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Four Theories of Amodal Perception

Bence Nanay (nanay@syr .edu)
Syracuse University, Department of Philosophy, 538 of Languages
Syracuse, NY 13244 USA

Abstract

We are aware of those parts of a cat that are dedlbehind
a fence. The question is how we represent theskidsat
parts of perceived objects: this is the problemaofodal
perception. | will consider four theories and comeptheir
explanatory power: (i) we see them, (i) we haven-no
perceptual beliefs about them, (iii) we have imrassli
perceptual access to them and (iv) we visualizentHepoint
out that the first three of these views face batipieical and
conceptual objections. | argue for the fourth aoctou
according to which we visualize the occluded paofs
perceived objects. Finally, | consider some imparta
consequences of this view with regards to the cdrand the
evolution of visualization.

Keywords: Amodal perception; Mental
Visualization; The Dependency Thesis; Evolution.

imagery;

Introduction

Do we see the occluded parts of objects? Suppase #m
looking at a cat behind a picket fence, but thésdatl is not
visible, because it is occluded by one of the pgikd&he
guestion is how | represent the cat’s tail? Dod & Do |
have a non-perceptual belief about it?

This problem is sometimes referred to as the prolié
amodal perception and sometimes it is called thezlpuof
perceptual presence. | will consider three possiblations,
point out that they all face serious objections dhdn
propose an alternative that may fare better thanribal
theories. Maybe surprisingly, my claim is that wsualize
the cat’s tail.

I will mainly use visual examples and | will tallbbaut
amodal perception as visualization. But amodal gyation
is not an exclusively visual phenomenon — it isyver
important in the tactile sense modality, for exaenpihen
we hold a glass, we are (amodally) aware of thasés of
the glass that we do not have any tactile contath. vA
sense-modality neutral way of stating the mainnclaf this
paper would be to say that amodal perception is@gn
imagination. All the arguments | give in this papan be
extended to non-visual sense modalities.

Before | turn to the possible ways of explainingoaial
perception, | need to make it clear what | am nging to
explain. 1 am not trying to solve the old philosagah
puzzle about what the object of our perception As.
guestion that is often raised in connection withjeots
occluding one another, such as the cat’s tail likthia fence
is about the object of our perception: what ishiattwe

perceive (Clarke, 1965; Strawson, 1979; No&, 2@04,6).
Do we perceive the entire cat? Or those partset#t that
are visible, that is, a tailless cat? | do notridt¢o answer
any of these questions here. My question is notiathat
we perceive but about the way in which we repretsme
parts of objects that are not visible to us.

Also, | need to emphasize that amodal perceptionisa
weird but rare subcase of our everyday awarenedheof
world. Almost all episodes of perception includeaanodal
component. For example, typically, only three sidésa
non-transparent cube are visible. The other three nat
visible — we are aware of them ‘amodally’. The sagoes
for houses or for any ordinary objects. We percéieback
side of any (non-transparent) object only amodallyis
very difficult to come up with a scenario, whereeon
perceives, but does not perceive amodally. Thug ot
possible to fully understand perception itself with
understanding amodal perception.

Thefirst theory: perception

There are two straightforward answers to the qomesti
posed. The first is that we do perceive the caiilsaind the
second is that we do not see it, but only infet this there:
we have a non-perceptual belief about it (Gibs®T,2).

The perceptual view may sound puzzling. The catlk t
does not project onto our retina. We receive nos@gn
stimulation from it. The necessary and sufficieohditions
for perceiving an object have been notoriouslyidiff to
pin down, but the only non-controversial necessary
condition for perception is the presence of sensory
stimulation. If | receive no sensory stimulatiororfr an
object, then | can't perceivelit.

Suppose that | receive no sensory stimulation fiaom
object — | have no image of it on my retina. If e@unted
this case as perception, then having hallucinatiwosid
count as perception. Closing one’s eyes and vidnglia

chair would also count as perceiving a chair, but

1 One may wonder about the blind spot. When we @oking at
objects with one eye (and keep our eye fixated)dwaot receive
any sensory stimulation from objects that are pteg onto the
part of the retina where the blind spot is. Doés thean that we
do not see them? The short answer is that we nilajn'fpart of
objects that are projected onto our blind spothié test of the
object is visible to us (this phenomenon itselthsught to be a
version of the amodal perception problem by soimaf we are not
aware of those objects that project onto our bbpdt entirely.
Thus, it does not sound wrong to say that we dgoeateive these
objects at all.
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hallucination and visualization are exactly thosental
events that are supposed not to be covered byetsitibn
of perception.

Thus, amodal perception is not perception at ait. tBen
what is it?

The second theory: belief

The second relatively straightforward view aboutodal
perception is that there is nothing perceptual alitowe
see those bits of the cat that are visible — that reot
occluded — and we infer, on the basis of perceiuimng
visible parts of the animal (as well as on the $asiour
familiarity with cat tails) that the occluded pahave such
and such properties. In other words, we do notlseeat’s
tail at all, we just come to have a (non-perceptbalief
about it.

There are various problems with this suggestioa [$eg,
2004, pp. 62-64 for a couple of them). | would ltkeraise a
new objection to the belief account. Amodal coniptetof
occluded contours has been examined by psychosdgisa
long time. One of the most important findings frayar
perspective is that we use the simplest possibégestor
completing the occluded part of a contour.

Figure 1: Amodal completion

In the example above (figure 1), for instance, whensee
the image in the middle, we tend to complete ithe way
shown on the left and not the way shown on thetrigftore
importantly, even if we have some firm beliefs abbaw
we should complete the contour, we cannot help ¢sting
it in the simplest way possible. Take the followegample

ool e e e

Figure 2: The horse illusion

Because of all the other horse contours, we do kihatvwe
should complete the occluded part of the picturth e
front half of the horse on the left and the backhaf half
horse on the right. Still, we cannot help seeinge on
extremely long horse.

If the belief-account of amodal completion werereot,
then this would mean that we infer on the basisoof
background beliefs as well as the visible partthefhorses
that the occluded shape is such and such. Thudonwe a
non-perceptual belief that the occluded shape ¢h sand
such. But, as we have seen, we come to represent th
occluded shape to be a long horse, in spite ofabethat
we have firm beliefs that it is supposed to be deted as
two normal size horses. The way we complete thépshs
insensitive to our other beliefs. But a belief cainme
insensitive to our other beliefs, at least notaften and not
for too long (see, for example, Harman, 1984). Ewense,
my belief that is said to represent the occluded) Iborse is
supposed to be inferred from my background bebdifsut
the shape of (short) horse contours. Even if a&bebuld at
least sometimes be insensitive to some of our dibbefs,
it certainly cannot be insensitive to those of baliefs it is
supposed to be inferred from. Thus, the representaf the
occluded shape is very unlikely to be a belief.

Thethird theory: access

It has been suggested recently that what makessually
aware of the cat’s tail is that we have percepagakss to it.
I do not see the cat's tail now, but if | moved imgad, |
would see it. Thus, | have immediate perceptuaksedo
the very fine-grained properties of this objecthtignow —
even if it is occluded from me at the moment (Pessoal.,
1998; Noé&, 2002; Noé&, 2004; Noé&, in press). This
suggestion is an interesting alternative to thegual- and
the belief-view, but | will argue that it will fatlo provide a
coherent account of amodal perception, for theofalhg
three reasons.

First, it is important to emphasize that amodakpption
relies heavily on our background knowledge of hdw t
occluded parts of the object (may) look. If | hanever seen
a cat, | will have difficulties attributing propéess to its tail
behind the fence. If | am familiar with cats, howevthen
this would not be a problem. Our perceptual preseidhe
cat’s tail will be very different if we know how ttails look
and if we do not. And here we get a conflict witle taccess
account. | would have the same perceptual accedheto
cat’s tail whether or not | know how cat tails lodius, the
access account cannot allow for the difference eetnour
awareness of the cat’s tail in these two cases.

Second, suppose that the cat has just disappeatéadb
the corner of the house. | hear it meow, and |loaalize
where it is. If | know the cat well enough, itsltean be as
perceptually present to me as it was when the wais
occluded by the picket fence. It seems that thasitian
between being aware of the partly occluded caif &hind
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the fence and of the fully occluded cat’s tail igmdual
one.

A third argument. Some of the most famous exampfes
amodal perception are examples of two dimensiagatés,

However, an immediate consequence of the accedi&e the two pictures above. It is unclear what Huess

account is that immediate perceptual access daesomnoe
in degrees. | may have immediate perceptual adoetise
partly occluded cat’s tail, but | certainly do nbave
immediate perceptual access to the tail of thencte next
room. According to the access account, what cansst

account would say in the case of amodal complatiothe
occluded parts of two dimensional figures (althoupke
proponents of this account often use these exammpies
amodal perception when outlining their view. Sesdda et
al., 1998, pp. 729-730; Noé&, 2002, p. 9; No&, 2@041, p.

amodal perception is that | have immediate per@ptu 70), since there is no head- or eye-movement tlwatldv

access to the very fine-grained properties of tbelunled

object right now — even if it is not visible to na the

moment. We can never have a similar kind of acdess
anything in the next room. We could have some kifid
access to the cat in the next room, but mmediate

perceptualaccess.

Thus, it follows from the access account that & ttat
disappears entirely behind the fence,
representing it must change radically. So far,
perceptual access to the cat's occluded parts +hi&d
moved my head, | could have seen them. Now, howewxer
matter, how | move my head, | cannot see the tait'sThis
is a very problematic consequence of the accessuatc
especially given that in some cases | can locdhieecat’s
tail in my egocentric space (almost) as well asdld when
| saw it occluded by the picket fence and | mayehakmost
as vivid an awareness of it in the two cases.

It is not clear what is supposed to constitutediffierence
between our access to the cat'’s tail behind theefemd in
the next room, according to the access accounér Aft, |
do have some kind of access to the cat’s tail & ribxt
room: | could walk over and have a look. The adtesaf
the access account tried to clarify the distinctimiween
these two cases in several different ways. As AlaE
points out in his latest attempt to do so, the difference
between our access to the cat’s tail behind thkepifence

give us perceptual access to the momentarily ingpart
of the curve in the first figure above. Thus, werda have
any perceptual access to the occluded parts otitoke?
Still, we are visually aware of them.

Thefourth theory: visualization

my We:é/ o ofMy suggestion is very simple: we visualize the Sil.
a

By visualization | mean roughly what Stephen Kossly
means by visual imagery (Kosslyn, 1980). A paraditicn
case of visualization would be closing one’s eyesl a
imagining seeing an apple ‘in the mind’'s eye’ (sdso
Ryle, 1949, chapter 8.6; Currie & Ravenscroft, 2002

The proposal that we visualize the occluded pafts o
perceived objects does not face the problem tipaised in
the case of the access-view. | can visualize ancite next
room or even thousands of miles away from hereill Ingt
be as accurate in doing so as | would be if | \izad the
occluded parts of a cat | am looking at right ndvar
example, if | visualize the occluded parts of tle tam
looking at, | can use the highly specific propestaf the
color of the cat’s visible parts as a basis forvisgalization
of the color of the occluded parts. If | visualtbe cat in the
next room, | cannot help myself to this — the cadib will
be less accurately visualized. Nevertheless, | et
visualize it. The way | represent the cat’s tailtie next

and in the next room is the following. Our sensoryroom and the way | represent the occluded taihefdat |
stimulation varies as/e move around in both cases (but in am |ooking at are of the same kind — the differeinesveen
different degrees: | would move my head more in thehem is a difference in degree. As we have seenaticess
second case), but in the second case, our sertsogyedion  view needs to say that they are different ways of

does not vary as thebject moves. If the cat behind the
picket fence wags its tail, this brings about ang®in my
sensory stimulation. If it does so in the next rodndoes
not (Noé&, 2004, pp. 64-65). My main point is thegardless
of the way we draw this distinction, the very esigte of
such a distinction is problematic.

representing the cat's tail — one is by means of ou
perceptual access, the other is not.

| pointed out earlier that amodal perception relieavily
on our background knowledge of how the occludedspair
the object (may) look. If | have never seen a ki)l have
difficulties representing its occluded tail behitite fence.

One would expect that the advocates of the accesshe same is true for visualization. In order toudiize a

account would deny the intuition that there is adgyal

transition between these two cases, which would kelid

move and it would weaken this objection signifi¢gant
Interestingly, they acknowledge this gradual traosiand

explicitly state that this is an important featufeamodal
perception (Noé, 2002, p. 11, footnote 14; Noé&,4208

65). The problem is that the access-account inrgéaad

Noé’s way of drawing the distinction (Noé&, 2004, fp-65)

in particular do not allow for such gradual traiwsit Thus,

as it stands, the access account is inconsistent.

chair, | need to know how chairs look. This is g@bther

2 One could try to block this argument by saying tha do have
expectations about how the occluded shape woukluese we to
look behind the occluding surface, even if | widver look behind
the occluding surface. This move, however, woulderthe notion
of ‘immediate perceptual access’ vacuous, as wédcalso have
expectations about how a cat in the next room wadoddk if we
were to look, but the access account, rightly, waotdeny that we
have immediate perceptual access to these objects.
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indication of the similarity between amodal peréaptand
visualization®

Discussion

Take the following image, which is considered to doe
example of not amodal, but modal completion (figdye

Figure 3: The Kanizsa triangle

to the sides of the triangle, we do find such cgpomding
activation patterns in the primary visual corteXieh is the
earliest stage of visual processing (Lee & Ngugfi)1; see
also Kamatsu, 2006). Incidentally, this is also mwheells
are activated when we visualize objects with owseglosed
(see e.g., Kosslyn et al., 1995). | take this teswl be
indicative that | am on the right track, but | wilbt argue
that this confirms my suggestion. | do want to agu
however, that these empirical results help us sojgilify
the other candidates we have been considering.

It would follow from the perceptual view that thells of
the retina are active when we are looking at theiksa
triangle. This turns out not to be the case. THebeew
would predict that there is no cell-activation imetearly
stages of visual processing. But, it turns outrehis. Thus,
both the perceptual and the belief view seem tdradict
these empirical results. Also, as we have seerhénldst
section, it is unclear how the amodal perceptiontved
dimensional contours could even be explained byatuess

Modal and amodal completion are different (see ing View. _ _
2004 for example). The standard way of drawing this Thus, it seems that the alternatives to my sugyestice

distinction is the following. In the case of the @dal
perception, we are aware of objects behind an decju
whereas in the case of modal completion, we areallis
aware of an object in front of inducers, such as ttiree
circles in the figure above (See, for example, Mithet al.,
1964; Tse, 1999, pp. 37-38).

There are, however, very important similarities. the

some serious objections, both conceptual and ecapiri
ones. Let us see whether similar objections coeldaised
in the case of my suggestion.

One possible worry about my suggestion is that\vlas
implies that we visualize objects all the time, cginwe
perceive partially occluded objects all the timeweéver,
this sounds intuitively implausible. When I'm waiki down

case of both modal and amodal completion we aréhe street, looking at one house occluding anotme, it

perceptually aware of shapes or objects we do eet
both cases, we experience contours that are nog.theis

does not appear to me as if | visualized anything.
In order to answer this worry, it needs to be painout

generally assumed that the early stages of the ahentthat attention plays a very important role in oueryday

processes responsible for modal and amodal coroplatie
the same. It has been argued that the neural misamsn
responsible for modal and amodal perception arestime
in early vision and they only come apart in a viarte stage
of visual processing (Kellman & Shipley,
Ramachandran, 1995; see also Driver et al., 2084)a
result, many early vision researchers as well degiphers
do not even make this distinction (Grossberg & Milay
1985; No&, 2002; Noé&, 2004; Noé, in print).

Thus, in what follows, | assume that what is trae the
early neural mechanisms responsible for our awasié
the nonexisting sides of the Kanizsa triangle ahdhe
occluded contour of the horse above are the sames, The
empirical study of our awareness of the sides efthnizsa
triangle may give us some important results abowbdal
perception.

The perception of Kanizsa triangle has been thdiyug
examined experimentally. It turns out that althotigdre is
no activation of the cells in the retina that woatdrespond

3 It is important to point out that this dependerafeamodal
perception on background knowledge is an issue tisat
independent from the question of the way we remtesecluded
parts of perceived objects. A number of our repreg®nal
abilities (perception, belief, visualization) carepgnd on our
background knowledge, after all.

1991;

perception, thus, we should not be surprised fldayed an
equally important role in amodal perception. The
inattentional blindness experiments demonstrated tie
can be shockingly blind to those features of our
surroundings that we are not paying attention tob&bly

the most famous inattentional blindness experimgsnthe

following (Simmons & Chabris, 1999). We are showshart

video-clip of two teams of three, dressed in whitel black,
passing a ball around. We are asked to count howy tivaes
the white team passes the ball around. On firstinig, most
of the observers come up with an answer to thisveoy

interesting question. On second viewing, howevenemw
there is no counting task to be completed, theicadhat a
man dressed in gorilla costume walks right in thddhe of

the passing game, makes funny gestures and thesslehe
gorilla spends nine seconds in the frame and mestevs do
not notice it when attending to the passing araoifnithe ball

(see Mack & Rock, 1998 for more inattentional biinds
experiments).

To move to a less radical example for the impowtaoic
attention in our everyday perception, | have naiaéhat
color my office telephone is. | must have seeniltions of
times, but this was not a property that | have beaying
attention to. Properties of objects we are notnditeg to
usually go unnaticed in our everyday perception.
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Given the similarities between perception

andDependency Thesis, but this would not be a vemagtite

visualization (see Kosslyn, 1980; Laeng & Teodamesc option. Further, if my argument is correct, then wan

2002; O’Craven & Kanwisher, 2000), it is hardly stising
that the same is true for the way we visualize aijelf |
visualize the house | grew up in as seen fromrbetf| am
unlikely to be aware of whether there is light hetleft
window on the first floor. But if | attend to thispecific
feature of the visualized image, | can be awarthisf
Finally, if visualizing in general depends on otteation,
then it the same argument can be run in the case
visualizing partially occluded objects. Most of ttime, the
shape, size or color of occluded object-parts gootioed,
because we pay no attention to them. If, however,de
attend to them — if, for example, we wonder, whalbcan
occluded part of the building is — then we do viegathem.

seriously weaken the most important argument irorfaof
the Dependency Thesis.

The most serious and most convincing argument among
the ones Martin gives in support of the DependeHugsis
(Martin, 2002, p. 410) is the following:

(a) Visualize a red light on the left and a rigight on
of the right. There is nothing else in the visualizemtid.

(b) What | visualize imotin the actual world, but in an

imagined one. But the red light is still on thet.|dthen

what is it left of? Certainly not of myself, becauism

not in the imagined world.

(c) Thus, the red light must be on the ldft the

To sum up, the worry was that we do not seem to be experience | imagine

consciously visualizing every occluded part of gvebject
that surrounds us. But neither do we conscioustggiee of
every part (or property) of every object that surmds us.
We only perceive those parts (or properties) ofeotsj
consciously that we attend to. Similarly, we onlgualize
those parts of objects consciously that we attendThe
worry turned out to be unjustified.

The Dependency Thesis

One of the most interesting
visualization is the following. When | imagine segia
chair, what is it that | imagine? What is the objet my
imagination? The chair or the experience of thar@hdike
Martin, following Christopher Peacocke, argues twaen
we visualize a chair, we imagine experiencing thairc

Note that this argument takes it for granted thdiat |
visualizeis in the imagined world, not the actual one. As
Martin explicitly puts it, visualization can onlyhave
consequences for what one accepts about the inthgine
situation” (Martin, 2002, p. 414), that is, not abdhe
actual one. But if this is true, then visualizatmould never
provide us with a way of attributing propertiesadigjects in

our actual surroundings, which contradicts thenclaihave
been arguing for in this paper.

recent debates about One can, of course, respond that while the Deperyden

Thesis is true for visualizing with our eyes closids not
true for the kind of visualizing that constitutesn@dal
perception. This response, however, would seriolislit
the scope of the Dependency Thesis and, as wedasvein
the discussion of the second objections abovetipgsuch

(Martin, 2002; Peacocke, 1985). The content of mystrict boundary between these two kinds of visadion is

imagination is an experience, not an object. Thiggsstion
has been criticized (Noordhof, 2002; Currie — Raeeoft,
2002, section 2.2), but it still seems to be a \aflpential
view about the content of visualization.

If it is true that we visualize the unseen partobjects
we are looking at, then we can construct a new otioje
against the Dependency Thesis. If seeing the ¢aifsis
visualization, but seeing the rest of the cat is, tioen it
would follow from the Dependency Thesis that ouryved
representing the tail and the rest of the cat iy déferent.
The content of one is (some part of) the animaknehs the

unmotivated.

In short, if my claim about amodal perception as
visualization is right, then we have one less reasm
subscribe to the Dependency Thesis.

Conclusion: the evolution of visualization

It is not obvious whether visualizing has signifita
selective advantage. Action planning does have some
selective advantage, but action planning may happem
entirely non-perceptual manner. If visualizations han

content of the other is an experience. When the catvolutionary explanation, it is likely to lie elshere.

disappears behind the fence, not only the way weesent
the cat changes (we perceived it before, but wealiize it

now), but the content of our awareness of the d¢st a

changes. Before it disappeared, the content chaareness
was the cat, but now the content is an experiembtés
consequence may be especially troubling if one sezsat
through a wire fence or a mosquito net, becauskisncase
the content of one’s experience changes radicalersl
times within a very small area of the visual field.

Notice, however, that amodal perception has hutgecthee
advantage. Being able to localize the unseen prtzn
animal hiding in a bush is an extremely survivafamcing
skill (Ramachandran, 1987 makes a similar sugg®stio
Thus, if amodal perception is nothing but visudlaa, then
we can say that as amodal perception have a coabide
selective advantage and amodal perception is aoveos
visualization (another variant of which is visualig with
one's eyes closed), visualizing with one's eyesetiacould

The advocate of the Dependency Thesis may bite thiee thought of as an evolutionary exaptation.

bullet and accept these consequences of the cdigonaf
my claim about amodal perception as visualizatiod the
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