paper weight, a bookend, a hammer, or a pendu lum bob. 
It can be piled on another rock to make a cairn or a stone wall. These afford-
ances are all consist ent with one another. The differ ences between them are 
not clear- cut, and the arbit rary names by which they are called do not count 
for percep tion. If you know what can be done with a grasp able detached 
object, what it can be used for, you can call it whatever you please. 

 The theory of afford ances rescues us from the philo soph ical muddle of 
assum ing fi xed classes of objects, each defi ned by its common features and 
then given a name. As Ludwig Wittgenstein knew, you  cannot  specify the 
neces sary and suffi  cient features of the class of things to which a name is 
given. They have only a “family resemb lance.” But this does not mean you 
cannot learn how to use things and perceive their uses. You do not have to 
clas sify and label things in order to perceive what they afford.   

  Other Persons and Animals 

 The richest and most elab or ate afford ances of the envir on ment are provided by 
other animals and, for us, other people. These are, of course, detached objects 
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with topo lo gic ally closed surfaces, but they change the shape of their surfaces 
while yet retain ing the same funda mental shape. They move from place to 
place, chan ging the postures of their bodies, ingest ing and emit ting certain 
substances, and doing all this spon tan eously, initi at ing their own move ments, 
which is to say that their move ments are  animate.  These bodies are subject to the 
laws of mech an ics and yet  not  subject to the laws of mech an ics, for they are not 
 governed  by these laws. They are so differ ent from ordin ary objects that infants 
learn almost imme di ately to distin guish them from plants and nonliv ing things. 
When touched they touch back, when struck they strike back; in short, they 
 inter act  with the observer and with one another. Behavior affords beha vior, and 
the whole subject matter of psycho logy and of the social sciences can be thought 
of as an elab or a tion of this basic fact. Sexual beha vior, nurtur ing beha vior, 
fi ght ing beha vior, cooper at ive beha vior, economic beha vior, polit ical beha-
vior—all depend on the perceiv ing of what another person or other persons 
afford, or some times on the misper ceiv ing of it. 

 What the male affords the female is recip rocal to what the female affords the 
male; what the infant affords the mother is recip rocal to what the mother 
affords the infant; what the prey affords the pred ator goes along with what the 
pred ator affords the prey; what the buyer affords the seller cannot be separ ated 
from what the seller affords the buyer, and so on. The perceiv ing of these 
mutual afford ances is enorm ously complex, but it is nonethe less lawful, and it 
is based on the pickup of the inform a tion in touch, sound, odor, taste, and 
ambient light. It is just as much based on stim u lus inform a tion as is the simpler 
percep tion of the support that is offered by the ground under one’s feet. For 
other animals and other persons can only give off inform a tion about them selves 
insofar as they are tangible, audible, odorous, tastable, or visible. 

 The other person, the gener al ized  other,  the  alter  as opposed to the  ego,  is 
an ecolo gical object with a skin, even if clothed. It is an object, although it 
is not  merely  an object, and we do right to speak  of he  or  she  instead of  it.  But 
the other person has a surface that refl ects light, and the inform a tion to 
specify what he or she is, invites, prom ises, threatens, or does can be found in 
the light.  

  Places and Hiding Places 

 The habitat of a given animal contains  places.  A place is not an object with defi n ite 
bound ar ies but a region (Chapter 3). The differ ent places of a habitat may have 
differ ent afford ances. Some are places where food is usually found and others 
where it is not. There are places of danger, such as the brink of a cliff and the 
regions where pred at ors lurk. There are places of refuge from pred at ors. Among 
these is the place where mate and young are, the home, which is usually a partial 
enclos ure. Animals are skilled at what the psycho lo gist calls place- learn ing. They 
can fi nd their way to signi fi c ant places. 
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 An import ant kind of place, made intel li gible by the ecolo gical approach to 
visual percep tion, is a place that affords conceal ment, a  hiding place.  Note that it 
involves social percep tion and raises ques tions of epistem o logy. The conceal ing 
of oneself from other observ ers and the hiding of a detached object from other 
observ ers have differ ent kinds of motiv a tion. As every child discov ers, a good 
hiding place for one’s body is not neces sar ily a good hiding place for a treas ure. 
A detached object can be concealed both from other observ ers and from the 
observer himself. The observer’s body can be concealed from other observ ers 
but  not  from himself, as the last chapter emphas ized. Animals as well as chil dren 
hide them selves and also hide objects such as food. 

 One of the laws of the ambient optic array (Chapter 5) is that at any fi xed 
point of obser va tion some parts of the envir on ment are revealed and the 
remain ing parts are concealed. The recip rocal of this law is that the observer 
himself, his body considered as part of the envir on ment, is revealed at some 
fi xed points of obser va tion and concealed at the remain ing points. An observer 
can perceive not only that other observ ers are unhid den or hidden from him 
but also that he is hidden or unhid den from other observ ers. Surely, babies 
playing peek- a-boo and chil dren playing hide- and-seek are prac ti cing this kind 
of appre hen sion. To  hide  is to posi tion one’s body at a place that is concealed at 
the points of obser va tion of other observ ers. A “good” hiding place is one that 
is concealed at nearly all points of obser va tion. 

 All of these facts and many more depend on the prin ciple of occlud ing edges 
at a point of obser va tion, the law of revers ible occlu sion, and the facts of opaque 
and nono paque substances. What we call privacy in the design of housing, for 
example, is the provid ing of opaque enclos ures. A high degree of conceal ment 
is afforded by an enclos ure, and complete conceal ment is afforded by a complete 
enclos ure. But note that there are peep h oles and screens that permit seeing 
without being seen. A trans par ent sheet of glass in a window trans mits both 
illu min a tion and inform a tion, whereas a  trans lu cent  sheet trans mits illu min a tion 
but not inform a tion. There will be more of this in Chapter 11. 

 Note also that a glass wall affords seeing through but not walking through, 
whereas a cloth curtain affords going through but not seeing through. Architects 
and design ers know such facts, but they lack a theory of afford ances to encom-
pass them in a system.  

  Summary: Positive and Negative Affordances 

 The fore go ing examples of the afford ances of the envir on ment are enough to 
show how general and power ful the concept is. Substances have biochem ical 
offer ings and afford manu fac ture. Surfaces afford posture, loco motion, colli-
sion, manip u la tion, and in general beha vior. Special forms of layout afford 
shelter and conceal ment. Fires afford warming and burning. Detached objects—
tools, utensils, weapons—afford special types of beha vior to prim ates and 
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humans. The other animal and the other person provide mutual and recip rocal 
afford ances at extremely high levels of beha vi oral complex ity. At the highest 
level, when vocal iz a tion becomes speech and manu fac tured displays become 
images, pictures, and writing, the afford ances of human beha vior are stag-
ger ing. No more of that will be considered at this stage except to point out that 
speech, pictures, and writing still have to be perceived. 

 At all these levels, we can now observe that some offer ings of the envir on-
ment are bene fi  cial and some are injur i ous. These are slip pery terms that should 
only be used with great care, but if their mean ings are pinned down to biolo-
gical and beha vi oral facts the danger of confu sion can be minim ized. First, 
consider substances that afford inges tion. Some afford nutri tion for a given 
animal, some afford pois on ing, and some are neutral. As I pointed out before, 
these facts are quite distinct from the afford ing of pleas ure and displeas ure in 
eating, for the exper i ences do not neces sar ily correl ate with the biolo gical 
effects. Second, consider the brink of a cliff. On the one side it affords walking 
along, loco motion, whereas on the other it affords falling off, injury. Third, 
consider a detached object with a sharp edge, a knife. It affords cutting if 
manip u lated in one manner, but it affords being cut if manip u lated in another 
manner. Similarly, but at a differ ent level of complex ity, a middle- sized metal lic 
object affords grasp ing, but if charged with current it affords elec tric shock. 
And fourth, consider the other person. The animate object can give caresses or 
blows, contact comfort or contact injury, reward or punish ment, and it is not 
always easy to perceive which will be provided. Note that all these bene fi ts and 
injur ies, these safeties and dangers, these posit ive and negat ive afford ances are 
prop er ties of things  taken with refer ence to an observer  but not prop er ties of the 
 exper i ences of the observer.  They are not subject ive values; they are not feel ings of 
pleas ure or pain added to neutral percep tions. 

 There has been endless debate among philo soph ers and psycho lo gists as to 
whether values are phys ical or phenom enal, in the world of matter or only in 
the world of mind. For afford ances as distin guished from values, the debate 
does not apply. Affordances are neither in the one world or the other inas much 
as the theory of two worlds is rejec ted. There is only one envir on ment, although 
it contains many observ ers with limit less oppor tun it ies for them to live in it.   

  The Origin of the Concept of Affordances: A Recent History 

 The gestalt psycho lo gists recog nized that the meaning or the value of a thing 
seems to be perceived just as imme di ately as its color. The value is clear  on the 
face of it , as we say, and thus it has a  physiognomic  quality in the way that the 
emotions of a man appear  on his face.  To quote from the  Principles of Gestalt 
Psychology  (Koffka, 1935), “Each thing says what it is . . . . a fruit says ‘Eat me’; 
water says ‘Drink me’; thunder says ‘Fear me’; and woman says ‘Love me”’ 
(p. 7). These values are vivid and essen tial features of the exper i ence itself. 
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Koffka did not believe that a meaning of this sort could be explained as a pale 
context of memory images or an uncon scious set of response tend en cies. The 
postbox “invites” the mailing of a letter, the handle “wants to be grasped,” and 
things “tell us what to do with them” (p. 353). Hence, they have what Koffka 
called “demand char ac ter.” 

 Kurt Lewin coined the term  Aufforderungscharakter , which has been trans lated 
as  invit a tion char ac ter  (by J. F. Brown in 1929) and as  valence  (by D. K. Adams in 
1931; cf. Marrow, 1969, p. 56, for the history of these trans la tions). The latter 
term came into general use.  Valences  for Lewin had corres pond ing  vectors,  which 
could be repres en ted as arrows pushing the observer toward or away from the 
object. What explan a tion could be given for these valences, the char ac ters of 
objects that invited or deman ded beha vior? No one, not even the gestalt theor-
ists, could think of them as phys ical and, indeed, they do not fall within the 
province of ordin ary physics. They must there fore be phenom enal, given the 
assump tion of dualism. If there were  two  objects, and if the valence could not 
belong to the phys ical object, it must belong to the phenom enal object—to 
what Koffka called the “beha vi oral” object but not to the “geograph ical” 
object. The valence of an object was bestowed upon it in exper i ence, and 
bestowed by a need of the observer. Thus, Koffka argued that the postbox has 
a demand char ac ter only when the observer needs to mail a letter. He is attrac ted 
to it when he has a letter to post, not other wise. The value of some thing was 
assumed to change as the need of the observer changed. 

 The concept of afford ance is derived from these concepts of valence, invit a-
tion, and demand but with a crucial differ ence. The afford ance of some thing 
does  not change  as the need of the observer changes. The observer may or may 
not perceive or attend to the afford ance, accord ing to his needs, but the afford-
ance, being invari ant, is always there to be perceived. An afford ance is not 
bestowed upon an object by a need of an observer and his act of perceiv ing it. 
The object offers what it does because it is what it is. To be sure, we defi ne  what 
it is  in terms of ecolo gical physics instead of phys ical physics, and it there fore 
possesses meaning and value to begin with. But this is meaning and value of a 
new sort. 

 For Koffka it was the  phenom enal  postbox that invited letter- mailing, not the 
 phys ical  postbox. But this duality is perni cious. I prefer to say that the real 
postbox (the  only  one) affords letter- mailing to a letter- writing human in a 
community with a postal system. This fact is perceived when the postbox is 
iden ti fi ed as such, and it is appre hen ded whether the postbox is in sight or out 
of sight. To feel a special attrac tion to it when one has a letter to mail is not 
surpris ing, but the main fact is that it is perceived as part of the envir on ment—
as an item of the neigh bor hood in which we live. Everyone above the age of six 
knows what it is for and where the nearest one is. The percep tion of its afford-
ance should there fore not be confused with the tempor ary special attrac tion it 
may have. 
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 The gestalt psycho lo gists explained the direct ness and imme di acy of the 
exper i ence of valences by postu lat ing that the ego is an object in exper i ence 
and that a “tension” may arise between a phenom enal object and the phenom-
enal ego. When the object is in “a dynamic rela tion with the ego” said Koffka, 
it has a demand char ac ter. Note that the “tension,” the “rela tion,” or the 
“vector” must arise in the “fi eld,” that is, in the fi eld of phenom enal exper i ence. 
Although many psycho lo gists fi nd this theory intel li gible, I do not. There is an 
easier way of explain ing why the values of things seem to be perceived imme-
di ately and directly. It is because the afford ances of things for an observer are 
specifi ed in stim u lus inform a tion. They  seem  to be perceived directly because 
they  are  perceived directly. 

 The accep ted theor ies of percep tion, to which the gestalt theor ists were 
object ing, implied that  no  exper i ences were direct except sensa tions and that 
sensa tions medi ated all other kinds of exper i ence. Bare sensa tions had to be 
clothed with meaning. The seeming direct ness of mean ing ful percep tion was 
there fore an embar rass ment to the ortho dox theor ies, and the Gestaltists did 
right to emphas ize it. They began to under mine the sensa tion- based theor ies. 
But their own explan a tions of why it is that a fruit says “Eat me” and a woman 
says “Love me” are strained. The gestalt psycho lo gists objec ted to the accep ted 
theor ies of percep tion, but they never managed to go beyond them.  

  The Optical Information for Perceiving Affordances 

 The theory of afford ances is a radical depar ture from exist ing theor ies of value 
and meaning. It begins with a new defi n i tion of what value and meaning  are.  
The perceiv ing of an afford ance is not a process of perceiv ing a value- free phys-

   FIGURE 8.1     The chan ging perspect ive struc ture of a postbox during approach by an 
observer.    

 As one reduces the distance to the object to one- third, the visual solid angle of the 
object increases three times. Actually this is only a detail near the center of an 
outfl ow ing optic array. (From  The Perception of the Visual World  by James Jerome 
Gibson and used with the agree ment of the reprint publisher, Greenwood Press, Inc.)  
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ical object to which meaning is somehow added in a way that no one has been 
able to agree upon; it is a process of perceiv ing a value- rich ecolo gical object. 
Any substance, any surface, any layout has some afford ance for benefi t or injury 
to someone. Physics may be value- free, but ecology is not. 

 The central ques tion for the theory of afford ances is not whether they exist 
and are real but whether inform a tion is avail able in ambient light for perceiv ing 
them. The skeptic may now be convinced that there is inform a tion in light for 
some prop er ties of a surface but not for such a prop erty as being good to eat. 
The taste of a thing, he will say, is not specifi ed in light; you can see its form 
and color and texture but not its palat ab il ity; you have to  taste  it for that. The 
skeptic under stands the stim u lus vari ables that specify the dimen sions of visual 
sensa tion; he knows from psycho phys ics that bright ness corres ponds to intens ity 
and color to wavelength of light. He may concede the invari ants of struc tured 
stim u la tion that specify surfaces and how they are laid out and what they are 
made of. But he may boggle at invari ant combin a tions of invari ants that specify 
the afford ances of the envir on ment for an observer. The skeptic famil iar with 
the exper i mental control of stim u lus vari ables has enough trouble under-
stand ing the invari ant vari ables I have been propos ing without being asked to 
accept invari ants of invari ants. 

 Nevertheless, a unique combin a tion of invari ants, a  compound  invari ant, is 
just another invari ant. It is a unit, and the compon ents do not  have  to be 
combined or asso ci ated. Only if percepts were combin a tions of sensa tions 
would they have to be asso ci ated. Even in the clas sical termin o logy, it could be 
argued that when a number of stimuli are completely covari ant, when they 
 always  go together, they consti tute a single “stim u lus.” If the visual system is 
capable of extract ing invari ants from a chan ging optic array, there is no reason 
why it should not extract invari ants that seem to us highly complex. 

 The trouble with the assump tion that high- order optical invari ants specify 
high- order afford ances is that exper i menters, accus tomed to working in the 
labor at ory with low- order stim u lus vari ables, cannot think of a way to  measure  
them. How can they hope to isolate and control an invari ant of optical struc-
ture so as to apply it to an observer if they cannot quantify it? The answer 
comes in two parts, I think. First, they should not hope to  apply  an invari ant to 
an observer, only to make it avail able, for it is not a stim u lus. And, second, they 
do not have to quantify an invari ant, to apply numbers to it, but only to give it 
an exact math em at ical descrip tion so that other exper i menters can make it 
avail able to  their  observ ers. The virtue of the psycho phys ical exper i ment is 
simply that it is discip lined, not that it relates the psych ical to the phys ical by a 
metric formula. 

 An afford ance, as I said, points two ways, to the envir on ment and to the 
observer. So does the inform a tion to specify an afford ance. But this does not in 
the least imply separ ate realms of conscious ness and matter, a psycho phys ical 
dualism. It says only that the inform a tion to specify the util it ies of the envir on-
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ment is accom pan ied by inform a tion to specify the observer himself, his body, 
legs, hands, and mouth. This is only to reem phas ize that extero cep tion is accom-
pan ied by proprio cep tion—that to perceive the world is to coper ceive oneself. 
This is wholly incon sist ent with dualism in any form, either mind- matter 
dualism or mind- body dualism. The aware ness of the world and of one’s 
comple ment ary rela tions to the world are not separ able. 

 The child begins, no doubt, by perceiv ing the afford ances of things for her, 
for her own personal beha vior. She walks and sits and grasps relat ive to her own 
legs and body and hands. But she must learn to perceive the afford ances of 
things for other observ ers as well as for herself. An afford ance is often valid for 
all the animals of a species, as when it is part of a niche. I have described the 
invari ants that enable a child to perceive the same solid shape at differ ent points 
of obser va tion and that like wise enable two or more chil dren to perceive the 
same shape at differ ent points of obser va tion. These are the invari ants that 
enable two chil dren to perceive the common  afford ance  of the solid shape despite 
the differ ent perspect ives, the afford ance of a toy, for example. Only when each 
child perceives the values of things for others as well as for herself does she 
begin to be social ized.  

  Misinformation for Affordances 

 If there is inform a tion in the ambient light for the afford ances of things, can 
there also be misin form a tion? According to the thoery being developed, if 
inform a tion is picked up percep tion results; if misin form a tion is picked up 
misper cep tion results. 

 The brink of a cliff affords falling off; it is in fact danger ous and it looks 
danger ous to us. It seems to look danger ous to many other terrestrial animals 
besides ourselves, includ ing infant animals. Experimental studies have been 
made of this fact. If a sturdy sheet of plate glass is exten ded out over the edge it 
no longer affords falling and in fact is not danger ous, but it may still  look  
danger ous. The optical inform a tion to specify depth- downward-at- an-edge is 
still present in the ambient light; for this reason the device was called a  visual 
cliff  by E. J. Gibson and R. D. Walk (1960). Haptic inform a tion was avail able to 
specify an adequate surface of support, but this was contra dict ory to the optical 
inform a tion. When human infants at the crawl ing stage of loco motion were 
tested with this appar atus, many of them would pat the glass with their hands 
but would not venture out on the surface. The babies misper ceived the afford-
ance of a trans par ent surface for support, and this result is not surpris ing. 

 Similarly, an adult can misper ceive the afford ance of a sheet of glass by 
mistak ing a closed glass door for an open doorway and attempt ing to walk 
through it. He then crashes into the barrier and is injured. The afford ance of 
colli sion was not specifi ed by the outfl ow of optical texture in the array, or it 
was insuf fi  ciently specifi ed. He mistook glass for air. The occlud ing edges of 
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the doorway were specifi ed and the empty visual solid angle opened up 
symmet ric ally in the normal manner as he approached, so his beha vior was 
prop erly controlled, but the immin ence of colli sion was not noticed. A little 
dirt on the surface, or high lights, would have saved him. 

 These two cases are instruct ive. In the fi rst a surface of support was mistaken 
for air because the optic array specifi ed air. In the second case a  barrier  was 
mistaken for air for the same reason. Air down ward affords falling and is 
danger ous. Air forward affords passage and is safe. The mistaken percep tions 
led to inap pro pri ate actions. 

 Errors in the percep tion of the surface of support are serious for a terrestrial 
animal. If quick sand is mistaken for sand, the perceiver is in deep trouble. If a 
covered pitfall is taken for solid ground, the animal is trapped. A danger is 
some times hidden—the shark under the calm water and the elec tric shock in 
the radio cabinet. In the natural envir on ment, poison ivy is frequently mistaken 
for ivy. In the arti fi  cial envir on ment, acid can be mistaken for water. 

   THINGS THAT LOOK LIKE WHAT THEY ARE  

 If the afford ances of a thing are perceived correctly, we say that it looks like 
what it  is.  But we must, of course,  learn  to see what things really are—for 
example, that the inno cent- looking leaf is really a nettle or that the helpful- 
sound ing politi cian is really a demagogue. And this can be very diffi  cult.  

 A wildcat may be hard to distin guish from a cat, and a thief may look 
like an honest person. When Koffka asser ted that “each thing says what it is,” 
he failed to mention that it may lie. More exactly, a thing may not look like 
what it is. 

 Nevertheless, however true all this may be, the basic afford ances of the 
envir on ment are perceiv able and are usually perceiv able directly, without an 
excess ive amount of learn ing. The basic prop er ties of the envir on ment that 
make an afford ance are specifi ed in the struc ture of ambient light, and hence 
the afford ance itself is specifi ed in ambient light. Moreover, an invari ant vari-
able  that is commen sur ate with the body of the observer himself  is more easily picked 
up than one not commen sur ate with his body.  

  Summary 

 The medium, substances, surfaces, objects, places, and other animals have 
afford ances for a given animal. They offer benefi t or injury, life or death. This 
is why they need to be perceived. 
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 The possib il it ies of the envir on ment and the way of life of the animal go 
together insep ar ably. The envir on ment constrains what the animal can do, and 
the concept of a niche in ecology refl ects this fact. Within limits, the human 
animal can alter the afford ances of the envir on ment but is still the creature of 
his or her situ ation. 

 There is inform a tion in stim u la tion for the phys ical prop er ties of things, and 
presum ably there is inform a tion for the envir on mental prop er ties. The doctrine 
that says we must distin guish among the vari ables of things before we can learn 
their mean ings is ques tion able. Affordances are prop er ties taken with refer ence 
to the observer. They are neither phys ical nor phenom enal. 

 The hypo thesis of inform a tion in ambient light to specify afford ances is 
the culmin a tion of ecolo gical optics. The notion of invari ants that are related 
at one extreme to the motives and needs of an observer and at the other 
extreme to the substances and surfaces of a world provides a new approach to 
psycho logy.      



     Direct percep tion is what one gets from seeing Niagara Falls, say, as distin-
guished from seeing a picture of it. The latter kind of percep tion is  medi ated.  So 
when I assert that percep tion of the envir on ment is direct, I mean that it is not 
medi ated by  retinal  pictures,  neural  pictures, or  mental  pictures.  Direct percep tion  
is the activ ity of getting inform a tion from the ambient array of light. I call this 
a process of  inform a tion pickup  that involves the explor at ory activ ity of looking 
around, getting around, and looking at things. This is quite differ ent from the 
supposed activ ity of getting inform a tion from the inputs of the optic nerves, 
whatever they may prove to be. 

 The evid ence for direct visual percep tion has accu mu lated slowly, over 
many years. The very idea had to be developed, the results of old exper i ments 
had to be rein ter preted, and new exper i ments had to be carried out. The next 
two chapters are devoted to the exper i mental evid ence. 

 The exper i ments will be considered under three main head ings: fi rst, the 
direct percep tion of surface layout; second, the direct percep tion  of chan ging  
surface layout; and third, the direct percep tion of the move ments of the self. 
This chapter is devoted to the direct percep tion of surface layout.  

  Evidence for the Direct Perception of Surface Layout 

 Some thirty years ago, during World War II, psycho lo gists were trying to 
apply the theory of depth percep tion to the prob lems of aviation, espe cially 
the problem of how a fl ier lands an airplane. Pilots were given tests for depth 
percep tion, and there was contro versy as to whether depth percep tion was 
learned or innate. The same tests are still being given, and the same disagree-
ment contin ues. 

    9 
 EXPERIMENTAL EVIDENCE 
FOR DIRECT PERCEPTION

Persisting Layout   
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 The theory of depth percep tion assumes that the third dimen sion of space is 
lost in the two- dimen sional retinal image. Perception must begin with form 
percep tion, the fl at patch work of colors in the visual fi eld. But there are suppos-
edly  cues  for depth, which, if they are util ized, will add a third dimen sion to the 
fl at visual fi eld. A list of the cues for depth is given in most psycho logy text books: 
linear perspect ive, appar ent size, super pos i tion, light and shade, relat ive motion, 
aerial perspect ive, accom mod a tion (the monocu lar cues), along with binocu lar 
dispar ity and conver gence (the binocu lar cues). You might suppose that adequate 
tests could be made of a prospect ive fl ier’s ability to use these cues and that exper-
i ments could be devised to fi nd out whether or not they were learned. 

 The trouble was that none of the tests based on the cues for depth predicted 
the success or failure of a student pilot, and none of the propos als for improv ing 
depth percep tion by train ing made it any easier to learn to fl y. I was deeply 
puzzled by this fact. The accep ted theory of depth percep tion did not work. It did 
not apply to prob lems where one might expect it to apply. I began to suspect that 
the tradi tional list of cues for depth was inad equate. And in the end I came to 
believe that the whole theory of depth percep tion was false. 

 I sugges ted a new theory in a book on what I called the  visual world  (Gibson, 
1950 b ). I considered “the possib il ity that there is liter ally no such thing as a 
percep tion of space without the percep tion of a continu ous back ground surface” 
(p. 6). I called this a  ground theory  of space percep tion to distin guish it from the 
 air theory  that seemed to under lie the old approach. The idea was that the world 
consisted of a basic surface with adjoin ing surfaces, not of bodies in empty air. 
The char ac ter of the visual world was given not by objects but by the back-
ground of the objects. Even the space of the airplane pilot, I said, was determ-
ined by the ground and the horizon of the earth, not by the air through which 
he fl ies. The notion of space of three dimen sions with three axes for Cartesian 
coordin ates was a great conveni ence for math em at ics, I sugges ted, but an 
abstrac tion that had very little to do with actual percep tion. 

 I would now describe the ground theory as a theory of the  layout  of surfaces. 
By  layout,  I mean the rela tions of surfaces to the ground and to one another, their 
arrange ment. The layout includes both places and objects, together with other 
features. The theory asserts that the percep tion of surface layout is direct. This 
means that percep tion does not begin with two- dimen sional form percep tion. 
Hence, there is no special kind of percep tion called depth percep tion, and the 
third dimen sion is not lost in the retinal image since it was never in the envir on-
ment to begin with. It is a loose term. If  depth  means the dimen sion of an object 
that goes with height and width, there is nothing special about it. Height 
becomes depth when the object is seen from the top, and width becomes depth 
when the object is seen from the side. If depth means distance from  here,  then it 
involves self- percep tion and is continu ally chan ging as the observer moves about. 
The theory of depth percep tion is based on confu sion and perpetu ated by the 
fallacy of the retinal picture. 
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 I now say that there is inform a tion in ambient light for the percep tion of the 
layout of surfaces but not that there are cues or clues for the percep tion of depth. 
The tradi tional list of cues is worth less if percep tion does not begin with a fl at 
picture. I tried to refor mu late the list in 1950 as “gradi ents and steps of retinal 
stim u la tion” (Gibson, 1950 b , pp. 137 ff.). The hypo thesis of gradi ents was a 
good begin ning, but the refor mu la tion failed. It had the great handi cap of 
being based on physiolo gical optics and the retinal image instead of ecolo gical 
optics and the ambient array. 

 Such is the hypo thesis of the direct percep tion of surface layout. What is the 
evid ence to support it? Some exper i ments had been carried out even before 
1950, outdoor exper i ments in the open air instead of labor at ory exper i ments 
with spots of light in a dark room, but they were only a begin ning (Gibson, 
1947). Much more exper i mental evid ence has accu mu lated in the last twenty- 
fi ve years. 

  The Psychophysics of Space and Form Perception 

 The studies to be described were thought of as psycho phys ical exper i ments at 
the time they were performed. There was to be a new psycho phys ics of percep-
tion as well as the old psycho phys ics of sensa tion. For I thought I had discovered 
that there were stimuli for percep tions in much the same way that there were 
known to be stimuli for sensa tions. This now seems to me a mistake. I failed 
to distin guish between stim u la tion proper and stim u lus inform a tion, between 
what happens at passive recept ors and what is avail able to active percep tual 
systems. Traditional psycho phys ics is a labor at ory discip line in which phys ical 
stimuli are applied to an observer. He is prodded with controlled and system at-
ic ally varied bits of energy so as to discover how his exper i ence varies corres-
pond ingly. This proced ure makes it diffi  cult or impossible for the observer to 
extract invari ants over time. Stimulus prods do not ordin ar ily carry inform a-
tion about the envir on ment. 

 What I had in mind by a psycho phys ics of percep tion was simply the emphasis 
on percep tion as direct instead of indir ect. I wanted to exclude an extra process 
of infer ence or construc tion. I meant (or should have meant) that animals and 
people  sense  the envir on ment, not in the meaning of having sensa tions but in 
the meaning of  detect ing.  When I asser ted that a gradi ent in the retinal image 
was a  stim u lus  for percep tion, I meant only that it was sensed as a unit; it was not 
a collec tion of points whose separ ate sensa tions had to be put together in the 
brain. But the concept of the stim u lus was not clear to me. I should have asser ted 
that a gradi ent is stim u lus  inform a tion.  For it is fi rst of all an invari ant prop erty 
of an optic array. I should not have implied that a percept was an auto matic 
response to a stim u lus, as a sense impres sion is supposed to be. For even then I 
real ized that perceiv ing is an act, not a response, an act of atten tion, not a trig-
gered impres sion, an achieve ment, not a refl ex. 
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 So what I should have meant by a “psycho phys ical” theory of percep tion in 
1950 and by percep tion as a “func tion of stim u la tion” in the essay I wrote in 
1959 (Gibson, 1959) was the hypo thesis of a one- stage process for the percep-
tion of surface layout instead of a two- stage process of fi rst perceiv ing fl at forms 
and then inter pret ing the cues for depth. 

 I now believe that there is no such thing as fl at- form percep tion, just as there 
is no such thing as depth percep tion. (There are draw ings and pictures, to be 
sure, but these are not “forms,” as I will explain in Part IV. The theory of form 
percep tion in psycho logy is no less confused than the theory of depth percep-
tion.) But this was not clear when I wrote my book in 1950, where I prom ised 
not only a psycho phys ics of space percep tion in Chapter 5 but also a psycho phys-
ical approach to form percep tion in Chapter 10. This sounded prom ising and 
progress ive. Visual outline forms, I sugges ted, are not unique entit ies. “They 
could be arranged in a system atic way such that each form would differ only 
gradu ally and continu ously from all others” (Gibson, 1950 b , p. 193). What counts 
is not the form as such but the dimen sions of vari ation of form. And psycho phys-
ical exper i ments could be carried out if these dimen sions were isol ated. 

 Here was the germ of the modern hypo thesis of the distinct ive features of 
graphic symbols. It also carries the faint sugges tion of a much more radical 
hypo thesis, that what the eye picks up is a sequen tial trans form a tion, not a 
form. The study of form discrim in a tion by psycho phys ical methods has fl our-
ished in the last thirty years. W. R. Garner, Julian Hochberg, Fred Attneave, 
and others have achieved the system atic vari ation of outline forms and patterns 
in elegant ways (e.g., Garner, 1974). My objec tion to this research is that it tells 
us nothing about perceiv ing the envir on ment. It still assumes that vision is 
simplest when there is a form on the retina that copies a form on a surface facing 
the retina. It perpetu ates the fallacy that form percep tion is basic. It holds back 
the study of invari ants in a chan ging array. But the hypo thesis that forms are 
directly perceived does not upset the ortho dox ies of visual theory as does the 
hypo thesis that invari ants are directly perceived, and hence it is widely accep ted. 

 The psycho phys ical approach to surface percep tion is much more radical 
than the psycho phys ical approach to form percep tion, and it has  not  been widely 
accep ted over the last twenty- fi ve years. Has its promise been fulfi lled? Some 
exper i ments can be summar ized, and the evid ence should be pulled together.  

  Experiments on the Perception of a Surface as Distinguished 
from Nothing 

  Metzger’s Experiment 

 Is tridi men sional space percep tion based on bidi men sional sensa tions to which 
the third dimen sion is added, or is it based on surface percep tion? The fi rst 
exper i ment bearing on this issue is that of W. Metzger in 1930. He faced the 
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eyes of his observer with a large, dimly lighted plaster wall, which rendered the 
light coming to the visual system unfocus able. Neither eye could accom mod ate, 
and prob ably the eyes could not converge. The total fi eld ( Ganzfeld ) was, as he 
put it,  homo gen eous.  Under high illu min a tion, the observer simply perceived the 
wall, and the outcome was so obvious as to be unin ter est ing. But under low 
illu min a tion, the fi ne- grained texture of the surface was no longer registered 
by a human eye, and the observer repor ted seeing what he called a fog or haze 
or mist of light. He certainly did not see a surface in two dimen sions, and 
there fore Metzger was tempted to conclude that he saw some thing in three 
dimen sions; that is, he was perceiv ing “space.” 

 But I did not see depth in the “mist of light.” Another way to get a homo-
gen eous fi eld is to confront the eyes with a hemi sphere of diffus ing glass highly 
illu min ated from the outside (Gibson and Dibble, 1952). A better way is to 
cover each eye with a fi tted cap of strongly diffus ing trans lu cent mater ial worn 
like a pair of goggles (Gibson and Waddell, 1952). The struc ture of the enter ing 
light, the optical texture, can thus be elim in ated at any level of intens ity. What 
my observ ers and I saw under these condi tions could better be described as 
“nothing” in the sense of “no thing.” It was like looking at the sky. There was 
no surface and no object at any distance. Depth was not present in the exper i-
ence but missing from it. What the observer saw, as I would now put it, was an 
empty  medium.  

 The essence of Metzger’s exper i ment and its subsequent repe ti tions is not the 
plaster wall or the panor amic surface or the diffus ing glass globe or the eye- 
caps. The exper i ment  provides  discon tinu it ies in the light to an eye at one 
extreme and  elim in ates  them at the other. The purpose of the exper i ment is to 
control and vary the project ive capa city of light. This must be isol ated from the 
stim u lat ing capa city of light. Metzger’s exper i ment points to the distinc tion 
between an optic array with struc ture and a nonar ray without struc ture. To the 
extent that the array has struc ture it specifi es an envir on ment. 

 A number of exper i ments using a panor amic surface under low illu min a tion 
have been carried out, although the exper i menters did not always realize what 
they were doing. But all the exper i ments involved more or less faint discon-
tinu it ies in the light to the eye. What the observ ers said they saw is complex and 
hard to describe. One attempt was made by W. Cohen in 1957, and the other 
exper i ments have been surveyed by L. L. Avant (1965). It is fair to say that there 
are inter me di ate percep tions between seeing  nothing  and seeing  some thing  as the 
discon tinu it ies become stronger. These are the polar oppos ites of percep tion 
that are implied by Metzger’s exper i ment, not the false oppos ites of seeing in 
two dimen sions and seeing in three dimen sions. 

 The confu sion over whether there is or is not “depth” in Metzger’s lumin ous 
fog is what led me to think that the whole theory of depth, distance, the third 
dimen sion, and space is miscon ceived. The import ant result is the neglected 
one that a surface is seen when the array has struc ture, that is, differ ences in 
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differ ent direc tions. A perfectly fl at surface in front of the eyes is still a layout, 
that is, a wall. And that is all that “seeing in two dimen sions” can possibly 
mean.  

  The Experiment with Translucent Eye-Caps 

 Eliminating optical texture from the light enter ing the eye by means of trans-
lu cent diffus ing goggles is an exper i ment that has been repeated many times. 
The observer is blind, not to light, for the photore cept ors are still stim u lated, 
but to the envir on ment, for the ocular system is inac tiv ated; its adjust ments are 
frus trated. The observer cannot  look at  or  look around,  and I shall devote a 
chapter to this activ ity later. The eye- caps have also been adapted for exper i-
ments on the devel op ment of vision in young animals. It was known that when 
diurnal animals such as prim ates were reared from birth in complete dark ness 
they were blind by certain criteria when brought into an illu min ated envir on-
ment (although this was not true of nocturnal animals whose ancest ors were 
used to getting around in the dark). Now it was discovered that animals 
deprived of optical struc ture but not of optical stim u la tion were also partly 
blind when the eye- caps were removed. Crudely speak ing, they could not  use  
their eyes prop erly. Anatomical degen er a tion of the photore cept ors had not 
occurred, as with the animals reared in the dark, but the explor at ory adjust-
ments of the visual system had not developed normally. The exper i ments are 
described in Chapter 12 of  Perceptual Learning and Development  by Eleanor J. 
Gibson (1969).  

  Experiments with a Sheet of Glass 

 It is fairly well known that a clean sheet of plate glass that projects no refl ec tions 
or high lights to the observer’s eye is, as we say, invis ible. This fact is not self- 
explan at ory, but it is very inter est ing. It means that one perceives air where a 
mater ial surface exists, because air is specifi ed by the optic array. I have seen 
people try to walk through plate- glass doors to their great discom fi t ure and 
deer try to jump through plate- glass windows with fatal results. 

 A perfectly clear sheet of glass trans mits both light considered as energy and 
an  array  of light considered as inform a tion. A frosted or pebbled sheet of glass 
trans mits optical energy but  not  optical inform a tion. The clear sheet can be seen 
through, as we say, but the frosted sheet cannot. The latter can be seen, but the 
former cannot. An imper cept ible sheet of glass can be made increas ingly 
percept ible by letting dust or powder fall on it or by spat ter ing it. Even the 
faintest specks can specify the surface. In this inter me di ate case, the sheet trans-
mits both the array from the layout behind the glass and the array from the glass 
itself. We say that we see the farther surface  through  the glass surface. The optical 
struc ture of one is  mixed  or  inter spersed  with the optical struc ture of the other. 
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The trans par ency of the near surface, more prop erly its semitrans par ency, is 
then perceived (Gibson, 1976). One sees two surfaces, separ ated in depth, in 
the same direc tion from here or, better, within the same visual solid angle of 
the ambient array. At least one sees them separ ated if the inter spersed struc tures 
are differ ent, or if the elements of one move relat ive to the elements of the other 
(E. J. Gibson, Gibson, Smith, and Flock, 1959). 

 Many of the above asser tions are based on informal exper i ments that have 
not been published. But the reader can check them for himself with little 
trouble. I conclude that a surface is exper i enced when the struc tural inform a-
tion to specify it is picked up.  

  Experiments with a Pseudotunnel 

 In the case of a sheet of glass, a surface may exist and go unper ceived if it is not 
specifi ed. In the next exper i ment, a surface may be nonex ist ent but may be 
perceived if it is specifi ed. The pseudos ur face in this case was not fl at and 
frontal but was a semi en clos ure, a cylindrical tunnel viewed from one end. I 
called it an  optical tunnel  to suggest that the surface was not mater ial or substan-
tial but was produced by the light to the eye. Another way of describ ing it 
would be to say that it was a  virtual  but not a  real  tunnel. 

 The purpose of the exper i ment was to provide inform a tion for the percep-
tion of the inside surface of a cylin der without the ordin ary source of this 
inform a tion, the inside surface of a cylin der. I would now call this a  display.  The 
fact that the percep tion was illus ory is incid ental. I wanted to elicit a synthetic 
percep tion, and I, there fore, had to synthes ize the inform a tion. It was an exper-
i ment in percep tual psycho phys ics, more exactly, psycho- optics. The observ ers 
were fooled, to be sure, but that was irrel ev ant. There was no inform a tion in 
the array to specify that it  was  a display. This situ ation, I shall argue, is very rare. 

 My collab or at ors and I (Gibson, Purdy, and Lawrence, 1955) gener ated a 
visual solid angle of about 30° at the point of obser va tion. This array consisted 
of altern at ing dark and light rings nested within one another, separ ated by 
abrupt circu lar contours. The number of rings and contours from the peri phery 
to the center of the array could be varied. At one extreme there were thirty- six 
contours, and at the other seven. 

 Thus the  mean density  of the contrasts in the array was varied from fi ne to 
coarse. The  gradi ent  of this density could also be varied; normally the density 
increased from the peri phery toward the center. 

 The source of this display, the appar atus, was a set of large, very thin, plastic 
sheets, each hiding the next, with a one- foot hole cut in the center of each. 
They were indir ectly illu min ated from above or below. The contours in the 
array were caused by the edges of the sheets. The texture of the plastic was so 
fi ne as to be invis ible. Black and white sheets could be hung in altern a tion one 
behind another, or, as a control, all- black or all- white surfaces could be 



146 The Ecological Approach to Visual Perception

   FIGURE 9.1     The optic array coming to the eye from the optical tunnel.    

 There are nine contrasts in this cross- section of the array, that is, nine trans itions of 
lumin ous intens ity. The next fi gure shows a longit ud inal section. The point of obser-
va tion for the fi gure on the left is centered with the tunnel, whereas the point of obser-
va tion for the fi gure on the right is to the right of center. (From J. J. Gibson, J. Purdy, 
and L. Lawrence: “A Method of Controlling Stimulation for the Study of 
Space Perception: The Optical Tunnel,”  Journal of Experimental Psychology,  1955, 50, 
1–14. Copyright 1955 by the American Psychological Association. Reprinted by 
permis sion.)  

   FIGURE 9.2     A longit ud inal section of the optical tunnel shown in Figure 9.1.    

 Nine plastic sheets are shown, black and white altern at ing, with the cut edges of 
the nine holes aligned. The increase in the density of the contrasts from the peri-
phery to the center of the array is evident. (From J. J. Gibson, J. Purdy, and L. 
Lawrence: “A Method of Controlling Stimulation for the Study of Space Perception: 
The Optical Tunnel,”  Journal of Experimental Psychology,  1955, 50, 1–14. Copyright 
1955 by the American Psychological Association. Reprinted by permis sion.)  
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displayed. The observ ers looked into these holes from a booth, and extreme 
precau tions were taken to prevent them from having any precon cep tion of 
what they would see. 

 The prin cipal result was as follows. When all- black or all- white surfaces 
were used, the observ ers saw nothing; the area within the fi rst hole was 
described as a hazy or misty fog, a dark or light fi lm, without obvious depth. At 
the other extreme, when thirty- six dark and light rings were displayed, all 
observ ers saw a continu ous striped cylindrical surface, a solid tunnel. No edges 
were seen, and “a ball could be rolled from the far end to the entrance.” 

 When nine teen contrasts were displayed, two- thirds of the observ ers 
described a solid tunnel. When thir teen contrasts were displayed, half did so; 
and when seven contrasts were displayed, only one- third did so. In each case, 
the remainder said they saw either segments of surface with air in between or a 
series of circu lar edges (which was, of course, correct). With fewer contrasts, 
the exper i ence became progress ively less continu ous and substan tial. The prox-
im ity of these contours had proved to be crucial.  Surfaciness  depended on their 
mean density in the array. 

 What about the cylindrical shape of the surface, the reced ing layout of the 
tunnel? This could be altered in a strik ing way and the tunnel conver ted into a 
fl at surface like an archery target with rings around a bull’s- eye simply by 
rearran ging the sheets in the way illus trated. The  gradi ent  of increas ing prox-
im ity toward the center of the array gives way to an equal prox im ity. But the 
target surface instead of the tunnel surface appeared only if the observer’s head 
was fi xed and one eye was covered, that is, if the array was frozen and single. If 
the head was moved or the other eye used, the tunnel shape was again seen. The 
frozen array specifi ed a fl at target, but the dual or trans form ing array specifi ed 
a reced ing tunnel. This is only one of many exper i ments in which percep tion 
with monocu lar fi xed vision is excep tional. 

   Conclusion 

 These exper i ments with a dimly lighted wall, with trans lu cent eye- caps, with 
a sheet of glass, and with a pseudo tun nel seem to show that the percep tion of 
 surfa ci ness  depends on the prox im ity to one another of discon tinu it ies in the 
optic array. A surface is the inter face between matter in the gaseous state and 
matter in the liquid or solid state. A surface comes to exist as the matter on one 
side of the inter face becomes more  substan tial  (Chapter 2). The medium is 
insub stan tial. Mists, clouds, water, and solids are increas ingly substan tial. These 
substances are also increas ingly  opaque,  except for a substance like glass, which 
is rare in nature. What these exper i ments have done is to vary system at ic ally 
the optical inform a tion for the percep tion of substan ti al ity and opacity. (But see 
the next chapter on the percep tion of  coher ence. ) 
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 The exper i ment with the pseudo tun nel also seems to show that the percep-
tion of a surface as such entails the percep tion of its layout, such as the front- 
facing layout of a wall or the slant ing layout of a tunnel. Both are kinds of 
layout, and the tradi tional distinc tion between two- dimen sional and three- 
dimen sional vision is a myth.   

  Experiments on the Perception of the Surface of Support 

 The ground outdoors or the fl oor indoors is the main surface of support. Animals 
have to be suppor ted against gravity. If the layout of surfaces is to be substi tuted 
for space in the theory of percep tion, this  funda mental  surface should get fi rst 
consid er a tion. How is it perceived? Animals like us can always  feel  the surface of 
support except when falling freely. But we can also  see  the surface of support 
under our feet if we are, in fact, suppor ted. The ground is always specifi ed in the 
lower portion of the ambient array. The stand ing infant can always see it and can 
always see her feet hiding parts of it. This is a law of ecolo gical optics. 

  The Glass Floor 

 A fl oor can be exper i ment ally modi fi ed. When the “visual cliff” was being 
construc ted for exper i ments with young animals by E. J. Gibson and R. D. 

   FIGURE 9.3     An arrange ment that provides an array with a constant density of 
contrasts from peri phery to center.    

 Only the fi rst seven aper tures are shown. The observer does not see a tunnel with this 
display but a fl at surface with concent ric rings, some thing like an archery target, so 
long as the head is immob ile and one eye is covered. (From J. J. Gibson, J. Purdy, and 
L. Lawrence: “A Method of Controlling Stimulation for the Study of Space Perception: 
The Optical Tunnel,”  Journal of Experimental Psychology,  1955, 50, 1–14. Copyright 
1955 by the American Psychological Association. Reprinted by permis sion.)  
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Walk (1960), obser va tions were made with a large sheet of glass that was hori-
zontal instead of vertical, a glass fl oor instead of a glass wall. The animal or 
child can be put down on this surface under two condi tions: when it is visible, 
by virtue of textured paper placed just under the glass, and when it is invis ible, 
with the paper placed far below the glass. The glass affords support under both 
condi tions but provides  optical inform a tion  for support only under the fi rst. There 
is mech an ical contact with the feet in both cases but optical inform a tion for 
contact with the feet only in the fi rst. 

 The animals or babies tested in this exper i ment would walk or crawl normally 
when they could both see and feel the surface but would not do so when they 
could only feel the surface; in the latter case, they froze, crouched, and showed 
signs of discom fort. Some animals even adopted the posture they would have 
when falling (E. J. Gibson and Walk, 1960, pp. 65–66). The conclu sion seems 
to be that some animals require optical inform a tion for support along with the 
iner tial and tactual inform a tion in order to walk normally. For my part, I should 
feel very uncom fort able if I had to stand on a large obser va tion plat form with a 
trans par ent fl oor through which the ground was seen far below. 

 The optical inform a tion in this exper i ment, I believe, is contra dict ory to the 
haptic inform a tion. One sees oneself as being up in the air, but one feels oneself 
in contact with a surface of support and, of course, one feels the normal pull of 
gravity in the vesti bu lar organ. In such cases of contra dict ory or confl ict ing 
inform a tion, the psycho lo gist cannot predict which will be picked up. The 
percep tual outcome is uncer tain. 

 Note that the percep tion of the ground and the coper cep tion of the self are 
insep ar able in this situ ation. One’s body  in rela tion to  the ground is what gets 
atten tion. Perception and proprio cep tion are comple ment ary. But the 
commonly accep ted theor ies of space percep tion do not bring out this fact.  

  The Visual Cliff 

 The visual cliff exper i ments of E. J. Gibson, R. D. Walk, and subsequently 
others are very well known. They repres en ted a new approach to the ancient 
puzzle of depth percep tion, and the results obtained with newborn or dark- 
reared animals were surpris ing because they sugges ted that depth percep tion 
was innate. But the sight of a cliff is  not  a case of perceiv ing the third dimen sion. 
One perceives the afford ance of its edge. A cliff is a feature of the terrain, a 
highly signi fi c ant, special kind of dihed ral angle in ecolo gical geometry, a 
falling- off place. The edge at the top of a cliff is danger ous. It is an occlud ing 
edge. But is has the special char ac ter of being an edge of the surface of support, 
unlike the edge of a wall. One can safely walk around the edge of a wall but not 
off the edge of a cliff. To perceive a cliff is to detect a layout but, more than that, 
it is to detect an  afford ance,  a negat ive afford ance for loco motion, a place where 
the surface of support ends. 
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 An afford ance is for a species of animal, a layout  relat ive to  the animal and 
commen sur ate with its body. A cliff is a drop- off that is large relat ive to the size 
of the animal, and a step is a drop- off that is small relat ive to its size. A falling- off 
edge is danger ous, but a step ping- down edge is not. What animals need to 
perceive is not layout as such but the afford ances of the layout, as emphas ized in 
the last chapter. Consider the differ ence between the edge of a hori zontal 
surface and the edge of a vertical surface, the edge of a fl oor and the edge of a 
wall. You go  over  the former whereas you can go  around  the latter. Both are 
dihed ral angles, and both are occlud ing edges. But the mean ings of the two 
kinds of “depth” are entirely differ ent. 

 Gibson and Walk (1960; Walk and Gibson, 1961) construc ted a virtual cliff 
with the glass- fl oor appar atus. They tested animals and babies to determ ine 
whether or not they would go forward over the virtual cliff. Actually, they 
provided two edges on either side of a narrow plat form, one a falling- off edge 
and the other a step ping- down edge appro pri ate to the species of animal being 
tested. The animals’ choices were recor ded. Nearly all terrestrial animals chose 
the shallow edge instead of the deep one. 

 The results have usually been discussed in terms of depth percep tion and the 
tradi tional cues for depth. But they are more intel li gible in terms of the percep-
tion of layout and afford ances. The separ a tion in depth at an edge of the surface 
of support is not at all the same thing as the depth dimen sion of abstract space. 

   FIGURE 9.4     The invis ibly suppor ted object.    

 The real object is held up in the air by a hidden rod attached to a heavy base. The 
virtual object appears to be resting on the ground where the bottom edge of the 
real object hides the ground, so long as vision is monocu lar and frozen. One sees a 
concave corner, not an occlud ing edge. Because the virtual object is at twice the 
distance of the real object, it is seen as twice the size.  
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As for innate versus learned percep tion, it is much more sens ible to assume an 
innate capa city to notice falling- off places in terrestrial animals than it is to 
assume that they have innate ideas or mental concepts of geometry. 

  An Object Resting on the Ground 

  I  sugges ted that one sees the contact of his feet with the ground. This is equally 
true for other objects than feet. We see whether an object is on the ground or 
up in the air. How is this contact with or separ a tion from the ground perceived? 
The answer is sugges ted by an informal exper i ment described in my book on 
the visual world (Gibson, 1950 b , Fig. 72, pp. 178 ff.), which might be called the 
 invis ibly- supported-object exper i ment.  I did not clearly under stand it at the time, 
but the optics of occlud ing edges now makes it more intel li gible. 

 A detached object can be attached to a long rod that is hidden to the observer. 
The rod can be lowered by the exper i menter so that the object rests on the 
ground or raised so that it stands up in the air. The object can be a card board 
rect angle or trapezoid or a ball, but it must be large enough to hide the rod and 
its base. An observer who stands at the proper posi tion and looks with two eyes, 
or with one eye and a normally moving head, perceives a resting object as 
resting on the surface of support and a raised object as raised above the surface 
of support. The size and distance of the object are seen correctly. But an 
observer who looks with one eye and a fi xed head, through a peep h ole or with 
a biting board, gets an entirely differ ent percep tion. A resting object is seen 
correctly, but a raised object is also seen to be resting on the surface. It is seen 
 at the place where its edge hides the texture of the surface.  It appears farther away and 
larger than it really is. 

 This illu sion is very inter est ing. It appears only with monocu lar arres ted 
vision—a rare and unnat ural kind of vision. The incre ments and decre ments of 
the texture of the ground at the edges of the object have been elim in ated, both 
those of one eye relat ive to the other and those that are progress ive in time at 
each eye. In tradi tional theory, the cues of binocu lar and motion paral lax are 
absent. But it is just these incre ments and decre ments of the ground texture that 
 specify  the separ a tion of object from ground. The absence of this accre tion/dele-
tion specifi es contact of the object with the ground. A surface is perceived to 
“stand up” or “stand out” from the surface that extends behind it only to the 
extent that the gap is specifi ed. And this depends on seeing from differ ent 
points of obser va tion, either two points of obser va tion at the same time or 
differ ent points of obser va tion at differ ent times. 

 A fl at surface that “goes back to” or “lies fl at on” the ground will seem to 
have a differ ent size, shape, and even refl ect ance than it has when it stands forth 
in the air. This feature of the illu sion is also very inter est ing, and I have demon-
strated it many times. The fi rst published study of it is that of J. E. Hochberg 
and J. Beck (1954).   
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  Experiments with the Ground as Background 

 Investigators in the tradi tion of space percep tion and the cues for depth have 
usually done exper i ments with a back ground in the frontal plane, that is, a 
surface facing the observer, a wall, a screen, or a sheet of paper. A form in this 
plane is most similar to a form on the retina, and exten sion in this plane might 
be seen as a simple sensa tion. This follows from retinal image optics. But invest-
ig at ors of envir on ment percep tion do exper i ments with the  ground  as back-
ground, study ing surfaces instead of forms, and using ecolo gical optics. Instead 
of study ing distance in the air, they study reces sion along the ground. Distance 
as such cannot be seen directly but can only be inferred or computed. Recession 
along the ground can be seen directly. 

  Distance and Size Perception on the Ground 

 Although the linear perspect ive of a street in a paint ing had been known since 
the Renaissance, and the conver ging appear ance of a paral lel alley of trees in a 
land scape had been discussed since the eight eenth century, no one had ever 
studied the percep tion of a natur ally textured ground. Linear perspect ive was 
an obvious cue for distance, but the gradi ent of density or prox im ity of the 
texture of the ground was not so obvious. E. G. Boring has described the old 
exper i ments with arti fi  cial alleys (1942, pp. 290–296), but the fi rst exper i ment 
with an ordin ary textured fi eld outdoors, I believe, was published at the end of 
World War II (Gibson, 1947). A plowed fi eld without furrows reced ing almost 
to the horizon was used. No straight edges were visible. This original exper i-
ment required the judg ment of the height of a stake planted in the fi eld at some 
distance up to half a mile. At such a distance the optical size of the elements of 
texture and the optical size of the stake itself were extremely small. 

 Up until that time the unan im ous conclu sion of observ ers had been that 
paral lel lines were seen to converge and that objects were seen to be smaller “in 
the distance.” There was a tend ency toward “size constancy” of objects, to be 
sure, but it was usually incom plete. The assump tion had always been that size 
constancy must “break down.” It was supposed that an object will cease to be 
even  visible  at some even tual distance and that presum ably it ceases to be visible 
by way of becom ing smaller. (See Gibson, 1950 b , p. 183, for a state ment of this 
line of reas on ing.) With the naive observ ers in the open fi eld exper i ment, 
however, the judg ments of the size of the stake did  not  decrease, even when it 
was a ten- minute walk away and becom ing hard to make out. The judg ments 
became more  vari able  with distance but not smaller. Size constancy did not break 
down. The size of the object only became less  defi n ite  with distance, not smaller. 

 The implic a tion of this result, I now believe, is that certain invari ant ratios were 
picked up unawares by the observ ers and that the size of the retinal image went 
unnoticed. No matter how far away the object was, it inter cep ted or occluded the 
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same number of texture elements of the ground. This is an invari ant ratio. For any 
distance the propor tion of the stake extend ing above the horizon to that extend ing 
below the horizon was invari ant. This is another invari ant ratio. These invari ants 
are not cues but inform a tion for direct size percep tion. The observ ers in this 
exper i ment were aviation train ees and were not inter ested in the perspect ive 
appear ance of the terrain and the objects. They could not care less for the patch-
work of colors in the visual fi eld that had long fascin ated paint ers and psycho lo-
gists. They were set to pick up inform a tion that would permit a size- match 
between the distant stake and one of a set of nearby stakes. The percep tion of the 
size and distance of an object on the ground had proved to be unlike the percep-
tion of the size and distance of an object in the sky. The invari ants are missing in 
the latter case. The silhou ette of an airplane might be a fi fty- foot fi ghter at a one- 
mile alti tude or a hundred- foot bomber at a two- mile alti tude. Airplane spot ters 
could be trained to estim ate alti tude, but only by the method of recog niz ing the 
shape, knowing the size by having memor ized the wing span, and infer ring the 
distance from the angular size. Errors were consid er able at best. This kind of infer-
en tial know ledge is not char ac ter istic of ordin ary percep tion. Baron von Helmholtz 
called it “uncon scious” infer ence even in the ordin ary case, but I am skep tical.  

  Comparison of Stretches of Distance Along the Ground 

 The size of an object on the ground is not entirely separ able from the sizes of 
the objects that compose the ground. The terrain is made of clods and particles 
of earth, or rocks and pebbles, or grass clumps and grass blades. These nested 
objects might have size constancy just as much as ortho dox objects. In the next 
set of exper i ments on ground percep tion, the very distinc tion between size and 
distance breaks down. What had to be compared were not stakes or objects but 
 stretches  of the ground itself, distances between markers placed by the exper i-
menter. In this case distances between  here  and  there  could be compared with 
distances between  there  and  there.  These open- fi eld exper i ments were conduc ted 
by Eleanor J. Gibson (Gibson and Bergman, 1954; Gibson, Bergman, and 
Purdy, 1955; Purdy and Gibson, 1955). 

 Markers could be set down and moved anywhere in a level fi eld of grass up 
to 350 yards away. The most inter est ing exper i ment of the series required the 
observer to  bisect  a stretch of distance, which could extend either from his feet 
to a marker or from one marker to another (Purdy and Gibson, 1955). A mobile 
marker on wheels had to be stopped by the observer at the halfway point. The 
ability to bisect a length had been tested in the labor at ory with an adjustable 
stick called a Galton bar but not with a piece of ground on which the observer 
stood. 

 All observ ers could bisect a stretch of distance without diffi  culty and with 
some accur acy. The farther stretch could be matched to the nearer one, although 
the visual angles did not match. The farther visual angle was compressed 
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relat ive to the nearer, and its surface was, to use a vague term, fore shortened. 
But no constant error was evident. A stretch from  here  to  there  could be equated 
with a stretch from  there  to  there.  The conclu sion must be that observ ers were 
not paying atten tion to the visual angles; they must have been noti cing inform-
a tion. They might have been detect ing, without knowing it, the  amount of 
texture  in a visual angle. The number of grass clumps projec ted in the farther 
half of a stretch of distance is exactly the same as the number projec ted in the 
nearer half. It is true that the optical texture of the grass becomes denser and 
more vertic ally compressed as the ground recedes from the observer, but the 
rule of  equal amounts of texture for equal amounts of terrain  remains invari ant. 

 This is a power ful invari ant. It holds for either dimen sion of the terrain, for 
width as well as for depth. In fact, it holds for any regu larly textured surface 
whatever, that is, any surface of the same substance. And it holds for walls and 
ceil ings as well as for fl oors. To say that a surface is regu larly textured is only to 
assume that bits of the substance tend to be evenly spaced. They do not have to 
be perfectly regular like crys tals in a lattice but only “stochastic ally” regular. 

 The implic a tions of this exper i ment on frac tion at ing a stretch of the ground 
are radical and far- reach ing. The world consists not only of distances from  here,  
my world, but also of distances from  there,  the world of another person. These 
inter vals seem to be strik ingly equi val ent. 

 The rule of equal amounts of texture for equal amounts of terrain suggests 
that both size and distance are perceived directly. The old theory that the 
perceiver  allows for  the distance in perceiv ing the size of some thing is unne ces-
sary. The assump tion that the cues for distance  compensate for  the sensed small-
ness of the retinal image is no longer persuas ive. Note that the pickup of the 
 amount of texture  in a visual solid angle of the optic array is not a matter of 
count ing units, that is, of meas ur ing with an arbit rary unit. The other exper i-
ments of this open- fi eld series required the observ ers to make  abso lute  judg-
ments, so- called, of distances in terms of yards. They could  learn  to do so readily 
enough (E. J. Gibson and Bergman, 1954; E. J. Gibson, Bergman, and Purdy, 
1955), but it was clear that one had to  see  the distance before one could apply a 
number to it.  

  Observations of the Ground and the Horizon 

 When the terrain is fl at and open, the horizon is in the ambient optic array. It 
is a great circle between the upper and the lower hemi sphere separ at ing the sky 
and the earth. But this is a limit ing case. The farther stretches of the ground are 
usually hidden by frontal surfaces such as hills, trees, and walls. Even in an 
enclos ure, however, there has to be a surface of support, a textured fl oor. The 
maximum coarse ness of its optical texture is straight down, where the feet are, 
and the density increases outward from this center. These radial gradi ents 
projec ted from the surface of support increase with increas ing size of the fl oor. 
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The dens it ies of texture do not become infi n ite except when there is an infi n-
itely distant horizon. Only at this limit is the optical struc ture of the array 
wholly compressed. But the gradi ents of density specify where the outdoors 
horizon would be, even in an enclos ure. That is, there exists an impli cit horizon 
even when the earth- sky horizon is hidden. 

   EVEN SPACING  

 The fact that the parts of the terrestrial envir on ment tend to be “evenly 
spaced” was noted in my early book on the visual world (Gibson, 1950 b , 
pp. 77–78). This is equi val ent to the rule of equal amounts of texture for 
equal amounts of terrain. The fact can be stated in various ways. However 
stated, it seems to be a fact that can be seen, not neces sar ily an intel lec tual 
concept of abstract space includ ing numbers and magnitudes. Ecological 
geometry does not have to be learned from text books.  

 The concept of a  vanish ing point  comes from arti fi  cial perspect ive, conver-
ging paral lels, and the theory of the picture plane. The  vanish ing limit  of optical 
struc ture at the horizon comes from natural perspect ive, ecolo gical optics, and 
the theory of the ambient optic array. The two kinds of perspect ive should not 
be confused, although they have many prin ciples in common (Chapter 5). 

 The terrestrial horizon is thus an invari ant feature of terrestrial vision, an 
invari ant of any and all ambient arrays, at any and all points of obser va tion. The 
horizon never moves, even when every other struc ture in the light is chan ging. 
This station ary great circle is, in fact, that to which all optical motions have 
refer ence. It is neither subject ive nor object ive; it expresses the  reci pro city  of 
observer and envir on ment; it is an invari ant  of ecolo gical  optics. 

 The horizon is the same as the skyline only in the case of the open ground or 
the open ocean. The earth- sky contrast may differ from the true horizon 
because of hills or moun tains. The horizon is perpen dic u lar to the pull of 
gravity and to the two poles of the ambient array at the centers of the two hemi-
spheres; in short, the horizon is hori zontal. With refer ence to this invari ant, all 
other objects, edges, and layouts in the envir on ment are judged to be either 
 upright  or  tilted.  In fact, the observer perceives  himself  to be in an upright or tilted 
posture relat ive to this invari ant. (For an early and more complex discus sion of 
visual upright ness and tilt in terms of the retinal image, see Gibson, 1952, on the 
“phenom enal vertical.”) 

 The facts about the terrestrial horizon are scarcely mentioned in tradi tional 
optics. The only empir ical study of it is one by H. A. Sedgwick (1973) based on 
ecolo gical optics. He shows how the horizon is an import ant source of invari ant 
inform a tion for the percep tion of all kinds of objects. All terrestrial objects, for 
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example, of the same height are cut by the horizon in the same ratio, no matter 
what the angular size of the object may be. This is the “horizon ratio rela tion” 
in its simplest form. Any two trees or poles bisec ted by the horizon are the same 
height, and they are also precisely twice my eye- height. More complex ratios 
specify more complex layouts. Sedgwick showed that judg ments of the sizes of 
objects repres en ted in pictures were actu ally determ ined by these ratios. 

 The perceiv ing of what might be called  eye level  on the walls, windows, 
trees, poles, and build ings of the envir on ment is another case of the comple-
ment ar ity between seeing the layout of the envir on ment and seeing oneself in 
the envir on ment. The horizon is at eye level relat ive to the furniture of the 
earth. But this is my eye level, and it goes up and down as I stand and sit. If I 
want my eye level, the horizon, to rise above all the clutter of the envir on ment, 
I must climb up to a high place. The percep tion of  here  and the percep tion of 
 infi n itely distant from here  are linked.   

  Experiments on the Perception of Slant 

 Experiments on the direct percep tion of layout began in 1950. From the begin-
ning, the crucial import ance of the  density of optical texture  was evident. How 
could it be varied system at ic ally in an exper i ment? Along with the outdoor 
exper i ments, I wanted to try indoor exper i ments in the labor at ory. I did not 

   FIGURE 9.5     The base of each pillar covers the same amount of the texture of the 
ground.    

 The width of each pillar is that of one paving stone. The pillars will be seen to have the 
same width if this inform a tion is picked up. The height of each pillar is specifi ed by a 
similar invari ant, the “horizon- ratio” rela tion, described later.  
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then under stand ambient light but only the retinal image, and this led me to 
exper i ment with texture density in a  window  or  picture.  The density could be 
increased upward in the display (or down ward or right ward or left ward), and 
the virtual surface would then be expec ted to  slant  upward (or down ward or 
whatever). The surface should slant  away  in the direc tion of increas ing texture 
density; it should be inclined from the frontal plane at a certain angle that 
corres pon ded to the rate of change of density, the  gradi ent  of density. Every 
piece of surface in the world, I thought, had this quality of slant (Gibson, 
1950 a ). The slant of the appar ent surface behind the appar ent window could be 
judged by putting the palm of the hand at the same inclin a tion from the frontal 
plane and record ing it with an adjustable “palm board.” This appeared to be a 
neat psycho phys ical exper i ment, for it isol ated a vari able, the gradi ent of density. 

 The fi rst exper i ment (Gibson 1950 a ) showed that with a uniform density 
over the display the phenom enal slant is zero and that with increases of density 
in a given direc tion one perceives increas ing slant in that direc tion. But the 
appar ent slant was not propor tional to the geomet ric ally predicted slant. It was 
less than it should be theor et ic ally. The exper i ment has been repeated with 
modi fi c a tions by Gibson and J. Cornsweet (1952), J. Beck and J. J. Gibson (1955), 
R. Bergman and J. J. Gibson (1959), and many other invest ig at ors. It is  not  a neat 
psycho phys ical exper i ment. Phenomenal slant does not simply corres pond to the 
gradi ent. The complex it ies of the results are described by H. R. Flock (1964, 
1965) and by R. B. Freeman (1965). 

 What was wrong with these exper i ments? In consid er a tion of the theory of 
layout, we can now under stand it. The kind of slant studied was  optical,  not 
 geograph ical,  as noted by Gibson and Cornsweet (1952). It was relat ive to the 
frontal plane perpen dic u lar to the line of sight, not relat ive to the surface of 
the earth, and was thus merely a new kind of depth, a quality added to each 
of the fl at forms in the patch work of the visual fi eld. I had made the mistake of 
think ing that the exper i ence of the layout of the envir on ment could be 
 compoun ded  of all the optical slants of each piece of surface. I was think ing of 
slant as an abso lute quality, whereas it is always relat ive. Convexities and concav-
it ies are not made up of element ary impres sions of slant but are instead unitary 
features of the layout. 

 The impres sion of slant cannot be isol ated by display ing a texture inside a 
window, for the percep tion of the occlud ing edge of the window will affect 
it; the surface is slanted relat ive to the surface that has the window in it. The 
separ a tion of these surfaces is under es tim ated, as the exper i mental results 
showed. 

 The supposedly abso lute judg ment of the slant of a surface behind a window 
becomes more accur ate when a graded decrease of  velo city  of the texture across 
the display is substi tuted for a graded increase  of density  of the texture, as demon-
strated by Flock (1964). The virtual surface “stands back” from the virtual 
window. It slants away in the direc tion of decreas ing fl ow of the texture but is 
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perceived to be a rigidly moving surface if the fl ow gradi ent is math em at ic ally 
appro pri ate. But this exper i ment belongs not with exper i ments on surface 
layout but with those on  chan ging  surface layout, and these exper i ments will be 
described later.   

  Is There Evidence Against the Direct Perception of 
Surface Layout? 

 There are exper i ments, of course, that seem to go against the theory of a direct 
percep tion of layout and to support the oppos ite theory of a  medi ated  percep tion 
of layout. The latter theory is more famil iar. It asserts that percep tion is medi-
ated by assump tions, precon cep tions, expect a tions, mental images, or any of a 
dozen other hypo thet ical medi at ors. The demon stra tions of Adelbert Ames, 
once very popular, are well known for being inter preted in this way, espe cially 
the Distorted Room and the Rotating Trapezoidal Window. 

 These demon stra tions are inspired by the  argu ment from equi val ent confi g ur a-
tions.  A diagram illus trat ing equi val ent confi g ur a tions is given in Figure 9.7. 
The argu ment is that many possible objects can give rise to one retinal image 
and that hence a retinal image cannot specify the object that gave rise to it. 

   FIGURE 9.6     The invari ant horizon ratio for terrestrial objects.    

 The tele phone poles in this display are all cut by the horizon in the same ratio. The 
propor tion differs for objects of differ ent heights. The line where the horizon cuts the 
tree is just as high above the ground as the point of obser va tion, that is, the height of 
the observer’s eye. Hence every one can see his own  eye- height  on the stand ing objects 
of the terrain.  
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But the image, accord ing to the argu ment, is all one has for inform a tion. The 
percep tion of an object, there fore, requires an  assump tion  about which of 
the many possible objects that could exist gave rise to the present image (or to 
the visual solid angle corres pond ing to it). The argu ment is supposed to apply 
to each of a collec tion of objects in space. 

 A distor ted room with trapezoidal surfaces can be built so as to give rise to 
a visual solid angle at the point of obser va tion identical with the solid angle 
from a normal rect an gu lar room. Or a trapezoidal window with trapezoids for 
windowpanes can be built and made to rotate so that its chan ging visual solid 
angle is identical with the chan ging solid angle from a rect an gu lar window 
slanted 45° away from the real distor ted window. The window is always one- 
eighth of a rota tion behind itself, as it were. A single and station ary point of 
obser va tion is taken for granted. An observer who looks with one eye and a 
station ary head misper ceives the trapezoidal surfaces and has the exper i ence of 
a set of rect an gu lar surfaces, a “virtual” form or window, instead of the actual 
plywood construc tion inven ted by the exper i menter. Anomalies of percep tion 
result that are strik ing and curious. The eye has been fooled. 

 The explan a tion is that, in the absence of inform a tion, the observer has presup-
posed (assumed, expec ted, or whatever) the exist ence of rect an gu lar surfaces 
causing the solid angles at the eye. That is reas on able, but it is then concluded that 
presup pos i tions are neces sary for percep tion in general, since a visual solid angle 
cannot specify its object. There will always be equi val ent confi g ur a tions for any 
solid angle or any set of solid angles at a point of obser va tion. 

 The main fallacy in this conclu sion, as the reader will recog nize, is the 
gener al iz a tion from peep h ole obser va tion to ordin ary obser va tion, the assump-
tion that because the perspect ive struc ture of an optic array does not specify the 
surface layout nothing in the array can specify the layout. The hypo thesis of 
invari ant struc ture that under lies the perspect ive struc ture and emerges clearly 
when there is a shift in the point of obser va tion goes unre cog nized. The fact is 
that when an observer uses two eyes and certainly when one looks from various 
points of view the abnor mal room and the abnor mal window are perceived for 
what they are, and the anom alies cease. 

 The demon stra tions do not prove, there fore, that the percep tion of layout 
cannot be direct and must be medi ated by precon cep tions, as Adelbert Ames 
and his follow ers wanted to believe (Ittelson, 1952). Neither do the many other 
demon stra tions that, over the centur ies, have purpor ted to prove it. 

 The diagram of equi val ent confi g ur a tions illus trates one of the perplex it ies 
inher ent to the retinal image theory of percep tion: if many differ ent objects can 
give rise to the same stim u lus, how do we ever perceive an object? The other half 
of the puzzle is this: if the same object can give rise to many differ ent stimuli, how 
can we perceive the object? (Note that the second ques tion implies a moving object 
but that neither ques tion admits the fact of a moving observer.) Koffka was perplexed 
by this dual puzzle (1935, pp. 228 ff.) and many other exper i menters have tried to 
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resolve it, but without success (e.g., Beck and Gibson, 1955). The only way out, I 
now believe, is to abandon the dogma that a retinal stim u lus exists in the form of a 
picture. What specifi es an object are invari ants that are them selves “form less.”  

  Summary 

 The exper i ment of provid ing either struc ture or no struc ture in the light to an 
eye results in the percep tion of a surface or no surface. The differ ence is not 
between seeing in two dimen sions and seeing in three dimen sions, as earlier 
invest ig at ors supposed. 

 The closer together the discon tinu it ies in an exper i ment ally induced optic 
array, the greater is the “surfa ci ness” of the percep tion. This was true, at least, 
for a 30° array having seven contours at one extreme and thirty- six at the other. 

 Optical contact of one’s body with the surface of support as well as mech an-
ical contact seem to be neces sary for some terrestrial animals if they are to stand 
and walk normally. 

 Perceiving the meaning of an edge in the surface of support, either a 
falling- off edge or a step ping- down edge, seems to be a capab il ity that animals 
develop. This is not abstract depth percep tion but afford ance percep tion. 

 Experiments on the percep tion of distance along the ground instead of 
distance through the air suggest that such percep tion is based on invari ants in 
the array instead of cues. The rule of equal amounts of texture for equal 
amounts of terrain is one such invari ant, and the horizon ratio rela tion is 
another. On this basis, the dimen sions of things on the ground are perceived 

   FIGURE 9.7     Equivalent confi g ur a tions within the same visual solid angle.    

 This perspect ive drawing shows a rect angle and three trans par ent trapezoids, all of which 
fi t within the envel ope of the same visual solid angle. Thus all four quad rangles are 
theor et ic ally equi val ent for a single eye at a fi xed point of obser va tion. They are, however, 
ghosts, not surfaces.  
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directly, and the old puzzle of the constancy of perceived size at differ ent 
distances does not arise. 

 The fact of the terrestrial horizon in the ambient array should not be 
confused with the vanish ing point of linear perspect ive in pictorial optics. 

 A series of exper i ments on the percep tion of the slant of a surface relat ive to 
the line of sight did not confi rm the abso lute gradi ent hypo thesis. The implic-
a tion was that the slants of surfaces relat ive to one another and to the ground, 
the depth- shapes of the layout, are what get perceived. 

 Experiments based on the argu ment from equi val ent confi g ur a tions do not 
prove the need to have presup pos i tions in order to perceive the envir on ment, 
since they leave out of account the fact that an observer normally moves about.            



                 13 
 LOCOMOTION AND 
MANIPULATION   

     The theory of afford ances implies that to see things is to see how to get about 
among them and what to do or not do with them. If this is true, visual percep-
tion serves beha vior, and beha vior is controlled by percep tion. The observer 
who does not move but only stands and looks is not behav ing at the moment, it 
is true, but he cannot help seeing the afford ances for beha vior in whatever he 
looks at. 

 Moving from place to place is supposed to be “phys ical” whereas perceiv ing 
is supposed to be “mental,” but this dicho tomy is mislead ing. Locomotion is 
guided by visual percep tion. Not only does it depend on percep tion but percep-
tion depends on loco motion inas much as a moving point of obser va tion is 
neces sary for any adequate acquaint ance with the envir on ment. So we must 
perceive in order to move, but we must also move in order to perceive. 

 Manipulation is another kind of beha vior that depends on percep tion and 
also facil it ates percep tion. Let us consider in this chapter how vision enters into 
these two kinds of beha vior.  

  The Evolution of Locomotion and Manipulation 

  Support 

 Animals, no less than other bodies, are pulled down ward by the force of gravity. 
They fall unless suppor ted. In water the animal is suppor ted by the medium, 
which has about the same density as its body. But in air the animal must have a 
substan tial surface below if it is not to become a Newtonian falling body. 

 Locomotion has evolved from swim ming in the sea to crawl ing and walking 
on land to cling ing and climb ing on the protuber ances that clutter up the land 
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and, fi nally, to fl ying through the air, the most rapid kind of loco motion but the 
most risky. Fish are suppor ted by the medium, terrestrial animals by a substan-
tial surface on the under side, and birds (when they are not at rest) by airfl ow, 
the aero dy namic force called  lift.  Zoologists some times clas sify animals as 
aquatic, terrestrial, or aerial, having in mind the differ ent ways of getting about 
in water, on land, or in the air.  

  Visual Perception of Support 

 A terrestrial animal must have a surface that pushes up on its feet, or its 
under side. The exper i ments repor ted in Chapter 4 with the glass fl oor appar-
atus suggest that many terrestrial animals cannot main tain normal posture 
unless they can see their feet on the ground. With optical inform a tion to specify 
their feet  off  the ground, they act as if they were falling freely, crouch ing 
and showing signs of fear. But when a textured surface is brought up under 
the glass fl oor, the animals stand and walk normally (E. J. Gibson, 1969, 
pp. 267–270). 

 This result implies that contact of the feet with the surface of support as 
against separ a tion of the feet from the surface is specifi ed optic ally, at the 
occlud ing edges of the feet. The animal who moves its head or uses two eyes 
can perceive either  no  separ a tion in depth between its feet and the fl oor or the 
kind of separ a tion it would see if it were suspen ded in air. Contact is specifi ed 
both optic ally and mech an ic ally. 

 Note that a rigid surface of earth can be distin guished from a nonri gid 
surface of water by its color, texture, and the absence or pres ence of ripples. 
A surface of water does not afford support for chicks, but it does for 
duck lings. The latter take to the water imme di ately after hatch ing; the former 
do not.  

  Manipulation 

 Manipulation presum ably evolved in prim ates, along with bipedal loco motion 
and the upright posture, by the conver sion of the fore limbs from legs into arms 
and of the fore paws into what we call hands. Walking on two legs, it is some-
times said, leaves the hands free for other acts. The hands are specifi ed by “fi ve- 
pronged squirm ing protru sions” into the fi eld of view from below (Chapter 7). 
They belong to the self, but they are constantly touch ing the objects of the 
outer world by reach ing and grasp ing. The shapes and sizes of objects, in fact, 
are perceived in  rela tion  to the hands, as grasp able or not grasp able, in terms of 
their afford ances for manip u la tion. Infant prim ates learn to see objects and 
their hands in conjunc tion. The percep tion is constrained by manip u la tion, and 
the manip u la tion is constrained by percep tion.   
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  The Control of Locomotion and Manipulation 

 Locomotion and manip u la tion, like the move ments of the eyes described in the 
last chapter, are kinds of beha vior that cannot be reduced to responses. The 
persist ent effort to do so by physiolo gists and psycho lo gists has come to a dead 
end. But the ancient Cartesian doctrine still hangs on, that animals are refl ex 
mahines and that humans are the same except for a soul that rules the body by 
switch ing impulses at the center of the brain. The doctrine will not do. 
Locomotion and manip u la tion are not triggered by stimuli from outside the 
body, nor are they initi ated by commands from inside the brain. Even the clas-
si fi c a tion of incom ing impulses in nerves as  sensory  and outgo ing impulses as 
 motor  is based on the old doctrine of mental sensa tions and phys ical move ments. 
Neurophysiologists, most of them, are still under the infl u ence of dualism, 
however much they deny philo soph iz ing. They still assume that the brain is the 
seat of the mind. To say, in modem parlance, that it is a computer with a 
program, either inher ited or acquired, that plans a volun tary action and then 
commands the muscles to move is only a little better than Descartes’s theory, 
for to say this is still to remain confi ned within the doctrine of responses. 

 Locomotion and manip u la tion are neither triggered nor commanded but 
 controlled.  They are constrained, guided, or steered, and only in this sense 
are they ruled or governed. And they are controlled not by the brain but by 
inform a tion, that is, by seeing oneself in the world. Control lies in the animal- 
envir on ment system. Control is by the animal  in  its world, the animal itself 
having subsys tems for perceiv ing the envir on ment and concur rently for getting 
about in it and manip u lat ing it. The rules that govern beha vior are not like laws 
enforced by an author ity or decisions made by a commander; beha vior is regular 
without being regu lated. The ques tion is how this can be. 

   WHAT HAPPENS TO INFANT PRIMATES DEPRIVED OF 
THE SIGHT OF THEIR HANDS?  

 Monkeys reared from birth in a device that kept them from seeing the hands 
and body but not from feeling them move and touch ing things were very 
abnor mal monkeys. When freed from the device, they acted at fi rst as if they 
could not reach for and grasp an object but must grope for it. An opaque 
shield with a cloth bib fi tted tightly around the monkey’s neck had elim in-
ated visual kines thesis and had thus preven ted the devel op ment of visual 
control of reach ing and grasp ing. So I inter pret the results of an exper i ment 
by R. Held and J. A. Bauer (1974). See my discus sion of the optical inform a-
tion for hand move ment in Chapter 7.  
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  The Medium Contains the Information for Control 

 It should be kept in mind that animals live in a medium that, being insub stan-
tial, permits them to move about, if suppor ted. We are tempted to call the 
medium “space,” but the tempta tion should be resisted. For the medium, unlike 
space, permits a steady state of rever ber at ing illu min a tion to become estab-
lished such that it contains inform a tion about surfaces and their substances. 
That is, there is an array at every point of obser va tion and a chan ging array at 
every moving point of obser va tion. The medium, as distin guished from space, 
allows compres sion waves from a mech an ical event, sound, to reach all points 
of obser va tion and also allows the diffu sion fi eld from a volat ile substance, 
odor, to reach them (Gibson, 1966 b , Ch. 1). The odor is specifi c to the volat ile 
substance, the sound is specifi c to the event, and the visual solid angle is the 
most specifi c of all, contain ing all sorts of struc tured invari ants for perceiv ing 
the afford ance of the object. This is why to perceive some thing is also to 
perceive how to approach it and what to do about it. 

 Information in a medium is not propag ated as signals are propag ated but is 
 contained.  Wherever one goes, one can see, hear, and smell. Hence, percep tion 
in the medium accom pan ies loco motion in the medium.  

  Visual Kinesthesis and Control 

 Before getting into the problem of control, we should be clear about the differ-
ence between active and passive move ment, a differ ence that is espe cially 
import ant in the case of loco motion. For animal loco motion may be uncon-
trolled; the animal may be simply trans por ted. This can happen in various 
ways. A fl ow of the medium can trans port the animal, as happens to the bird in 
a wind and the fi sh in a stream. Or an indi vidual may be trans por ted by another 
animal, as happens to a monkey cling ing to its mother or a baby carried in a 
cradle board. Or the observer may be a passen ger in a vehicle. In all these cases, 
the animal can  see  its loco motion without initi at ing, govern ing, or steer ing it. 
The animal has the inform a tion for trans port a tion but cannot regu late it. In my 
termin o logy, the observer has visual kines thesis but no visual control of the 
move ment. This distinc tion is essen tial to an under stand ing of the problem of 
control. The tradi tional theory of the senses is incap able of making it, however, 
and follow ers of the tradi tional theory become mired in the concep tual confu-
sion arising from the slip pery notion of feed back. 

 Visual kines thesis specifi es loco motion relat ive to the envir on ment, whereas 
the other kinds of kines thesis may or may not do so. The control of loco motion 
in the envir on ment must there fore be visual. Walking, bicyc ling, and driving 
involve very differ ent kinds of clas sical kines thesis but the same visual kines-
thesis. The muscle move ments must be governed by vision. If you want to go 
some where, or to know where you are going, you can only trust your eyes. The 



Locomotion and Manipulation 217

bird in a wind even has to fl y in order to stay in the same place. To prevent 
being carried away, it must arrest the fl ow of the ambient array. 

 Before we can hope to under stand controlled loco motion, there fore, we 
must answer several prelim in ary ques tions about the inform a tion in ambient 
light. I can think of four. What specifi es loco motion or stasis? What specifi es 
an obstacle or an opening? What specifi es immin ent contact with a surface? 
What specifi es the benefi t or the injury that lies ahead? These ques tions must 
be answered before we can begin to ask what the  rules  are for start ing and stop-
ping, for approach ing and retreat ing, for going this way or that way, and so on.   

  The Optical Information Necessary for Control of Locomotion 

 For each of the four ques tions above, I shall list a number of asser tions about 
optical inform a tion. I will try to put together what the previ ous chapters have 
estab lished. 

  What Specifi es Locomotion or Stasis? 

 1.  Flow of the ambient array specifi es loco motion, and nonfl ow specifi es stasis.  By 
 fl ow  is meant the change analyzed as  motion perspect ive  (Gibson, Olum, and 
Rosenblatt, 1955) for the abstract case of an uncluttered envir on ment and a 
moving point of obser va tion. A better term would be  fl ow perspect ive , or  stream ing 
perspect ive.  It yields the “melon- shaped family of curves” illus trated in Figure 13.1 
and is based on rays of light from particles of the terrain, not on solid angles from 
features of the terrain. Thus, it has the great advant ages of geomet rical analysis 
but also has its disad vant ages. Nevertheless, the fl ow as such specifi es loco motion 
and the invari ants specify the layout of surfaces in which loco motion occurs. 

 2.  Outfl ow specifi es approach to and infl ow specifi es retreat from.  An invari ant 
feature of the ambient fl ow is that one hemi sphere is cent ri fu gal and the other 
cent ri petal. Outfl ow entails magni fi c a tion, and infl ow entails mini fi c a tion. 
There is always both a going- to and a coming- from during loco motion. A 
creature with semi pan or amic vision can register both the outfl ow and the 
infl ow at the same time, but human creatures can sample only one or the other, 
by looking “ahead” or by looking “behind.” Note that a reversal of the fl ow 
pattern specifi es a reversal of loco motion. 

 3.  The focus or center of outfl ow specifi es the direc tion of loco motion in the envir on-
ment.  More exactly, that visual solid angle at the center of outfl ow specifi es the 
surface in the envir on ment, or the object, or the opening, toward which the 
animal is moving. This state ment is not analyt ical. Because the overall fl ow is 
radial in both hemi spheres, the two foci are impli cit in any suffi  ciently large 
sample of the ambient array, and even humans can thus  see  where they are going 
without having to  look  where they are going. The “melon- shaped family of 
curves” contin ues outside the edges of the tempor ary fi eld of view. 
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 4. A  shift of the center of outfl ow from one visual solid angle to another specifi es a 
change in the direc tion of loco motion, a turn, and a remain ing of the center within the 
same solid angle specifi es no change in direc tion.  The ambient optic array is here 
supposed to consist of nested solid angles, not of a bundle of lines. The direc-
tion of loco motion is thus anchored to the layout, not to a coordin ate system. 
The fl ow of the ambient array can be  trans posed over the invari ant struc ture of the 
array,  so that where one is going is seen relat ive to the surround ing layout. This 
unfa mil iar notion of invari ant struc ture under ly ing the chan ging perspect ive 
struc ture is one that I tried to make expli cit in Chapter 5; here is a good example 
of it. The illus tra tions in Chapter 7 showing arrows super posed on a picture of 

   FIGURE 13.1     The fl ow velo cit ies in the lower hemi sphere of the ambient optic array 
with loco motion paral lel to the earth.    

 The vectors are plotted in angular coordin ates, and all vectors vanish at the horizon. 
This drawing should be compared with Figure 7.3 showing the motion perspect ive 
to a fl ying bird. (From Gibson, Olum, and Rosenblatt, 1955. © 1955 by the Board 
of Trustees of the University of Illinois. Reprinted by permis sion of the University 
of Illinois Press.)  
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the terrain were supposed to suggest this invari ance under change but, of 
course, it cannot be pictured. 

 5.  Flow of the textured ambient array just behind certain occlud ing protru sions into 
the fi eld of view specifi es loco motion by an animal with feet.  If you lower your head 
while walking, a pair of moving protru sions enters the fi eld of view from its 
lower edge (Chapter 7), and these protru sions move up and down altern ately. 
A cat sees the same thing except that what it sees are  front  feet. The extremit ies 
are in optical contact with the fl owing array at the locus of maximal fl ow and 
maxim ally coarse texture. They occlude parts of the surface, but it is seen to 
extend behind them. Convexities and concav it ies in the surface will affect the 
timing of contact, and there fore you and the cat must place your feet with 
regard to the  footing.   

  What Specifi es an Obstacle or an Opening? 

 I distin guish two general cases for the afford ing of loco motion, which I will call 
 obstacle  and  opening.  An  obstacle  is a rigid object, detached or attached, a surface 
with occlud ing edges. An  opening  is an aper ture, hole, or gap in a surface, also 
with occlud ing edges. An obstacle affords colli sion. An opening affords passage. 
Both have a closed or nearly closed contour in the optic array, but the edge of 
the obstacle is inside the contour, whereas the edge of the opening is outside the 
contour. A round object hides in one direc tion, and a round opening hides in 
the oppos ite direc tion. The way to tell the differ ence between an obstacle and 
an opening, there fore, is as follows. 

   ON LOOKING AT THE ROAD WHILE DRIVING  

 It must be admit ted that when I turn around while driving our car and reply 
to my wife’s protests that I can perfectly well see where I am going without 
having to look where I am going because the focus of outfl ow is impli cit, she 
is not reas sured.  

 6.  Loss  ( or gain )  of struc ture outside a closed contour during approach (or retreat ) 
 specifi es an obstacle. Gain (or loss )  of struc ture inside a closed contour during approach 
(or retreat )  specifi es an opening.  This is the only abso lutely trust worthy way to tell 
the differ ence between an obstacle and an opening. In both cases the visual solid 
angle goes to a hemi sphere as you approach it, but you collide with the obstacle 
and enter the opening. Magnifi cation of the form as such, the outline, does not 
distin guish them. But as you come up to the obstacle it hides more and more of 
the vista, and as you come up to the opening it reveals more and more of the 
vista. Deletion outside the occlud ing edge and accre tion inside the occlud ing 



220 The Ecological Approach to Visual Perception

edge will distin guish the two. Psychologists and artists alike have been confused 
about the differ ence between things and holes, surfaces and aper tures. The 
fi gure- ground phenomenon that so impressed the gestalt psycho lo gists and that 
is still taken to be a proto type of percep tion is mislead ing. A closed contour as 
such in the optic array does  not  specify an object in the envir on ment. 

 What specifi es the near edge of an opening in the ground, a hole or gap in the 
surface of support? This is very import ant inform a tion for a terrestrial animal. 

 7.  Gain of struc ture above a hori zontal contour in the ambient array during approach 
specifi es a brink in the surface of support.  A  brink  is a drop- off in the ground, a step, 
or the edge of a perch. It is the essen tial feature of the exper i ments on the visual 
cliff that were described in Chapter 9 (for example, E. J. Gibson and Walk, 
1960). It is depth down ward at an occlud ing edge, and depend ing on the 
amount of depth relat ive to the size of the animal, it affords step ping- down or 
falling- off. The rat, chick, or human infant who sees its feet close to such an 
occlud ing edge needs to take care. The exper i mental evid ence suggests that the 
chan ging occlu sion at the edge, not the abrupt increase in the density of optical 
texture, is the effect ive inform a tion for the animal. 

 This formula applies to a  hori zontal  contour in the array coming from the 
ground. What about a  vertical  contour in the array coming from a wall? 

 8.  Gain of struc ture on one side of a vertical contour in the ambient array during 
approach specifi es the occlud ing edge of a barrier, and the side on which gain occurs is the 
side of the edge that affords passage.  This is the edge of a house, the end of a wall, 
or the vertical edge of a doorway, often loosely called a corner. On one side of 
the edge the vista beyond is hidden, and on the other side it is revealed; on one 
side there is poten tial colli sion, and on the other poten tial passage. The trunk 
of a tree has two such curved edges not far apart. To “go around the corner” is 
to reveal the surfaces of the new vista. Rats do it in mazes, and people do it in 
cities. To fi nd one’s way in a cluttered envir on ment is to go around a series of 
occlud ing edges, and the problem is to choose the correct edges to go around 
(see Figure 11.2).  

  What Specifi es Imminent Contact with a Surface? 

 In an early essay on the visual control of loco motion (Gibson, 1958), I wrote:

  Approach to a solid surface is specifi ed by a cent ri fu gal fl ow of the texture 
of the optic array. Approach to an object is specifi ed by a magni fi c a tion 
of the closed contour in the array corres pond ing to the edges of the 
object. A  uniform  rate of approach is accom pan ied by an  accel er ated  rate of 
magni fi c a tion. At the theor et ical point where the eye touches the object, 
the latter will inter cept a visual angle of 180°. The magni fi c a tion reaches 
an explos ive rate in the last moments before contact. This accel er ated 
expan sion . . . specifi es immin ent colli sion.   
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 This was true enough as far as it went. I was think ing of the problem of how 
a pilot lands on a fi eld or how a bee lands on a fl ower. The explos ive magni fi c-
a tion, the “looming” as I called it, has to be canceled if a “soft” landing is to be 
achieved. I never thought of the entirely differ ent problem of steer ing through 
an opening. The optical inform a tion provided by various kinds of magni fi c a-
tion is evid ently not as simple as I thought in 1958. 

 The complex it ies were not clari fi ed by the empir ical studies of Schiff, 
Caviness, and Gibson (1962) and Schiff (1965), who provided the optical 
inform a tion for the approach  of  an object in space instead of the inform a tion for 
approach  to  a surface in the envir on ment. They displayed an expand ing dark 
silhou ette in the center of a lumin ous trans lu cent screen, as described in 
Chapter 10. No one saw himself being trans posed; every one saw some thing 
indefi  n ite coming toward them, as if it were in the sky. The display consisted 
of an expand ing single form, a shadow or silhou ette, not the magni fy ing of a 
nested struc ture of subor din ate forms that char ac ter izes approach to a real 
surface. The magni fy ing of detail  without limit  was missing from the display. 

 9.  The magni fi c a tion of a nested struc ture in which progress ively fi ner details keep 
emer ging at the center specifi es approach of an observer to a surface in the envir on ment.  
This formula emphas izes the facets within the faces of a substan tial surface, 
such as that of an obstacle, an object, an animate object, or a surface of rest that 
the observer might encounter. In order to achieve contact without colli sion, 
the nested magni fi c a tion must be made to cease at the appro pri ate level instead 
of continu ing to its limit. There seems to be an optimal degree of magni fi c a-
tion for contact with a surface, depend ing on what it affords. For food one 
moves up to  eating  distance; for manip u lat ing one moves up to  reach ing  distance; 
for print one moves up to  reading  distance.  

  What Specifi es the Benefi t or Injury that Lies Ahead? 

 Bishop Berkeley sugges ted in 1709 that the chief end of vision was for animals 
“to foresee the benefi t or injury which is like to ensue upon the applic a tion of 
their own bodies to this or that body which is at a distance.” What the philo-
sopher called foresight is what I call the  percep tion of the afford ance.  To see at a 
distance what the object affords on contact is “neces sary for the preser va tion of 
an animal.” 

 I differ from Bishop Berkeley in assum ing that inform a tion is avail able in the 
light to the animal for what an encounter with the object affords. But I agree 
with him about the utility of vision. 

 10.  Affordances for the indi vidual upon encoun ter ing an object are specifi ed in the 
optic array from the object by invari ants and invari ant combin a tions. Tools, food, shelter, 
mates, and amiable animals are distin guished from poisons, fi res, weapons, and hostile 
animals by their shapes, colors, textures, and deform a tions.  The posit ive and negat ive 
afford ances of things in the envir on ment are what makes loco motion through 
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the medium such a funda mental kind of beha vior for animals. Unlike a plant, 
the animal can go to the bene fi  cial and stay away from the injur i ous. But it must 
be able to perceive the afford ances from afar. A rule for the visual control of 
loco motion might be this: so move as to obtain bene fi  cial encoun ters with 
objects and places and to prevent injur i ous encoun ters.   

  Rules for the Visual Control of Locomotion 

 I sugges ted at the begin ning that beha vior was controlled by inform a tion about 
the world and the self conjointly. The inform a tion has now been described. 
What about the control? 

 I asser ted that beha vior was controlled by  rules.  Surely, however, they are not 
rules enforced by an author ity. The rules are not commands from a brain; they 
emerge from the animal- envir on ment system. But the only way to describe 
rules is in words, and a rule expressed in words is a command. I am faced with 
a paradox. The rules for the control of loco motion will sound like commands, 
although they are not inten ded to. I can only suggest that the reader should 
inter pret them as rules  not formu lated in words.  

 The rules that follow are for  visual control,  not muscu lar, artic u lar, vesti bu lar, 
or cutaneous control. The visual system normally super sedes the haptic system 
for loco motion and manip u la tion, as I tried to explain in  The Senses Considered 
as Perceptual Systems  (Gibson, 1966 b ). This means that the rules for loco motion 
will be the same for crawl ing on all fours, walking, running, or driving an 
auto mobile. The partic u lar muscles involved do not matter. Any group of 
muscles will suffi ce if it brings about the rela tion of the animal to its envir on-
ment stated in the rule. 

  Standing.  The basic rule for a pedes trian animal is  stand up;  that is, keep the 
feet in contact with a surface of support. It is also well to keep the oval bound-
ar ies of the fi eld of view normal with the impli cit horizon of the ambient array; 
if the head is upright the rest of the body follows. 

  Starting, stop ping, going back. To start, make the array fl ow. To stop, cancel the fl ow. 
To go back, make the fl ow reverse.  According to the fi rst two formu las listed in 
the previ ous pages, to cause outfl ow is to get closer and to cause infl ow is to get 
farther away. 

  Steering. To turn, shift the center of outfl ow from one patch in the optic array to another,  
accord ing to the the third and fourth formu las. Steering requires that open ings 
be distin guished from barri ers, obstacles, and brinks. The rule is:  To steer, keep the 
center of outfl ow outside the patches of the array that specify barri ers, obstacles, and brinks 
and within a patch that specifi es an opening  (sixth, seventh, and eighth formu las). 
Following this rule will avert colli sions and prevent falling off. 

  Approaching.  To approach is to magnify a patch in the array, but magni fi c a tion 
is complic ated (formu las two and six). There are many rules involving magni-
fi c a tion. Here are a few.  To permit scru tiny, magnify the patch in the array to such a 
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degree that the details can be looked at. To manip u late some thing grasp able, magnify the 
patch to such a degree that the object is within reach. To bite some thing, magnify the patch 
to such an angle that the mouth can grasp it. To kiss someone, magnify the face- form, if 
the facial expres sion is amiable, so as almost to fi ll the fi eld of view.  (It is abso lutely 
essen tial for one to keep one’s eyes open so as to avoid colli sion. It is also wise 
to learn to discrim in ate those subtle invari ants that specify amiab il ity.)  To read 
some thing, magnify the patch to such a degree that the letters become distin guish able.  The 
most general rule for approach is this:  To realize the posit ive afford ances of some thing, 
magnify its optical struc ture to that degree neces sary for the beha vi oral encounter.  

  Entering enclos ures.  An enclos ure such as a burrow, cave, nest, or hut affords 
various bene fi ts upon entry. It is a place of warmth, a shelter from rain and 
wind, and a place for sleep. It is often a home, the place where mate and 
offspring are. It is also a place of safety, a hiding place afford ing both conceal-
ment from enemies and a barrier to their loco motion. An enclos ure must have 
an opening to permit entry, and the opening must be iden ti fi ed. The rule seems 
to be as follows:  to enter an enclos ure, magnify the angle of its opening to 180° and 
open up the vista. Make sure that there is gain of struc ture inside the contour and not loss 
outside, or else you will collide with an obstacle  (formu las six and nine). 

  Keeping a safe distance.  The oppos ite of approach is retreat. Psychologists 
have some times assumed that the  altern at ive  to approach is retreat. Kurt Lewin’s 
theory of beha vior, for example, was based on approach to an object with a 
posit ive “valence” and retreat from an object with a negat ive “valence.” This 
fi ts with a theory of confl ict between approach and retreat, and a comprom ise 
between oppos ite tend en cies. But it is wrong to assume that approach and 
retreat are altern at ives. There is no need to fl ee from an obstacle, a barbed- wire 
fence, the edge of a river, the edge of a cliff, or a fi re. The only need is to 
main tain a safe distance, a “margin of safety,” since these things do not pursue 
the observer. A fero cious tiger has a negat ive valence, but a cliff does not. The 
rule is this, I think:  To prevent an injur i ous encounter, keep the optical struc ture of 
the surface from magni fy ing to the degree that specifi es an encounter  (formu las two 
and ten). 

 For moving pred at ors and enemies,  fl ight  is an appro pri ate form of action 
since they can approach. The rule for fl ight is,  so move as to minify the danger ous 
form and to make the surround ing optic array fl ow inward.  If, despite fl ight, the form 
magni fi es, the enemy is catch ing up; if it mini fi es, one is getting away. At the 
pred ator’s point of obser va tion, of course, the rule is oppos ite to that for the prey: 
 so move as to magnify the succu lent form by making the surround ing array fl ow outward 
until it reaches the proper angular size for captur ing.   

  Rules for the Visual Control of Manipulation 

 The rules for the visual control of the move ments of the hands are more 
complex than those for the control of loco motion. But the human infant who 
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watches these squirm ing protuber ances into his fi eld of view is not formu lat ing 
rules and, in any case, complex ity does not seem to cause trouble for the nervous 
system. I am unable to formu late the rules in words except for a few easy cases. 

 Locomotor approach often termin ates in reach ing and grasp ing.  Reaching  is 
an elong a tion of the arm- shape and a mini fi c a tion of the fi ve- pronged hand- 
shape until contact occurs. If the object is hand- size, it is grasp able; if too large 
or too small, it is not. Children learn to see sizes in terms of prehen sion: they 
see the span of their grasp and the diameter of a ball at the same time (Gibson, 
1966 b , fi g. 7.1, p. 119). Long before the child can discrim in ate one inch, or two, 
or three, he can see the fi t of the object to the pincer like action of the oppos able 
thumb. The child learns his scale of sizes as commen sur ate with his body, not 
with a meas ur ing stick. 

 The afford ance of an elong ated object for pound ing and strik ing is easily 
learned. The skill of hammer ing or strik ing a target requires visual control, 
however. It involves what we vaguely call  aiming.  I will not try to state the rules 
for aiming except to suggest that it entails a kind of center ing or symmet ric al-
iz ing of a dimin ish ing form on a fi xed form. 

  Throwing  as such is easy. Simply cause the visual angle of the object you have 
in your hand to shrink, and it will “zoom” in a highly inter est ing manner. You 
have to let go, of course, and this is a matter of haptic control, not visual 
control. Aimed throw ing is much harder, as ball play ers know. It is a sort of 
recip rocal of steered loco motion. 

  Tool- using  in general is rule governed. The rule for pliers is analog ous to that 
for prehend ing, the tool being meta phor ic ally an exten sion of the hand. The 
use of a stick as a rake for getting a banana outside the cage was one of the 
achieve ments of a famous chim pan zee (Köhler, 1925). 

 Knives, axes, and pointed objects afford the cutting and pier cing of other 
objects and surfaces, includ ing other animals. But the manip u la tion must be 
care fully controlled, for the observer’s own skin can be cut or pierced as well as 
the other surface. The tool must be grasped by the handle, not the point; that 
is, the rule for reach ing and the rules for main tain ing the margin of safety must 
both be followed. Visual contact with one part of the surface is bene fi  cial but 
with another part is injur i ous, and the “sharp” part is not always easy to discrim-
in ate. The case is similar to that of walking along a cliff edge in this respect: 
one must steer the move ment so as to skirt the danger. 

 The uses of the hands are almost unlim ited. And manip u la tion subserves 
many other forms of beha vior of which it is only a part, eating, drink ing, trans-
port ing, nursing, caress ing, gestur ing, and the acts of trace- making, depict ing, 
and writing, which will concern us in Part IV. 

 The point to remem ber is that the visual control of the hands is insep ar ably 
connec ted with the visual percep tion of objects. The act of throw ing comple-
ments the percep tion of a throw able object. The trans port ing of things is part 
and parcel of seeing them as port able or not. 
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  Conclusion about manip u la tion.  One thing should be evident. The move ments 
of the hands do not consist of responses to stimuli. Manipulation cannot be 
under stood in those terms. Is the only altern at ive to think of the hands as 
instru ments of the mind? Piaget, for example, some times seems to imply that 
the hands are tools of a child’s intel li gence. But this is like saying that the hand 
is a tool of an inner child in more or less the same way that an object is a tool 
for a child with hands. This is surely an error. The altern at ive is not a return to 
mental ism. We should think of the hands as neither triggered nor commanded 
but  controlled.   

  Manipulation and the Perceiving of Interior Surfaces 

 Finally, it should be noted that a great deal of manip u la tion occurs for the sake of 
perceiv ing hidden surfaces. I can think of three kinds of such manip u la tion: 
 opening up, uncov er ing,  and  taking apart.  Each of these has an oppos ite, as one would 
expect from the law of revers ible occlu sion:  closing, cover ing,  and  putting together.  

  Opening  and  closing  apply to the lids and covers of hollow objects and also to 
drawers, compart ments, cabin ets, and other enclos ures. Children are fascin ated 
by the act of opening so as to reveal the interior and closing so as to conceal it. 
They then come to perceive the continu ity between the inner and the outer 
surfaces. The closed box and the covered pot are then seen to have an inside as 
well as an outside. 

  Covering  and  uncov er ing  apply to a cloth, or a child’s blanket, or to reveal ing 
and conceal ing by an opaque substance, as in a sandbox. The move ment of the 
hand that conceals the object is not always so clearly the reverse of the move-
ment that reveals it as it is in the case of closing- opening, however. The 
perceiv ing of hidden surfaces may well be more diffi  cult in this case. 

  Taking apart  and  putting together  apply to an object composed of smaller objects, 
that is, a compos ite that can be disas sembled and assembled. There are toys of this 
sort. Blocks that can be fi tted together make such a compos ite object. Taking apart 
is usually a simpler act of manip u la tion than putting together. Children need to see 
what is inside these compound objects, and it is only to be expec ted that they 
should take them apart, or break them apart if need be. After such visual- manual 
cooper a tion, they can perceive the interior surfaces of the object together with the 
cracks, joins, and aper tures that separ ate them. This is the way chil dren come to 
appre hend a mech an ism such as a clock or an internal combus tion engine.  

  Summary 

 Active loco motor beha vior, as contras ted with passive trans port a tion, is under 
the continu ous control of the observer. The domin ant level of such control is 
visual. But this could not occur without what I have called  visual kines thesis , the 
aware ness of move ment or stasis, of start ing or stop ping, of approach ing or 
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retreat ing, of going in one direc tion or another, and of the immin ence of an 
encounter. Such aware nesses are neces sary for control. 

 Also neces sary is an aware ness of the afford ance of the encounter that will 
termin ate the loco motor act and of the afford ances of the open ings and obstacles, 
the brinks and barri ers, and the corners on the way (actu ally the occlud ing edges). 

 When loco motion is thus visu ally controlled, it is regular without being a 
chain of responses and is purpos ive without being commanded from within. 

 Manipulation, like active loco motion, is visu ally controlled. It is thus 
depend ent on an aware ness of both the hands as such and the afford ances for 
hand ling. But its regu lar it ies are not so easy to formu late.      



                 14 
 THE THEORY OF INFORMATION 
PICKUP AND ITS CONSEQUENCES   

     In this book the tradi tional theor ies of percep tion have been aban doned. 
The peren nial doctrine that two- dimen sional images are restored to three- 
dimen sional reality by a process called depth percep tion will not do. Neither 
will the doctrine that the images are trans formed by the cues for distance and 
slant so as to yield constancy of size and shape in the percep tion of objects. The 
deep- seated notion of the retinal image as a still picture has been aban doned. 

 The simple assump tion that percep tions of the world are caused by stimuli 
from the world will not do. The more soph ist ic ated assump tion that percep tions 
of the world are caused when sensa tions triggered by stimuli are supple men ted by 
memor ies will not do either. Not even the assump tion that a sequence of stimuli 
is conver ted into a phenom enal scene by memory will do. The very notion of 
stim u la tion as typic ally composed of discrete stimuli has been aban doned. 

 The estab lished theory that extero cep tion and proprio cep tion arise when 
extero cept ors and proprio cept ors are stim u lated will not do. The doctrine of 
special chan nels of sensa tion corres pond ing to specifi c nerve bundles has been 
aban doned. 

 The belief of empir i cists that the perceived mean ings and values of things 
are supplied from the past exper i ence of the observer will not do. But even 
worse is the belief of nativ ists that mean ings and values are supplied from the 
past exper i ence of the race by way of innate ideas. The theory that meaning is 
attached to exper i ence or imposed on it has been aban doned. 

 Not even the current theory that the inputs of the sensory chan nels are subject 
to “cognit ive processing” will do. The inputs are described in terms of inform-
a tion theory, but the processes are described in terms of old- fash ioned mental 
acts: recog ni tion, inter pret a tion, infer ence, concepts, ideas, and storage and 
retrieval of ideas. These are still the oper a tions of the mind upon the deliv er ances 
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of the senses, and there are too many perplex it ies entailed in this theory. It will 
not do, and the approach should be aban doned. 

 What sort of theory, then, will explain percep tion? Nothing less than one 
based on the pickup of inform a tion. To this theory, even in its undeveloped 
state, we should now turn. 

 Let us remem ber once again that it is the percep tion of the envir on ment that 
we wish to explain. If we were content to explain only the percep tion of forms 
or pictures on a surface, of nonsense fi gures to which mean ings must be 
attached, of discrete stimuli imposed on an observer willy- nilly, in short, the 
items most often presen ted to an observer in the labor at ory, the tradi tional 
theor ies might prove to be adequate and would not have to be aban doned. But 
we should not be content with that limited aim. It leaves out of account the 
event ful world and the perceiver’s aware ness of being in the world. The labor-
at ory does not have to be limited to simple stimuli, so- called. The exper i ments 
repor ted in Chapters 9 and 10 showed that inform a tion can be displayed.  

  What is New About the Pickup of Information? 

 The theory of inform a tion pickup differs radic ally from the tradi tional theor ies 
of percep tion. First, it involves a new notion of percep tion, not just a new 
theory of the process. Second, it involves a new assump tion about what there is 
to be perceived. Third, it involves a new concep tion of the inform a tion for 
percep tion, with two kinds always avail able, one about the envir on ment and 
another about the self. Fourth, it requires the new assump tion of percep tual 
systems with over lap ping func tions, each having outputs to adjustable organs as 
well as inputs from organs. We are espe cially concerned with vision, but none 
of the systems, listen ing, touch ing, smelling, or tasting, is a channel of sense. 
Finally, fi fth, optical inform a tion pickup entails an activ ity of the system not 
here to fore imagined by any visual scient ist, the concur rent regis ter ing of both 
persist ence and change in the fl ow of struc tured stim u la tion. This is the crux of 
the theory but the hardest part to explic ate, because it can be phrased in 
differ ent ways and a termin o logy has to be inven ted. 

 Consider these fi ve novel ties in order, ending with the problem of detect ing 
vari ants and invari ants or change and nonchange. 

  A Redefi nition of Perception 

 Perceiving is an achieve ment of the indi vidual, not an appear ance in the theater 
of his conscious ness. It is a keeping- in-touch with the world, an exper i en cing of 
things rather than a having of exper i ences. It involves aware ness- of instead of 
just aware ness. It may be aware ness of some thing in the envir on ment or 
some thing in the observer or both at once, but there is no content of aware ness 
inde pend ent of that of which one is aware. This is close to the act psycho logy of 
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the nine teenth century except that percep tion is not a mental act. Neither is it a 
bodily act. Perceiving is a psycho so matic act, not of the mind or of the body but 
of a living observer. 

 The act of picking up inform a tion, moreover, is a continu ous act, an activ ity 
that is cease less and unbroken. The sea of energy in which we live fl ows and 
changes without sharp breaks. Even the tiny frac tion of this energy that affects 
the recept ors in the eyes, ears, nose, mouth, and skin is a fl ux, not a sequence. 
The explor ing, orient ing, and adjust ing of these organs sink to a minimum 
during sleep but do not stop dead. Hence, perceiv ing is a stream, and William 
James’s descrip tion of the stream of conscious ness (1890, Ch. 9) applies to it. 
Discrete percepts, like discrete ideas, are “as myth ical as the Jack of Spades.” 

 The continu ous act of perceiv ing involves the coper ceiv ing of the self. At 
least, that is one way to put it. The very term  percep tion  must be redefi ned to 
allow for this fact, and the word  proprio cep tion  must be given a differ ent meaning 
than it was given by Sherrington.  

  A New Assertion About What is Perceived 

 My descrip tion of the envir on ment (Chapters 1–3) and of the changes that can 
occur in it (Chapter 6) implies that places, attached objects, objects, and 
substances are what are mainly perceived, together with events, which are 
changes of these things. To see these things is to perceive what they afford. This 
is very differ ent from the accep ted categor ies of what there is to perceive as 
described in the text books. Color, form, loca tion, space, time, and motion—
these are the chapter head ings that have been handed down through the 
centur ies, but they are not what is perceived. 

  Places 

 A  place  is one of many adja cent places that make up the habitat and, beyond that, 
the whole envir on ment. But smaller places are nested within larger places. 
They do not have bound ar ies, unless arti fi  cial bound ar ies are imposed by 
survey ors (my piece of land, my town, my country, my state). A place at one 
level is what you can see from here or here abouts, and loco motion consists of 
going from place to place in this sense (Chapter 11). A very import ant kind of 
learn ing for animals and chil dren is place- learn ing—learn ing the afford ances of 
places and learn ing to distin guish among them—and way- fi nding, which 
culmin ate in the state of being oriented to the whole habitat and knowing 
where one is in the envir on ment. 

 A place persists in some respects and changes in others. In one respect, it 
cannot be changed at all—in its loca tion relat ive to other places. A place cannot 
be  displaced  like an object. That is, the adja cent order of places cannot be 
permuted; they cannot be shuffl ed. The sleep ing places, eating places, meeting 
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places, hiding places, and falling- off places of the habitat are immob ile. Place- 
learn ing is there fore differ ent from other kinds.  

  Attached Objects 

 I defi ned an  object  in Chapter 3 as a substance partially or wholly surroun ded by 
the medium. An object attached to a place is only partly surroun ded. It is a 
protuber ance. It cannot be displaced without becom ing detached. Nevertheless, 
it has a surface and enough of a natural bound ary to consti tute a unit. Attached 
objects can thus be counted. Animals and chil dren learn what such objects are 
good for and how to distin guish them. But they cannot be separ ated from the 
places where they are found.  

  Detached Objects 

 A fully detached object can be displaced or, in some cases, can displace itself. 
Learning to perceive it thus has a differ ent char ac ter from learn ing to perceive 
places and attached objects. Its afford ances are differ ent. It can be put side by 
side with another object and compared. It can there fore be grouped or classed 
by the manip u la tion of sorting. Such objects when grouped can be rearranged, 
that is, permuted. And this means not only that they can be counted but that an 
abstract number can be assigned to the group. 

 It is prob ably harder for a child to perceive “same object in a differ ent place” 
than it is to perceive “same object in the same place.” The former requires that 
the inform a tion for persist ence- despite-displacement should have been noticed, 
whereas the latter does not. 

 Inanimate detached objects, rigid or nonri gid, natural or manu fac tured, can 
be said to have features that distin guish them. The features are prob ably not 
denu mer able, unlike the objects them selves. But if they are compoun ded to 
specify afford ances, as I argued they must be, only the relev ant compounds 
need to be distin guished. So when it comes to the natural, nonri gid, animate 
objects of the world whose dimen sions of differ ence are over whelm ingly rich 
and complex, we pay atten tion only to what the animal or person affords 
(Chapter 8).  

  Persisting Substances 

 A  substance  is that of which places and objects are composed. It can be vapor ous, 
liquid, plastic, viscous, or rigid, that is, increas ingly “substan tial.” A substance, 
together with what it affords, is fairly well specifi ed by the color and texture of 
its surface. Smoke, milk, clay, bread, and wood are poly morphic in layout but 
invari ant in color- texture. Substances, of course, can be smelled and tasted and 
palp ated as well as seen. 
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 The animal or child who begins to perceive substances, there fore, does so in 
a differ ent way than one who begins to perceive places, attached objects, and 
detached objects. Substances are form less and cannot be counted. The number 
of substances, natural compos i tions, or mixtures is not fi xed. (The number of 
chem ical elements is fi xed, but that is a differ ent matter.) We discrim in ate 
among surface colors and textures, but we cannot group them as we do detached 
objects and we cannot order them as we do places. 

 We also, of course, perceive changes in other wise persist ing substances, the 
ripen ing of fruit, and the results of boiling and baking, or of mixing and 
harden ing. But these are a kind of event.  

  Events 

 As I used the term, an  event  is any change of a substance, place, or object, chem-
ical, mech an ical, or biophys ical. The change may be slow or fast, revers ible or 
nonre vers ible, repeat ing or nonre peat ing. Events include what happens to 
objects in general, plus what the animate objects  make  happen. Events are nested 
within super or din ate events. The motion of a detached object is not the proto-
type of an event that we have been led to think it was. Events of differ ent sorts 
are perceived as such and are not, surely, redu cible to element ary motions.   

  The Information for Perception 

  Information,  as the term is used in this book (but not in other books), refers to 
specifi c a tion of the observer’s envir on ment, not to specifi c a tion of the observ-
er’s recept ors or sense organs. The qual it ies of objects are specifi ed by inform-
a tion; the qual it ies of the recept ors and nerves are specifi ed by sensa tions. 
Information about the world cuts right across the qual it ies of sense. 

 The term  inform a tion  cannot have its famil iar diction ary meaning of  know-
ledge commu nic ated to a receiver.  This is unfor tu nate, and I would use another term 
if I could. The only recourse is to ask the reader to remem ber that picking up 
inform a tion is not to be thought of as a case of commu nic at ing. The world does 
not speak to the observer. Animals and humans commu nic ate with cries, 
gestures, speech, pictures, writing, and tele vi sion, but we cannot hope to 
under stand percep tion in terms of these chan nels; it is quite the other way 
around. Words and pictures convey inform a tion, carry it, or trans mit it, but the 
inform a tion in the sea of energy around each of us, lumin ous or mech an ical or 
chem ical energy, is not conveyed. It is simply there. The assump tion that 
inform a tion can be trans mit ted and the assump tion that it can be stored are 
appro pri ate for the theory of commu nic a tion, not for the theory of percep tion. 

 The vast area of spec u la tion about the so- called media of commu nic a tion had 
a certain discip line imposed on it some years ago by a math em at ical theory of 
commu nic a tion (Shannon and Weaver, 1949). A useful measure of inform a tion 
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trans mit ted was formu lated, in terms of “bits.” A sender and receiver, a channel, 
and a fi nite number of possible signals were assumed. The result was a genuine 
discip line of commu nic a tions engin eer ing. But, although psycho lo gists promptly 
tried to apply it to the senses and neuro psy cho lo gists began think ing of nerve 
impulses in terms of bits and the brain in terms of a computer, the applic a tions 
did not work. Shannon’s concept of inform a tion applies to tele phone hookups 
and radio broad cast ing in elegant ways but not, I think, to the fi rsthand percep-
tion of being in-the-world, to what the baby gets when fi rst it opens its eyes. The 
inform a tion for percep tion, unhap pily, cannot be defi ned and meas ured as 
Claude Shannon’s inform a tion can be. 

 The inform a tion in ambient light, along with sound, odor, touches, and 
natural chem ic als, is inex haust ible. A perceiver can keep on noti cing facts about 
the world she lives in to the end of her life without ever reach ing a limit. There 
is no threshold for inform a tion compar able to a stim u lus threshold. Information 
is not lost to the envir on ment when gained by the indi vidual; it is not conserved 
like energy. 

 Information is not specifi c to the banks of photore cept ors, mechanor e-
cept ors, and chemore cept ors that lie within the sense organs. Sensations are 
specifi c to recept ors and thus, normally, to the kinds of stim u lus energy that 
touch them off. But inform a tion is not energy- specifi c. Stimuli are not always 
imposed on a passive subject. In life one  obtains  stim u la tion in order to extract 
the inform a tion (Gibson, 1966 b , Ch. 2). The inform a tion can be the same, 
despite a radical change in the stim u la tion obtained. 

 Finally, a concept of inform a tion is required that admits of the possib il ity of 
illu sion. Illusions are a theor et ical perplex ity in any approach to the study of 
percep tion. Is inform a tion always valid and illu sion simply a failure to pick it up? 
Or is the inform a tion picked up some times impov er ished, masked, ambigu ous, 
equi vocal, contra dict ory, even false? The puzzle is espe cially crit ical in vision. 

 In Chapter 14 of  The Senses Considered as Perceptual Systems  (Gibson, 1966 b ) 
and again in this book I have tried to come to terms with the problem of 
misper cep tion. I am only sure of this: it is not one problem but a complex of 
differ ent prob lems. Consider, fi rst, the mirage of palm trees in the desert sky, 
or the straight stick that looks bent because it is partly immersed in water. 
These illu sions, together with the illu sion of Narcissus, arise from the regular 
refl ec tion or refrac tion of light, that is, from excep tions to the ecolo gical optics 
of the scatter- refl ect ing surface and the perfectly homo gen eous medium. Then 
consider, second, the misper cep tion in the case of the shark under the calm 
water or the elec tric shock hidden in the radio cabinet. Failure to perceive the 
danger is not then blamed on the perceiver. Consider, third, the sheet of glass 
mistaken for an open doorway or the hori zontal sheet of glass (the optical cliff ) 
mistaken for a void. A fourth case is the room composed of trapezoidal surfaces 
or the trapezoidal window, which look normally rect an gu lar so long as the 
observer does not open both eyes and walk around. Optical misin form a tion 
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enters into each of these cases in a differ ent way. But in the last analysis,  are  they 
explained by misin form a tion? Or is it a matter of failure to pick up  all  the avail-
able inform a tion, the inex haust ible reser voir that lies open to further scru tiny? 

 The misper ceiv ing of afford ances is a serious matter. As I noted in Chapter 8, 
a wildcat may look like a cat. (But  does  he look just like a cat?) A malevol ent man 
may act like a bene vol ent one. (But  does  he exactly?) The line between the 
pickup of misin form a tion and the failure to pick up inform a tion is hard to draw. 

 Consider the human habit of picture- making, which I take to be the devis ing 
and display ing of optical inform a tion for percep tion by others. It is thus a means 
of commu nic a tion, giving rise to medi ated appre hen sion, but it is more like 
direct pickup than word- making is. Depiction and its consequences are deferred 
until later, but it can be pointed out here that picture- makers have been exper-
i ment ing on us for centur ies with arti fi  cial displays of inform a tion in a special 
form. They enrich or impov er ish it, mask or clarify it, ambig u ate or disam big-
u ate it. They often try to produce a discrep ancy of inform a tion, an equi voc a-
tion or contra dic tion, in the same display. Painters inven ted the cues for depth 
in the fi rst place, and psycho lo gists looked at their paint ings and began to talk 
about cues. The notions of coun ter bal anced cues, of fi gure- ground reversals, of 
equi vocal perspect ives, of differ ent perspect ives on the same object, of “impos-
sible” objects—all these come from artists who were simply exper i ment ing 
with frozen optical inform a tion. 

 An import ant fact to be noted about any pictorial display of optical inform-
a tion is that, in contrast with the inex haust ible reser voir of inform a tion in an 
illu min ated medium, it cannot be looked at close up. Information to specify the 
display as such, the canvas, the surface, the screen, can always be picked up by 
an observer who walks around and looks closely.  

  The Concept of a Perceptual System 

 The theory of inform a tion pickup requires percep tual systems, not senses. 
Some years ago I tried to prove that a percep tual system was radic ally differ ent 
from a sense (Gibson, 1966 b ), the one being active and the other passive. People 
said, “Well, what I mean by a sense is an  active  sense.” But it turned out that they 
still meant the passive inputs of a sensory nerve, the activ ity being what occurs 
in the brain when the inputs get there. That was not what I meant by a percep-
tual system. I meant the activ it ies of looking, listen ing, touch ing, tasting, or 
sniffi  ng. People then said, “Well, but those are responses to sights, sounds, 
touches, tastes, or smells, that is, motor acts result ing from sensory inputs. What 
you call a percep tual system is nothing but a case of feed back.” I was discour-
aged. People did not under stand. 

 I shall here make another attempt to show that the senses considered as special 
senses cannot be recon ciled with the senses considered as percep tual systems. 
The fi ve percep tual systems corres pond to fi ve modes of overt atten tion. They 
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have over lap ping func tions, and they are all more or less subor din ated to an 
overall orient ing system. A system has organs, whereas a sense has recept ors. A 
system can orient, explore, invest ig ate, adjust, optim ize, reson ate, extract, and 
come to an equi lib rium, whereas a sense cannot. The char ac ter istic activ it ies of 
the visual system have been described in Chapter 12 of this book. The char ac-
ter istic activ it ies of the audit ory system, the haptic system, and the two related 
parts of what I called the “chem ical value system” were described in Chapters 5–8 
of my earlier book (Gibson, 1966 b ). Five funda mental differ ences between a 
sense and a percep tual system are given below. 

 1. A special sense is defi ned by a bank of recept ors or recept ive units that 
are connec ted with a so- called projec tion center in the brain. Local stimuli at 
the sensory surface will cause local fi ring of neurons in the center. The adjust-
ments of the organ in which the recept ors are incor por ated are not included 
within the defi n i tion of a sense. 

 A percep tual system is defi ned by an organ and its adjust ments at a given level 
of func tion ing, subor din ate or super or din ate. At any level, the incom ing and 
outgo ing nerve fi bers are considered together so as to make a continu ous loop. 

 The organs of the visual system, for example, from lower to higher are 
roughly as follows. First, the lens, pupil, chamber, and retina comprise an organ. 
Second, the eye with its muscles in the orbit comprise an organ that is both 
stabil ized and mobile. Third, the two eyes in the head comprise a binocu lar 
organ. Fourth, the eyes in a mobile head that can turn comprise an organ for the 
pickup of ambient inform a tion. Fifth, the eyes in a head on a body consti tute a 
super or din ate organ for inform a tion pickup over paths of loco motion. The 
adjust ments of accom mod a tion, intens ity modu la tion, and dark adapt a tion go 
with the fi rst level. The move ments of compens a tion, fi xa tion, and scan ning go 
with the second level. The move ments of vergence and the pickup of dispar ity 
go with the third level. The move ments of the head, and of the body as a whole, 
go with the fourth and fi fth levels. All of them serve the pickup of inform a tion. 

 2. In the case of a special sense, the recept ors can only receive stimuli, pass-
ively, whereas in the case of a percep tual system the input- output loop can be 
supposed to obtain inform a tion, actively. Even when the theory of the special 
senses is liber al ized by the modern hypo thesis of recept ive units, the latter are 
supposed to be triggered by complex stimuli or modu lated in some passive fashion. 

 3. The inputs of a special sense consti tute a reper tory of innate sensa tions, 
whereas the achieve ments of a percep tual system are suscept ible to matur a tion 
and learn ing. Sensations of one modal ity can be combined with those of 
another in accord ance with the laws of asso ci ation; they can be organ ized or 
fused or supple men ted or selec ted, but  no new sensa tions can be learned.  The 
inform a tion that is picked up, on the other hand, becomes more and more 
subtle, elab or ate, and precise with prac tice. One can keep on learn ing to 
perceive as long as life goes on. 
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 4. The inputs of the special senses have the qual it ies of the recept ors being 
stim u lated, whereas the achieve ments of the percep tual systems are specifi c to 
the qual it ies of things in the world, espe cially their afford ances. The recog ni-
tion of this limit a tion of the senses was forced upon us by Johannes Müller with 
his doctrine of specifi c “nerve ener gies.” He under stood clearly, if reluct antly, 
the implic a tion that, because we can never know the external causes of our 
sensa tions, we cannot know the outer world. Strenuous efforts have to be made 
if one is to avoid this shock ing conclu sion. Helmholtz argued that we must 
deduce the causes of our sensa tions because we cannot detect them. The hypo-
thesis that sensa tions provide clues or cues for percep tion of the world is similar. 
The popular formula that we can inter pret sensory signals is a variant of it. But 
it seems to me that all such argu ments come down to this: we can perceive the 
world only if we already know what there is to be perceived. And that, of 
course, is circu lar. I shall come back to this point again. 

 The altern at ive is to assume that sensa tions triggered by light, sound, pres-
sure, and chem ic als are merely incid ental, that inform a tion is avail able to a 
percep tual system, and that the qual it ies of the world in rela tion to the needs of 
the observer are exper i enced directly. 

 5. In the case of a special sense the process of atten tion occurs at centers 
within the nervous system, whereas in the case of a percep tual system atten tion 
pervades the whole input- output loop. In the fi rst case atten tion is a conscious-
ness that can be focused; in the second case it is a skill that can be educated. In 
the fi rst case physiolo gical meta phors are used, such as the fi lter ing of nervous 
impulses or the switch ing of impulses from one path to another. In the second 
case the meta phors used can be terms such as  reson at ing, extract ing, optim iz ing,  or 
 symmet ric al iz ing  and such acts as orient ing, explor ing, invest ig at ing, or adjust ing. 

 I sugges ted in Chapter 12 that a normal act of visual atten tion consists of 
scan ning a whole feature of the ambient array, not of fi xat ing a single detail of 
the array. We are tempted to think of atten tion as strictly a narrow ing- down 
and holding- still, but actu ally this is rare. The invari ants of struc ture in an 
optic array that consti tute inform a tion are more likely to be gradi ents than 
small details, and they are scanned over wide angles.  

  The Registering of Both Persistence and Change 

 The theory of inform a tion pickup requires that the visual system be able to 
detect both persist ence and change—the persist ence of places, objects, and 
substances along with whatever changes they undergo. Everything in the world 
persists in some respects and changes in some respects. So also does the observer 
himself. And some things persist for long inter vals, others for short. 

 The perceiv ing of persist ence and change (instead of color, form, space, 
time, and motion) can be stated in various ways. We can say that the perceiver 
 separ ates  the change from the nonchange,  notices  what stays the same and what 
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does not, or  sees  the continu ing iden tity of things along with the events in 
which they parti cip ate. The ques tion, of course, is how he does so. What is the 
inform a tion for persist ence and change? The answer must be of this sort: The 
perceiver extracts the invari ants of struc ture from the fl ux of stim u la tion while 
still noti cing the fl ux. For the visual system in partic u lar, he tunes in on the 
invari ant struc ture of the ambient optic array that under lies the chan ging 
perspect ive struc ture caused by his move ments. 

 The hypo thesis that invari ance under optical trans form a tion consti tutes 
inform a tion for the percep tion of a rigid persist ing object goes back to the moving- 
shadow exper i ment (Gibson and Gibson, 1957). The outcome of that exper i ment 
was para dox ical; it seemed at the time that a chan ging form elicited the percep tion 
of a constant form with a chan ging slant. The solu tion was to postu late invari ants 
of optical struc ture for the persist ing object, “form less” invari ants, and a partic u lar 
disturb ance of optical struc ture for the motion of the object, a perspect ive trans-
form a tion. Separate terms needed to be devised for phys ical motions and for the 
optical motions that specifi ed them, for events in the world and for events in the 
array, for geometry did not provide the terms. Similarly, differ ent terms need to 
be inven ted to describe invari ants of the chan ging world and invari ants of the 
chan ging array; the geomet rical word  form  will not do. Perhaps the best policy is 
to use the terms  persist ence  and  change  to refer to the envir on ment but  preser va tion  
and  disturb ance  of struc ture to refer to the optic array. 

 The stim u lus- sequence theory of percep tion, based on a succes sion of 
discrete eye fi xa tions, can assume only that the way to appre hend persist ence is 
by an act of compar ison and judg ment. The percep tion of what- it-is- now is 
compared with the memory of what- it-was- then, and they are judged  same.  
The continu ous pickup theory of percep tion can assume that the appre hen sion 
of persist ence is a simple act of invari ance detec tion. Similarly, the snap shot 
theory must assume that the way to appre hend change is to compare what- it-
is- now with what- it-was- then and judge  differ ent,  whereas the pickup theory 
can assume an aware ness of trans form a tion. The congru ence of the array with 
itself or the dispar ity of the array with itself, as the case may be, is picked up. 

 The percep tion of the persist ing iden tity of things is funda mental to other 
kinds of percep tion. Consider an example, the persist ing iden tity of another 
person. How does a child come to appre hend the iden tity of the mother? You 
might say that when the mother- fi gure, or the face, is continu ally fi xated by the 
child the persist ence of the sensa tion is suppor ted by the continu ing stim u lus. 
So it is when the child clings to the mother. But what if the mother- fi gure is 
scanned? What if the fi gure leaves and returns to the fi eld of view? What if the 
fi gure goes away and comes back? What is perceived when it emerges from the 
distance or from dark ness, when its back is turned, when its cloth ing is changed, 
when its emotional state is altered, when it comes back into sight after a long 
inter val? In short, how is it that the phenom enal iden tity of a person agrees so 
well with the biolo gical iden tity, despite all the vicis situdes of the fi gure in the 
optic array and all the events in which the person parti cip ates? 
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 The same ques tions can be asked about inan im ate objects, attached objects, 
places, and substances. The features of a person are invari ant to a consid er able 
degree (the eyes, nose, mouth, style of gesture, and voice). But so are the 
analog ous features of other things, the child’s blanket, the kitchen stove, the 
bedroom, and the bread on the table. All have to be iden ti fi ed as continu ing, as 
persist ing, as main tain ing exist ence. And this is not explained by the construct ing 
of a concept for each. 

 We are accus tomed to assum ing that success ive stimuli from the same entity, 
sensory encoun ters with it, are united by an act of recog ni tion. We have 
assumed that percep tion ceases and memory takes over when sensa tion stops. 
Hence, every fresh glimpse of anything requires the act of linking it up with 
the memor ies of that thing instead of some other thing. The judg ment, “I have 
seen this before,” is required for the appre hen sion of “same thing,” even when 
the observer has only turned away, or has only glanced away for an instant. The 
clas sical theory of sense percep tion is reduced to an absurdity by this require-
ment. The altern at ive is to accept the theory of invari ance detec tion. 

   THE EFFECT OF PERSISTING STIMULATION 
ON PERCEPTION  

 We have assumed that percep tion stops when sensa tion stops and that 
sensa tion stops when stim u la tion stops, or very soon there after. Hence, a 
persist ing stim u lus is required for the percep tion of a persist ing object. The 
fact is, however, that a truly persist ing stim u lus on the retina or the skin 
specifi es only that the observer does not or cannot move his eye or his limb, 
and the sense percep tion soon fades out by sensory adapt a tion (Chapter 4). 
The persist ence of an object is specifi ed by invari ants of struc ture, not by the 
persist ence of stim u la tion. 

 The seeing of persist ence considered as the picking up of invari ants under 
change resolves an old puzzle: the phenom enal iden tity of the spots of a 
retinal pattern when the image is trans posed over the retina strobo scop ic ally. 
The exper i ments of Josef Ternus fi rst made this puzzle evident. See Gibson 
(1950, pp. 56 ff.) for a discus sion and refer ences. 

 I used to think that the afteref fects of persist ing stim u la tion of the retina 
obtained by the prolonged fi xa tion of a display could be very reveal ing. 
Besides ordin ary after im ages there are all sorts of percep tual afteref fects, some 
of which I discovered. But I no longer believe that exper i ments on so- called 
percep tual adapt a tion are reveal ing, and I have given up theor iz ing about 
them. The afteref fects of prolonged scru tiny are of many sorts. Until we know 
more about inform a tion pickup, this fi eld of invest ig a tion will be inco her ent.  
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 The quality of famili ar ity that can go with the percep tion of a place, object, 
or person, as distin guished from the quality of unfa mili ar ity, is a fact of exper i-
ence. But is famili ar ity a result of the percept making contact with the traces of 
past percepts of the same thing? Is unfa mili ar ity a result of not making such 
contact? I think not. There is a circu lar ity in the reas on ing, and it is a bad theory. 
The quality of famili ar ity simply accom pan ies the percep tion of persist ence. 

 The percep tion of the persist ing iden tity of places and objects is more funda-
mental than the percep tion of the differ ences among them. We are told that to 
perceive some thing is to categor ize it, to distin guish it from the other types of 
things that it might have been. The essence of perceiv ing is discrim in at ing. 
Things differ among them selves, along dimen sions of differ ence. But this leaves 
out of account the simple fact that the substance, place, object, person, or what-
ever has to last long enough to be distin guished from other substances, places, 
objects, or persons. The detect ing of the invari ant features of a persist ing thing 
should not be confused with the detect ing of the invari ant features that make 
differ ent things similar. Invariants over time and invari ants over entit ies are not 
grasped in the same way. 

 In the case of the persist ing thing, I suggest, the percep tual system simply 
extracts the invari ants from the fl owing array; it  reson ates  to the invari ant struc-
ture or is  attuned  to it. In the case of substan tially distinct things, I venture, the 
percep tual system must  abstract  the invari ants. The former process seems to be 
simpler than the latter, more nearly auto matic. The latter process has been 
inter preted to imply an intel lec tual act of lifting out some thing that is mental 
from a collec tion of objects that are phys ical, of forming an abstract concept 
from concrete percepts, but that is very dubious. Abstraction is invari ance 
detec tion across objects. But the invari ant is only a simil ar ity, not a persist ence.  

  Summary of the Theory of Pickup 

 According to the theory being proposed,  perceiv ing  is a regis ter ing of certain 
defi n ite dimen sions of invari ance in the stim u lus fl ux together with defi n ite 
para met ers of disturb ance. The invari ants are invari ants of struc ture, and the 
disturb ances are disturb ances of struc ture. The struc ture, for vision, is that of 
the ambient optic array. 

 The invari ants specify the persist ence of the envir on ment and of oneself. 
The disturb ances specify the changes in the envir on ment and of oneself. A 
perceiver is aware of her exist ence in a persist ing envir on ment and is also aware 
of her move ments relat ive to the envir on ment, along with the motions of 
objects and nonri gid surfaces relat ive to the envir on ment. The term  aware ness  is 
used to imply a direct pickup of the inform a tion, not neces sar ily to imply 
conscious ness. 

 There are many dimen sions of invari ance in an ambient optic array over 
time, that is, for paths of obser va tion. One invari ant, for example, is caused by 
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the occlud ing edge of the nose, and it specifi es the self. Another is the gradi ent 
of optical texture caused by the mater ial texture of the substratum, and it spec-
ifi es the basic envir on ment. Equally, there are many para met ers of disturb ance 
of an ambient optic array. One, for example, is caused by the sweep ing of the 
nose over the ambient optic array, and it specifi es head turning. Another is the 
dele tion and accre tion of texture at the edges of a form in the array, and it 
specifi es the motion of an object over the ground. 

 For differ ent kinds of events in the world there are differ ent para met ers of 
optical disturb ance, not only accre tion- dele tion but also polar outfl ow- infl ow, 
compres sion, trans form a tion, substi tu tion, and others. Hence, the same object 
can be seen under go ing differ ent events, and differ ent objects can be seen 
under go ing the same event. For example, an apple may ripen, fall, collide, roll, 
or be eaten, and eating may happen to an apple, carrot, egg, biscuit, or lamb 
chop. If the para meter of optical disturb ance is distin guished, the event will be 
perceived. Note how radic ally differ ent this is from saying that if stim u lus- 
event  A  is invari ably followed by stim u lus- event  B  we will come to expect  B  
whenever we exper i ence  A . The latter is clas sical asso ci ation theory (or condi-
tion ing theory, or expect ancy theory). It rests on the stim u lus- sequence 
doctrine. It implies that falling, collid ing, rolling, or eating are not units but 
sequences. It implies, with David Hume, that even if  B  has followed  A  a thou-
sand times there is no certainty that it will follow  A  in the future. An event is 
only known by a conjunc tion of atomic sensa tions, a contin gency. If this recur-
rent sequence is exper i enced again and again, the observer will begin to anti-
cip ate, or have faith, or learn by induc tion, but that is the best he can do. 

 The process of pickup is postu lated to depend on the input- output loop of a 
percep tual system. For this reason, the inform a tion that is picked up cannot be 
the famil iar kind that is trans mit ted from one person to another and that can be 
stored. According to pickup theory, inform a tion does not have to be stored in 
memory because it is always avail able. 

 The process of pickup is postu lated to be very suscept ible to devel op ment 
and learn ing. The oppor tun it ies for educat ing atten tion, for explor ing and 
adjust ing, for extract ing and abstract ing are unlim ited. The increas ing capa city 
of a percep tual system to pick up inform a tion, however, does not in itself 
consti tute inform a tion. The ability to perceive does not imply, neces sar ily, the 
having of an idea of what can be perceived. The having of ideas is a fact, but it 
is not a prerequis ite of perceiv ing. Perhaps it is a kind of exten ded perceiv ing.   

  The Traditional Theories of Perception: Input Processing 

 The theory of inform a tion pickup purports to be an altern at ive to the tradi-
tional theor ies of percep tion. It differs from all of them, I venture to suggest, in 
reject ing the assump tion that percep tion is the processing of inputs.  Inputs  mean 
sensory or affer ent nerve impulses to the brain. 
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 Adherents to the tradi tional theor ies of percep tion have recently been 
making the claim that what they assume is the processing of inform a tion in a 
modern sense of the term, not sensa tions, and that there fore they are not bound 
by the tradi tional theor ies of percep tion. But it seems to me that all they are 
doing is climb ing on the latest band wagon, the computer band wagon, without 
reapprais ing the tradi tional assump tion that perceiv ing is the processing of 
inputs. I refuse to let them pre- empt the term  inform a tion.  As I use the term, it 
is not some thing that has to be processed. The inputs of the recept ors have to 
be processed, of course, because they in them selves do not specify anything 
more than the anatom ical units that are triggered. 

 All kinds of meta phors have been sugges ted to describe the ways in which 
sensory inputs are processed to yield percep tions. It is supposed that sensa tion 
occurs fi rst, percep tion occurs next, and know ledge occurs last, a progres sion 
from the lower to the higher mental processes. One process is the fi lter ing of 
sensory inputs. Another is the organ iz ing of sensory inputs, the group ing of 
elements into a spatial pattern. The integ rat ing of elements into a temporal 
pattern may or may not be included in the organ iz ing process. After that, the 
processes become highly spec u lat ive. Some theor ists propose mental oper a-
tions. Others argue for semi lo gical processes or problem- solving. Many theor-
ists are in favor of a process analog ous to the decod ing of signals. All theor ists 
seem to agree that past exper i ence is brought to bear on the sensory inputs, 
which means that memor ies are somehow applied to them. Apart from fi lter ing 
and organ iz ing, the processes sugges ted are cognit ive. Consider some of them. 

  Mental Operations on the Sensory Inputs 

 The a priori categor ies of under stand ing possessed by the perceived, accord ing 
to Kant  

 The perceiver’s presup pos i tions about what is being perceived 

 Innate ideas about the world 

  Semilogical Operations on the Sensory Inputs 

 Unconscious infer ences about the outer causes of the sensory inputs, accord ing 
to Helmholtz (the outer world is deduced) 

 Estimates of the prob able char ac ter of the “distant” objects based on the 
“prox imal” stimuli, accord ing to Egon Brunswik (1956), said to be a quasir a-
tional, not a fully rational, process  

  Decoding Operations on the Sensory Inputs 

 The inter pret ing of the inputs considered as signals (a very popular analogy 
with many vari ants) 
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 The decod ing of sensory messages 

 The util iz ing of sensory cues 

 The under stand ing of signs, or indic at ors, or even  clues,  in the manner of a 
police detect ive  

  The Application of Memories to the Sensory Inputs 

 The “accrual” of a context of memory images and feel ings to the core of sensa-
tions, accord ing to E. B. Titchener’s theory of percep tion (1924). 

 This last hypo thet ical process is perhaps the most widely accep ted of all, and the 
most elab or ated. Perceptual learn ing is supposed to be a matter of enrich ing the 
input, not of differ en ti at ing the inform a tion (Gibson and Gibson, 1955). But the 
process of combin ing memor ies with inputs turns out to be not at all simple when 
analyzed. The appro pri ate memor ies have to be retrieved from storage, that is, 
aroused or summoned; an image does not simply accrue. The sensory input must 
fuse in some fashion with the stored images; or the sensory input is assim il ated to 
a compos ite memory image, or, if this will not do, it is said to be assim il ated to a 
class, a type, a schema, or a concept. Each new sensory input must be categor ized—
assigned to its class, matched to its type, fi tted to its schema, and so on. Note that 
categor ies cannot become estab lished until enough items have been clas si fi ed but 
that items cannot be clas si fi ed until categor ies have been estab lished. It is this diffi -
culty, for one, that compels some theor ists to suppose that clas si fi c a tion is a priori 
and that people and animals have innate or instinct ive know ledge of the world. 

 The error lies, it seems to me, in assum ing that either innate ideas or acquired 
ideas must be applied to bare sensory inputs for perceiv ing to occur. The fallacy 
is to assume that because inputs convey no know ledge they can somehow be 
made to yield know ledge by “processing” them. Knowledge of the world must 
come from some where; the debate is over whether it comes from stored know-
ledge, from innate know ledge, or from reason. But all three doctrines beg the 
ques tion. Knowledge of the world cannot be explained by suppos ing that 
know ledge of the world already exists. All forms of cognit ive processing imply 
cogni tion so as to account for cogni tion. 

   FIGURE 14.1     The commonly supposed sequence of stages in the visual perceiv ing of 
an object.     
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 All this should be treated as ancient history. Knowledge of the envir on ment, 
surely, devel ops as percep tion devel ops, extends as the observ ers travel, gets 
fi ner as they learn to scru tin ize, gets longer as they appre hend more events, gets 
fuller as they see more objects, and gets richer as they notice more afford ances. 
Knowledge of this sort does not “come from” anywhere; it is got by looking, 
along with listen ing, feeling, smelling, and tasting. The child also, of course, 
begins to acquire know ledge that comes from parents, teach ers, pictures, and 
books. But this is a differ ent kind of know ledge.   

  The False Dichotomy between Present and Past Experience 

 The divi sion between present exper i ence and past exper i ence may seem to be 
self- evident. How could anyone deny it? Yet it is denied in suppos ing that we 
can exper i ence both change and nonchange. The differ ence between present 
and past blurs, and the clarity of the distinc tion slips away. The stream of exper-
i ence does not consist of an instant an eous present and a linear past reced ing into 
the distance; it is not a “trav el ing razor’s edge” divid ing the past from the future. 
Perhaps the present has a certain dura tion. If so, it should be possible to fi nd out 
when perceiv ing stops and remem ber ing begins. But it has not been possible. 
There are attempts to talk about a “conscious” present, or a “specious” present, 
or a “span” of present percep tion, or a span of “imme di ate memory,” but they 
all founder on the simple fact that there is no divid ing line between the present 
and the past, between perceiv ing and remem ber ing. A special sense impres sion 
clearly ceases when the sensory excit a tion ends, but a percep tion does not. It 
does not become a memory after a certain length of time. A percep tion, in fact, 
does not  have  an end. Perceiving goes on. 

 Perhaps the force of the dicho tomy between present and past exper i ence 
comes from language, where we are not allowed to say anything inter me di ate 
between “I see you” and “I saw you” or “I am seeing you” and “I was seeing 
you.” Verbs can take the present tense or the past tense. We have no words to 
describe my continu ing aware ness of you, whether you are in sight or out of 
sight. Language is categor ical. Because we are led to separ ate the present from the 
past, we fi nd ourselves involved in what I have called the “muddle of memory” 
(Gibson, 1966a). We think that the past ceases to exist unless it is “preserved” in 
memory. We assume that memory is the bridge between the past and the present. 
We assume that memor ies accu mu late and are stored some where; that they are 
images, or pictures, or repres ent a tions of the past; or that memory is actu ally 
physiolo gical, not mental, consist ing of engrams or traces; or that it actu ally 
consists of neural connec tions, not engrams; that memory is the basis of all 
learn ing; that memory is the basis of habit; that memor ies live on in the uncon-
scious; that hered ity is a form of memory; that cultural hered ity is another form 
of memory; that any effect of the past on the present is memory, includ ing hyster-
esis. If we cannot do any better than this, we should stop using the word. 
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 The tradi tional theor ies of percep tion take it for granted that what we 
see  now,  present exper i ence, is the sensory basis of our percep tion of the 
envir on ment and that what we have seen  up to now,  past exper i ence, is added to 
it. We can only under stand the present in terms of the past. But what we see 
 now  (when it is care fully analyzed) turns out to be at most a pecu liar set of 
surfaces that happen to come within the fi eld of view and face the point of 
obser va tion (Chapter 11). It does not comprise what we see. It could not 
possibly be the basis of our percep tion of the envir on ment. What we see  now  
refers to the self, not the envir on ment. The perspect ive appear ance of the world 
at a given moment of time is simply what specifi es to the observer where he is 
at that moment. The percep tual process does not begin with this pecu liar 
projec tion, this moment ary pattern. The perceiv ing of the world begins with 
the pickup of invari ants. 

 Evidently the theory of inform a tion pickup does not need memory. It does 
not have to have as a basic postu late the effect of past exper i ence on present 
exper i ence by way of memory. It needs to explain learn ing, that is, the improve-
ment of perceiv ing with prac tice and the educa tion of atten tion, but not by an 
appeal to the catch- all of past exper i ence or to the muddle of memory. 

 The state of a percep tual system is altered when it is attuned to inform a tion 
of a certain sort. The system has become sens it ized. Differences are noticed that 
were previ ously not noticed. Features become distinct ive that were formerly 
vague. But this altered state need not be thought of as depend ing on a memory, 
an image, an engram, or a trace. An image of the past, if exper i enced at all, 
would be only an incid ental symptom of the altered state. 

 This is not to deny that remin is cence, expect a tion, imagin a tion, fantasy, and 
dream ing actu ally occur. It is only to deny that they have an essen tial role to 
play in perceiv ing. They are kinds of visual aware ness other than percep tual. 
Let us now consider them in their own right.  

  A New Approach to Nonperceptual Awareness 

 The redefi n i tion of  percep tion  implies a redefi n i tion of the so- called higher mental 
processes. In the old mental istic psycho logy, they stood above the lower mental 
processes, the sensory and refl ex processes, which could be under stood in terms 
of the physiology of recept ors and nerves. These higher processes were vaguely 
supposed to be intel lec tual processes, inas much as the intel lect was contras ted 
with the senses. They occurred in the brain. They were oper a tions of the mind. 
No list of them was ever agreed upon, but  remem ber ing, think ing, conceiv ing, infer-
ring, judging, expect ing,  and, above all,  knowing  were the words used.  Imagining, 
dream ing, ration al iz ing,  and  wishful think ing  were also recog nized, but it was not 
clear that they were higher processes in the intel lec tual sense. I am convinced 
that none of them can ever be under stood as an oper a tion of the mind. They will 
never be under stood as reac tions of the body, either. But perhaps if they are 
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recon sidered in rela tion to ecolo gical perceiv ing they will begin to sort them-
selves out in a new and reas on able way that fi ts with the evid ence. 

 To perceive is to be aware of the surfaces of the envir on ment and of oneself 
in it. The inter change between hidden and unhid den surfaces is essen tial to this 
aware ness. These are exist ing surfaces; they are specifi ed at some points of 
obser va tion. Perceiving gets wider and fi ner and longer and richer and fuller as 
the observer explores the envir on ment. The full aware ness of surfaces includes 
their layout, their substances, their events, and their afford ances. Note how this 
defi n i tion includes within percep tion a part of memory, expect a tion, know-
ledge, and meaning—some part but not all of those mental processes in each 
case. 

 One kind of remem ber ing, then, would be an aware ness of surfaces that 
have ceased to exist or events that will not recur, such as items in the story of 
one’s own life. There is no point of obser va tion at which such an item will 
come into sight. 

 To expect, anti cip ate, plan, or imagine creat ively is to be aware of surfaces 
that do not exist or events that do not occur but that could arise or be fabric ated 
within what we call the limits of possib il ity. 

 To daydream, dream, or imagine wish fully (or fear fully) is to be aware of 
surfaces or events that do not exist or occur and that are outside the limits of 
possib il ity. 

 These three kinds of nonper cep tual aware ness are not explained, I think, by 
the tradi tional hypo thesis of mental imagery. They are better explained by some 
such hypo thesis as this: a percep tual system that has become sens it ized to certain 
invari ants and can extract them from the stim u lus fl ux can also operate without 
the constraints of the stim u lus fl ux. Information becomes further detached from 
stim u la tion. The adjust ment loops for looking around, looking at, scan ning, 
and focus ing are then inop er at ive. The visual system visu al izes. But this is still 
an activ ity of the system, not an appear ance in the theater of conscious ness. 

 Besides these, other kinds of cognit ive aware ness occur that are not strictly 
percep tual. Before consid er ing them, however, I must clarify what I mean by 
 imagin ary  or  unreal.   

  The Relationship between Imagining and Perceiving 

 I assume that a normal observer is well aware of the differ ence between surfaces 
that exist and surfaces that do not. (Those that do not have ceased to exist, or 
have not begun to, or have not and will not.) How can this be so? What is the 
inform a tion for exist ence? What are the criteria? It is widely believed that 
young chil dren are not aware of the differ ences, and neither are adults suffer ing 
from hallu cin a tions. They do not distin guish between what is “real” and what 
is “imagin ary” because percep tion and mental imagery cannot be separ ated. 
This doctrine rests on the assump tion that, because a percept and an image both 
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occur in the brain, the one can pass over into the other by gradual steps. The 
only “tests for reality” are intel lec tual. A percept cannot valid ate itself. 

 We have been told ever since John Locke that an image is a “faint copy” of a 
percept. We are told by Titchener (1924) that an image is “easily confused with 
a sensa tion” (p. 198). His devoted student, C. W. Perky, managed to show that a 
faint optical picture secretly projec ted from behind on a trans lu cent screen is 
some times not iden ti fi ed as such when an observer is imagin ing an object of the 
same sort on the screen (Perky, 1910). We are told by a famous neurosur geon that 
elec trical stim u la tion of the surface of the brain in a conscious patient “has the 
force” of an actual percep tion (Penfi eld, 1958). It is said that when a feeling of 
reality accom pan ies a content of conscious ness it is marked as a percept and when 
it does not it is marked as an image. All these asser tions are extremely dubious. 

 I suggest that perfectly reli able and auto matic tests for reality are involved in 
the working of a percep tual system. They do not have to be intel lec tual. A surface 
is seen with more or less defi n i tion as the accom mod a tion of the lens changes; an 
image is not. A surface becomes clearer when fi xated; an image does not. A 
surface can be scanned; an image cannot. When the eyes converge on an object 
in the world, the sensa tion of crossed diplopia disap pears, and when the eyes 
diverge, the “double image” reappears; this does not happen for an image in the 
space of the mind. An object can be scru tin ized with the whole reper tory of 
optim iz ing adjust ments described in Chapter 11. No image can be scru tin ized—
not an after im age, not a so- called eidetic image, not the image in a dream, and 
not even a hallu cin a tion. An imagin ary object can undergo an  imagin ary  scru tiny, 
no doubt, but you are not going to discover a new and surpris ing feature of the 
object this way. For it is the very features of the object that your percep tual 
system has already picked up that consti tute your ability to visu al ize it. The most 
decis ive test for reality is whether you can discover new features and details by 
the act of scru tiny. Can you obtain new stim u la tion and extract new inform a tion 
from it? Is the inform a tion inex haust ible? Is there more to be seen? The imagin ary 
scru tiny of an imagin ary entity cannot pass this test. 

 A related criterion for the exist ence of a thing is revers ible occlu sion. 
Whatever goes out of sight as you move your head and comes into sight as you 
move back is a  persist ing  surface. Whatever comes into sight when you move 
your head is a  preex ist ing  surface. That is to say, it exists. The present, past, or 
future tense of the verb  see  is irrel ev ant; the fact is perceived without words. 
Hence, a criterion  for real  versus  imagin ary  is what happens when you turn and 
move. When the infant turns her head and creeps about and brings her hands 
in and out of her fi eld of view, she perceives what is real. The assump tion that 
chil dren cannot tell the differ ence between what is real and what is imagin ary 
until the intel lect devel ops is mental istic nonsense. As the child grows up, she 
appre hends more reality as she visits more places of her habitat. 

 Nevertheless, it is argued that dreams some times have the “feeling” of reality, 
that some drugs can induce hallu cin a tions, and that a true hallu cin a tion in 
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psychosis is proof that a mental image can be the same as a percept, for the patient 
acts as if he were perceiv ing and thinks he is perceiv ing. I remain dubious (Gibson, 
1970). The dreamer is asleep and cannot make the ordin ary tests for reality. The 
drug- taker is hoping for a vision and does not want to make tests for reality. There 
are many possible reasons why the hallu cin at ing patient does not scru tin ize what 
he says he sees, does not walk around it or take another look at it or test it. 

 There is a popular fallacy to the effect that if you can touch what you see it 
is real. The sense of touch is supposed to be more trust worthy than the sense of 
sight, and Bishop Berkeley’s theory of vision was based on this idea. But it is 
surely wrong. Tactual hallu cin a tions can occur as well as visual. And if the 
senses are actu ally percep tual systems, the haptic system as I described it 
(Gibson, 1966 b ) has its own explor at ory adjust ments and its own auto matic 
tests for reality. One percep tual system does not  valid ate  another. Seeing and 
touch ing are two ways of getting much the same inform a tion about the world.  

  A New Approach to Knowing 

 The theory of inform a tion pickup makes a clear- cut separ a tion between 
percep tion and fantasy, but it closes the supposed gap between percep tion and 
know ledge. The extract ing and abstract ing of invari ants are what happens in 
both perceiv ing and knowing. To perceive the envir on ment and to conceive it 
are differ ent in degree but not in kind. One is continu ous with the other. Our 
reasons for suppos ing that seeing some thing is quite unlike knowing some thing 
come from the old doctrine that seeing is having tempor ary sensa tions one after 
another at the passing moment of present time, whereas knowing is having 
perman ent concepts stored in memory. It should now be clear that percep tual 
seeing is an aware ness of persist ing struc ture. 

 Knowing is an  exten sion  of perceiv ing. The child becomes aware of the world 
by looking around and looking at, by listen ing, feeling, smelling, and tasting, but 
then she begins to be  made  aware of the world as well. She is shown things, and 
told things, and given models and pictures of things, and then instru ments and 
tools and books, and fi nally rules and short cuts for fi nding out more things. 
Toys, pictures, and words are aids to perceiv ing, provided by parents and teach ers. 
They trans mit to the next gener a tion the tricks of the human trade. The labors 
of the fi rst perceiv ers are spared their descend ants. The extract ing and abstract ing 
of the invari ants that specify the envir on ment are made vastly easier with these 
aids to compre hen sion. But they are not in them selves know ledge, as we are 
tempted to think. All they can do is facil it ate knowing by the young. 

 These exten ded or aided modes of appre hen sion are all cases of inform a tion 
pickup from a stim u lus fl ux. The learner has to hear the speech in order to pick 
up the message; to see the model, the picture, or the writing; to manip u late the 
instru ment in order to extract the inform a tion. But the inform a tion itself is 
largely inde pend ent of the stim u lus fl ux. 
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 What are the kinds of cultur ally trans mit ted know ledge? I am uncer tain, 
for they have not been considered at this level of descrip tion. Present- day 
discus sions of the “media of commu nic a tion” seem to me glib and super fi  cial. 
I suspect that there are many kinds merging into one another, of great 
complex ity. But I can think of three obvious ways to facil it ate knowing, to aid 
perceiv ing, or to extend the limits of compre hen sion: the use of instru ments, 
the use of verbal descrip tions, and the use of pictures. Words and pictures work 
in a differ ent way than do instru ments, for the inform a tion is obtained at second 
hand. Consider them separ ately. 

  Knowing Mediated by Instruments 

 Surfaces and events that are too small or too far away cannot be perceived. You 
can of course increase the visual solid angle if you approach the item and put 
your eye close to it, but that proced ure has its limits. You cannot approach the 
moon by walking, and you cannot get your eye close enough to a drop of pond 
water to see the little animals swim ming in it. What can be done is to  enlarge  
the visual solid angle from the moon or the water drop. You can convert a tiny 
sample of the ambient optic array at a point of obser va tion into a magni fi ed 
sample by means of a tele scope or a micro scope. The struc ture of the sample is 
only a little distor ted. The surfaces perceived when the eye is placed at the 
eyepiece are “virtual” instead of “real,” but only in the special sense that they 
are very much closer to the observer. The invari ants of struc ture are nearly the 
same when a visual angle with its nested compon ents is magni fi ed. This descrip-
tion of magni fi c a tion comes from ecolo gical optics. For design ing the lens 
system of the instru ment, a differ ent optics is needed. 

 The discov ery of these instru ments in the seven teenth century enabled men 
to know much more about very large bodies and very small bodies than they 
had before. But this new know ledge was almost like seeing. The moun tains of 
the moon and the motions of a living cell could be observed with adjust ments 
of the instru ment not unlike those of the head and eyes. The guar an tees of 
reality were similar. You did not have to take another person’s word for what 
he had seen. You might have to learn to use the instru ment, but you did not 
have to learn to inter pret the inform a tion. Nor did you have to judge whether 
or not the other person was telling the truth. With a tele scope or a micro scope 
you could look for your self. 

   THE UNAIDED PERCEIVING OF OBJECTS IN THE SKY  

 Objects in the sky are very differ ent from objects on the ground. The heav-
enly bodies do not come to rest on the ground as ordin ary objects do. The 
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rainbow and the clouds are tran si ent, forming and dissip at ing like mists on 
earth. But the sun, the moon, the planets, and the stars seem perman ent, 
appear ing to revolve around the station ary earth in perfect cycles and 
continu ing to exist while out of sight. They are immor tal and myster i ous. 
They cannot be scru tin ized. 

 Optical inform a tion for direct percep tion of these bodies with the unaided 
eye is lacking. Their size and distance are inde term in ate except that they rise 
and set from behind the distant horizon and are thus very far away. Their 
motions are very differ ent from those of ordin ary objects. The char ac ter of 
their surfaces is indefi  n ite, and of what substances they are composed is not 
clear. The sun is fi ery by day, and the others are fi ery at night, unlike the 
textured refl ect ing surfaces of most terrestrial objects. What they afford is not 
visible to the eye. Lights in the sky used to look like gods. Nowadays they 
look like fl ying saucers.  

 All sorts of instru ments have been devised for medi at ing appre hen sion. 
Some optical instru ments merely enhance the inform a tion that vision is ready 
to pick up; others—a spec tro scope, for example—require some infer ence; still 
others, like the Wilson cloud chamber, demand a complex chain of infer ences. 

 Some meas ur ing instru ments are closer to percep tion than others. The 
meas ur ing stick for count ing units of distance, the gravity balance for count ing 
units of mass, and the hour glass for time are easy to under stand. But the complex 
magnitudes of phys ical science are another matter. The volt meters, accel er o-
met ers, and photo met ers are hard to under stand. The child can see the pointer 
and the scale well enough but has to learn to “read” the instru ment, as we say. 
The direct percep tion of a distance is in terms of whether one can jump it. The 
direct percep tion of a mass is in terms of whether one can lift it. Indirect know-
ledge of the metric dimen sions of the world is a far extreme from direct percep-
tion of the afford ance dimen sions of the envir on ment. Nevertheless, they are 
both cut from the same cloth.  

  Knowing Mediated by Descriptions: Explicit Knowledge 

 The prin cipal way in which we save our chil dren the trouble of fi nding out 
everything for them selves is by describ ing things for them. We trans mit inform-
a tion and convey know ledge. Wisdom is handed down. Parents and teach ers 
and books give the chil dren know ledge of the world at second hand. Instead of 
having to be extrac ted by the child from the stim u lus fl ux, this know ledge is 
commu nic ated to the child. 

 It is surely true that speech and language convey inform a tion of a certain 
sort from person to person and from parent to child. Written language can even 
be stored so that it accu mu lates in librar ies. But we should never forget that this 
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is inform a tion that has been put into words. It is not the limit less inform a tion 
avail able in a fl owing stim u lus array. 

 Knowledge that has been put into words can be said to be  expli cit  instead of 
 tacit.  The human observer can verb al ize his aware ness, and the result is to make 
it commu nic able. But my hypo thesis is that there has to be an aware ness of the 
world before it can be put into words. You have to see it before you can say it. 
Perceiving precedes predic at ing. 

 In the course of devel op ment the young child fi rst hears talk about what she 
is perceiv ing. Then she begins herself to talk about what she perceives. Then she 
begins to talk to herself about what she knows—when she is alone in her crib, 
for example. And, fi nally, her verbal system prob ably begins to verb al ize silently, 
in much the same way that the visual system begins to visu al ize, without the 
constraints of stim u la tion or muscu lar action but within the limits of the invari-
ants to which the system is attuned. But no matter how much the child puts 
know ledge into words all of it cannot be put into words. However skilled an 
explic ator one may become one will always, I believe, see more than one can say. 

 Consider an adult, a philo sopher, for example, who sees the cat on the mat. 
He knows  that  the cat is on the mat and believes the propos i tion and can say it, 
but all the time he plainly sees all sorts of word less facts—the mat extend ing 
without inter rup tion behind the cat, the far side of the cat, the cat hiding part 
of the mat, the edges of the cat, the cat being suppor ted by the mat, or resting 
on it, the hori zontal rigid ity of the fl oor under the mat, and so on. The so- called 
concepts of exten sion, of far and near, gravity, rigid ity, hori zontal, and so on, 
are nothing but partial abstrac tions from a rich but unitary percep tion of  cat- 
on-mat.  The parts of it he can name are called concepts, but they are not all of 
what he can see.  

  Fact and Fiction in Words and Pictures 

 Information about the envir on ment that has been put into words has this disad-
vant age: The reality testing that accom pan ies the pickup of natural inform a tion 
is missing. Descriptions, spoken or written, do not permit the fl owing stim u lus 
array to be scru tin ized. The invari ants have already been extrac ted. You have 
to trust the original perceiver; you must “take his word for it,” as we say. What 
he presents may be fact, or it may be fi ction. The same is true of a depic tion as 
of a descrip tion. 

 The child, as I argued above, has no diffi  culty in contrast ing real and 
imagin ary, and the two do not merge. But the factual and the fi ctional may do 
so. In storytelling, adults do not always distin guish between true stories and 
fairy stories. The child herself does not always separ ate the giving of an account 
from the telling of a story. Tigers and dragons are both fascin at ing beasts, and 
the child will not learn the differ ence until she perceives that the zoo contains 
the former but not the latter. 
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 Fictions are not neces sar ily fantas ies. They do not auto mat ic ally lead one 
astray, as hallu cin a tions do. They can promote creat ive plans. They can permit 
vicari ous learn ing when the child iden ti fi es with a fi ctional char ac ter who 
solves prob lems and makes errors. The “comic” char ac ters of child hood, the 
funny and the foolish, the strong and the weak, the clever and the stupid, 
occupy a great part of chil dren’s cognit ive aware ness, but this does not inter fere 
in the least with their realism when it comes to perceiv ing. 

 The differ ence between the real and the imagin ary is specifi ed by two 
differ ent modes of oper a tion of a percep tual system. But the differ ence between 
the factual and the fi ctional depends on the social system of commu nic a tion 
and brings in complic ated ques tions. Verbal descrip tions can be true or false as 
predic a tions. Visual depic tions can be correct or incor rect in a wholly differ ent 
way. A picture cannot be true in the sense that a propos i tion is true, but it may 
or may not be true to life.  

  Knowing and Imagining Mediated by Pictures 

 Perceiving, knowing, recall ing, expect ing, and imagin ing can all be induced by 
pictures, perhaps even more readily than by words. Picture- making and picture- 
perceiv ing have been going on for twenty or thirty thou sand years of human 
life, and this achieve ment, like language, is ours alone. The image makers can 
arouse in us an aware ness of what they have seen, of what they have noticed, of 
what they recall, expect, or imagine, and they do so  without convert ing the inform-
a tion into a differ ent mode.  The descrip tion puts the optical invari ants into words. 
The depic tion, however, captures and displays them in an optic array, where 
they are more or less the same as they would be in the case of direct percep tion. 
So I will argue, at least. The justi fi c a tion of this theory is obvi ously not a simple 
matter, and it is deferred to the last chapters of this book, Part IV. 

 The reality- testing that accom pan ies unme di ated perceiv ing and that is 
partly retained in perceiv ing with instru ments is obvi ously lost in the kind of 
perceiv ing that is medi ated by pictures. Nevertheless, pictures give us a kind of 
grasp on the rich complex it ies of the natural envir on ment that words could 
never do. Pictures do not stereo type our exper i ence in the same way and to the 
same degree. We can learn from pictures with less effort than it takes to learn 
from words. It is not like perceiv ing at fi rst hand, but it is  more  like perceiv ing 
than any verbal descrip tion can be. 

 The child who has learned to talk about things and events can, meta phor ic-
ally, talk to himself silently about things and events, so it is supposed. He is said 
to have “intern al ized” his speech, whatever that might mean. By analogy with 
this theory, a child who has learned to draw might be supposed to picture to 
himself things and events without move ment of his hands, to have “intern al-
ized” his picture mak ing. A theory of internal language and internal images 
might be based on this theory. But it seems to me very dubious. Whether or not 
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it is plaus ible is best decided after we have considered picture mak ing in its own 
right.   

  Summary 

 When vision is thought of as a percep tual system instead of as a channel for 
inputs to the brain, a new theory of percep tion considered as inform a tion 
pickup becomes possible. Information is conceived as avail able in the ambient 
energy fl ux, not as signals in a bundle of nerve fi bers. It is inform a tion about 
both the persist ing and the chan ging features of the envir on ment together. 
Moreover, inform a tion about the observer and his move ments is avail able, so 
that self- aware ness accom pan ies percep tual aware ness. 

 The qual it ies of visual exper i ence that are specifi c to the recept ors stim u-
lated are not relev ant to inform a tion pickup but incid ental to it. Excitation and 
trans mis sion are facts of physiology at the cellu lar level. 

 The process of pickup involves not only overt move ments that can be meas-
ured, such as orient ing, explor ing, and adjust ing, but also more general activ-
it ies, such as optim iz ing, reson at ing, and extract ing invari ants, that cannot so 
easily be meas ured. 

 The ecolo gical theory of direct percep tion cannot stand by itself. It implies a 
new theory of cogni tion in general. In turn, that implies a new theory of noncog-
nit ive kinds of aware ness—fi ctions, fantas ies, dreams, and hallu cin a tions. 

 Perceiving is the simplest and best kind of knowing. But there are other 
kinds, of which three were sugges ted. Knowing by means of instru ments 
extends perceiv ing into the realm of the very distant and the very small; it also 
allows of metric know ledge. Knowing by means of language makes knowing 
expli cit instead of tacit. Language permits descrip tions and pools the accu mu-
lated obser va tions of our ancest ors. Knowing by means of pictures also extends 
perceiv ing and consol id ates the gains of perceiv ing. 

 The aware ness of imagin ary entit ies and events might be ascribed to the 
oper a tion of the percep tual system with a suspen sion of reality- testing. 
Imagination, as well as know ledge and percep tion, can be aroused by another 
person who uses language or makes pictures. 

 These tent at ive propos als are offered as a substi tute for the outworn theory 
of past exper i ence, memory, and mental images.      
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