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 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.  
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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. 

Andrej
Highlight
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 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. 

Andrej
Highlight



The Ambient Optic Array 79

 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.              



                 11 
 THE DISCOVERY OF THE 
OCCLUDING EDGE AND ITS 
IMPLICATIONS FOR PERCEPTION   

     The facts of occlu sion have been described in Chapter 5. They are part of 
ecolo gical optics. But they were not recog nized as facts until obser va tions and 
exper i ments made them compel ling. The exper i ments described in the last two 
chapters about surfaces, layout, change, and kines thesis were radical enough, 
but they culmin ated in the most radical of all, in what I can only call the 
 discov ery of the occlud ing edge.  This discov ery is radical for the follow ing reason. 
If it is true that there are places where opaque surfaces are seen one behind 
another, if it is true that one can perceive a  hidden  surface, a paradox arises. For 
we are not now allowed to say that a hidden surface is  perceived;  we can only say 
that it is  remembered.  To be perceived, a thing must be “present to the senses”; it 
must be stim u lat ing recept ors. If it is not, it can only be exper i enced by means 
of an  image;  it can be recalled, imagined, conceived, or perhaps known, but not 
perceived. Such is the accep ted doctrine, the theory of sensa tion- based percep-
tion. If an occluded surface is perceived, the doctrine is upset.  

  Kaplan’s Experiment 

 The crucial exper i ment, which was performed by G. A. Kaplan (1969), involved 
kinetic, not static, displays of inform a tion. Each display was a motion picture 
shot of a random texture fi lling the screen, with a progress ive dele tion (or accre-
tion) of the optical struc ture on one side of a contour and preser va tion of the 
struc ture on the other side. Photographs of a randomly textured paper were 
taken frame by frame, and success ive frames were modi fi ed by careful paper- 
cutting. No contour was ever visible on any single frame, but progress ive decre-
ments of the texture were produced on one side of the invis ible line by cutting 
off thin slices of paper in succes sion. Progressive incre ments of the texture could 
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be obtained by revers ing the fi lm. This partic u lar kind of decre ment ing or 
incre ment ing of struc ture had not previ ously been achieved in a visual display. 

 In effect, a revers ible disturb ance of struc ture in a sample of the optic array 
had been isol ated and controlled, a revers ible trans ition. It is called a  trans ition,  
not a  trans form a tion,  since elements of struc ture were lost or gained and one- 
to-one corres pond ence was not preserved. What was perceived? 

 All observ ers, without excep tion, saw one surface  going behind  another (or 
 coming from  behind another) that was always conceal ing (or reveal ing) the fi rst. 
Deletion always caused the percep tion of cover ing, and accre tion always caused 
the percep tion of uncov er ing. The surface going out of sight was never seen to 
go out of exist ence, and the surface coming into sight was never seen to come 
into exist ence. In short, one surface was seen in a legit im ate sense  behind  another 
 at an occlud ing edge.  

 When the array was arres ted by stop ping the fi lm, the edge percep tion 
ceased and a wholly continu ous surface replaced it; when the optical trans ition 
was resumed, the edge percep tion began. The “motion” of the display as such, 
however, had nothing to do with the occlud ing edge; what counted was accre-
tion or dele tion and whether it was on one side or the other. 

 These results were strik ing. There were no uncer tain ties of judg ment, no 
guess ing as in the usual psycho phys ical exper i ment. What the observ ers saw 
was an edge, a  cut  edge, the edge of a  sheet,  and another surface behind it. But 
this depended on an array chan ging in time. 

 The surface that was being covered was seen to persist after being concealed, 
and the surface that was being uncovered was seen to pre- exist before being 
revealed. The hidden surface could not be described as remembered in one case 
or expec ted in the other. A better descrip tion would be that it was perceived 
retro spect ively and prospect ively. It is certainly reas on able to describe percep-
tion as extend ing into the past and the future, but note that to do so viol ates the 
accep ted doctrine that percep tion is  confi ned  to the present. 

 The crucial paper by Kaplan (1969) was published along with a motion 
picture fi lm called  The Change from Visible to Invisible: A Study of Optical Transitions  
(Gibson, 1968) and an article having the same title by Gibson, Kaplan, Reynolds, 
and Wheeler (1969). A sharp distinc tion was made between  going out of sight  and 
 going out of exist ence,  and it was proposed that there is inform a tion to specify the 
two cases. I have described the inform a tion in Chapters 5 and 6. The former is 
a  revers ing  trans ition, but the latter is not.  

  Anticipations of the Occluding Edge 

 The import ant result of Kaplan’s exper i ment was not the perceiv ing of depth at 
the occlud ing edge but the perceiv ing of the persist ence of the occluded surface. 
Depth percep tion requires no depar ture from tradi tional theor ies, but persist ence 
percep tion is radic ally incon sist ent with them. Only in the exper i mental work of 
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Michotte had anything like persist ence percep tion ever been hinted at (Michotte, 
Thinès, and Crabbé, 1964). He discovered what he called the “tunnel phenom-
enon” or the “tunnel effect,” the percep tion of a moving object during the 
inter val between going into a tunnel and coming out of it. He ascribed it, 
however, not to progress ive dele tion and accre tion of struc ture for going in and 
coming out but to a tend ency for percep tion to be completed across a gap, in the 
style of gestalt theor iz ing. He did not realize how univer sal occlu sion is during 
loco motion of the observer. But he was very much aware of the paradox of 
assert ing that an object could be seen during an inter val when there was no 
sensory basis for seeing it. The “screen ing” or “cover ing” of an object, he real-
ized, was a fact of visual percep tion. But he could only suppose that the percep-
tion of an object must somehow persist after the sensory input ends; he did not 
enter tain the more radical hypo thesis that the persist ence of the object is perceived 
as a fact in its own right. There is a vast differ ence between the persist ence of a 
percept and the percep tion of persist ence. 

 It had long been recog nized that in pictures, or other displays with a frozen 
array, the appear ance of  super pos i tion  could be obtained. Likewise, Rubin’s 
discov ery that a closed contour or  fi gure  in a display involved the appear ance of 
a  ground  that seemed to extend without inter rup tion behind the fi gure was well 
known. But these demon stra tions were concerned with the seeing of contours 
and lines and the perceiv ing of forms, not with the perceiv ing of the occlud ing 
edges of surfaces in a cluttered terrestrial envir on ment. They showed that what 
might be called depth- by-superposition could be induced by a picture but not 
that an occluded surface is seen to persist. 

 The occlud ing edge seems to have escaped notice in both physics and 
psycho logy. In truth, it is not a fact of physics or a fact of psycho logy as these 
discip lines have been taught. It depends on the combined facts of a surface 
layout and a point of obser va tion.  

  The Theory of Reversible Occlusion 

 The theory of revers ible occlu sion was formu lated in Chapter 5 in terms of what 
I called projec ted and unpro jec ted surfaces for an ambient optic array at a given 
time. Reversible occlu sion was said to be a consequence of the revers ib il ity of 
loco motions and motions in the medium, and this was contras ted in Chapter 6 
with the unre vers ib il ity of changes such as disin teg ra tion, dissol u tion, and the 
change from a solid to a liquid or a gas. These changes, I said, were not such that 
the waning of a surface was the temporal inverse of waxing, not such that if a 
fi lm of one event were  run back ward  it would repres ent the oppos ite event (Gibson 
and Kaushall, 1973). 

 Then, in Chapter 7 on the self, the prin ciple of revers ible occlu sion was 
exten ded to the head turning of the observer, and the margins of the fi eld of 
view were compared to the occlud ing edges of a window. The prin ciple is 
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widely applic able. It would be useful to bring together all this theor iz ing and to 
summar ize it in a list of propos i tions. 

  Terminology 

 The reader should be reminded again that many pairs of terms can be used to 
denote what I have called  occlu sion.  In what follows, the words  hidden  and 
 unhid den  are chosen to have a general meaning (although they have the 
unwanted fl avor of buried treas ure!).  Unprojected  and  projec ted , the terms used in 
Chapter 5, are all right except for the implic a tion of throw ing an image on a 
screen, which gives precisely the wrong emphasis.  Covered  and  uncovered  are 
possible terms, or  screened  and  unscreened,  and these were employed by Michotte. 
Other possib il it ies are  concealed  and  revealed,  or  undis closed  and  disclosed.  All these 
terms refer to various kinds of occlu sion. The most general terms are  out of sight  
and  in sight,  which contrast with  out of exist ence  and  in exist ence.  It should be kept 
in mind that all these terms refer to revers ible trans itions, that is, to  becom ing  
hidden or unhid den, to  going  out of sight or  coming  into sight. Terms that should 
 not  be employed are  disap pear  and  appear.  Although in common use, these words 
are ambigu ous and promote sloppy think ing about the psycho logy of percep-
tion. The same is true of the words  visible  and  invis ible.  

 There seem to be a number of differ ent ways of going out of sight, some not 
by occlu sion and some by occlu sion. The latter always involves an occlud ing 
edge with progress ive dele tion on one side of a contour, but the former does 
not. I can think of three kinds of going out of sight  not  by occlu sion: fi rst, going 
into the distance by mini fi c a tion of the solid angle to a so- called vanish ing point 
in the sky or on the horizon; second, going out of sight in “the dark” by reduc-
tion of illu min a tion; and third, going out of sight by closure or cover ing of the 
eyes. Perhaps going out of sight in fog or mist is another kind, but it is similar to 
loss of struc ture by dark ness (Chapter 4). I can also think of three kinds of 
occlu sion other than self- occlu sion (Chapter 5): fi rst, at the edge of an opaque 
cover ing surface; second, at the edge of the fi eld of view of an observer; and 
third, for celes tial bodies, at the horizon of the earth. As for the going out of 
 exist ence  of a surface, there seem to be many kinds of destruc tion, so many that 
only a list of examples could be given in Chapter 6 on ecolo gical events.  

  Locomotion in a Cluttered Environment 

 The follow ing seven state ments about revers ible occlu sion are taken from 
Chapters 1 to 5. 

 1. The substances of the envir on ment differ in the degree to which they 
persist, some resist ing dissol u tion, disin teg ra tion, or vapor iz a tion more than 
others. 
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 2. The surfaces of the envir on ment, simil arly, differ in the degree to which 
they persist, some being trans it ory and others being relat ively perman ent. A 
surface goes out of exist ence when its substance dissolves, disin teg rates, or 
evap or ates. 

 3. Given an illu min ated medium, a surface is unhid den at a fi xed point of 
obser va tion if it has a visual solid angle in the ambient optic array at that point. 
If it does not (but has at another point of obser va tion), it is hidden. 

 4. For any fi xed point of obser va tion, the persist ing layout of the envir on-
ment is divided into hidden and unhid den surfaces. Conversely, for every 
persist ing surface, the possible points of obser va tion are divided into those at 
which it is hidden and those at which it is not. 

 5. A surface that has no visual solid angle at any point of obser va tion is 
neither hidden nor unhid den. It is out of exist ence, not out of sight. 

 6. Any move ment of a point of obser va tion that hides previ ously unhid den 
surfaces has an oppos ite move ment that reveals them. Thus, the hidden and the 
unhid den inter change. This is the  law of revers ible occlu sion  for loco motion in a 
cluttered habitat. It implies that after a suffi  cient sequence of revers ible loco-
motions  all  surfaces will have been both hidden and unhid den. 

 7. The loci of occlu sion are those places at which the hidden and unhid den 
surfaces into which a layout is tempor ar ily divided are separ ated at occlud ing 
edges, there being two sorts, apical and curved. They are also the places where 
the hidden and unhid den surfaces are  joined  at occlud ing edges. Thus, to 
perceive an occlud ing edge of an object, even a fi xed occlud ing edge at a fi xed 
point of obser va tion, is to perceive both the separ a tion and the junc tion of its 
far and near surfaces.  

  The Motions of Detached Objects 

 Three more state ments about revers ible occlu sion follow; they are taken from 
Chapter 5. 

 8. For any opaque object, the near surface, the tempor ary “front,” hides 
the far surface, the tempor ary “back,” at a fi xed point of obser va tion. The two 
inter change, however, when the object is rotated. The near surface also hides 
the  back ground  of the object, if present, but when the object is displaced the parts 
that go behind at one edge come from behind at the other. These facts can be 
observed in the fi lm entitled  The Change from Visible to Invisible:  A  Study of 
Optical Transitions  (Gibson, 1968). 

 9. For both solid ity and super pos i tion, any motion of an object that 
conceals a surface has a reverse motion that reveals it. 

 10. To the extent that the objects of the envir on ment have moved or been 
moved, the near and far sides of every object will have inter changed many times. 
This holds true over and above the extent to which the observer has moved around.  
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  Head Turning 

 Following is the theorem about revers ible occlu sion when the observer looks 
around by turning her head. It is now assumed that the point of obser va tion is 
occu pied (Chapter 7). 

 11. For any fi xed posture of the head, surfaces of the surround ing layout 
are divided into those inside the bound ar ies of the fi eld of view and those 
outside the bound ar ies of the fi eld. But with every turn of the head surfaces 
come into sight at the leading edge of the fi eld of view and go out of sight at the 
trail ing edge. The observer who looks around can thus see undi vided surround-
ings and see herself in the middle of them.  

  Nonpersisting Surfaces 

 The next theorem is about the unre vers ing destruc tion and creation of 
surfaces and the unre vers ing optical trans itions that accom pany them 
(Chapter 6). 

 12. The going out of exist ence of a surface is not the reverse of its coming 
into exist ence, nor is the disturb ance of optical struc ture that specifi es one the 
reverse of the disturb ance of struc ture that specifi es the other. Hence, the disap-
pear ance of a surface by, say, dissol u tion can be distin guished from its disap-
pear ance by occlu sion if the observer has learned to see the differ ence between 
the optical trans itions. Such evid ence as there is suggests that the two kinds of 
disap pear ance are usually distin guished (Gibson, Kaplan, Reynolds, and 
Wheeler, 1969). This is not to say that infants notice the differ ence, or even that 
adults always notice the differ ence. The differ ence may some times be hard to 
notice, as when a conjurer is playing tricks with one’s percep tion. It is only to 
say that anyone can learn to see the differ ence. 

 The occlu sion of a surface can be nulli fi ed, whereas the destruc tion of a 
surface cannot. Occlusion can be canceled by a move ment of the body, head, or 
limbs in the oppos ite direc tion. Destruction, although it can some times be 
remedied, cannot simply be canceled by an oppos ite move ment. It seems to me 
that young chil dren must notice the optical trans itions that can be thus nulli fi ed 
and those that cannot. How could they fail to pay atten tion to them? They play 
peek- a-boo, turn their heads, and watch their hands, all cases of revers ible 
occlu sion, and they also spill the milk, break the glass, and knock down the 
tower of blocks, things that cannot be reversed. But this hypo thesis has not 
been tested with babies, because the only exper i ments carried out are in the 
spirit of ration al ism promoted by J. Piaget, which asserts that chil dren must 
form a concept of persist ence or perman ence and emphas izes what the chil dren 
believe instead of what they see (for example, Bower, 1974, Ch. 7).   
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  What is Seen at this Moment from this Position does not 
Comprise What is Seen 

 The old approach to percep tion took the central problem to be how one could 
see into the distance and never asked how one could see into the past and the 
future. These were not prob lems for percep tion. The past was remembered, and 
the future was imagined. Perception was of the present. But this theory has 
never worked. No one could decide how long the present lasted, or what distin-
guished memory from imagin a tion, or when percepts began to be stored, or 
which got stored, or any other ques tion to which this doctrine led. The new 
approach to percep tion, admit ting the coper cep tion of the self to equal status 
with the percep tion of the envir on ment, suggests that the latter is time less 
and that present- past-future distinc tions are relev ant only to the aware ness of 
the self. 

 The envir on ment seen- at-this- moment does not consti tute the envir on-
ment that is seen. Neither does the envir on ment seen- from-this- point consti-
tute the envir on ment that is seen. The seen- now and the seen- from- here 
specify the self, not the envir on ment. Consider them separ ately. 

 What is seen now is a very restric ted sample of the surfaces of the world, 
limited to those that are inside the bound ar ies of the fi eld of view at this head- 
posture. It is even limited to that surface being fi xated at this eye- posture, if by 
 seen  one means  clearly seen.  This is at most less than half of the world and perhaps 
only a detail of that. 

 What is seen from here is at most the optic ally uncovered surfaces of the 
world at this point of obser va tion, that is, the near sides of objects, the unhid den 
portions of the ground, the walls, and the bits that project through windows 
and doors. 

 The fact is that, although one can become aware of the seen- now and the 
seen- from-here if one takes the atti tude of intro spec tion, what one perceives is 
an envir on ment that surrounds one, that is every where equally clear, that is 
in- the-round or solid, and that is all- of-a- piece. This is the exper i ence of what 
I once called the visual world (Gibson, 1950 b , Ch. 3). It has vistas that are 
connec ted and places that adjoin, with a continu ous ground beneath every-
thing, below the clutter, reced ing into the distance, out to the horizon. 

 The surface being fi xated now at this moment ary eye- posture is not a depth-
less patch of color, and the surfaces inside the fi eld of view seen now at this 
head- posture are not a depth less patch work of colors, for they have the quality 
that I called  slant  in the last chapter. The seen- at-this- moment is not the same, 
there fore, as the supposedly fl at visual  fi eld  analog ous to the colors laid on a 
canvas by a painter that the old theory of color sensa tions asser ted. I once 
believed that you could with train ing come to see the world as a picture, or 
almost do so, but I now have doubts about  it.  That comes close to saying that 
you can almost see your retinal image, which is a ridicu lous asser tion. 
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 The seen- from-here, from this station ary point of obser va tion, is also not 
the supposedly fl at visual fi eld of tradi tion, for it is ambient. But it might justly 
be called  viewing the world in perspect ive,  or  noti cing the perspect ives of things.  This 
means the natural perspect ive of ancient optics, not the arti fi  cial perspect ive of 
the Renaissance; it refers to the set of surfaces that create visual solid angles in 
a frozen ambient optic array. This is a very small sample of the whole world, 
however, and what we perceive is the world.  

  Perception Over Time from Paths of Observation 

 It is obvious that a motion less observer can see the world from a single fi xed 
point of obser va tion and can thus notice the perspect ives of things. It is not so 
obvious but it is true that an observer who is moving about sees the world at  no  
point of obser va tion and thus, strictly speak ing,  cannot  notice the perspect ives 
of things. The implic a tions are radical. Seeing the world at a trav el ing point of 
obser va tion, over a long enough time for a suffi  ciently exten ded set of paths, 

   FIGURE 11.1     The surfaces viewed now from here by an observer seated in a room.    

 At this tempor ary eye posture and this tempor ary head posture, the surfaces 
projec ted into the retinal image are indic ated by solid lines and the remain ing 
surfaces by dashed lines. The aware ness of the here- and-now surfaces might be 
called  viewing  the room as distin guished from  seeing  the room. This is a vertical 
section of the observer and his monocu lar fi eld of view.  
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begins to be perceiv ing the world at  all  points of obser va tion, as if one could be 
every where at once. To be every where at once with nothing hidden is to be 
all- seeing, like God. Each object is seen from all sides, and each place is seen as 
connec ted to its neigh bor. The world is  not  viewed in perspect ive. The under-
ly ing invari ant struc ture has emerged from the chan ging perspect ive struc ture, 
as I put it in Chapter 5. 

 Animals and people do in fact see the envir on ment during loco motion, not 
just in the pauses between move ments. They prob ably see better when moving 
than when station ary. The arres ted image is only neces sary for a photo graphic 
camera. An observer who is getting around in the course of daily life sees from 
what I will call a  path  of obser va tion. A path does not have to be treated as an 
infi n ite set of adja cent points at an infi n ite set of success ive instants; it can be 
thought of as a unitary move ment, an excur sion, a trip, or a voyage. A path of 
obser va tion is the normal case, short paths for short periods of obser va tion and 
long paths for hours, days, and years of obser va tion. The medium can be 
thought of as composed not so much of points as of paths. 

 It sounds very strange to say that one can perceive an object or a whole 
habitat at no fi xed point of obser va tion, for it contra dicts the picture theory of 
percep tion and the retinal image doctrine on which it is based. But it has to be 
true  if it is acknow ledged that one can perceive the envir on ment during loco motion.  The 
percep tion of the envir on ment is under stood to accom pany the visual proprio-
cep tion of the loco motion, of course, and the hypo thesis of invari ant struc ture 
under ly ing the chan ging perspect ive struc ture is required for this to be intel li-
gible. These are unfa mil iar notions. But the notion of ambu lat ory vision is not 
more diffi  cult, surely, than the notion of success ive snap shots of the fl owing 
optic array taken by the eye and shown in the dark projec tion room of the skull.  

  The Problem of Orientation 

 Animals and humans are capable of being oriented to the habitat. This state is the 
oppos ite of being  disor i ented  or “lost.” The rat who can fi nd its way directly to 
the goal box of a maze is said to be oriented to the goal. If there are many paths 
to the goal, the animal is capable of taking the shortest path. A person, simil arly, 
can learn the way to work, to the post offi ce, to the grocery store, and back 
home again through the passage ways of his town. When he can do so in an unfa-
mil iar town, he has become oriented in the new habitat. Both animals and 
humans are capable of homing. More gener ally, they are capable of way- fi nding. 
Or, in still other terms, they can do place- learn ing. Observers can go to the 
places in their envir on ment that have afford ances for them. If they are human 
observ ers, moreover, they may be able to  point  to these places, that is, to indic ate 
their direc tion from here through the walls or other surfaces that hide them. 

 Two current explan a tions of how animals learn to fi nd their way to hidden 
places are the theory of response chains and the theory of cognit ive maps. 
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Neither is adequate. Way- fi nding is surely not a sequence of turning responses 
condi tioned to stimuli. But neither is it the consult ing of an internal map of the 
maze, for who is the internal perceiver to look at the map? The theory of 
revers ible occlu sion can provide a better explan a tion. 

 An alley in a maze, a room in a house, a street in a town, and a valley in a 
coun tryside each consti tutes a place, and a place often consti tutes a  vista  (Gibson, 
1966 b , p. 206), a semi en clos ure, a set of unhid den surfaces. A vista is what is 
seen from here, with the proviso that “here” is not a point but an exten ded 
region. Vistas are seri ally connec ted since at the end of an alley the next alley 
opens up; at the edge of the doorway the next room opens up; at the corner of 
the street the next street opens up; at the brow of the hill the next valley opens 
up. To go from one place to another involves the opening up of the vista ahead 
and closing in of the vista behind. A maze or a cluttered envir on ment provides 
a choice of vistas. And thus, to fi nd the way to a hidden place, one needs to see 
which vista has to be opened up next, or which occlud ing edge hides the goal. 
One vista leads to another in a continu ous set of revers ible trans itions. Note 
that in a terrestrial envir on ment of semi en closed places each vista is unique, 
unlike the feature less passage ways of a maze. Each vista is thus its own “land-
mark” inas much as the habitat never duplic ates itself. 

 When the vistas have been put in order by explor at ory loco motion, the 
invari ant struc ture of the house, the town, or the whole habitat will be appre-
hen ded. The hidden and the unhid den become one envir on ment. One can 
then perceive the ground below the clutter out to the horizon, and at the same 
time perceive the clutter. One is oriented to the envir on ment. It is not so much 
having a bird’s- eye view of the terrain as it is being every where at once. The 
getting of a bird’s- eye view is helpful in becom ing oriented, and the explorer 
will look down from a high place if possible. Homing pigeons are better 
at orient a tion than we are. But orient a tion to goals behind the walls, beyond 
the trees, and over the hill is not just a looking- down-on, and it is certainly 
not the having of a map, not even a “cognit ive” map supposed to exist in the 
mind instead of on paper. A map is a useful arti fact when the hiker is lost, 
but it is a mistake to confuse the arti fact with the psycho lo gical state the 
arti fact promotes. 

 Note that the percep tion of places and the percep tion of detached objects are 
quite differ ent. Places cannot be displaced, whereas objects can be, and animate 
objects displace them selves. Places merge into adja cent places, whereas objects 
have bound ar ies. Orientation to hidden places with their attached objects can 
be learned once and for all, whereas orient a tion to movable objects has to be 
relearned continu ally. I know where the kitchen sink is, I think I know where 
the ski boots are stored, but I don’t always know where my child is. One can 
only go to the last known locus of a detached object. Hidden objects can be 
moved without that event being perceived, and the unhappy state of the man 
whose car keys are seldom where he left them is notori ous. 
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 In the pages above I have formu lated a theory of orient a tion to the places of 
the habitat. The perceiv ing of the world entails the coper ceiv ing of where one 
is in the world and of being in the world at that place. This is a neglected fact 
that is neither subject ive nor object ive. To the extent that one has moved from 
place to place, from vista to vista, one can stand still in one place and see where 
one is, which means where one is relat ive to where one might be. One does not 
need a map with a circle on it labeled, “You are here.” I suggest that this consti-
tutes the state of being oriented.  

  The Problem of Public Knowledge 

 The hypo thesis of revers ible optical trans form a tions and occlu sions resolves the 
puzzle of how, although the perspect ive appear ances of the world are differ ent 
for differ ent observ ers, they never the less perceive the same world. Perspective 
appear ances are not the neces sary basis of percep tion. 

 It is true that there is a differ ent optic array for each point of obser va tion and 
that differ ent observ ers must occupy differ ent points at any one time. But 

   FIGURE 11.2     The opening up of a vista at an occlud ing edge, as seen from above.    

 This is a plan view of a passage way that opens on a court yard from which another 
passage way leads. As an observer moves along the corridor, the surfaces behind his 
head progress ively go out of sight, and surfaces in front progess ively come into sight 
at one occlud ing edge and then the other. The hidden portions of the ground are 
indic ated by hatch ing. The hidden portions of the walls are indic ated by dashed 
lines. The posi tion of the observer is indic ated by a black dot.  
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observ ers move, and the same path may be traveled by any observer. If a set of 
observ ers move around, the same invari ants under optical trans form a tions and 
occlu sions will be avail able to all. To the extent that the invari ants are detec ted, 
all observ ers will perceive the same world. Each will also be aware that his or 
her place in the world is differ ent here and now from that of any other. 

 Points, of course, are geomet rical concepts, whereas places are ecolo gical 
layouts, but the above theory can also be put geomet ric ally: although at a given 
instant some points of obser va tion are occu pied and the remainder unoc cu pied, 
the one set can go into the other. 

 The theory asserts that an observer can perceive the persist ing layout from 
other places than the one occu pied at rest. This means that the layout can be 
perceived from the posi tion of another observer. The common asser tion, then, 
that “I can put myself in your posi tion” has meaning in ecolo gical optics and is 
not a mere fi gure of speech. To adopt the point of view of another person is not 
an advanced achieve ment of concep tual thought. It means,  I can perceive surfaces 
hidden at my point of view but unhid den at yours.  This means,  I can perceive a surface 
that is behind another.  And if so,  we can both perceive the same world.   

  The Puzzle of Egocentric Awareness 

 Psychologists often talk about egocentric percep tion. An egocentric perceiver is 
supposed to be one who can see the world only from his own point of view, and 
this habit is some times thought to char ac ter ize an egocentric  person.  Egoism is 
thought to come natur ally to humans because they are innately aware of their 
private exper i ences and do not easily learn to adopt the point of view of others. 
This line of think ing now seems mistaken. Perception and proprio cep tion are not 
altern at ives or oppos ing tend en cies of exper i ence but comple ment ary exper i ences. 

 The sensa tion- based theor ies of percep tion assume that the perspect ive 
appear ances of the world are all that a newborn infant is given. They are the data 
for percep tion. Hence, the young child is neces sar ily egocentric, and cognit ive 
devel op ment is a matter of progress ing from subject ive sensa tions to object ive 
percep tions. The child’s ego encom passes the world, and at the same time she is 
supposed to be confi ned to the aware ness of her fl eet ing sensa tions. But there is 
a reason to be suspi cious of all these spec u la tions. The evid ence about the earli est 
visual exper i ences of infants does not suggest that they are confi ned to surfaces 
seen- now-from-here, and the evid ence defi n itely contra dicts the doctrine that 
what they see is a fl at patch work of color sensa tions. I there fore suspect that the 
supposed egocentri city of the young child is a myth.  

  Hiding, Peeking, and Privacy 

 In Chapter 8 on afford ances, I described how some of the places of an envir on-
ment are  hiding  places. That is, they afford the hiding of oneself or of one’s 
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prop erty from the sight of other observ ers. The phenomenon of seeing without 
being seen illus trates the applic a tion of optical occlu sion to social psycho logy. 
The passage on hiding places in Chapter 8 should be reread. 

 The perceiv ing of occluded places and objects does occur and can be shared 
with other perceiv ers. To this extent, we all perceive the same world. But there 
is also ignor ance of occluded things, and if you hide from me your private 
prop erty, your hide away in the hills, your secret lover, or the birth mark on 
your buttocks, then you and I do not perceive quite the same world. Public 
know ledge is possible, but so is its recip rocal, private know ledge. 

 Not only do babies like to play peek- a-boo and chil dren to play hide- and-
seek, but animals who are preyed upon hide from the pred ator, and the pred-
ator may hide from the prey in ambush. One observer often wants to spy upon 
others, to see without being seen. He peers through a peep h ole or peeks around 
the occlud ing edge of a corner. In oppos i tion to this is the striv ing  not  to be seen 
by others, the need for privacy. Burrows, caves, huts, and houses afford not only 
shelter from wind, cold, and rain but also the state of being out of sight, or out 
of the “public eye.” 

 The human habit of cover ing the body with cloth ing whenever one is in 
sight of others is a matter of hiding some skin surfaces but not others, depend ing 
on the conven tions of the culture. To display the usually covered surfaces is 
improper or immod est. The provid ing of some inform a tion for the layout of 
these hidden surfaces, however, is the aim of skill ful cloth ing design ers. And 
the careful manip u la tion of the occlud ing edges of cloth ing with progress ive 
reveal ing of skin is a form of the theat rical art called strip ping.  

  Summary 

 The demon stra tion that revers ible occlu sion is a fact of visual percep tion has 
far- reach ing implic a tions. It implies that an occlud ing edge is seen as such, that 
the persist ence of a hidden surface is seen, and that the connec tion of the hidden 
with the unhid den is perceived. This aware ness of what- is-behind, and of the 
togeth er ness of the far side and the near side of any object, puts many of the 
prob lems of psycho logy in a new light. 

 The doctrine that all aware ness is memory except that of the present moment 
of time must be aban doned. So must the theory of depth percep tion. The 
import ance of the fi xed point of view in vision is reduced. But a new theory of 
orient a tion, of way- fi nding, and of place- learn ing in the envir on ment becomes 
possible. And the puzzles of public know ledge, of egocentri city, and of privacy 
begin to be intel li gible.       
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